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8 Case Study 1: Thermal Analysis to Avoid Ice
Dams on Sloped Roofs

8.1 Description

8.1.1 Objectives

The objective of this project is to provide strategies to solve ice dam problems. Ice
dams are a common roof performance problem in cold climate buildings. The
construction considered is an airtight wood framed sloped roof with batt insulation, a roof
membrane, and a vapour retarder. The exercise reflects the application of a one-
dimensional thermal analysis to minimize icing by using appropriate ventilation and
insulation, associated with the insulation effect of snow and constant interior temperature

and variable exterior temperatures.

8.1.2 Problem Definition

Ice dams are ridges of ice and icicles caused by melt water from further up the
roof re-freezing lower on the roof. The "dam" created by the ridge of ice along the eaves
can trap meltwater and result in significant leakage under and through the roofing,
especially shingles and metal roofing. This leakage can cause damage to the sheathing,
the roof structure, or the ceiling and walls below. Large icicles along the eaves can

become a danger to people below if they fall.

8.1.3  Specifications

The example house is located in Waterloo, Canada, at a latitude of 43.27N, and a
longitude of 80.23W. Its attic has dimensions of 6.7 m by 7.3 m (i.e., an area of 48.9 m?)

and a volume of 61 m”. Its roof has a slope of 18°. The vents face east and west as shown

in |[Figure 8-1
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8.1.3.1. Roof Section

The roof section is composed of the following materials (from inside to outside):

«  Gypsum board, t = 12.7 mm,

« Polyethylene, t = 0.15 mm,

« Batt insulation, t = 0~300 mm,

« Air space (Attic),

« Plywood sheathing, t = 12.7 mm, and

« Roof shingles.

South

East

Figure 8-1. Geometry of the example house

Table 8-1. Material properties [Built-in data source of WUFI 2D, Chapter 25
ASHRAE 2001, and Straube 2000]

Layer Conductivity Units
Gypsum board 0.24 W/m/K
Polyethylene 2.3 W/m/K
Batt insulation 0.04 L W/m/K
Plywood 0.1 W/m/K
Membrane 2.9 W/m?/K
Roof shingles 3 (see Section 3) W/m*/K
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8.1.4 Boundary Conditions

The indoor temperature of the house is maintained at 21°C. Weather data at
intervals of 15 minutes from the University of Waterloo weather station and monthly
mean weather data based on 54 years of data from www.weatherbase.com are employed
for exterior conditions. Since ice dam problems occur during winter (i.e., December,
January, February, and March), these months are considered for exterior design

conditions.

Building enclosure designers have difficulties in choosing design values for the
exterior temperature since there is not a single design criterion. Statistical approaches are
necessary to deal with boundary conditions in reliability. To provide reliable guidelines
for ice-dam tolerant roofs, the choice of proper period and probability are important. The
suggested probability is based on the performance criterion that ice dams should not occur
for 0.5% of the normal distribution of exterior temperatures since the prevention of the
initial ice dam occurrence is crucial to eliminate the reservoir effect of ice dam (i.e., once
an ice dam occurs, melting water is stored in the ice dam during the day, and frozen at

night).

Table 8-2. Monthly mean weather data for Waterloo, Canada

[www.weatherbase.com]

Dec Jan Feb Mar
Temperature (°C) -3 -5 -6 -1
Snowfall (mm) 480 590 560 280

8.1.5 Questions

The goals of this case study are to: (1) investigate the strategies of using 1-D heat
transfer modeling to understand icings at eaves, (2) estimate the effects of ventilation in

the attic space and the thickness of insulation to minimize ice damming, (3) investigate
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critical snow melting and water freezing conditions, and (4) provide design guidelines to

prevent ice dam occurrence.
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Figure 8-2. Normal distribution curve of exterior temperatures between Dec 2000
and March 2001 (from University of Waterloo Weather Station)

8.2 Analytical Approach

The identification of simplified heat flow paths is discussed first. The resistance of
the paths (e.g., attic space, ventilation, solar radiation, wind, and snow) is characterized

using various factors.

