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ABSTRACT

Current model building codes require attic ventilation in
all U.S. climates. Originally, these requirements were strictly
based on concerns for condensation in attics during winter in
cold climates, and they were based on limited technical infor-
mation. Nevertheless, attic ventilation has become the uncon-
tested strategy to minimize condensation and ice dams during
winter and extreme attic temperatures during summer.
However, other strategies existthat address each ofthese prob-
lems as well as or better than attic ventilation. This paper
examines issues such as summer attic temperatures, ice dams,
and shingle durability and discusses the relative merits of attic
ventilation compared to alternative design approaches in vari-
ous climates. The authors support current recommendations
for attic ventilation in cold and mixed climates but recommend
that attic ventilation be treated as a design option in warm,
humid climates. The authors review the new information on
attic and roof ventilation in the 1997 ASHRAE Handbook—
Fundamentals and discuss the reasons for the changes.

INTRODUCTION

Current building codes typically call for attic ventilation
with the aim of minimizing condensation on the underside of
roof sheathing. Summer cooling of the attic air, minimizing of
ice dams, and extending the service life of the roof materials
are often cited as additional benefits of attic ventilation. In
fact, many asphalt roofing manufacturers warrant their prod-
ucts only for ventilated roofs. Attic ventilation is now firmly
established as a critical element in residential roof construc-
tion, and lack of ventilation is routinely blamed for a variety
of problems and failures.

However, there may be reasons why adding attic vents is
either impractical or undesirable. Architectural details or
geometry may be such that effective attic ventilation is
improbable in all or part of the roof. Closing vents may be
desirable for sound mitigation, especially near airports. Attic
vents may also be undesirable for esthetic or historical
reasons. Finally, venting rules for attics have been extended to
apply to cathedral ceilings, but the validity of that extension
has never been truly demonstrated. These issues have led us to
reexamine the rationale for the current universal requirement
in the United States for ventilation of all attics and cathedral
ceilings in all climatic regions.

The earliest published research on attic ventilation in the
Unites States was conducted by Rowley et al. (1939). Their
conclusions included a prominent recommendation for indoor
humidity control as an effective way to reduce condensation in
roof and walls. They also recommended attic ventilation, but
not specific attic ventilation rates or openings. The first
requirements for 1:300 vent openings were promulgated in
1942 by the Federal Housing Administration (FHA 1942) with
no supporting statement indicating a research basis. Subse-
quent research by Britton (1948) and Jordan et al. (1948) was
inconclusive as to the need or adequacy of 1:300 attic vent
openings, but this research pointed to other important factors
that influence attic moisture levels. Britton (1948) found that
awet foundation could lead to high moisture levels in the attic.
In afield study of three occupied houses in Madison, Wiscon-
sin, Jordan et al. (1948) found that high absolute humidity in
the living space correlated with attic condensation and mois-
tureinthe walls. However, by the time the Housing and Home
Finance Agency (HHFA 1949) published Condensation
Control in Dwelling Construction, this message had been lost,
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and the myopic fixation on attic and crawl space ventilation
and the use of vapor retarders 25 moisture control.strategies
was firmly established. :

The goal of this paper, as well as that of the 1 997ASHRAF
Handbook—Fundamentals (ASHRAE 1997), is to restore
bhalance to the approach to moisture:control and to put attie
ventilation in the.appropriate context of a wider range of mois-
ture control strategies.: . ¢ 1

