
T
his article is about ice dams1 

and their prevention. Ice dams 
can occur in any northern or 
high-altitude climate,2 but they 
are more prevalent and trou­
blesome in areas where there 

are frequent or daily freeze/thaw cycles. In 
the far north, where it gets very cold and 
stays cold and snow covered for most of the 
winter, ice dams are not as severe unless 
there are gross inadequacies in the roof, 
attic, or cathedral ceiling assembly. 

Ventilation requirements referenced in 
the building codes are usually not adequate 
for cathedral ceiling ventilation without 
adjustment.3 Mathematical formulas have 
been developed to calculate the thermal loss 
of air passageways.4 Test chambers have 
since verified the mathematical formulas 
and graphs that have been developed. These 

formulas and graphs can be used to size the 
air passageways needed under the roof deck 
in cathedral ceiling assemblies with various 
airway openings, insulation values, slope, 
and length of the roof/ceiling assembly to 
prevent ice dam formation.5 

Attic and cathedral ceiling ventilation, 
roof sheathing condensation, and the study 
of ice dam formation on sloped roofs is not 
yet an exact science. The first documenta­
tion about ice dam conditions at the eaves 
appeared in an 1899 textbook.6 The 1/300 
net-free ventilating area requirement was 
first promulgated in 1942 by the Federal 
Housing Administration (FHA) with very lit­
tle research to back it up.7 By the 1960s, 
the 1/300 and later the 1/150 requirement 
had been adopted into all of the building 
codes, but the numbers were still arbitrary. 

In the last decade, there have been 

Ice dams can be more than 2 ft thick. 
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numerous studies and research projects 
that indicate that vapor drive and condensa­
tion in the roof assembly can also be con­
trolled by means other than venting from 
and to the outside.8 The NRCA Manual9 calls 
these compact or warm roof assemblies. 
However, in northern climates, nonventing 
methods must also include additional design 
features to prevent ice dam formation. 
Consequently, the most effective ice dam 
pre vention method is usually under-deck 
ventilation, where this method is feasible. 

Roofs with numerous skylights, dorm­
ers, chase protrusions, and other design 
complications that prohibit uniform soffit 
intake, uniform internal airflow, and upper 
roof exhaust make gravity ventilation sys­
tems difficult to achieve. Drilling small 
holes in wood joists to transfer airflow from 
one joist space to an adjacent joist space is 

not effective unless the airflow volume 
and pressure are balanced. The author 
has often encountered building owners 
or managers who proclaim they can’t 
understand why some of their problem 
areas leak because they have ice dam 
protection membrane installed under 
the steep-roof covering. 

The concept of polymer-modified ice 
dam protection membrane sealing 
around a nail shank (see Grace’s Ice & 
Water Shield® Product Information Sheet 
or literature from manufacturers of sim­
ilar products) is helpful in preventing 
leaks from ice dam conditions. It is a sig­
nificant improvement from the previous 
method of two sheets of roofing felt 
cemented together with asphalt roof 
cement. However, it is not reasonable to 
conclude that this polymer-modified seal 
around a nail shank is going to be per­
manently 100% effective, especially in 
ice dam areas. 

Some of the ice dam protection mem­
brane failures the author has witnessed 
have been due to wrinkles and back laps 
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in the membrane application that are 
not difficult to explain. Other failures 
have been at shingle nails that were not 
driven straight, leaving a gap on one side 
of the nail shank, or roof sheathing 
panel that moves with expansion and 
contraction of the structure, causing the 
nail hole in the membrane on adjacent 
panels to elongate. Moisture content of 
the wood sheathing also causes dimen­
sional changes in the roof deck, result­
ing in movement of the membrane on 
adjacent panels around the nails. 

