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5.10.2.3. Structural Loads, Air Leakage and Water Penetration
1) Windows, doors, skylights and their components shall be designed and constructed in 
accordance with

a) Article 5.1.4.1. (Resistance to Loads and Deterioration), Section 5.4. (Air Leakage) 
and Section5.6. (Precipitation), or
b) Article 5.10.2.2., where they are covered in the scope of the standards listed in 
Sentence 5.10.2.2.(1)

What are the Code Requirements for products within the scope of NAFS in non-
Part 9 buildings?  
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North American Fenestration Standard/Specification for windows,  doors and skylights.

A Harmonized standard created by the three active North American Fenestration 
Standards writing organizations.
• This was done to reduce the regulatory/testing burden for manufacturers in a free 

trade environment.
• The CSA A440-00 standard needed updating and improvement particularly 

regarding test sizes,  mullions and labeling.
• Funding for codes and standards development in Canada can be notoriously 

difficult to come by,  so it made sense to team up.
• Each organization had their own requirements.   There wound up being something 

in there for everyone,  and some compromises.

AAMA/WDMA/CSA 101/I.S.2/A440 - NAFS
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0.2.1 Performance classes
It is important to note that although general suggestions for use are specified in Items (a) to (d), product 
selection is always based on the performance requirements of the particular project and not solely on these 
suggestions. The following descriptions can be used as a general guide in helping to determine which class is 
likely best suited for a particular application:

a) R: commonly used in one- and two-family dwellings.

b) LC: commonly used in low-rise and mid-rise multi-family dwellings and other buildings where larger 
sizes and higher loading requirements are expected.

c) CW: commonly used in low-rise and mid-rise buildings where larger sizes, higher loading 
requirements, limits on deflection, and heavy use are expected.

d) AW: commonly used in high-rise and mid-rise buildings to meet increased loading requirements and 
limits on deflection, and in buildings where frequent and extreme use of the fenestration products is 
expected.

The Performance Class concept was central to AAMA 101:
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5.3.4.2 Uniform load deflection test at design pressure (DP)
For CW and AW specimens only, no member shall deflect more than L/175, where L is the length of the 
unsupported span. Deflection of R and LC specimen members shall be measured and recorded in the test 
report, but shall not be limited by this Standard/Specification.

What about deflection at design pressure?

There are Gateway performance rating and size requirements to 
enter each Class:
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AAMA Performance Class example for Sliding Windows:

PG 15 PG 25 PG30 PG40
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From the Glass Standard ASTM E-1300:

5. Significance and Use
5.1 This practice is used to determine the load resistance of specified glass types and constructions exposed 
to uniform lateral loads.
5.2 Use of this practice assumes:

5.2.1 The glass is free of edge damage and is properly glazed,
5.2.2 The glass has not been subjected to abuse,
5.2.3 The surface condition of the glass is typical of glass that has been in service for several years, and 
is weaker than freshly manufactured glass due to minor abrasions on exposed surfaces,
5.2.4 The glass edge support system is sufficiently stiff to limit the lateral deflections of the supported 
glass edges to no more than 1⁄175 of their lengths. The specified design load shall be used for this 
calculation.
5.2.5 The center of glass deflection will not result in loss of edge support.

6.15 If the calculated load resistance is greater than or equal to the specified design load, then the glass 
types and thicknesses are acceptable for a breakage probability of less than, or equal to, 8 in 1000.

CAN/CGSB 12.20 M89 is based on the same principles.

No L/175 deflection limit for R and LC – ??????



9

Deflections of framing members are limited in 
order to: 

• Provide adequate support for the materials 
being retained by the framing members; 
• Maintain weatherability of the installed 
product; 
• Prevent damage to adjacent construction 
• Provide a "psychologically acceptable" 
comfort level for occupants.

A partial list of current building codes and 
standards addressing deflection limits on cladding 
members supporting glazing:

3.1 ASTM E 1300
3.2 2012 International Building Code, Section 

2403.3, "Framing”

Why else should you limit deflection?
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What “framing members” are we talking about?  Primarily Mullions:
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 A440-00 had deflection limits for mullions but gave very little 
guidance on testing products with mullions.