MOISTURE CONTROL o <

Cold Inland Cllmates

Rowley et al. (1939) provided t'he first documented
evidence that attic venulati(‘)n can reduce condensation on roof
sheathing durlflg cold weather. Howeve, these' researchers
deemed ventllatron necessary only if the ceiling did not have
avapor retarder Natural attic ventllatlon -and mechanical venti-
lation were tested in stall test houscs (57 P)y 57 in.[1.45 mby
1.45 mJ) inside a conditioned robm. lhe natural ventilation
comlsted of two gahie vents, each with’ A apening of about 5.6
in. (36 cm2) (total vent opening of 1:288), and the mechanical'
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of ventilation were effective in eliminating condefisation with
an outdoor temperature of —10°F (-23°C) and indoor condi-
tions of 70°F (21°C) and 40% relative humidity (RH). Reduc-
ing the vent, openings or mechanical ventilation: by 50%
produced some coridensation::on the sheathing. This report
probably provided the basis for the current 1:300 rule, even:
though.Rawley et al: called this a preliminary study. :
Atfirst glance, the study by'Rowley et al: (1939) appears
fo be of good quiality, but'the réport raises sonie questions and
concers, First, the report does not specify the duration of each
test! The paper indirectly indicates thét the time for each case’
was shart: --on the order ‘of two to three diys. This short time!
would not have allowedthe hygroscopic building materials to
come to full equilibrium. Second, the-meéans of measuring the
meisturéaccumulation is sketehily described as the measure-
ment 'of frost accumulation on Yaetal plates; the résults are
given in tetms'of rate of accumulation..How the plates wete
installed and retrieved is not addressed. Most likely the! plate
was installed in the sample, and frost accumulation was based
on a single measurement at the end“of a short test sequence.
The.use of metal plates also ignores the difference between
condgpsation,on metal surfaces and moisture, storage in hygro-
scopic, and porous materials, and it fends to gverestimate-the
potential for damageiunder, transient -conditions. Third, the
reported total, amounts of moisture accumulation are minor,
The critical finding—that condensation;. pccurrgd,;in the
unyvented atti¢ but not in,the naturally vented.attic (1:288,total
vent opening)---is based on a measured accumulation rate of
3.3 g/ft? (36 g/m?) per 24 hours at the relatively severe condi-
tions: of ~10°F (=23°C) outside and 40% relative: hpmidity
inside. At thig rate and at these steady ¢onditions, pine sheath-
ing would require almost a month to change.from 10% to 20%,
moisture content, which is;still.within. the safe range, Given

these considerations, Rowlgy's recommendation: for attic
ventilation ig, in.our view, not fully supported by the data:

:n Britton'(1948) of-the U.S. Housing and Home Finance
Agency conducted ‘tests of vented.and unvented flat roof
asscmblics in a stcady-statc climatomctcr. The tests lasted
several weeks and measurements were taken intermittently, an
improvement over the tests by Rowley et al. (1939). However,
Britton encountered procedural :difficulties of sampling
during the test, and he noted frost accumulation at anomalous
places such as access ports and cable entries. The results of
these tests provide some support for attic ventilation.
However, this work was interrupted because of lack of funds,
and the final results for roof systems were never presented. For
actual buildings, Brittor noted the importance of air pathways
between (he atlic and the foundation area. This understanding
is very fruitfuliin attic moisture forensics. Britton.also recom-
mended attic ventilation, and he appears to bg the principal
author of the tables on which climate-specifie attic ventilation
was first-based (Britton, | 949). ‘

Jordan et al. (1948) took moisture readings in three attics
in‘Madison, Wisconsin, during, winter. Condensation in the
attic ocenrred only:in the honse ‘with high humidity in the
livingspace.Signs of condensation also appeared in the: walls.
In this house, attic gable vent openings totaled about 1:520.
The attic with 1:430 vent openings was the driest and also had
the lowest indoor RH. In all three honses, higher moisture
conditions in the attic corresponded with higher humidity
conditions in the living space. The impertance of indoor
humidity was also evident in a recent survey of moisture levels
in, attics (BLP 1991) where “high attic moisture content was
not found in the absence of high house humldmes

" Early studi€s on attic moistuze generally concluded tha’,
ceiling vapor rctarders waerc cffcctive in lowering attic mois-
ture levels. This; conclusion led'to, the provision that the attic
vent.area could ba lowered to 1:600 if a ceiling vapor retarder
wetc present. Howcever, Hinrichs (1962) noted that.air infil-
tration through the ceiling into the attic was the major source
of condensation,. and' he therefore ¢oncluded that a vapor
retarder was not a dependable means ofiattic moisture control.
Dutt (1979) posed the question more directly and, on the basis
of his calculations, argued in favor of an airflow retarder in the
ceiling in jaddition to a vapor retarder. Samuelson (1995)
demonstrated that if no air;is moving from, the liying space to
the attic, the higher temperatures in unvented attics make these
aftjcs.drier. However, he stated that to guarantee no.indoor air
movement into.the attic, the ceiling has tq be airtight and the
pressure of.the attic aiy needs to be higher. than that of the
indoor air (i.e., pressurized attic or depressurized .liying
space).; bl gl sl 1 . i