8.2.1 Identification of Heat Flow Paths

The thermal system of roofs is mainly comprised of inner roof resistances, outer
roof resistances, and equivalent ventilation resistance as shown in Figure 8-3. Since the
inner roof resistances are linked in a parallel path from interior space to attic space, the
same amount heat flows through this path. The heat flow is divided into two paths, both

of which include the ventilation resistance and the outer roof resistances. The sum of heat
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flowing though the two paths is same as the amount of the heat outflow from the inner
roof path. If the heat flow through the ventilation path is larger than that through the outer
roof path, the interfacial temperature between snow and a roof shingle is low because the
amount of heat flowing through the outer roof path is small. Therefore a high ventilation
rate (i.e., the same meaning as a low thermal resistance) and a high insulation value of the

inner roof path maintain a low roof membrane temperature.

On the edges of roofs, melted water freezes since the water loses energy to the

exterior through the snow and the unheated roof as shown in

Solar radiation energy gain ~ Wind induced energy loss

Exterior temperature
Snow melting

Energy loss by ventilation

Heat los ..‘..0"

Energy gain from interior

Heat loss

[ ]
¢*® Ventilation

Energy flow from interior

Interior temperature

Figure 8-3. Schematic thermal system of a representative roof

The heat transfer through a representative roof is calculated as:

AV t.. —t
q=0/4="=C Iy, = e 8-1
i ZR

i=0
where q = total heat flux (W/m?) through the whole assemblies,
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R; = resistance of the layer i (m*K/W),
C; = conductance of the layer i (W/m*[K), and

ti, tint, and texe = temperatures (°C) of the layer 1, on the interior and the exterior,
respectively.

8.2.2 Characterization of Resistances

presents simplified heat flow networks with paths and resistances.
Through the heated roof area in (a), resistances consist of an interior surface
film, layers of the ceiling (i.e., a gypsum board, a polyethylene, and batt insulation), an
attic space, the components of the roof (i.e., a plywood, a roof membrane, and a roof
shingle), snow, and an exterior surface film. Heat loss on the unheated roof area occurs in
two paths of the snow and the roof as shown in Figure 8-4}(b). The water freezing effect

is described in Section 8.5.2 in detail. In this section, the focus is on the snow melting

effect.
Exterior space
Exterior space
R of snow L
Interface of 1 r00f § R of ventilation
terface of snow and roo R of roof
R of roof components Rof snow § § components
Attic space
R of ceiling components ’
Liquid water
Interior space on the roof
(@) Snow melting (b) Water freezing

Figure 8-4. Networks of heat flows between interior space and exterior space (a) on
heated roof surfaces, and melted water and exterior space (b) on unheated roof
edges

To determine the overall resistance of the snow melting effect, three serial paths

and two parallel paths are combined as:
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zRi = Rint +Rceilmg + 1 1 8-2

+R,, *+R

R

attic snow ext ventilation

where int = interior surface film,
ceiling = inner roof components,
attic = attic space,

roof = outer roof components,
ext = exterior surface film, and

ventilation = equivalent ventilation induced heat transfer.

To determine the interfacial temperature between the snow and a roof shingle, the
interfacial temperature of ceiling insulation layers and an attic must first be calculated by:

- (]:nt _];X[)X(R

T =
int er ,encl+attic
z R

where Tipter enciratic = temperature on the interface of the insulated ceiling and
the attic.

int + Rceiling ) + ];nt 8-3

The temperature at the interface of the snow and a roof shingle can be calculated

as:

];nt er,roof +snow = qattic —ext X (Rsnuw + Rext) + Text

A 8-4
( int erceiling +attic ‘m) X (Rsnow + Rexl‘) + Te
+R + R + Rext )

Xt
roof snow

(R

attic

There are several factors that must be considered to allow the proper resistances to

be developed. These include:

« Attic space (Raic),
« Equivalent conductive heat transfer of ventilation (Ryengilation)s
+ Insulation effect of snow (Rgow), and

« Solar radiation induced surface temperature (Rex).
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8.2.2.1. Attic Space

The thermal resistance of air spaces can be divided into two equivalent
coefficients for convection and radiation. The equivalent convective coefficient of 2.7

W/m?[IC can be found from Section 3.4.2.

The radiative component changes not with thickness but with temperature. An
equivalent radiative coefficient of about 3.77 W/m’CIC can be calculated from the
assumption of attic surface temperatures of -1°C and 1°C. This assumption will be
checked after the interstitial temperatures are calculated. This initial assumption is
reasonable for average winter conditions of Waterloo, Canada, since the insulation is
located between the attic space and interior space, and ventilation allows the temperature

of the attic space to approach the exterior temperature [Walker 1997].

