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THE WIND BENEATH MY 
PHOTOVOLTAIC ROOFTOP ASSEMBLIES

RESEARCH

CONTRIBUTED BY THE NATIONAL RESEARCH COUNCIL OF CANADA

Building materials and techniques 
have been evolving since the 

dawn of buildings. Caves gave way to 
Earth and stone, which itself eventually 
moved towards complex wood struc-
tures, plastics, steel and other materials. 
But buildings are more than the sum of 
their parts; buildings are systems, work-
ing in unison. While insulation and ener-
gy efficiency have  been an increasing 
priority, new ways of looking at build-
ings, and the desire for greener struc-
tures, has forced us to think outside the 
conventional, and look into the novel. 
Enter the green roof.

The National Research Council of 
Canada (NRC) has been studying new 
ways to utilize what has often been a 
much forgotten piece of structural real-
estate. Yet, the roofs of our homes play 
a major role in controlling temperature 
and rainfall, and even the generation of 
power.

In 2005, NRC released its results of a 
study on garden roof systems, illustrat-
ing how the roof temperature was kept 
nearly perfectly stable throughout the 
year, as compared to the typical 300 
to 400 per cent increases of standard 
roofs! More importantly, these systems 
reduced the heat gain by 95 per cent 
in the warmer months and heat loss by 
26 per cent in the cooler periods. To be 

more specific, the energy requirements 
of the home were reduced from seven 
kWh per day to less than one. This rep-
resents an approximate savings of $245 
per year in lost energy alone (based on 
the average cost of one kWh of electri-
city of $0.11/kWh).

With the surge of popularity in 
green energy, it is unsurprising that 
homeowners and builders have begun 
using roofs to capitalize on the abun-
dant energy of the sun. After NRC pub-
lished changes in the building codes to 
accommodate the increasing uses of 
roofs, a new study published this year by 
NRC researcher Dr. Michal Bartko dem-
onstrated that, while solar arrays are an 
excellent use of space, we must modify 
our installation practices to better match 
real-world conditions.

“With rooftop photovoltaic instal-
lations, there are certain zones that are 
more subject to wind than others, and 
this is fairly well-known,” says Dr. Bartko. 
“The most interesting results of the cur-
rent research is how much greater that 
effect is, which is in the realm of 20 times. 
Our current approach to installation sim-
ply doesn’t take this into great enough 
account, making photovoltaic rooftop 
assembly (PRA) failures unexceptional.”

Roofs with solar installations
Although reclaiming the roof has 

been a growing trend more gener-
ally, solar systems are now playing an 
increasingly important role in renewable 
energy strategies across Canada. Build-
ing owners wishing to take advantage 
of the benefits of photovoltaics (PV) 
should consider using roof-mounted 
arrays, which is not only the best place 
to install these systems for security and 
efficiency reasons, but also represents 
an often neglected bit of real estate.

While there are numerous choices 
of PV installations, suiting various needs 
and situations, the two most common 
are mechanically attached (penetrating) 
systems and ballasted. The former adds 

Figure 1. NBCC 2015 diagrams for pressure coefficients determination for roof-mounted solar arrays.
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more penetrations to roofing system, but 
provides more durable solution. Ballasted 
(non-penetrating) systems, conversely, are 
quick to install, keeping the roofing system 
intact, but require resisting wind loadings, 
necessarily invoking the evaluation of their 
bearing capacity by a structural engineer.

Codification
The National Building Code of Canada’s 

2015 edition (NBCC) includes a procedure to 
calculate wind loads on rooftop solar arrays. 
In the Commentary part of the code, sections 
53 to 56, provides wind load design proced-
ures for Rooftop Solar Arrays. The Structural 
Engineers Association of California also pre-
pared a document (SEAOC PV2-2012) for the 
wind design load calculations. Both design 
procedures are derived from existing meth-
ods, with a few additions taking into con-
sideration the additional effects of wind on 
PV arrays. These procedures are, further, lim-
ited to low slope roofs (up to seven degrees). 
As an example, Figure 1 shows the diagram 
of roof zonation to corner, edge and field 
zone. Figure 1 clearly identifies an increase 
in the area of high-pressure zones (a factor of 
five in each direction of each area). However, 
the amount of pressure in these areas is also 
increased, greatly compounding the effects 
of wind on rooftop installations.

Online roof calculator
A simplified online tool to calculate wind 

loads on rooftop solar systems based on the 
NBCC 2015 procedure, called “Wind PRA”, was 
developed at NRC. This tool quickly provides 
wind loads based on specific location and 
building type, requiring only four simple 
steps. An example of the calculator output is 
shown in Figure 2.