The NRCA Manual states, “Ice dam 
protection membranes cannot be relied 
upon to keep leaks from occurring. 
Careful consideration of roof ventilation, 
insulation, and project-specific detailing 
for particular climatic conditions is 
vital.”10 To help understand the demands 
placed on the ice- and water-type mem­
branes around the fasteners, visualize a 
thick-walled balloon made of modified 
asphalt membrane sitting on a flat sur­
face, filled with just enough water to fill 
out its shape without a lot of hydrostat­
ic pressure. Now, visualize a few nails pen­
etrating the sides of the membrane from the 
inside out. It may hold water for a while, but 
if the fastener shank is wobbled back and 
forth or if the membrane is slightly 
stretched to simulate differential deck 
movement, at some point it will probably 
start leaking around the nail shanks. ice 
dam protection membranes behind ice 
dams will also leak if some of the previous­
ly mentioned defects or dimensional 
changes occur in the membrane or sub­
strate. 

Keep in mind that the best ventilation 
system can be ineffective if there is exces­
sive heat loss into the attic or ventilating 
airways of cathedral ceilings. Since all of the 
reinsulation efforts after the first oil embar­
go of the 1970s, great improvements have 
been made in the depth of insulation in 
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Ice dams can continue up-slope from horizontal.
 

northern attics. These have improved the have heat ducts or plenums with 
thermal insulation capabilities, but have only R-5. The author has encoun­
also stopped up a lot of ventilation air pas­ tered numerous heat ducts in attics 
sageways and overlooked a lot of warm air that were well insulated and may 
infiltration. Judging only from personal have been installed correctly but 
experiences (at a higher ratio of problem were spewing heat into the attic like 
sites, which admittedly skews one’s percep­ crazy because a joint had come 
tion), I would hazard a guess that there now apart, tape had lost adhesion, or 
may be more BTUs lost to warm-air migra­ insulation fell away. 
tion than to thermal-conductance loss. 2. When insulation is added to the 

floor of the attic, make sure that the 
Recommendations for Steep-Sloped Roofs in airflow from the eave or soffit is not 
Northern Transition Climates: restricted. If there are internal chas­

1. Keep heat sources such as furnaces, es or wall cavities open to the floor of 
heat ducts, exhaust air, and high- the attic, they must be covered and 
hat light fixtures out of the attic. If insulated to prevent warm-air infil­
they have to be there, then great tration and conduction into the 
care must be made to keep the heat attic. Also, where loose-fill (a.k.a. 
out of the attic permanently. R-40 “blown-in”) fibrous insulation is the 
attic insulation is a waste if you also only type used, some sort of 
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restraining material may be needed 
at wind-prone corners of the attic to 
keep it from being blown back and 
leaving the ceiling bare and uninsu-
lated. 

3. Vertical stud walls infilled with batt 
insulation used to separate warm 
areas from cold areas (such as 
around heating equipment areas) 
should have a rigid covering to stop 
air infiltration. The foil or paper 
vapor-retarder batt coverings, taped 
or stapled to the studs, are not ade-
quate to prevent air infiltration, and 
in time they often fall down, leaving 
wide-open holes for warm-air migra-
tion. Also, where batt insulation is 
used to blanket a heat source area 
(such as heat ducts), some type of 
restraining material may be needed 
over the problem area because the 
next time someone has to get 
through that area to investigate a 
leak or trace a low-voltage wire, the 
batts are going to get all jumbled up 
and haphazardly replaced. 

4. Simple, two-slope gable or four-way 
hip roofs with uniform soffit intakes, 
uniform internal air flow, balanced 
upper-roof exhaust, and without 
complications of valleys or numer-
ous skylights, dormers, chase pro-
trusions, or other design complica-
tions may perform adequately with 
the code-minimum 1/300 soffit-to-
ridge ventilation design. The code 
alternative using a vapor retarder 
can be effective at preventing mois-
ture migration, but a vapor retarder 
does nothing to prevent ice dams. 
Also, we find that the amount of in -
take and exhaust works best if it is 
balanced 50/50, not the 80/20 ratio 
minimum in the code. Another con-
sideration is that when the roof 
slope is lower than 4/12 and/or 
there are restrictions in the intake 
airways near the eave or space over 
the top of the exterior wall, it is more 
difficult to prevent ice dams that do 
form from resulting in leaks to the 
interior. There are some fairly new-
design eave vents available that are 
helpful if there is no other choice, 
but in my opinion, they are not as 
fail-safe as adequate overhang with 
100% perforated soffits and a high-
edge truss design. 

