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STRUCTURAL
EFFECTS OF

SOLAR PANEL
INSTALLATIONS

ON ROOFS

By Chris Roney, P.Eng., BDS, FEC

Opver the last few years there has been a growing
interest in the installation of roof-mounted solar
(PV) panels on new and existing buildings. The
Ontario government has provided significant
financial incentives for green energy initiatives,
thereby driving demand for such installations.

However, there appears to be a great deal of
misunderstanding in the industry regarding the
effect of solar panels on a roof. Some systems claim
to be very light and thus to have no significant
impact. Such statements are misleading. In fact,
solar panels have a significant impact on the roof
structure to which they are mounted. Informa-
tion here is intended to assist building officials and
building designers in understanding the potential
structural implications of these installations.

This article was written specifically for build-
ings designed under the provisions of part 4 of
the Ontario Building Code (OBC). However,
the general concepts are the same for part 9
structures. In fact, buildings designed within the
provisions of part 9 may be particularly unsuit-
able for the additional loads imposed by solar
panels, due to the lower safety factors employed
for such small structures. Roofs framed with
light wood trusses should be approached with
particular caution, since the trusses and truss
connections are typically designed for only basic,
uniformly distributed part 9 snow loads and do
not, therefore, respond well when the loads are
increased or the pattern of application of the
load is altered, as is frequently the case for solar
panel installations.

WWW.peo.on.ca

The OBC specifies the loads for which roofs must be designed. The loads
to be considered include those of the self-weight of the roof structure itself,
loads due to human activity, wind forces, and snow-, rain- and earthquake-
induced forces. When solar panels are added to a roof, there are a number of
factors that must be evaluated, beyond simply the additional weight of the
panels themselves.

SNOW LOADS

The OBC requires that roofs be designed for the one-in-50-year ground
snow load, modified by a number of factors, which are intended to account
for the roof’s exposure to wind, its slope and shape, as well as its importance.

An explanation of some of these factors as applied to a solar panel instal-
lation follows.

Wind exposure factor (C))
The factor C_ is intended to account for the degree to which the roof in
question is exposed to wind. Areas of roof exposed to wind on all sides
with no significant obstructions are found to accumulate a lesser degree of
snow than sheltered or obstructed roofs. This is due, in large part, to the
effect of wind sweeping across the surface and removing a portion of the
snow. For this reason, the OBC permits a reduction of 25 per cent in the
snow loads in such a case.

However, the installation of solar panels on a previously unobstructed
roof will negate this permitted reduction.

Existing roofs designed using this factor would typically require rein-
forcement due to the increase in the design snow loads.

Slope factor (C)

The slope of a surface is a factor to be considered in determining the snow
load on a roof or other structure. Surfaces having a slope of 30 degrees will
tend to shed snow and so a reduction in the design snow load for such
roofs is permitted. In the case of an unobstructed, slippery roof, the reduc-
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tion is even greater and may be applied to roofs
having a slope of greater than just 15 degrees.

If solar panels are placed on a formerly unob-
structed sloped roof, the use of these slope factors
may no longer be appropriate.

If a roof was previously designed as an unob-
structed, slippery roof, the introduction of solar
panels may result in increased accumulations of snow
and the roof may, therefore, require reinforcement.

Furthermore, solar panels themselves are typically
sloped and are usually relatively unobstructed and
slippery. When arrays of solar panels are placed on
a flat roof, the snow will tend to fall onto the panels
and then slide off them into a pile beneath the low
end of the panel. The structural commentaries to the
code (Canadian Commission on Building and Fire
Code) require roof areas below upper sloped surfaces
that may shed sliding snow to be designed for these
patterns of accumulation.

This may result in patterns of snow accumulation
on a roof for which it was not originally designed
and may necessitate reinforcement.

Shape factor (C)

The distribution of snow on a roof depends greatly on
the roof’s shape and the presence of any obstructions
on the roof. When wind encounters obstructions

(e.g. a high roof next to a lower area, a parapet wall,
roof-mounted equipment or solar panels), regions of
accelerated and retarded airflow result. Since a mini-
mum wind velocity is required to transport the snow,
it tends to settle in regions where the flow velocity is
too low and forms drifts. The weight of snow in these
drifts may be significant and is often many times
greater than the snow load over an unobstructed roof.