o Thus;, three ; 1mportant parameters emerge that regulate,
attic moisturé conditions in cold climates: (1) indoor humidity,
(2) ceiling, airtightness and .air pressure, and (3) attic ventila-
tion. Burch et al. (1997) used a mathematical model to inves-
tigate, the effect of various factors on roof sheathing mojsture
contentin acold climate (Madison, Wisconsin). Their analysis
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showed simtilar benefits from atti¢ ventilation and turning off
the humidifier (i.e:, lowering indoor Humidity). In their anal-
ysis, the benefits of increasing airtightness of ‘the ceiling are

modest, pattly because they assumed that an airtight ceiling.
will reduce ventilation of the living-:ispace and -therefore
increase indoor humiidity. This illustrates that increasing.
airtightness is unlikely to léad to significantly lower humidity -

in the attic unless it is accompanied by measures to control

indoor humidity or increase attic air pressure.to eliminate all .

airflow to the attic. In addition to requiring a fan,pressurizing
the attic, this approach demands an unvented, airtight attic.

However, pressurization of the attic is usually not a practical :

solution since it may lead to air infiltration with potentially.
negative consequences for energy efficiency and indoor:air
quality. - : . ; »

" The digcuss$ion of moisture conditions in attics and cathe--

dral ceilings deems to be monopohzcd by the case of-a framed
cavity witlf a porbus insulation materlal such'as glass fiber.
Other constructions deserve attention as well! notably roof
systems with foam ithermal .insulation (which is relatively
vapor impermeable) applied directly to the underside of the
roof sheathing. When foam insulation is used in walls and low-
slope roof systems, it generally demonstrates good moisture
performance. In a sloped roof assembly, equally good mois-
ture' performance should ‘be: expected. When the foam is
applied directly:to the sheathing-and carefully sealed; there is
no moisture performance advantage to venting such roof
systems (Rose 1995; Samuelson 1992). g

This discusdion clearly shows' that in“cold climates-the
two most effective measures to lower attic moistufe'€onditions
are first indodr Humidity control and, as 4 secondary measure,
attic ventilation. Indeor humidity control is'beneficial to the
entire building envelope; and it should, therefore, lead the list
of recommendations. In c¢old climates, indoor humidity
control is most easily accomplished by ventilating the living
space, which also improvesindoor air quality. It is also
achieved: by correcting;wet foundations, disabling humidifi-
ers, and correcting backdrafting of combustion appliances. In
addition," attic ventilatibn in a cold climate clearly makes a
cavity roof more moisture-tolerant and should: thetefore be

encouraged as an additionalsafeguard in cold climates, unléss.

foam insulation.is applied d1rectly to the roof sheathing.

*Ag stated in the introduction, thére may be reasofis: ‘why
adding attic vents- 1s impractical or ufidesirable. The research
clearly :indi'gate‘é that unventéd” attics’ in cold climates can
perform Wéll if indoér humidity is-contrdlled; and, thiss, there

should be nio objections to unvénted attics as long as there is’

asstrance that wirter indoo humidity will femain low. In the
case of rehabilitation of historical buildings or other buildings,
this ‘cawvoften be judged from the previous performance of the
building. In both new buildings and existing buildings; humid-