8.2.2.2. Ventilation

Walker [1997], sponsored by the Canada Mortgage Housing Coporation (CMHC)
monitored attic space conditions for 2 years in Edmonton, Canada. Six single story test
houses with gable-end attics in an east-west row were studied. Each attic had dimensions
of 6.7 m by 7.3 m and a volume of 61 m® [Walker 1997]. The monitoring showed that
well-vented attics have a ventilation rate of 4 ACH (Air Changes per Hour) for wind
speeds of 2 m/s at an attic air temperature around freezing, while sheltered attics (i.e.,
vents not facing the prevailing wind direction) have a ventilation rate of about 1 ACH and
an attic air temperature of 1.5°C. The values of 4 ACH for well vented attics, 1 ACH for
sheltered attics, and 0.5 ACH for unvented attics have been chosen in this analysis as

shown in Figure 8-5.
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Air changes per hour (ACH)
—_— [\ w BN (9] (@) 3

S

| Mean of wind ell-vented attics
speed (1.98 m/s)
- Distribution curve
of wind speed v
I P /
7’
B Sheltered atti(ﬁ 7
- -
i -
s -1 T Unvented attics -
0 1 2 3 4 5 6 7 8

Wind speed (m/s)

Figure 8-5. Measured air changes per hour data (3758 hours) for well-vented attics

and sheltered attics, and the normal distribution curve of wind speed over four
winter months [Walker 1997]

From these very approximate ventilation rates, equivalent ventilation heat transfer

coefficients can be estimated as:

air 8-5

c _1000x» ¥ [p
cpeon 3600 % 4
where Ceq conv = €quivalent convective conductance (W/m*K),
n = Air Changes per Hour (ACH),

V = volume of the space (m?),

A = surface area (m”) where heat transfer occurs, and

Pair = density of air (kg/m’) at the attic air temperature.

The value of Ryentitation 1S dependent on the ventilation rate, and the temperatures of

the attic space (e.g., for 2 ACH and an exterior temperature of —6°C, an equivalent
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Ryentilation Of 0.445 m’FC/W can be calculated). As an initial calculation, the attic

temperature can be assumed and subsequently be corrected iteratively.

8.2.2.3. Solar-induced Surface Temperature
Solar radiation increases the surface temperature of snow. The heat balance on a

roof surface, ignoring heat loss due to evaporation and inward conduction, can be

described as:
g=al,-F,EWQT," -T,")-h OT, -T,) 8-6

where Ig = total incident solar radiation,

o = absorptance, the fraction of incident radiation absorbed,
Fa = view angle,

T, T, and Ty = temperature (K) of surface, air, and sky, and
he = conduction heat transfer coefficient (W/m*K).

The solar absorptance of snow is 13% for fresh snow and 33% for granular snow
[Straube 2000]. The view angle of a roof is approximately 1, and the infrared emissivity
of snow is in the range of 83 to 89%. Clear sky temperatures can be assumed to be 5°C
lower than the ambient air temperature. Convective heat transfer coefficients of 10, 18,
and 26 W/m’[K are calculated for wind velocities of 1, 3, and 6 m/s, respectively, from
the equations of h, = 5.62 + 3.91 x V for less than 5 m/s and h, = 7.34 x(V)*® for more
than 6 m/s (see Section 3.4.3).

Figure 8-6 shows solar radiation effects on the roof surface temperature. At a
typical wind speed and on a winter day with a clear sky in Waterloo, the snow surface
temperature may increase by 2°C. When wind is calm (v < 1 m/s), the solar radiation
increases the surface temperature by about 3°C at maximum since heat loss by convection
is low. The heat gained on a snow-covered surface may be used to melt snow or stored in
the snow. In general, the surface temperature rise will be of the order of only zero to 2°C

during the day and -1°C at night.
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Figure 8-6. Surface temperature rise of snow-covered roofs influenced by solar
radiation of 0 to 500 W/m’ and wind speed of 1, 3, and 6 m/s

8.2.2.4. Insulation Effects of Snow

In this case study a snow thermal conductivity of 0.15 W/mIK is used with an
assumption that snow on a sloped roof has a density of about 210 kg/m’ (see Section
6.3.5). The same conductivity was used in a recent ice damming study [Tobiasson et al.
2001]. The conductivity of snow is not fixed because conductivity changes with the

density of snow.

