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Investigating Roof Damage under Snow 

1. Scope 
Often when an unusually heavy accumulation of snow occurs in a location, insurers receive many roof 
damage claims for sagging, cracked, or broken roof or ceiling members. The weight of snow and ice is 
usually blamed because the reported occurrence of the roof damage coincided with a period of heavy 
snowfall. However, the structural damage that occurs after a heavy snowfall is often the manifestation 
of other unrelated issues, such as latent defects in the design or construction of the roof, improperly 
designed or executed alterations to the original structure, undesirable accidental connections (load 
paths) in the framing, or lack of proper maintenance. While this technical note covers roof damage due 
to snow load only, it should be noted that when investigating any structural damage it is necessary to 
consider all loads acting on the building. 
 
2. Objective 
This technical note was developed to help the non-expert reader gain general understanding of the 
structural design approach for roof structures under snow load that is adopted by the National Building 
Code of Canada and all provincial building codes such as the Ontario Building Code. The note discusses 
how design values for snow load on roofs are determined and explains the difference between the 
anticipated maximum load under normal service conditions (service load) and the extraordinary amount 
of snow beyond which structural failure of the roof framing members would be expected (ultimate 
load). The technical note also presents examples of roof damage in the presence of snow without snow 
being the root cause. Building owners, property managers, risk assessors, insurance adjusters, and 
construction litigators will find this technical note to be a useful resource in assessing whether pre-
existing conditions could have caused or contributed to roof damage even though snow was present 
during the incident. 
 
3. The Evolution of Structural Design in the NBC 
Structures are designed to carry various combinations of different types of loads, including the weight of 
the building materials (dead load), weight associated with use and occupancy (live load), wind load, and 
snow load. Structures must be designed to safely carry the loads they are expected to be subjected to 
during their service lives. In other words, when a structure is in normal use, it must reliably remain both 
intact and functional for the users. At the same time, structural design must balance the need for safety 
with the desire for economical construction. The procedures and guidance provided in building codes 
and related standards essentially define the minimum acceptable level of safety a structure must be 
designed for (CWC 2017). Since 1941, the National Research Council of Canada (NRC) has published and 
periodically revised the National Building Code of Canada (NBC). The NBC serves as a model code that 
every province and territory has adopted, either verbatim or with some minor amendments. This 
technical note makes reference to the NBC for generality, but when investigating structural damage it is 
necessary to use the building code applicable in the respective jurisdiction at the time of construction.  
 
Early editions of the NBC were based on the Allowable Stress Design (ASD) approach to structural 
design. Under the ASD, the designer uses high estimates of loads likely to occur during the life of the 
structure (NRC 2015b). The designer then analyzes the structure under those applied loads to find the 
applied stress in every structural member, and compares the applied stress to the allowable stress. The 
allowable stress is the strength of the material divided by a Factor of Safety greater than 1.0. With 
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appropriate safety factors, the ASD approach provides a reasonable safety margin between the applied 
loads and the actual strength of the structure. However, the ASD method did not account for the fact 
that some types of loads are more variable and less predictable than others (NRC 2015b).  
 
A more rational approach to structural design, known as the Limit States Design (LSD), also known as 
load and resistance factor design, was introduced in the 1975 edition of the NBC (NRC 1975). The basic 
design equation in the LSD approach is that the reduced/factored down resistance of the structure must 
be greater than the increased/factored up applied loads. The term “resistance” in structural design 
broadly refers to the structure’s ability to resist different load effects. This basic design check of the 
structure is repeated for various possible loading scenarios known as limit states. There are two main 
classes of limit states: Ultimate Limit States, and Serviceability Limit States (NRC 2015b). Ultimate Limit 
States (ULS) address life safety concerns by requiring buildings to have adequate strength under design 
loads. For example, roof rafters should not bend to the point of breaking and critical structural 
connections should not come apart. Exceeding the ULS puts the building occupants at great risk, so a 
large safety margin is incorporated in design when checking the ULS. Serviceability Limit States (SLS) 
address the day-to-day use and performance of the structure and as such are more subjective in nature 
than ULS. For instance, roof framing should not sag so much that it damages finishes or disrupts the 
normal use of the building and floors should not be too flexible and sag to the point that doors no longer 
align properly or floor tiles crack. These performance issues do not pose a life safety threat to occupants, 
but they do disrupt the intended use of the structure.  
 