ity control can bevensured by propesly desigtied ventilation

systems:' . . i u TR ORPEY ! i

In cold climates,-cathedral ¢eilitig ‘construction is inher-
ently more proné t moistire dastiage thar is atti¢‘cdnstriction
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because isolated conditions are created'in each rafter cavity.
While providing effective véntilation td attics with simple
geometries is relatively easy and inexpensive, providing’
effective soffit and ridge ventilation to each individual cavity
in @ cathedral ceiling is far more difficult and the advantages
of roof vents over normal soffit air leakage are slight (Rose
1995). Furthermore; Rose (1992)sshowed thatduring winter,
a cathedral ceiling cavity with ridge vents but without suffi-
cient soffit vents may act as a chimney and admit harmful
amounts of humid indoor air into the cavity. Wind washing of
the insulation, when cold air penetrates the ceiling insulation,
is another common problem with ventilatéd cathedral ceilings,
especially near the sqjﬁl vents. On balance, the case for vents
in a cathedral ccllmg is much weaker than that for attic vents.
Indoor humidity control, combmcd with. an girtight celllng
plane with a vapor relarder, gan provide reljable mmslurc
control in an unvented calhedral ceiling. However, while
humidity control c;m usually be accomplished by providing
adequate bunldmg ventilation, an airtight ceiling may be much
more d1ff1cu1t to achlleve in practice. In addition to those
measures, Rose (1995) demonstrated that the use of foam air
chutes between the sheathmg and the top of the msulatnon can
be beneflclal for moisture control in cathedral cellmgs

Wet Cold Coastal Cllmates

All of the early stndies were performed'm cold cllmates
or simulated cold climates. More recent data on attic ventila-
tion in cold,.wet coastal climates provide. a.different perspecs,
tive. In suoh climates, the.moisture in.the outside:air carried
into the attic'by ventilation is-amajor source of moisture in the
attic. Using computer model, simulation, Forest and Walker
(1993) found that in wet coastal climates in Canada, high attic,
ventilation rates.: resulted -in higher sheathing mojsture
contents thandid lower ventilation rates. The higher.ventila-
tion rates produced eolder attics witheut sufficiently lowering
attic water vaper pressures, resultmg in high attic RH and
mols,turq content'in the sheathing. This suggests that; u_nventcd
attics could have an advantage in wet, gold coastal climates, as
long as indoor huynidity is.gontrolled by ventilation or, dehu-
midification, . T N ¥
Warm Humld Cllmates -

No scietitificiclaim's have ever been made that attic venti-
lation is neéded for moisture:control in warm, hurfiid clitriates.
In these climatés, the outside air is much imore humid than the
inslde air, whith is cooléd and-dehumidified by ‘air tondition-
ing. In siich climates, attic venting tends to incrqa'se rathier than
reduce moisture levels in the attic. Air-conditidning ducts are
cbmmionly locatetlin the attic space, and attic ventilation with
humid' outddor air may therefore increase the danger of
condénsation on these ducts. When'the ceiling is not airtight,
attic véntilation ma)" also increase the ié’tent cooting load in the
building:In short) lif attic ventilation-is requiréd or recom-
mended ifi warrti, liumid clinfates, it must be baséd on consid-
erations ather than moisture control: i :



ICE DAMS i

Although attic ventilation is now generally credited for
minimizing ice dams, early requirements for attic ventilation
were entirely based on minimizing condensation in cold
climates. The 1949 publication Condensation Control in
Dwelling Construction (IIIIFA 1949) did not evin mention
minimizing ice dams as a potential benefit of attic véntilation
but recommended instaltation of heavy roll roofing felt or

sheet metal under’'the shirigles over' the eaves. By 1967, the *

“cold roof” concept had been introduced, but it was bdsed on
a combination of measures. Baker (1967) statéd that for a
permanetit Solation to ice dains, “consideration must be given

to more adequfate roof or ceiling insulatibn, ventilation of air

spates above the insulation, and moderation of inside temper-
atures.” He observed that on insulated buildings, ice dams
form at outdoor temperatures above 15°F (-9°C). Latta'(1973)
recognized the importdnce of air leaks and fecommendeéd attic
ventilation but only after “blocking all passages'by which
warm air can leak irito the space below the roof.” Wolfert and
Hinrichs (1974) onlybriefly mentioned ice dam minimization
in their manual on attic'ventilation. . :

Crange aind 1Hendiicks (1978) authored the first publica-
tion that fully focused on ice dams. They emphasized a conibi-
nation of attic vents at the eaves and ridge and minimization
of all attic héat sources. The importance ‘of attic heat sources
strongly emerged in'a recerit study of 33 houses in Ottawa,
Ontario, CGanada:(SC 1996)."All 16 houses with-ice dams had
interior chimneys,; and :their-attics were about 7°F (4°C)
warmer than attics of-housgs without ice: dams. Houses with
ice dams also tended te havé less insidation in the ceiling and
less'eave ventilation, either'due to fewer soffit vents or fewer
insulation baffles at the eaves. . whilts o ) :