 NAFS deals with mullions comprehensively and there is a lot of 
guidance given In standards such as AAMA 450 – but there is no 
deflection limit for R and LC products.

 Neither NAFS,  nor A440S1 Canadian Supplement to NAFS,  has 
mullion labeling requirements.

 Fenestration Canada has published a document Voluntary NAFS 
Labeling Guidelines for Products with Mullions,  but it has not caught 
on.

What about Mullions?

IRC 2006 - 2018
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INDIVIDUAL UNIT PERFORMANCE vs MULLION PERFORMANCE

How does the performance of individual units compare with the performance 
of units with factory mullions?

Ply Gem tested a 2m x 2m direct-set glazed unit and achieved a DP of 75 
pounds per. square foot (3600 Pa).



13

In cross-section the unit design looks like this:

Not much to look at.  Hard to believe a simple,  unreinforced vinyl window 
can withstand that kind of force.
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Mounted into a test buck:
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Drawn to scale at a blow-out pressure of 5400 Pa:

 To achieve a DP of 75 Psf (3600 Pa),  the unit survived a 150% blow-out pressure of 
5400N/m2 x 4m2 = 21,600 N.

 That is equivalent to 2200kg,  or 4850lb!
 The center of glass deflection was 30mm and the glass was at 500% of design 

capacity.
 This is clearly more of a test of the strength of the window installation to the test 

buck,  and the glazing sealants,  than of the strength of the window framing system.
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What does NAFS say about installation?

“These tests are used to evaluate the performance of the fenestration product 
only and are not intended to test the performance of the installation, particularly 
the perimeter sealants between the fixture and the test specimen and the 
anchoring of the test assembly to the test fixture . . . . Evaluation of actual field 
installation details is not part of this Standard/ Specification”

In other words,  NAFS test results do not accurately reflect the performance of 
the product as typically installed.
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Suppose we tested a large two-lite unit with an integral mullion:

Can anyone spot a component that is potentially weak in bending?
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The vinyl mullion:

We can reinforce it with steel, as shown in this cross-section.
But the depth of the reinforcement is limited,  and the flexural rigidity is 

strongly dependent on depth.
 There is a limit to the potential strength of standard residential window 

mullions,  even using steel reinforcement.  It’s never going to be as strong as a 
perimeter frame component mounted to a test buck or a wall.
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For example,  if Ply Gem actually allowed two 2m x 2m units to be ordered with an integral 
mullion for a 4m wide x 2m unit:

 Based on a deflection calculation,  the pressure at which the mullion would be 
deflecting L/175 (2000mm/175) = 11.43mm would be under 10Psf (9.8Psf).
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Points to consider:
 There is no Conformity Assessment language in the code.
 Product Certification is not a code requirement.

Therefore,  a NAFS label may be nothing more than a Manufacturers self-
declaration of compliance.

What is a NAFS Label Worth (by itself)?
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 This is an infill in Calgary where the homeowner acted 
as her own General Contractor and sought out the 
cheapest windows.

 Multiple issues - frame corners had cracked and 
separated,  the mullions were un-reinforced vinyl.

 She wound up buying the whole house package over 
again from Ply Gem.

 She wanted something in writing from the City of 
Calgary saying the windows were not code compliant 
so she could attempt to recover her funds in court.

 The City considered the windows to be code 
complaint purely on the basis of having NAFS labels –
even though it was self-evident they were faulty and 
did not meet code intent.  “If they have labels they 
meet code”.

Part 9 High Jinks:
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How many of you have seen things like this?  
Unreinforced vinyl windows in large sizes claiming high NAFS ratings (PG45).
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Four lite at 16 psf (picture courtesy of Energi) Six lite at 20 psf (picture courtesy of CLEB)

The minimum structural test pressure 
(STP = 150% blow-out test pressure) 
for the minimum NAFS rating of PG15 
is 22.5 psf.

These units are actually PG = 0 based 
on the requirement that the residual 
deflection not be in excess of 0.4% of 
span after application of the STP.

