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ABSTRACT
Ice dams occur on cold climate roofs when warm zones on the roof melt snow, and cold spots simultaneously freeze the water into large ice formations, typically found on eaves. This is a result of improper air sealing, 

insufficient attic ventilation, and an assortment of design and construction flaws in new and old homes. Attic bypass in the winter relates to escaping heat from conditioned portions of the house into the attic as a result of 

an inadequate vapor and thermal barrier separating the two zones. Inadequate attic ventilation perpetuates ice dams by failing to cool the roof deck and venting moisture out. Non-vented warm and moist air can melt 

snow unevenly, and in extreme cases lead to frost in the attic. This fate causes a home durability issue, and can remain unfixed for years without proper diagnostics and solutions. This research will quantify and analyze 

attic bypass and air sealing effectiveness using zone pressure diagnostics and an attic blaster test on a South Minneapolis home. This information will be used for contractors, homeowners, and diagnosticians to 

understand how ice dams occur and the relation to conditioned air infiltrating the attic zone. on the roof melt snow, and cold spots simultaneously freeze

RESULTS
• Figure 1 shows the blower door results and finds the air leakage to be 3269 cfm for 

the house.

• Image 3 shows IR photos of chase way leading from basement to attic in the 

mideastern section of the house that is creating attic bypass.

• Table 1 shows the ZPD findings. The attic to outside zone has 4 times the size of the 

leaks than the attic house zone.

• The attic to house zone can be air sealed to increase the airtightness by 600-1000 cfm.

• Image 2 shows snow melt pattern revealing heat leakage in the mideastern region.

• Figure 2 shows the mideastern HOBO logger’s data from October to April 

• Figure 3 shows that the chase way causes almost a 4 degree difference than other 

regions.

• Figure 4 shows that an increase in vapor pressure on a very cold day can cause 

frost.

• Figure 5 shows a temperature in the attic that is conducive to ice damming (30-20F)

• Figure 6 shows an increase in vapor pressure in the chase way’s region 

• of 4 degrees on a cold day.

INTRODUCTION TO ICE DAMS
• Ice are serious issues for the durability of a house. A large buildup of ice 

on the roof’s eaves restricts melting snow from falling which can 

infiltrate the roof and cause moisture problems.

• Ice dams can be controlled by keeping the roof deck below freezing 

when it is below freezing outside.

THREE REASONS ICE DAMS OCCUR

• Poor Insulation in the attic- The roof deck will  be exposed to more heat 

from the house without a continuous layer of insulation.

• Poor Air Sealing at Attic to House Zone- Hot, humid air will bypass gaps 

and into the attic, where it can warm the roof or freeze.

• Poor Attic Ventilation- Cold air from  the outside can be ventilated 

underneath the roof deck to keep it cool. 
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CONCLUSIONS
• There are considerable leaks emanating from areas 

hypothesized as having a prevalence to leaking 

conditioned air into the attic.

• The heat shown flowing through the chase way in Image 

3 is causing a temperature and vapor pressure increase 

in the mideastern zone of the attic.

• Attic bypass from  the chase way melts the snow on the 

mideastern portion of the roof.

• Air Sealing the ceiling to attic pressure zone can 

significantly reduce the air leakage to the attic.

• Air sealing the attic to ceiling zone will prevent 

conditioned space from escaping into the attic, which will 

allow for snow to safely melt off the roof.
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Figure 3: Temperature Trend in Attic Zones  

1/10/16
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Air Leakage from the basement 

carries heated air in the winter 

and causes warming of the roof 

deck, which contribute to ice 

dams.
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Figure 2: Cumulative Attic Temperature and Relative 

Humidity  Distribution of Mideastern Zone

Temperature

Relative

Humidity

Nov                                   Dec                                   Jan                                   Feb                                   March                                  April

5

10

15

20

25

30

35

40

0 3 6 9 12 15 18 21 24

Te
m

p
e

ra
tu

re
 (F

)

Hour of Day

Figure 5: Temperature Trend in Attic Zones on 

12/18- 12/19/15
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Temperatures between 30-20 F 

are conducive to ice dams when 

following above-freezing 

temperatures.