The shape factor accounts for the shape of the
drifts that are likely to form next to an obstruction,
such as a solar panel.

Large solar panels will induce drifting snow
for which the roof may not have been originally
designed, thereby necessitating reinforcement.

The code recognizes that small obstructions do not
cause significant drifting. Many solar panels are less
than the height that would induce drifting snow, or,
in the case of small arrays, may be less than the length
limits. However, in any case where both of these limi-
tations are exceeded, snow drifting will be induced for
which the original roof may not have been designed,
resulting in the need for reinforcement.
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WIND LOADS
The OBC requires that buildings and portions thereof be designed for

pressures and suctions due to wind acting on all or part of a surface. It
is based on a reference velocity pressure that is a site-specific parameter
determined from recorded wind speed data and formulated to provide
a probability of being exceeded in any one year of 50. This is loosely
referred to as the one-in-50-year wind.

Wind pressures acting on a roof-mounted solar array will, depend-
ing on locale, sometimes be subjected to fairly significant forces acting
in a downwards, upwards or sideways direction. Even panels oriented
parallel to a roof surface are exposed to pressures and suctions act-
ing normal to the surface of the panel. When downward pressures are
exerted on the panels, these forces are transmitted into the building
structure. In the case of panels supported on posts, this results in con-
centrated loads where there were none before. The pressure must be
added to the weight of the panels when assessing the effect on the sup-
porting structure.

The actual pattern and magnitude of wind pressures acting on a
complex arrangement of rows of panels is difficult to confidently pre-
dict without project-specific wind tunnel testing. Some argue that it is
reasonable to assume that some shielding effects arise within the rows
of panels, while other literature cautions that the turbulence created
between rows of panels can result in unanticipated forces.

In the case of a net uplift, some means of counteracting these forces
must be provided. This entails either fastening the panel frames to
the structure or overcoming the uplift by the use of ballast. Typically,
the latter method has the benefit of not requiring any penetrations
through the roofing membrane. However, it results in a much greater
weight on the roof due to the ballast and typically results in the need
for reinforcement of the roof structure. Ballast is also ineffective in
providing resistance to seismic loads. Fastening the panels to the struc-
ture is preferable, structurally, and the number of penetrations through
the roofing membrane may be minimized through the use of transfer
beams on the roof to which the panel frames are fastened. This does,
however, have the effect of accumulating the loads and so the greater
concentrated force is likely to require localized reinforcement of the
building structure. Even in cases where each panel is individually
secured to the structure, reinforcement may still be required. Further-
more, such fastenings must typically be made to more than just the
roof deck, and, in the case of installations on existing buildings, often
results in the need to remove ceilings to properly connect to the pri-
mary and secondary framing members themselves.

Some panel systems claim to be “self-ballasted.” For such a system
to truly require no positive mechanical attachment to the building
structure it would necessitate a fairly heavy panel system (in the order
of 30 to 40 psf). Such a system would likely exceed the capacity of
most roof structures unless they had been purposely designed for such
additional loads. Some systems claim that anchorage may be provided
just at the parapets, to avoid penetrating the membrane. Caution must
be exercised with such a system, since the roof parapets on a building
are often non-structural components and may not be reliably secured
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to the building structure to resist the concentrated loads that would be
imposed by the solar array system.

Panel frames supported on posts that rest on the surface of the roof,
either on a base plate or on a sleeper, must be checked to ensure that
the concentrated pressure exerted does not damage the roofing mem-
brane or crush the roof insulation.

SEISMIC EFFECTS

The OBC includes seismic design requirements for such equipment as
solar panels that are mounted on or in a building. The requirements are
found in clause 4.1.8.17. Equipment on all post-disaster buildings must
be seismically restrained regardless of the seismic risk at a particular site.
Post-disaster buildings include hospitals, police, fire and ambulance
stations, as well as power and water treatment facilities, among others.
For all other importance categories, the trigger for the requirement to
seismically restrain such equipment as solar panels is the building’s seis-
mic hazard index. The seismic hazard index is defined as: IEFaSa(0.2),
which takes into account the importance of the building, the site-
specific geotechnical properties and the seismicity of the locale. Where
the seismic hazard is equal to or greater than 0.35, the solar panels
must be seismically restrained.

