Designing for snow and wind feels straightforward on paper: take a load case, apply factors, size members, check
limits. The work gets real the moment the drawings hit weather. Snow does not arrive politely and uniformly. Wind
does not hit every corner with the same intensity, and it rarely respects the neat geometry we used in the first

calculations.

In practice, good structural design for snow load and wind load is a mix of engineering rigor and field intuition. You
look at the site, the roof shape, nearby obstructions, and what will actually happen to water, ice, and pressure

when conditions align. You then build that story into calculations, detailing, and connections.

Two loads that behave nothing alike
Snow load and wind load are both “environmental loads,” but they attack different parts of a building’s behavior.

Snow is primarily a gravity action. It accumulates, it redistributes, and it can melt, refreeze, and migrate due to
temperature gradients. A roof that looks identical in plan can experience very different net snow distribution
depending on exposure, ground-level temperature, surface reflectivity, and even how the roof sheds earlier
snowfall. The engineering term for that redistribution is not just academic. It changes where you put strength,

where you check serviceability deflection, and how you detail bearing and connections.

Wind load is different. It is about pressure and suction, and it creates overturning and uplift. Wind also interacts
with the building’s shape, surrounding terrain, and height. Even if two buildings are the same size, a row of trees
or another structure upwind can change what the wind “does” at the roof and walls. That is why wind design is

never just about one number. It is about how the wind pressures map to roof zones, edges, and corners.

A lot of failures in the real world have a pattern: either the design did not represent what the wind or snow
actually did, or the structure was strong enough in calculation but weak in details. Connections, roof-to-wall

transfers, fasteners, and bearing lengths are where weather turns theory into outcomes.

The snow story starts with accumulation, not weight

When people say “snow load,” they often mean roof loading from measured snow depth converted to an

equivalent load. In design, you usually start that way. You then address how snow gathers and redistributes.

Roof geometry matters immediately. Flat roofs trap snow; sloped roofs shed snow, but not always right away.
Many roofs that shed are still susceptible to drifting and uneven accumulation, especially when wind-driven snow
relocates material across the surface. A simple hip roof might have zones where snow piles up behind ridges, or
where the valley between planes becomes a catchment. If you only apply a uniform load across the entire plan,

you can miss the controlling case.

What surprises less experienced designers is that “uniform snow” is often not the worst case. Redistribution factors
and drift considerations can raise peak local loads significantly above the average. That means secondary
members, purlins, rafters, and roof sheathing fastening patterns can become critical even if the main framing looks

adequate.

There is also the thermal behavior. On many buildings, the roof warms from inside heat gain, solar radiation, and
air leakage. That warms the snow surface, increases meltwater production, and can drive refreezing along edges
where the roof deck cools. The resulting ice dams effectively create a temporary “water and ice load” scenario that
is not the same as dry snow. You can argue it as additional load, but the bigger lesson is detailing: drainage paths,

edge support, and how you prevent water intrusion that then degrades structural performance over time.



| remember a retrofit project where the calculated roof live load checks were fine, but the field performance
depended on edge support. The roof sheathing and fascia detail were not set up for the repeated freeze-thaw
cycle, so the system failed in its ability to shed water safely. The structure did not collapse, but the maintenance

burden and localized deterioration told a different story than the load table.

Wind loading is pressure, uplift, and geometry all at once

Wind load design is often taught through formulas, but the experience of it is visual. You imagine the air
accelerating around the building, then you think about where the pressure peaks occur and where suction tries to

lift the roof membrane or pull at cladding.
Several things drive wind demand:

* Building height and exposure, since wind profile changes with height.
® Terrain category and surrounding roughness, which governs how turbulence and mean wind speed develop.
* The building’s shape, roof pitch, and any appendages.

® Roof and wall zones, particularly edges and corners.

Edges and corners are where you usually find the most severe wind effects. That is because wind flow separates
and reattaches at different locations, and because the local pressure field becomes more intense than the average
across a face. You can have a roof panel that performs well under uniform uplift assumptions but fails at the

corners where suction spikes.