Wind resistance of rooftop PV 
arrays

Numerous wind tunnel studies to evalu-
ate wind resistance of PV arrays have been 
carried out. Despite extensive testing and the 
availability of standard design methods, fail-
ures of rooftop PV systems are not exception-
al. For mechanically attached systems, fas-
tening element (clips, and bolts, for example) 
failure tends to be common. This does not 
even take into account the relative likelihood 
of water intrusion from the penetrations. 

Photovoltaic  array sliding or individual 
modules being overturned are the most 
common failures for ballasted systems.

NRC Proposal of wind resistance 
test protocol

NRC invites interested parties to come 
together in a consortium to tackle this issue. 
The National Research Council of Canada had 
previously responded to roofing industry 
trends by developing a standard for evalua-
tion of wind resistance of roofing systems 
(CSA 123.21-14). When the trend pointed to 
vegetated roofs as they gained in popularity, 
another standard to evaluate wind resistance 
of vegetated roof assemblies (CSA 123.24-15) 
was developed. The complete roof assembly, 
containing the roof deck, thermal insulation 
layer, membrane and the vegetation, is sam-
pled for the latter standard.

The effect of wind on building compon-
ents is dynamic, requiring a dynamic test 
protocol to evaluate roofing systems. Figure 
3 shows the diagram with the wind uplift 
resistance evaluation protocol proposal for 
PRAs. The first priority of the project would 
be quantifying the wind uplift resistance 
of PRAs, and then moving on to wind flow 
resistance. The complete roof assembly, in 
combination with a full-scale photovoltaic 
system including racking, shall be tested.

Test facilities intended for the experi-
ments, used for the development of the pre-
vious Canadian Standards Association (CSA) 
standards, will include a dynamic wind uplift 
test chamber and a wind flow test apparatus. 
These purpose-designed facilities provide a 
much more affordable solution when com-
pared to traditional wind tunnel testing. Dur-
ing both tasks, adverse effects of rooftop PVs 
on roofing systems (roof system compressive 
strength, photovoltaic system sliding, mem-
brane resistance to abrasion, etc.) will be 
examined and quantified.

The fundamental end goal of this project 
is to develop the evaluation standard, which 
eventually would lead to a safe and standard-
ized installation procedure of roof-mounted 
PV solutions. To achieve this, the National 
Research Council of Canada welcomes the 
entire industry to become involved. By work-
ing collaboratively, it will be possible to aim 
for results in a more timely, effective and 
efficient fashion, as well as ensuring that 
interests throughout the industry are well-
represented.   �

For additional information and collabora-
tion inquiry, please contact Michal Bartko, Ph.D., 
National Research Council Canada, at michal.
bartko@nrc-cnrc.gc.ca.

WIND LOADS FOR ROOFTOP SOLAR ARRAYS

Roof area Wind load 
(exposed)

Wind load 
(non-exposed)

Field (1) -43 psf (-2.1 kPa) -29 psf (-1.4 kPa)

Edge (2) -62 psf (-3 kPa) -42 psf (-2 kPa)

Corner (3) -74 psf (-3.5 kPa) -49 psf (-2.3 kPa)

DIMENSIONS FOR ROOFTOP SOLAR ARRAYS

Roof area Dimensions

End zone width, 2H 120 ft (36 m)

Distance between 
roof edge and row 
of panels, d1

30 ft (9 m)

Exposed panels 
zone width, 1.5Lp

4.5 ft (1.5 m)

Conversion Unit: 1 ft = 0.3048 m, 1 psf = 47.88 Pa)

Development of a Methodology for Evaluation and 
Standardization of Commercial Rooftop PV Systems

T1 – Wind Uplift Resistance
•	 Determine the wind UPLIFT resistance of 

Rooftop PV Assembly.
•	 Determine the comprehensive strength 

of roof components.
•	 Determine the effect of wind induced 

vibrations.
•	 Determine the PV sliding and membrane 

abrasion.
•	 Determine the seismic resistance. 

T2 – Wind Flow Resistance
•	 Determine the wind FLOW resistance 

of Rooftop PV Assembly.
•	 Determine the effect of wind 

induced vibrations.
•	 Determine the PV sliding and/

or overturning and membrane 
abrasion.

Deliverables
Standard Draft Elaboration
Standard Proposal

Figure 3. Proposal of methodology for wind resistance evaluation of photovoltaic roof assemblies.

Figure 2. Example of online roof calculator output for rooftop solar arrays.