The magnitude of the seismic forces on solar panels depends on the
location of the equipment on the building as well as its mass. Roof-
mounted installations are exposed to higher seismic forces than wall- or
ground-mounted installations.

It is important to note that ballast is not an effective means of resist-
ing seismic forces, since its only means of resistance to lateral forces
relies on friction. Friction can’t be relied upon for seismic resistance.
Furthermore, the additional mass of the ballast serves to increase the
seismic forces.

Consideration must also be given to the effect that solar panels have
on a building’s seismic force resisting system (SFRS). The addition of
a solar panel array on a building contributes weight, particularly if it is
ballasted, and this weight increases the seismic forces on the structure.
This must be taken into account when checking the building’s SERS to
ensure that it has the capacity to resist these forces. It is also important
to ensure that proper load paths are available to deliver those forces to
the SFRS. Many older buildings, particularly those constructed prior
to the adoption of modern seismic design requirements, may not have
well-developed and reliable SFRSs. This needs to be verified as part of
any study on the suitability of an existing building to support a solar
panel array.

Consequently, solar panels in post-disaster buildings, and for all
structures having a seismic hazard index equal to or greater than 0.35,
must be seismically restrained and cannot simply be ballasted. Fur-
thermore, the panels increase the seismic load on the building and this
must be accounted for in the evaluation of a building’s SFRS.

BUILDING CODE PROVISIONS FOR EXISTING BUILDINGS
The OBC is periodically revised and the provisions within it change from
time to time. In the case of wind and snow loads, there have been a series
of changes over the years. In the 2006 edition, significant increases were
made to the snow and wind forces for which buildings must be designed,
with new combinations of load to be considered. Fortunately, the code
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is not retroactive and thus existing buildings need
not be upgraded each time the code requirements
change. However, when new alterations, additions or
modifications to an existing building are carried out
that affect the existing structure, upgrading may be
required.

The OBC describes this concept in terms of a
building’s performance level. It states that the per-
formance level of a building after construction or
alterations shall not be less than the performance
level of the building prior to construction. In simple
terms, this means that if you add any new loads to
a structure for which it was not originally designed,
it is a requirement to reinforce those portions of the
building to restore the building’s structure to a level
of safety that meets or exceeds the level that existed
prior to the work.

CONCLUSIONS
The installation of solar panels on the roof of a
building typically induces significant additional
loads. The magnitude of the loads imposed depends
greatly on the geometry of the panels, as well as the
exposure and construction of the existing roof. The
vast majority of existing building roofs, unless spe-
cifically designed for such installations, will require
reinforcement to support the structurally significant
loads imposed by solar panel arrays.

Competent analysis of the load effects of a solar
panel installation on an existing roof structure, or
a new one for that matter, is extremely important.
Claims by solar panel manufacturers that their
system is “self-ballasted” or otherwise requires no
reinforcement of the existing structure should be
critically examined. A structural engineering analysis
should be carried out in all cases to fully assess the
load effects of solar panel installations and the capac-
ity of a roof surface to safely resist such effects. X

Chris Roney, P.Eng., BDS, FEC, is head of Roney
Engineering, a company that offers structural
engineering services related to building design
and construction, investigations and restoration.
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SOME CONSIDERATIONS FOR ROOFTOP SOLAR PANELS

*  An existing roof designed using wind exposure factor C  typically requires reinforcement due
to the increase in the design snow loads;

e If a roof was previously designed as an unobstructed, slippery roof, the introduction
of solar panels may result in increased accumulations of snow and the roof
may require reinforcement;

e Snow tends to slide off panels into a pile under the low end of the panel, when
solar arrays are placed on a flat roof. This may result in patterns of snow accu-
mulation on the roof for which it was not originally designed and may necessitate
reinforcement;

e Large solar panels will induce drifting snow for which the roof may not have been originally
designed, thereby necessitating reinforcement; and

e Solar panels in post-disaster buildings, and for all structures having a seismic hazard index
equal to or greater than 0.35, must be seismically restrained and cannot simply be ballasted.
The panels increase the seismic load on the building and this must be accounted for in the
evaluation of a building’s seismic force resisting system (SFRS).
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