Roof coverings are a major practical concern. Many roofs do not fail because the trusses are too weak. They fail
because the roof covering and the attachment system cannot resist uplift and cyclic fatigue. When you design
wind loads for the structural frame, you also have to coordinate with how the roof is built: nail patterns, screw

spacing, purlin spacing, deck type, and whether the roof insulation is designed to keep cladding and deck stable.

Cyclic behavior is another part people underplay. Wind creates gusts and load reversals. Even if peak pressures are
within the design capacity, repeated cycles can loosen fasteners, degrade sealants, and allow minor movement that
increases stress in adjacent components. That does not always show up in a single strength check. It shows up in

the field after a few storm seasons.

Load combinations and why “it checked” is not always enough

Both snow and wind must be checked in load combinations. The philosophy varies by code and jurisdiction, but

the key idea stays consistent: you should not treat each load case as a standalone number.

Even when codes provide reduction factors or combination rules, designers should ask a pragmatic question: what

failure mode is the real threat?

For snow, a common failure mode is bending and localized overstress in roof members. Another is excessive
deflection leading to ponding or poor drainage. For wind, you worry about uplift, lateral sway, and overturning,
plus the integrity of roof-to-wall and wall-to-foundation load paths. In many buildings, the structure is strong, but

the load path is brittle or discontinuous due to how connections were simplified.

A detail check that has saved a lot of projects is the “path continuity” pass. Trace how wind uplift from the roof
transfers into beams, then into walls, then into bracing or shear walls, then into foundations. If a particular

interface is weak, it can govern even if the frame members are adequately sized.



The same thought applies to snow. If snow loads create additional gravity forces, you want to ensure that the
lateral bracing and connections can handle the combined effects without slip. In steel frames, connection slip and
bolt fatigue can become the hidden issue. In wood framing, bearing lengths and nail or bolt edge distances can

drive real-world capacity.

Designing the roof system: strength, deflection, and drainage
Roof design is where snow and wind meet in one practical object: a roof assembly.

A roof is not only structural. It is also a drainage and weathering system, and those functions depend on deflection
and movement. If snow load causes excessive sag in rafters or purlins, you can end up with low points where water
pools after thaw. That pooling can lead to membrane failure, corrosion of metal components, or increased leak risk.

In some roof systems, small deflections under service loads become big problems over time.

If wind uplift lifts the roof slightly, it can stress membranes, seams, and flashing. That is why detailing around
penetrations, hips, ridges, and valleys matters. A well-designed member can still fail if the roof geometry

concentrates wind suction and the flashing system relies on assumptions of minimal movement.

One of the trade-offs | see frequently is between member stiffness and member size. Increasing stiffness by
upsizing members is straightforward in structural analysis, but it costs framing depth and can complicate
architectural coordination. In retrofit situations, you often get a better outcome by adjusting spacing, improving
support conditions, or modifying connection details to better distribute load. Deflection limits guide those choices,

but so does constructability.

Snow drifting introduces another roof-specific issue. Drift loads often concentrate on upwind sides or around roof
features. If the design for drift does not align with how the roof members actually bear and connect, the
reinforcing approach can miss the controlling zone. It is not enough to compute a higher load. The roof must be

built to carry it where the analysis says it will.

Wind exposure and terrain: the site can be the load factor

Wind demand is sensitive to exposure and nearby obstacles. Designers can account for this through terrain

categories and exposure classifications, but the judgment comes in deciding what “counts” as terrain.

Think about what is upwind of the building. A field of low grass behaves differently than a cluster of trees.
Suburban streets with buildings at a moderate spacing behave differently than industrial blocks with tall
warehouses. Even if the general region looks similar, local roughness changes the wind profile, turbulence intensity,

and the distribution of pressures.

Wind also has a “local effect” angle. Structures and terrain can create channeling or eddies. Roof corners can see
very different suction patterns depending on neighboring heights and setbacks. If you have a building on a hill

and another upwind structure creates a sheltered zone, the pressures can vary sharply across the building face.

If you only use the broad regional classification and ignore local obstructions, you may under-predict the edge and
corner demands. This becomes most noticeable on buildings with high aspect ratios, unusual roof shapes, or

significant parapets.