5. Buildings with more complicated 
roofs and attics should be designed 

and constructed to have intake and 
exhaust to meet or exceed the 1/150 
design, not the alternate-code mini-
mum 1/300 design. If there are 
large dormers or chases that prevent 
the natural, uniform air flow from 
eave to ridge, additional ventilation 
may be needed at specific spots to 
move air around these obstructions. 
If there are long valleys in large 
roofs, additional ventilation should 
be directed to the underside of the 
valley. This airflow directional 
improvement can be achieved by the 
sizing and location distribution of 
intake and exhaust openings. 

6. Power ventilation is another option, 
but great care must be used when 
mixing gravity ventilating systems 
with power vents. Power vents can 
cause exhaust vents to become 
intake vents and thereby decrease 
uniform intake from the soffit or 
eaves where it is most beneficial in 
preventing ice dams. If there is 
warm-air infiltration, defects in the 
attic floor or wall systems’s power 
vent may also increase heat loss. 

7. Vaulted or cathedral ceiling roof 
assemblies should be vented if pos-
sible. However, if there are numer-
ous skylights, dormers, chase pro-
trusions, or other design complica-
tions that prohibit uniform soffit 
intake and uniform internal airflow, 
and there is upper roof exhaust that 
makes a uniform gravity ventilation 
system difficult, then compact roofs 
may be the way to go. 

8. A common problem with vaulted or 
cathedral ceiling roof assemblies 
that were intended to be ventilated 
systems is fibrous insulation 
pushed up into the ventilation air-
space, blocking or restricting the air 
flow. This is addressed in 
Tobiasson’s study, as is friction loss 
by the rough insulation surface in 
the airway. Remember that dimen-
sional lumber sizes are nominal 
dimensions, not actual size, and 
that fibrous insulation thickness 
may be increased when pushed unto 
spaces that are not full-width joist 
spaces. The free and open airway is 
seldom as big as mathematically 
subtracting the specified insulation 
thickness from the nominal width of 
the framing member. It is easy to 
detail an airway on a roof section 

drawing, but if there is no allowance 
for on-site variations, the airway is 
often difficult to achieve during con-
struction. 

9. Do not expect ice- and water-protec-
tion membranes to turn a water-
shedding roof system into a mem-
brane system. A membrane system 
with nails through it is not a long-
term solution. The valleys around 
crickets or saddles have lower slope 
in the valley centerline than the 
adjacent roofs. Roofs with slopes 
less than 4/12 with crickets or sad-
dles often have valley slopes that are 
less than the minimum allowed for 
shingles. These areas should be 
roofed with a true membrane system 
or with a soldered-joint, sheet metal 
system. 

10. The centerline of cricket or saddle 
valleys around roof protrusions, 
gable parapets, or curbs should be 
half the width of the valley away 
from the corner of the protrusion. 
When the centerline of the valley 
dead-ends on the corner, half of the 
valley is obstructed at the very point 
that is most difficult to flash. 

11. Electric heat-tape systems can be a 
good solution to repeated ice dam 
formations when all else fails, but it 
is far better to solve the problem 
that is causing the ice dams. 

12. Get and use copies of steep-slope 
research articles and design manu-
als, some of which are footnoted 
below. Then, design, construct, 
inspect, and retrofit for problem-free 
solutions, not just standard prac-
tices or code minimums. 

No one likes inspecting attics. This 
author has inspected thousands of attics – 
mostly in Indiana and Michigan, but also in 
Ohio, Illinois, Minnesota, Missouri, Nevada, 
and Alaska. Many of the comments and rec-
ommendations in this article are from in-
situ experience and trial and error, not test-
ing or research. We have successfully miti-
gated or stopped ice dam problems on 
numerous facilities. However, it is not 
pleasant or inexpensive work, and hopeful-
ly the recommendations of this article will 
lessen the number of times it needs to be 
done retroactively. 
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