On the resistance side of the equation, the designer calculates the structure’s load-carrying capacity for 
different failure modes, including “resistance factors” to account for various sources of uncertainty in 
the calculation (NRC 2015b, Shriever and Allen 1974). Resistance factors are calibrated to account for 
variability in material properties, dimensions, workmanship, the mode of failure being considered, and 
the uncertainty in the prediction of resistance. On the load side of the equation, the designer calculates 
the effects of the different combinations of loads on the structure to determine what combinations will 
have the greatest effects (NRC 2015b). In every load combination, different types of loads are increased 
by different load factors to account for variability and uncertainty in the estimate of each type of load, 
as well as the relative likelihood of different types of loads occurring simultaneously. For example, the 
specified wind and snow loads are each based on a severe wind or snow event with a statistical return 
period of 50 years. This is more commonly known as the 1-in-50-year wind or snow load.1 Individually 
they are 1-in-50-year events, but the chance that both wind and snow load on the building reaching that 
specified level at the same time is extremely low. The safety of structures is more consistent when using 
the LSD approach because the partial safety factors on both sides of the design equation are calibrated 
to account for variability and uncertainty. 
 
The LSD method was presented alongside the ASD method in the NBC from 1975 up to and including the 
1995 edition (NRC 1995), providing a sort of transitionary period for the engineering community to 
become familiar with the Limit States Design. The ASD method was omitted from the 2005 edition of the 
NBC and every edition since then. Regardless of whether a structure was designed using the LSD 

                                                           
1 A common misconception people have when they hear or read about a “1-in-50-year” event is that the event 
literally occurs once in 50 years like clockwork. What “1-in-50-year” really means is that in any given year there is a 
1 in 50 (2%) chance of reaching or exceeding that threshold. Imagine you had access to 500 years of wind speed 
measurements. You would expect to see that the “1-in-50-year” wind speed was reached or exceeded in 10 out of 
those 500 years. But if you made a timeline of these storms you would see the storms appear randomly on the 
timeline, not equally spaced every 50 years. 
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approach or the ASD approach, if properly designed, constructed, and maintained, a structure is 
expected to have a fairly large reserve of load-carrying capacity. Thus, when investigating any snow 
damage it is important to assess whether the structure had other problems that might have reduced its 
load-carrying capacity to below acceptable levels. 
 
4. History of Design Snow Loads in the NBC 
Snow loads are inherently variable and difficult to predict accurately. The weight of snow on a roof 
depends on both the depth of accumulation, and the density of the snowpack (Taylor 1980). There are 
many factors that affect snow accumulation (Shriever 1978, Peter and Schriever 1963); the amount of 
snowfall in the area is an obvious one. But other climatic conditions influence snow accumulation as 
well. Wind can blow snow off a roof or redistribute snow and create large drifts around projections 
(Irwin 1995). Sustained cold periods facilitate accumulation of snow from multiple snowfalls. Cloud 
cover and humid air conditions hinder evaporation and sublimation2 and thus also play some role in 
snow accumulation.  
 
There are also aspects of the building design that influence snow accumulation. Snow can slide off a roof 
if the slope is steep enough, especially if the roof surface is slippery such as in the case of metal roofing 
(NRC 2015a,b). Projections from a roof surface can impound blowing snow, locally increasing the 
accumulation (NRC 2015a,b). Very large roofs also tend to accumulate more snow than small roofs (NRC 
2015a,b). A sometimes-overlooked consideration is that snow accumulation on the roofs of refrigerated 
or unheated buildings will tend to be greater than on equivalent roofs of heated buildings (Irwin 1995). 
This is because heat escaping from heated buildings gets absorbed by the snow and causes some 
melting or sublimation. 
  