An important study of ieceidams was:conducted by T0b1-
assonetal. (1994), whoobservedthati¢edamsseldomoccurred
when outdoor temperatures were above 22°F (=5.5°C). Since
fce dams also did not occur when the attic air temperature was
below ifreezing, the researchers:arrived at a “window” of
temperature conditions that'lead to ice dams. Conversély, ice
dams can be avoided if attic air temperature can Ue kept below
30°F (-1°C)withanoutdeor temperatureof22°F (-5.5°C): The
authors proposed uging.this temperature: combination for the
design of attic ventilation, particularly the sizing and control
of mechanical attic ventilation fans; and they showed the effec-
tiveness of this approach ina building with severeice dam prob-
lems.

The design temperature conditions delineated by Toblas-
son et,al, deserve some additional examination. We will-deter -
mine how! much.snow is needed to _create, these;;design
conditions in an unvented attic. with.a simple, steady-state
temperature calculation. This simple caleulation is intended to;
provide: approximate numbers .only. Table: 1 shows the.
assumptions made in the calculation. We ignored.the effect of
solar radiation because much of the solar radiation is reflected
by the.thick snow cover and, therefore, does nat:significantly.
affect snow melting at the roof surface; First, we will. assume

: TABLE 1
Parameter Values Used in Calculation of Snow Depth

Variable Assumed Value

Rooni ‘temperature 70°F (=21°C)

Outdoor témperature 22°T (—5.5°C)

A_ttlic temperature 30°F (—1°C)

R-value attid insulation 30 h-ft>F/Btu (5.3 m>K/W)

Thermal resistivitS/ of show? 0'25 h-f>-F/Bti-in. (1.7 m-K/W)

Density of snow® 7 1b/ft® (100 kg/m?)

Heat of fusion of snow - ° 143.5 Btu/lb (334 kJ/kg)

R-value of roof 2 h-ft%-F/Btu (0.35 m2K/W)

2, Value is for freshly fallen snow (ASHRAE 1997),, ok N e

no airﬂow into the attic or any heat source in the attic. Thus,
inourcalculation, all heat flow into the attic is through the attic
insulation. Under those conditions, it would take at least 16 in.
(105 mm) of snow on the reof to maintain the required 30°F
(=1°C). To melt any snow, 143.5Btu of heat would be needed
pﬁl puuuu \334 KJ/Kg) ol bllUW ol I.llﬁ lUUl Ul dUUul o4 Dlu pel
square foot per inch of snow (3.5 kJ/mm- -m?).1 gnoring the roof
pitch, it would take 63 hours to melt 1 inch (25 mm) of snow
w1th ona house with R-30 attic insulation and no other heat’
source. As snow melts, its insulating value decreases and more
heat is. theretore needed (o maintajn the attic above treezmg
It seems obvious from these results that even an unvented attic
is very unlikely to devclop significant ice dams unless there
are significant heal sources in the altic or significant warm air
legkage from below Chimneys, warm air ducts, altic hatchés,
pIumbmg vent stacks, or leaky bathroom exhaust fan¥ are
common sources of heat and warm alr in the attic. These
sources usuily represenl unnecessary “heat loss, and it s,
therefore, logical that any ice dam reduction strategy should”
focus on air leakage and heat sources flrsl before prescribing
mcreased ventilation. ' oo

Thc ability,of vents to minimize, ice dams is plore ques-
tionable for cathedral ceiling roofs than for roofs over attjcs.
The amount of venting needed to maintain the ncccssary cold
conditions on the 10p of;he roof is difficult to accompllsh with
vents. Mechanical venulauon of cat]ledra] r..cn]mgs is not a
prﬁcncnl oplion, J’l‘hm ice dam minimization on cathedral
ce:lmg mufs should focus on optimizing roof msu]anon and
minimizing penellduon of the insulation and fool. In roofs
prone (o ice dams, |t is advisable to use water prooling under-
layment at the eaves, in vallcys and whercvcr snow drifls and
ice dams are likely to occur.