Combining snow and wind: rarely simultaneous, still coupled in design

Snow and wind can both be critical, but they often do not govern at the same moment in the way people expect.

The physics of snow accumulation and wind-driven redistribution make the load cases more complex than a simple



“snow plus wind.”

Wind can transport snow during storms and create drift patterns that then persist for a period. Even if the wind
gusts are not simultaneous with the final “settled snow” depth, the drift distribution becomes a historical record of
that event. In design practice, codes typically incorporate that concept into drift and redistribution factors rather

than requiring you to simulate the entire meteorological sequence.

What matters for engineers is to ensure you are not mixing assumptions. If a design approach uses a particular
snow redistribution factor, you should not then double count drift-like behavior in an inconsistent way. Similarly,
wind pressure distributions should reflect the building and roof geometry, not assumptions about how snow

changes wind flow after accumulation.

That is why the best drawings often include both the structural and envelope thinking. For example, if the design
assumes a roof with a certain drainage and thermal behavior, that behavior influences how long snow stays on the

roof, which influences how conservative you should be about serviceability and water accumulation.

Connection design: where the weather finds weakness

Strength calculations can be generous, but connections rarely are. Weather events are blunt forces applied

repeatedly, and connections are where the structure’s stiffness and load transfer are defined.

For snow, connections must carry gravity load, but also must resist any secondary effects like racking or uneven
support. If snow drifts create local bearing points that shift load toward certain rafters or purlins, the connections

in that zone must be designed for the higher local force, not just the average.

For wind, connections and fasteners face uplift and cyclic tension. Roof-to-wall connections and bracing anchors
can be particularly critical. If the building does not have a robust load path, wind can separate components even if

the main frame resists lateral translation.

A practical way to sanity-check this is to look at the build sequence and the construction tolerances. A roof deck
installed with minor gaps changes how shear and diaphragm action develop. A wall panel connected during
construction before lateral bracing is complete behaves differently under wind than it does after the full diaphragm

system is locked in. This is why coordination between structural design and construction details matters.

Serviceability is not a nuisance check, it is part of safety

In snow climates, serviceability issues often show up first. Roof deflection and vibration can affect drainage, and
drainage affects both durability and the effective load path. For example, ponding can add additional load due to
trapped water. Even if you are not explicitly designing for water, deflection affects how the roof behaves during

melt cycles.

Wind serviceability involves different criteria: lateral sway, drift, and vibration. Comfort and facade integrity become
the limiting factors. Some buildings can survive peak wind pressures but crack cladding and damage seals because
lateral displacements are too large. Those damages then reduce the structure’s envelope performance, which

increases long-term risk.

When you design for both snow and wind, you need to treat serviceability as a first-class constraint. Many
structural failures are preceded by long periods of small, unaddressed movements. The weather keeps applying the

load, and small movements wear down the system’s tolerance.

Roof type choices and their design implications



Different roof forms change how snow and wind express themselves. The same building footprint can perform very

differently depending on the roof geometry.

A steeper roof sheds snow more readily, but wind uplift can also increase on certain surfaces due to higher suction
zones and the interaction of wind with roof pitch. A flatter roof may reduce certain wind pressures in some cases,
but it raises the risk of snow accumulation, ponding, and thermal effects at the roof surface. Hip roofs, gable roofs,
and mono-slope designs redistribute wind pressures in different patterns. Parapets and roof curbs create localized

pressure zones that often govern attachment design.

If you have architectural freedom, it is worth considering how the roof shape supports both snow shedding and
wind resistance. If you do not have freedom, then the structural design has to compensate with member sizing,

connection detailing, and more careful checks in roof zones.

Practical steps that reduce surprises

Good design is not only about calculations. It is also about reducing the gap between the modeled structure and

the built structure.

Here are a few Additional resources practical habits that have consistently improved outcomes on my side of

design review:

1. Treat roof zones as real construction regions, not just analysis patches. Ensure deck fastening and purlin
spacing match the structural intent.

2. Check drift and redistribution assumptions against the roof geometry and exposure, and confirm the critical
members in the analysis are the ones that actually bear load in the framing layout.