Weather conditions at the time of snowfall influence the density of snow. Snow can be very light and 
fluffy, or it can be damp and heavy. The density of snow also changes after the snow has fallen. Old, 
windswept snow is significantly denser than freshly fallen snow (NRC 2015b). Sometimes varying 
weather conditions cause some snow to melt and refreeze while the meltwater is still retained within 
the snowpack. This process can dramatically increase the density of the remaining snowpack. Rain that 
falls on a snowpack can have a similar effect. Snow also consolidates under the weight of snow above, 
meaning that there is some positive correlation between accumulation and density. 
 
The NBC specifies how to calculate the design snow loads on roofs. In the 1941 edition of the NBC, the 
snow load was simply 20, 30, or 40 lbs/ft2, depending on what the average total snowfalls and rainfalls 
were in the area during the months of January, February, and March (NRC 1941). In the 1953 edition 
(NRC 1953, Allen 1956), design roof snow loads were equal to ground snow loads, with reductions for 
sloped roofs only.  Still, designers were expected to use their judgment regarding snow accumulation. 
The load values were very approximate and resulted in over-design for some roofs and under-design for 
others, particularly in areas subject to high drift loads. A chart showing the 1-in-30-year ground snow 
loads for different locations across Canada was provided in the 1960 edition of the NBC based on 
statistical analysis of available historical snow records. The roof snow load was set at 80% of the ground 
load, based on the results of a countrywide survey of roof snow loads, and was adjusted to allow for the 
increase in the load caused by rainwater absorbed by the snow.  
 

                                                           
2 Sublimation is a process where a substance transitions directly from the solid state to the gaseous state. In other 
words, snow can skip the liquid water phase and transition directly into vapour.  
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The 1965 edition of the NBC introduced a variety of influences causing the accumulation of snow on 
roofs by means of snow load factors such as the wind exposure factor, the slope factor, and the 
accumulation factor (NRC 1965). Roof snow load was removed from the design data as it was deemed 
directly related to ground snow load. The design roof snow load remained at 80% of the ground snow 
load. A lower ratio of 60% was allowed for roofs exposed to the wind. The basic approach of estimating 
roof snow load from ground snow load was improved in subsequent code editions, but to this day still 
bears some resemblance to the 1965 edition. The ground snow load values reported in the NBC were 
adjusted over the years as more weather data became available.  
 
With the 1990 edition, the snow load calculation was split into two components, consisting of the 
ground snow load portion and a “rain-on-snow” portion (NRC 1990) and the unit weight of snow was 
increased from 2.4 kN/m3 to 3.0 kN/m3. The specified design snow load was increased from a 1-in-30-
year load to a 1-in-50-year load in the 2005 edition of the NBC (NRC 2005).  
 
Buildings that fall under the scope of Part 9 of the 2015 edition of the NBC and the 2012 edition of the 
Ontario Building Code (typically houses and other small wood-frame structures) are designed using a 
specified snow load, S, calculated from the following formula: 
 

𝑆𝑆 = 𝐶𝐶𝑏𝑏𝑆𝑆𝑠𝑠 + 𝑆𝑆𝑟𝑟 ≥ 1.0 kPa 
Where, 
𝑆𝑆𝑠𝑠  is the 1-in-50-year ground snow load 
𝑆𝑆𝑟𝑟  is the associated 1-in-50-year rain on snow load. 
𝐶𝐶𝑏𝑏  is the basic roof snow load factor that may be taken as 0.45 for roofs less than 4.3 m wide, and 

0.55 for wider roofs. 
 
The specified snow load is a rare event, but over the entire life of a structure the specified snow load is 
expected to occur at least once. In the Limit States Design approach, the load combination that usually 
governs the design of a roof is 1.25𝐷𝐷 + 1.5𝑆𝑆 for ULS, where D is the weight of the building materials 
(dead load) and S is the specified snow load. In other words, for the purpose of checking the strength of 
a roof, designers increase the estimated 1-in-50 year snow load by 50%. 
 