DURABILITY OF SHINGLES

I

Many asphalt shingle. ’manufacturers do not currently

‘ ‘warrant their shingles on unvented roofs. The rationale is that
:shingles on unvented roofs are hotter and more prone to mois-

ture damage than are shingles on vented roofs. Higher shingle
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temperatures accelerate aging, but does ventilation signifi-
cantly reduce shingle temperatare? There i$ no published
research that reports the temperature of the top-surface of shin-
gles, but temperatures have been measured directly under
shingles. During warm sunny days, temperatures directly
under a shingle can be assumed to represent the minimum
shingle temperature. The exterior surface temperature of a
shingle is almost exclusively govermed by a -balance of
absorbed solar.radiation, convective surface heat loss (wind),
and infrared radiation loss to the sky. Rose (1992) found that
attic ventilation lowered the peak temperature-of the sheathmg
surface directly below the shingles by about 10°F (6°C). The
peak temperature below the shingles on unvented cathedral
ceiling roofs was also higher than that on vented cathedral
ceiling roofs, as long as a 1.25 in. (32 mm) ventilation slot was
present between insulation and sheathing. Thus, attic or roof
ventilation lowers peak shingle temperature by less than 10°F
6°C) because the effect of ventllatlon decréases closer to'the
shingle’s exterior surface. This i increase translates into a rela-
tive change in absolute temperature of less than 2%. As the
rate of aging is likely related to absolute temperature, the
effect of this modest rise in temperature is likely to be very
small. The “coler” of $hingles has a greater effect on shingle
temperature, and, hence shingle durability, than does attic
ventilation. Simpson and McPherson (1997) found that white
roofs were as much as 36°F (20°C) cooler than gray roofs and
as much as 54°F(30°C) cooler than brown roofs.

Of more concern may be the fact that the temperature of
shingles over unvented attics and cathedral ceilings is more
than 160°F (71°C)fora mgmhcanlly longer time compared to
that of shingles over vented roofs. llowever. currently no data
are available on the effects of temperature duration on the
durability of asphalt shingles. Here again, the calorof the roof
plays a more significant role than does ventilation. Ventilation
can only be viewed as a supplementary slraleg)} for lowering
shingle temperatures. §

The danger of moisture accumulation has also been
mentioned as the reason for warranty restrictions. The mcnls
of attic ventifation in controlling moisture in the atfic scath-
ing have been discussed previously. If the concern i$ the mois-
ture content of the shingles lhemsewes rain and Suh are far
more direct 1nfluences thar'is attic ventllatroﬁ

In short, on the basis of currenlly avmlable lnfommtlon.
we believe that it is unlikely that attic venlrlauon plays amaJor
role in extendmg the service fife'of roof shlngles In ourview,
unless solid m(ormauon to the conltrary emerges, aurc venti-
lation does not deserve the allenllon or credit i it has recewcd in
relation to shmgle durabllrty

3N

HEATING AND COOLING LOADS

A 1978 workshop at the Natlonal Bureau of Standards
(now the National- Institute for!Standards and Technology)
brought together several researchers td discuss “Suminer Attic
and Whole-House Ventilation.” The research: results ‘were
published in # proceedings of that title, and the ¢ontributions
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to that workshop call into question the notion that attic ver:ti-
lation saves cooling costs.

Dutt and Harrje (1978) compared six occupied town-,
hcuses in Twin Rivers, New Jersey, that were equipped with
attic fans to similar townhouses without attic fans. The attics
with fans were substantially cooler. However, these research-
ers noted that the heat flux across the ceiling was “a very small
part of the house air-conditioning load” and “any difference
between the air conditioner use between houses with and with-
out attic fans ig;not-discerible from other factors which lead
to house-to-house variation in air conditioner- use.” Homes
with and without powered attic fans used the same amount of
energy for cooling, despite the wide difference in attic temper-
ature. With the cost of operating the fan included, mechanical
ventilation was a net energy loser. The authors conclude that
some measures, such as increased attic or wall insulation, and
the judicious location of windows and overhangs are probably

- effective in conserving energy in both summer and winter,

They strongly conclude that means other than ventilation
would be more effective in reducing summer cooling costs.