What’s that going to look like in a test lab?
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Manufacturers default glass thickness schedules are usually based on tables in the Appendix of the code that 
relate to glass in Part 9 buildings:

What about glass strength?
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Given that:
 Manufacturers are not including the mullion ratings in their NAFS labels.
 They do not have to limit the mullion deflection at design pressure to L/175 for Class R and 

LC products.
 Some companies may not be properly testing their mullions at all!
 Installation and anchorage is not addressed by NAFS test reports.
 Residential window manufacturers default glass thickness schedules are based on Part 9 

assumptions.

Just NAFS compliance as demonstrated by NAFS labels?  NO. 

Asking again:  What are the Code Requirements for products within 
the scope of NAFS in non-Part 9 buildings?

So how do we ensure full code compliance under Parts 3, 4, and 5 of the code when 
specifying products that are within the scope of NAFS?
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Under Part 4 setting the Specified Wind Load,  determining the required glass strength/thickness under 
CAN/CGSB-12.20M,  and doing structural analysis are all considered engineering functions requiring 
Professional Design and Review.

The part of the building code that deals with this is Section 2.4 Professional Design and Review under Part 2 
Administrative Provisions.  2.4.2.1 (5) says:

Professional Design and Review
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From Schedule B-2:

1.14 Structural capacity of architectural components; including anchorage and seismic restraint
1.16 Review of all applicable shop drawings

Appendix B – Schedules of Professional Involvement
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1. Ply Gem does a Configuration Review,  which is an internal-only structural review in order to ensure that we 
are quoting products with adequate structural capacity at point of  bidding,  before any 3rd party processes.

2. After we have won the contract Ply Gem creates Window and Door Shop Drawings.
3. The Shop Drawings are reviewed,  signed and sealed by a 3rd party engineering consultant,  with any required 

modifications captured (but the point of the Configuration Review is to avoid this and quote accurately up 
front).

4. The consultant does Field Reviews to ensure the product is being supplied and installed per. the Shop 
Drawings.

5. The customer is billed for our Shop Drawings and the 3rd party consulting services.

This process only covers the structural capacity of the window assemblies and their installation. The air/water 
resistance properties of the products (separate from the installation) are still covered under our NAFS testing and 
labeling,  as referenced in Part 5,  5.10.2.2 Applicable Standards.

The 3rd party structural engineers do not design,  review or verify any materials relating to building envelope,  
waterproofing, finishes or other materials.   These aspects are typically reviewed by a Building Envelope 
Consultant,  which is a separate process that takes place without our involvement.

Shop Drawing and Configuration Review Process
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 Can be as simple as setting a single wind load 
value for the entire project

 Or can be done on a floor-by-floor basis with 
corner and non-corner pressures
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The NAFS Referenced Standard for Mullion Structural Analysis is 
AAMA 450:
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In AAMA 450 the wind loads are assumed to be transferred to intermediate members in 
windows in the same way as slab loads are transferred to beams in civil engineering – by 
trapezoidal loading.
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Formulae are provided giving the deflection based on the load 
shape and amount:
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Example AAMA 450 manual calculation
What is the Design Pressure at which the intermediate member deflects L/175?

𝐷𝑒𝑓 𝐴 =
𝑊 ∗ 𝐿3

62.4𝐸𝐼

k = 0.3

𝐷𝑒𝑓 𝐵 =
𝑊 ∗ 𝐿3

60𝐸𝐼

k = 0.5
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Solution:

1606 Pa

At 1606 Pa this product can claim a 
NAFS rating of PG30.
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Doing these types of calculations manually can be time consuming and error prone.  We can 
easily program computers to automate the process.

𝑓 𝑥 =
𝑘

𝑛!
𝑋 − 𝑎 𝑛

For any value of n≥2

𝑓 𝑥 =
−𝑃

𝑛 − 2 !
𝑋 − 𝑎 𝑛−2
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Adding these functions to one another you can create a function for the loading at any point 
on the beam.
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Then the software can calculate the shear,  bending moment and deflection by integrating the 
functions, simply by increasing the value of the exponent n in the step function.  