As the prediction of wind speed and direction is difficult, it is difficult to predict
snow thickness on a roof [Peter and Schriever 1963]. This case study uses the average fall
(= 477 mm) in Waterloo in December, and a snow thickness of 200 mm that can

commonly be observed on a roof in Waterloo.
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8.3 Thermal Analysis Procedure

In this section, an example of steady state thermal analysis is conducted in detail

with the assistance of spreadsheets.
The analysis process follows as:

1) Layout interfaces and material layers with respects to thermal properties

(Figure 8-7).

The layout consists of a serial path from interior environment to the attic space,
and two parallel serial paths, which are the path between the attic space and exterior

environment, and the ventilation path.

2) Input thickness and thermal properties (conductivity or conductance) of each

layer (Figure 8-8).
3) Calculate the thermal resistances and overall thermal performance (Figure 8-9).

In this step, the temperature of attic space must first be assumed to account for
ventilation effects. The first assumption can be obtained from the relationship of ceiling
insulation value (suml), roof insulation value (sum2), and ventilation rate. After the
initial calculation, a more refined attic space temperature can be assumed. Several

iterations will allow for a reasonable approximation.

4) Calculate temperature drops through the resistance of each material and

temperature gradient at interfaces (Figure 8-10).
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Interface Layer number Layer
S(0-1) ' '
S(1-2) Serial 1 Interior surface film
S(2-3) 2 Gypsum board
S(3-4) 3 . Polyethylene
S(3-5) 4 I Batt insulation
P(0-1) Parallel -Ventilation 1| Ventilation (ACH)
P(1-2) Parallel-roof 1 Attic space
P(2-3) 2 Plywood
P(3-4) 3 Roof membrane
P(4-5) 4 Roof shingle
P(5-6) 5 Snow
P(6-7) 5 6 Exterior surface

Figure 8-7. Layout of thermal network in interfaces and layers

Thickness: Conductivity:Conductance
Layer (mm) | (WmK) | (Wm’K)
Interior surface film 8
Gypsum board 127 + 024 19
Polyethylene 0.15 100 . 700000
Batt insulation 250 ¢ 004 . 0.16
Ventilation (ACH) 5 10
Air space 6.5
Plywood 127 + 01 8
Roof membrane 10 474
Roof shingle 3
Snow 477 1023 1 047
Exterior surface i i 22

Figure 8-8. Inputs of geometry and thermal properties
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Thermal
Thickness Conductivity ~ Conductance resistance
Layer (mm)  (WmK) (W/m’K) (m’ /W)
Interior surface film — K/ thickness 8 0.1257
Gypsum board 12.7 oz ~18.9 0.053 L] suml
Polyethylene 0.15 100 =1/C N\ 0
Bapt—mastass L0 a-na 0.16 6.25 -
\ =0.3XACHXV gyt X(Tattic-Text)/Aattic I 1.87 0.53
Air space 6.52 0.15
Plywood 12.7 0.1 7.87 0.13
Roof membrane 10 47.4 0.021 sum2
Roof shingle 0.167
= sum1+1/(Cyentitation™ 1/sum?2)
Snow 477 2.12 J
Exterio[ _ /SR 22 0.045
Overall Resistance (m*[K/W) 6.87

Overall Conductance (W/m*K) 0.14

Figure 8-9. Calculations for thermal resistances of each layer and overall

conductance
Thermal Temperatur  Interface
Thickness Conductivity Conductance resistance e difference temperature

Layer (mm) (Wm K) (Wm’K) m K/W) (O (0O

20
Interior surface film 0.125 —0.47 19.53
Gypsum board 127 =Ri (T Ted/ R 0.053 0.2 19.33
Polyethylene 0.15 T AT L5 10° 0 19.33
Batt insulation 250 q previews — 6.25 23.6 -4.32

Ventilation (ACH) 5 T — 0.53
attic
Air space 0.15 0.098 -4.42
Plywood 12.7 0.1 7.87 0.13 0.08 4.5
Roof membrane 10 0.013 -4.5
. = Ri (Tattic Text) / Rroof

Roof shingle 0.1 - -4.62
Snow = Temperature of interface between . -5.97

Exterior surface roof and snow 0.029 -6

Figure 8-10. Calculation of temperature gradient
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8.4 Uncertainties

The simplified thermal analysis shown above requires many assumptions. A

sensitivity analysis is useful to identify the limitations of the analysis.