5. Roof Damage under Snow Load 
As discussed in the previous sections, properly designed roof structures have a significant safety margin. 
Designers use a high estimate of the actual loads and a low estimate of the actual strength. If failure 
occurs under the weight of snow, even if it was an unusually heavy snow load for the area, the failure 
should be thoroughly investigated. Was the snow load truly exceptional, such that it exceeded the 
design ultimate load? Most of the time, the answer is ‘no’, in which case one should be skeptical of the 
claim that snow was the true cause of the failure. Very often when a roof fails under snow there was 
some other cause at work. If the actual snow load was below the design ultimate load then that would 
indicate that the actual resistance of the structure was a lot lower than it should have been. There are 
many possible reasons why the actual resistance of a roof structure would be lower than it should be, 
but they can generally be categorized as design errors, construction defects, or derelict maintenance. 
 
5.1. Design Errors 
A design would be considered erroneous if the design strength of a structural member or connection is 
less than the design load prescribed in the building code, thus the structural member or its connection 
cannot safely carry the intended design load. Common roof design errors are rafters that are too small 
or spaced too far apart, and connections with too few fasteners to safely transfer the design loads 
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between the connected pieces. When the rafters are undersized, they experience much more sag than 
they should when loaded with snow. Even if the rafters do not break, some of that sagging can be 
permanent and leave a noticeable change in the roof lines visible from the ground. The fact that the 
deflection of the roof is noticeable from the ground is a serviceability limit states issue, but the 
deflection is often also a warning sign of a more serious underlying problem. Sagging rooflines such as 
shown in Figure 1 can be caused by other issues with the roof, but in most cases it can be traced to a 
design or construction error rather than an exceptionally heavy snow load. 
 
A common problem area in roof damage cases is the connection between the ceiling joist and the rafter. 
Figure 2 shows the end of a ceiling joist with only two nails installed to tie the rafter. The number of 
nails required depends on the combination of roof span, roof slope, and the local design snow load; 
however, there should never be fewer than four nails. The rafter-to-ceiling joist connection is critical to 
restrain the bottom of the rafter and prevent it from moving outward. Outward movement of the 
bottoms of the rafters also causes the roof ridgeline to sag. Figure 3 shows an under-designed 
connection between two parts of a discontinuous rafter. Rafters typically are continuous from end to 
end, but it is possible to splice two pieces together. A proper splice however needs a relatively long lap 
distance in order to transfer the forces between the two parts of the rafter. The splice in this example 
was far too short and could not safely transfer the necessary forces.  
 
5.2 Construction Defects 
Construction defects occur when the contractor fails to follow the structural drawings or builds the 
structure in a way that deviates from the design intent. Some types of construction errors are difficult to 
distinguish from design errors particularly when the original design drawings are not available. For 
instance, the contractor might install rafters that are smaller or spaced further apart than specified by 
the building code. Without the original drawings, it is not possible to determine whether it was the 
builder who deviated from the approved design, or the designer who failed to satisfy the minimum code 
requirements. Common construction defects in roof framing are installing undersized rafters, spacing 
rafters too far apart, and fastening connections with too few nails. Some other types of construction 
defects can typically be distinguished from design errors even without the benefit of the original 
drawings. Common defects of this type are connections with no nails at all, nails that do not engage 
enough material or miss the member entirely, proprietary connection hardware attached with the 
wrong fasteners, rafters with large cuts or notches, misaligned framing, and temporary struts left in 
place after completion.  
 
Notching or cutting rafters weakens them and can lead to failure at loads below design snow loads. 
Figure 4 shows a rafter that was notched at the bottom. Most of the rafters were 2x4s, but at the 
location shown in the figure a 2x6 rafter was installed. In order to make the 2x6 fit, the framer notched 
the end. The notch created stress concentration around the notch and the rafter split at the corner 
created by the notch. Sometimes rafters are cut, whether by mistake or with intent, in order to install a 
vent, flue, or chimney. When this occurs, it is necessary to add compensatory framing in order to make 
sure the roof can still carry load around the rafter that was cut. Figure 5 shows a rafter that was cut to 
install a flue pipe with no compensatory framing installed.    
 