𝑓 𝑥 =
𝑘

𝑛!
𝑋 − 𝑎 𝑛

𝑓 𝑥 =
−𝑃

𝑛 − 2 !
𝑋 − 𝑎 𝑛−2
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Ply Gem has this functionality built into our new AccuQuote order entry system in order to ensure a 
minimum level of compliance of the mullions for all products we configure,  using the deflection limit of 
L/175 at PG15.

 This is not a Part 9 Code requirement or a NAFS requirement,  it is something we do for a 
minimum level of assurance regarding the mullion strength and deflection.

 It is on top of NAFS laboratory test reports that rate the mullions at higher pressures based on 
blow-out testing with a residual deflection criteria.

On non-Part 9 projects we would use the design pressure specified for the project by the Architect or 
Engineering consultant as our design target during the quotation process.

 This is not the official professional design and review required by code
 It is just an internal process to help us avoid costly changes later.
 Professional Design and Review needs to be done by a 3rd party with liability insurance.

 The AAMA 450 calculations are repeated by the 3rd party structural engineering consultant,  using 
the same methods,  before signing off on the shop drawing or noting any required changes.

Automated Mullion Analysis
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1. Glass thickness to meet specified wind load requirements based on CAN/CGSB 
12.20-M89
 Can use GD 2012 Software distributed by IGMA

2. Fastener schedule / window installation details
 Are head retainers required to accommodate interstorey drift (Yes).

3. Occupant safety (fall protection) – sash limit devices on operable windows 
where required

4. Safety glass where required

5. Guard Load requirements for glazing that are little understood in Alberta.

What Else is Covered by a Shop Drawing Review?
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2.  Fastener Schedule,  Head retainers:
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3. Sash limit devices:
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1. Doors – 3.3.1.19 (2)
 Glass in doors must be laminated or tempered safety glass
 A no-brainer,  all manufacturers do this as a default

2. Door sidelites – 3.3.1.19 (5) says must conform to 9.6.1.4
 Glass in doors and sidelites that could be mistaken for doors must be 

laminated or tempered safety glass
 Some jurisdictions require all sidelite glazing to be safety glass,  therefore 

Ply Gem tempers all sidelite glass.
3. Glass used in shower and bathtub enclosures shall be laminated or tempered 

safety glass - 3.7.2.5,  9.31.2.4

4. Safety Glazing requirements:
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3.3.1.19.

6)  A window in a public area that extends to less than 1000mm above the floor 

and is located above the second storey in a building of residential occupancy, 

shall be protected by a barrier or railing to not less than 1070mm above the 

floor, or the window shall be non-openable and designed to withstand the lateral 

design loads for balcony guards required by Article 4.1.5.14.

5. Windows that are required to meet guard loads:
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From 9.8.8.1:
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A picture is worth a thousand words:
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Windows in exterior walls that are required to Act as a Guard:
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From CSA-A500-16 Building Guards:

What is the Guard Height?
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What are the Guard Loads?
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If there is a drop on the other side,  and the sill of a window is below the Guard 
Height,  the window is required to act as a guard.

 GH = 900mm = 36” within a dwelling unit
 GH = 1070mm = 42” in corridors and public spaces

Individual elements within the guard (such as glazing) shall be designed to resist 
a load of 0.5kN over an area of 100 x 100mn (4”x4”)

This requires the glass to be tempered in, with some exceptions:
 Lites less than 0.46m2 (5 ft2) can resist the load without tempering.
 Lites ≤ 500mm in either width or height are also exempt.
 If there is a horizontal mullion at the guardrail height or within 150mm 

(6”) from the guardrail height,  only the bottom lite(s) need to be 
tempered.

What does all this mean:
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These requirements are also described in the Glazing Systems Specifications Manual:

 Originally published by the Glazing Contractor’s Association of BC (Now FenBC)
 Also adopted by:

 The Provincial Glaziers Association of Alberta
 And in Ontario by

 The Glass and Architectural Glass and Metal Contractors Association 
(AGMCA)

 The Ontario Glass and Metal Association (OGMA)
 The Canadian Glass Association (CGA)

Is this just a BC thing?
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From the Glazing Systems Specifications Manual:
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