8.4.1 Conductance

The analysis starts with an assumption that air space is comprised of two parallel
surfaces with a temperature difference of 2°C and a mean temperature of 0°C. In an attic,
the value of a view factor is not one since surfaces in an attic face each other at an angle.
However, calculating the view factor using the information presented in Chapter 3 shows
that one is a good approximation. The temperatures of the surfaces vary with exterior
temperatures and heat outflow from the interior and ventilation rates. The contribution of
the thermal resistance of the air space to the resistance of the total system is 4.2% with 2
ACH and 300 mm of insulation. Even if the ventilation induced thermal resistance and the
air space resistance were to be zero, the analysis would generate a maximum error of

4.2% in a modern house with Rg; 7.5 insulation in the ceiling.

8.4.2  Attic Space Temperature

The choice of temperature in the attic space is important since it is required to
calculate ventilation-induced convective heat transfer. In the analysis, the initial
temperature of the attic space has been assumed to be 0°C. Once the calculation is
conducted, the temperature of the attic space is modified to reduce the difference between
pre-assigned and calculated temperatures. In this case study, an accuracy of + 0.3°C was

used for an acceptable attic space temperature for the calculation of ventilation induced

heat loss.

8.5 Assessment

Understanding ice dam occurrence requires an understanding of the balance
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between snow melting rate and water freezing rate. If one of the two rates or both is zero,

ice dams will not occur.

8.5.1 Ciritical Conditions for Snow Melting

Critical conditions for snow melting are maintaining the temperature above 0°C at
the interface between roof shingles and snow and providing enough heat energy to
overcome the latent energy of melting (= 333 J/g). Factors that determine the critical

conditions are exterior temperature, snow thickness, ventilation, and ceiling insulation.

Resultant critical snow melting conditions are presented in |[Figure 8-11

8.5.1.1. Ventilation and Insulation

Ventilation in attics is a critical factor to prevent snow from melting. When
ventilation is more than 4 ACH (well-vented attics), a roof using 250 mm batt insulation
(Rsi = 6.25) does not allow any snow melting below 0°C. The required insulation value
dramatically increases as ventilation decreases. At 1 ACH (sheltered attics), the roof using
more than 600 mm of batt insulation (Rg;= 15) does not allow snow to melt under an
exterior temperature of —1°C and 477 mm of snow cover. If attics are unvented, the
required insulation value to avoid snow melting may be more than Rg; 25 (tpar = 1000

mm).

Ontario Building Code required ceiling insulation of 300 mm thickness (Rg; = 7.0)
may be adequate except in cases of vented attics (2 ACH) and 200 mm thick snow conver,
or well-vented attics (4 ACH) and 477 mm thick snow cover. At low ventilation rates (< 2

ACH), the required insulation resistance increases dramatically.

Highly insulated roofs may allow snow melting but the rate of energy flow is very
low, so the rate of melting is low. In sheltered attics would experience only
0.5 ACH at a wind speed of 1 m/s. In this case, the roof requires 500 mm batt insulation
to avoid melting for 200 mm thick snow cover. Hence, ventilation rates are a key to avoid

ice damming when insulation value is fixed.
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8.5.1.2. Snow thickness

If snow thickness exceeds 200 mm on the roof, the requirement of insulation value
increases. In the worst case of a 477 mm snow (i.e., the average December snow fall on
the ground in Waterloo) on the roof, batt insulation of 1 m would be required for
unvented attics (0.5 ACH). A steep-sloped roof may help to reduce the snow thickness by

ensuring it slides off.

Snow melting rates can be found from the heat flux through snow and the required

latent energy as:

SMR = # 8-7
Latentheat

where SMR = snow melting rate (g/s per heated roof area),

q = heat flux (W/m?) through the roof, and

Latent heat = latent heat required to change ice to water (=333 J/g).
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Thermml Resistance value of insulation layer (Rsi)

Figure 8-11. Critical snow melting conditions associated with ventilation, thickness
of insulation, exterior temperature, and thickness of snow

8.5.2 Ciritical Conditions for Ice-freezing

Liquid water running on sloped roofs freezes and builds an ice dam at below
freezing exterior temperatures. To freeze, the liquid water must lose its latent heat to the
exterior environment through the thermal resistance of the snow and the overhang. An
approximate water-freezing rate can be found as:

(273 -T,)
2 R onang [Latentheat

WFR =

8-8
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where WFR = water freezing rate (g/s per overhang area),
Text = exterior temperature (K), and

Roverhang = overall resistance of an overhang including snow.