3. Do a load path trace for wind uplift and lateral loads. Verify each interface can transfer forces, not just that the
frame members are sized.

4. Coordinate structural checks with envelope details, especially flashing, penetrations, and edge conditions that
can be affected by deflection and movement.

5. When retrofit constraints exist, prioritize stiffness and connection upgrades in the areas that analysis flags as

controlling, rather than making uniform improvements that miss the governing mechanism.

This kind of work tends to pay off during construction and after the first hard winter or storm season.

Edge cases that often get overlooked
The "normal” cases are usually covered by code. The tricky part is the edge cases that do not feel normal.

One edge case is complex roof geometry with dormers, skylights, small parapets, and transitions between roof
levels. Those features create local turbulence and localized snow accumulation patterns. Even a small raised

platform can change both wind suction and snow drift behavior around its perimeter.

Another edge case is roof-mounted equipment. It changes how snow sits, where it drifts, and how wind pressure
distributes. It can also create stress concentrations in the deck and attachment system. Designing the equipment

mounts as isolated loads without coordinating with the roof structural system is a common mistake.

Thermal gradients can also create "edge-biased” problems. Ice dams are a prime example. They can lead to water
intrusion, undermining fasteners and corrosion of metal components. While the structural design might handle
gravity snow loading, the envelope and roof deck durability can become the limiting factor if drainage and ice

management are not addressed.
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Finally, there is the issue of construction tolerance and workmanship. Wind and snow loads apply repeatedly. Small
installation errors can accumulate. If the design capacity is close to the required demand, a few millimeters of

misalignment or a missing fastener can matter, especially at edges and corners.

Modeling choices: where the numbers can lie

Structural analysis models are simplifications. They are correct enough to size members when assumptions match

reality. Problems arise when modeling assumptions hide critical behavior.

For snow, key modeling choices include how you represent roof member continuity, whether you capture load
redistribution through the structural system, and how you model support conditions at eaves and ridges. Roof
members are often assumed to be simply supported, but in reality they can be more constrained, or they can slip

depending on connection detailing.

For wind, the modeling choices include how you represent diaphragm action, how you distribute wind pressures to
the roof framing, and whether you assume effective connections between components. If your model assumes full
diaphragm transfer but the deck attachment is weaker or has different patterns than modeled, the load

distribution can shift.

In review conversations, one question that helps is: “Which check is actually governing, and does that match the
build method?” If the governing check is a member force that depends on an assumed load path that the actual

construction would not provide, the design can pass analysis but fail performance.

Designing for durability as much as strength
When you design for snow and wind, you are also designing for service years, not just a one-time peak event.

Snow climates often involve repeated freeze-thaw cycles. Wind-driven rain and debris impact cladding. Snow melt
and refreezing can create recurring moisture exposure. These environmental interactions affect corrosion

resistance, sealant longevity, and the fatigue life of fasteners and connectors.

So the best snow and wind designs do not stop at “meets strength.” They consider what the roof will look like
after several seasons. How will moisture be managed? Will coatings and sealants be protected from uplift-induced
movement? Are edge regions reinforced against drift and suction? Do you have inspection points and

maintenance access where problems typically start?

That may sound like envelope territory, but structural choices determine whether the envelope can survive.
Member stiffness affects deflection. Connection details affect movement. Load path integrity affects the likelihood

of progressive failures.

The judgment call: conservatism where it matters
Every design has a place for conservatism, but not all conservatism is equal.

If you apply extra factors broadly, you can end up with an overbuilt structure that still has a weak detail. The better
approach is targeted conservatism: identify what is most likely to be wrong, then make the design robust against

that uncertainty.

For snow, uncertainty often concentrates in drift distribution and redistribution, thermal effects at the roof surface,
and localized support conditions. For wind, uncertainty concentrates in edge and corner pressures, envelope

attachment capacity, and load path continuity.



In the field, the weather punishes the assumptions that feel convenient during drafting. If you design and detail
with that in mind, your structure does not just survive peak storms. It stays serviceable, maintainable, and safe

through the years when winters and winds keep coming.