The chase way leading from the 

basement and leaking into the attic 

causes a temperature increase of 4 

degrees on a cold day.
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Figure 4: Vapor Pressure Trend between 

Chase way and Northwest Zone 1/10/16
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Figure 6: Vapor Pressure Trend between 

Chase way and Northwest Zones-12/19
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Chase way zone trend indicates an 

increased vapor pressure meaning 

more water vapor is being released 

into the air

Releasing extra water vapor into a very cold area may 

result in freezing on wood rafters. This frozen water 

eventually condenses and damages attic.
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Figure 1: Airtightness Results from 

Blower Door Test
Hatch A Hatch C

Airflow 

Difference

Air Sealing 

Effectiveness

Reduction 

(+/- 25%)

Airflow (cfm@50 Pa) 2155 3247

1092 cfm 0.73
600-1000 

cfm

House to Zone Pressure 44.8 31.2

Zone to Outside 

Pressure
5.2 18.8

Hole Area (Sq Ft) 0 1.04

Table 1: Zone Pressure Diagnostics (ZPD) Results

Table 1: Zone Pressure Diagnostics Results. The 2nd floor ceiling 

had considerable leaks emanating from attic bypass. Air Sealing 

can reduce airflow through pressure zone by 600-1000 cfm.

USING RESULTS AND FURTHER TESTING
• Ice dams and their symptoms were tested in terms of 

attic bypass and air sealing, but not attic ventilation.

• Attic Ventilation will be tested for in May 2016 using a 

duct blaster fan to depressurize the attic and measuring 

rates of ventilation for soffit, ridge, gable, and fan vents.

• With these tests and associated analysis, it is possible 

to identify areas susceptible to damaging ice dams.

• This information can be useful for homeowners and 

home diagnosticians who would like to understand ice 

dam potential better.

• It is encouraged to consult an energy auditor to apply 

any weatherization retrofits.

METHODOLOGY
A house in South Minneapolis was utilized to conduct tests aiming to find 

and quantify sources of air leakages into the attic, and then looking to see if 

these can produce ice dams in the right conditions,

BLOWER DOOR AND IR CAMERA INSPECTION

• This test measures the airflow necessary to create  a significant pressure 

difference between the house and the outside. Air is blown from a 

powerful fan with pressure and airflow monitors attached.

• The higher the necessary airflow, the less airtight the house is.

• The less airtight the house is, the higher the potential for ice damming 

due to heat escaping into the attic.

• IR Camera reveals heat loss by revealing hot spots in the house.

RELATIVE HUMIDITY AND TEMPERATURE IN ZONES OF ATTIC

• Four HOBO Data loggers collecting temperature and relative humidity 

data  were placed atop an R44 ceiling in different regions of interest.

• Data was collected every 10 minutes from October 2015-April 2016.

• A relatively high temperature in one region indicates heat leakage 

assuming insulation is consistent.

• A relatively high vapor pressure in one region indicates excess moisture 

from conditioned air in the house (attic bypass)

ZONE PRESSURE DIAGNOSITICS

• Relative pressures between the attic and house during 50 Pa 

depressurization of the house may  indicate leakage from ceiling to attic.

• Air enters through attic and the closer to 50 Pa the attic is at, the more 

airtight it likely is. 

• Air sealing potential for attic pressure zone is measured by introducing a 

hole.

The Air Leakage is found to be 3269 cfm. 

This is more than twice as leaky as a new 

home in MN.

COMMON CAUSES FOR ATTIC BYPASS

• Ceiling framing penetrations are often not air 

sealed properly and allow heat to bypass the 

ceiling.

• Recessed Lights, Drop Soffits, Electrical 

Penetrations, Poor framing are common 

perpetrators.

ICE DAMS CAN BE PREVENTED

• Manual removal of ice dams with a snow rake 

is dangerous! Icicles are pretty but deadly.

• Energy Audits diagnose air leakage issues 

into the attic.

• Weatherization experts  air seal and insulate.

• Attic ventilation and roof can easily be 

retrofitted

Image 3: IR camera photo 

of chase way leaking heat.

Image 4: IR camera photo 

of ceiling leaking heat.

Image 2: Snow Melt Pattern on Test HouseImage 1: Ice dams