The overall resistance is comprised of two paralleled series paths through snow

and the overhang as:

z Ruverhang = 8-9
+
+R R

surface snow shingle

R +R +R +R

membrane plywood surface

8.5.2.1. Comparison of SMR and WFR

presents snow melting rates and water-freezing rates. The snow-

melting rates mostly depend on the thickness of insulation and ACH since insulation
provides the highest resistances against heat flow through the roof and the ventilation
does another path to take heat from the interior to the exterior directly. The water-freezing
rates on a roof depend on an exterior temperature and the area of the overhang since a
large area of the overhang provides the solid surface where ice forms before it drops. The
snow-melting rate is higher than water-freezing rates at most conditions as shown in

Figure 8-12

The WFR decreases during the day and increases at night, while the SMR follows
the opposite pattern. Water melted during the day is stored in an ice dam once ice starts to
be accumulated on the overhang, and the stored water in the ice dam freezes at a high

freezing rate at night. Therefore the avoidance of the reservoir effect is important.
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= lce melting rate
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Figure 8-12. The maximum snow melting rates and water freezing rates for 200 mm

thick snow cover at a ratio of 0.1 (i.e., overhang area (mz) to heated roof area (mz))

8.6 Recommendations

The strategies of the prevention of ice dam occurrences are to eliminate the

potential of an initial ice dam, and provide a low water freezing rate.

1) To eliminate the initial ice damming, the potentials of snow melting must be
removed by using high insulation value and high ventilation rate below the water freezing
temperature. Using a low insulation value and a high ventilation rate should be avoided
since this approach can cause serious energy loss by air changes. Therefore the uses of an
insulation of 300 mm (R = 7.5) and the allowance of more than 2 ACH in attics is

recommended for design of the houses in Waterloo, Canada.

To allow 4 ACH, the orientation of a roof should be carefully considered to keep
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its vents open to the wind. The CMHC report shows strong orientation dependent upon
ventilation [Walker 1997]. The results showed that sheltered ventilated attics have
ventilation about three times less than unsheltered ventilated attics do. Roofs that have

sheltered vents may not provide the required ventilation.

In the special case of a house in a low wind speed zone (< 2 m/s), or an attic that is
poorly vented, a batt insulation of 500 mm thickness (Rs; = 12.5) may be necessary to

avoid ice melting by heat flow from the indoor space.

2) Snow melting is often inevitable on the top of a roof due to solar radiation even
below the freezing temperature. Hence the provision of a low water freezing rate is an
important safety factor. A low water freezing rate can be achieved by reducing the period
that melting water stays on the unheated roof area. The recommendations to achieve this

are to:

« provide a large slope on the roof, and

« reduce the unheated roof area by using a small overhang.

The provision of a small overhang is often unsuitable in a view of the protection
of a house from solar radiation and precipitation. A large overhang can also provide
distance of an ice dam from the main house enclosures. Therefore a good solution may be

the provision of a large slope on a roof, high levels of insulation, and ventilation.

8.7 Conclusion

A simplified 1-D heat transfer analysis was applied to develop guidelines to
prevent ice dams. Appropriate assumptions in boundary conditions and good
understanding of a thermal system of roofs regarding ice dams are essential to simplified
analysis. From a simple circuit of thermal resistances, critical snow melting conditions
were found, as a function of insulation values, ventilation rates, exterior temperatures, and
snow thickness. Critical ice damming conditions are found as a function of unheated roof

area and exterior temperature.
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The avoidance of ice dams on eaves can be achieved by the removal of snow
melting potentials and the reduction of water-freezing rate. The application of at least 300
mm of batt insulation (Rg; = 7.5) and more than 2.5 ACH of ventilation can provide an
ice-dam tolerant roof design by the removal of snow melting potentials. In cases of less
ventilation, as much as 500 mm batt insulation (R = 13) may be required. Due to the
unpredictability of wind directions and speeds, the use of a high insulation value is
recommended. The provision of a steep slope on a roof is also a good solution to reduce

the water-freezing rate.
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