Figure 6 shows an example of where rafters on one side of the ridge board were not aligned with the 
rafters on the other side. The misalignment causes stresses in the ridge board, so unless the ridge board 
is sized for these stresses, the roof rafters need to line up with each other as required by the building 
code. In the example shown in Figure 6 the ridge board was not thick enough to safely resist the stresses 
caused by the offset distance between the rafters. 
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Framers often install temporary framing to facilitate construction. However, leaving temporary framing 
in place after completing the work can have unintended consequences. Figure 7 shows some temporary 
struts installed below the ridge board. After installation of the rafters, temporary construction struts like 
these must be removed. If the construction struts are left in place, they alter the load path. When snow 
accumulates on the roof, a large portion of the snow load will be transferred to the ceiling joists through 
the construction struts. Snow load is intended to be resisted by the rafters, and not the ceiling joists 
which typically are not designed to contribute to resisting snow load. Under the extra unanticipated 
loads imposed by snow, ceiling joists sag and finishes can crack. 
 
5.3 Maintenance Issues 
Both strength and stiffness of wood are decreased when wood is exposed to moisture. A warm and 
damp environment also leads to growth of fungi and mould in the wood as shown in Figure 8 and can 
create an environment favourable for other attacking organisms like carpenter ants or termites as 
shown in Figure 9. Over time, the deterioration caused by insect damage or decay can reduce the 
strength and stiffness of the wood significantly, in some cases to the point that the roof begins to fail 
under its own weight. Repeated wetting and drying cycles lead to corrosion of steel. As shown in Figure 
10, corrosion is especially concerning on metal plate connected wood trusses because the plates have a 
large exposed surface area with only a thin cross-section. Certain environments with high humidity 
and/or aggressive gases, like swimming pools and livestock facilities, can lead to accelerated corrosion. A 
common maintenance issue that can lead to roof failure is ongoing roof leaks where roofing or flashings 
are damaged or deteriorated and are not repaired in a timely manner. An ongoing attic condensation 
problem is another common source of moisture in the roof structure. 
 
6 Closure 
All structures, including roofs, are designed with safety factors specified by the applicable building code. 
Because of these safety factors, even when the snowfall exceeds the specified design value, a properly 
designed roof should not fail if the snow load is within the safety margin. However, if there are pre-
existing conditions such as design or construction deficiencies, moisture damage, or unintended and 
undesired load paths, roof failure could occur, sometimes many years after construction. The heavy 
snow accumulation is most often not the root cause of the damage, but merely the event that was 
needed to bring the real underlying issues to light. 
 
This note may be used as a quick reference for owners, contractors, property managers, or adjusters to 
gain a general understanding of the different possible causes for roof damage under snow load and the 
contribution  of pre-existing conditions. While the authors have made every reasonable effort to ensure 
the information in this technical note is accurate, the note is nevertheless intended for educational 
purposes only and does not in any way replace the need for project-specific investigative or design 
services by a qualified Professional Engineer. 
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Figure 1: Permanent sag in the roof of a single-family dwelling after a heavy snow season 

 

 
Figure 2: View of a ceiling joist with only two nails into the rafter 

Roof Sag 
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Figure 3: Example of an inadequately spliced roof rafter 

 

 
Figure 4: Example of a rafter that split due to a notch at the bearing 

Short Splice Plates 

Two parts of a 
discontinuous rafter 

Splitting of the rafter 

Deep Notch 
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Figure 5: Example of a rafter that was cut to install a flue pipe 

 

 
Figure 6: Example of misaligned roof rafters 

Misaligned roof rafters 
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Figure 7: Example of a temporary construction strut that remained under a ridge board 

 

 
Figure 8: Example of moisture damage and mold growth on roof wood framing 

2x4 construction strut under the roof’s ridge board 

Mold growth 

Moisture damage 
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Figure 9: Example of wood framing damaged by carpenter ants 

 

 
Figure 10: Example of a severely corroded truss plate 
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