Grot and Siu (1978) reported that for ceiling insulation
levels of R-11and R-30, the ceiling heat gain for a two-story
townhouse is only a synall portion (lessthan 10%) of the sensi-
ble cooling load in central New Jersey. These researchers did
not observe any difference in the operation of, the air condi-
tioner under average or maximum conditions. -

Bureh and Treado (1978) studied thé effect of attic venti-
lation on heat gain. They compared: closed ventilation, soffit
vents, ridge vents, two 14 in, (0.36 m).diameter wind-driven
turbines, and 2 14 in.:(0.36 m) diameter roof-mounted attic
fan, rated at 1260 ft3/min. (595 L/s) and controlled by a ther-
mostat. These authors conclude that attic ventilation is not an
effective energy conservation pracedure for houses with 4 in.
or 6.5 in.(102 mm or 165mm)thick ceiling insulation. Perfor-
mance of soffit vénts without ridge vents: was much like
performance: without ventilation, and enhanced. ventilation
(i.e., ridge vents, turbines, or a power-fan) in addition to soffit
vents produced less than 3% reduct,lon in daily cooling loads
for test houses. . : ) T

However, Beal and Chandra (1995), in a-more recent
study, found that soffit vents were important in providing cool-
ing to the attic.. They foind that a 1:230 attic vent ratio gave

+a25% reduction in heat flow through the ceiling, but they. did

notindicate how much this decreased the total coolingload of
the building. .

In many houses in the southern Unites State$, cooling
equipiment and/orair distributiorn’or return ducts are located in
the attic despite recommendations against such' practice.
Ducts usually leak air and, thus, attic air may be pulled directly
into the house.Although venting can lower thie dry-buib
temperature of this air, much of the time the wet-bulb temper-
ature is likely tobe higher in vented attics, especially in warm,
humid climates. Thus, while the additional sensible load
resulting’ from'duct'leakage may be lower in homes:‘with
vented attics, the additional latent load is likely to be higher.



Finally, atfic ventilation allows autdoor air pressure variations
to act diregtly across the ceiling plane. Homes with attic venti-
lation may have greaterrates of air exchange across the ceiling;
compared,to homes with closed attic air spaces, and this would
carry a cooling season penalty.

In snmmary, attic ventilation may coql attic spaces, as
insulation installers well know, and it has been tempting to
imagine a direct translatjon of that temperature difference into
cooling energy savings. However, heat gain.through the ceil-
ing represents a small. amount of the total sensible gain;latent
load increases due to attic ventilation may offset sensible load
decreases, and attic ventilation may slightly increase; winter
heating loads. As with other desirable performance character-
istics, aftic ventilation takes a back seat to more direct meth-
ads Savings in coqling energy can he achicved more dircctly
with good insulation levels, efficient and well-maintained
coolipg equipment, latent load reduction, reduced solar and
appliance heat gains,.and use of natural strategies such as
light-cotored surfages;and good interior airflow.

K 4 Y :
CONCLUSIONS
We. conclude that while attic ventilation can he héncficial
under some circumstances and climates, it should not be
viewed as the principal strategy to elimipate moisture and
other problems in the attic and roof.‘Rather; attic ventilation
should be part of a broader range of control strategies. Taking
all factors iinto account,*we:make the followirg spemflc
recommendations: .0 . e R »

i

.

i: Indoor humtdity control should he the primary means to
lirpit moisture-accumulation.in attics in. cold-and mixed
climates; we recommend attic ventilation as an addi-
tional safeguard. R A R i g

* To minimize the danger of ice dam formatlon, sheat
sources in the attic and warm air leakage into the attic
from below should be minimized, Additional measures,
including additional attic vents or temperature-con-
trolled mechanical attic ventilation, should be consid-
ered. However, mechanical ventilation should not
depressurize the attic.

*« We recommend venting of attics in cold and mixed cli-
mates. However, if there are strong reasons why effec-
tive attic vents are undesirable, unvented attics can
perform well in cold and mixcd climates if mecasurcs arc
taken to control indoor humidity, to minimize heat
sources in the attic, and to minimize air leakage into the
attic from below, or vice versa.

* The necessity and effectiveness of vents in cathedral
ceilings in cold and mixed climates is still a contested
issue. Unvented cathedral ceilings can perform satistac-
torily in cold and mixed climates if the cavity is prop-
erly insulated, measures are taken to control indoor
humidity and minimize air leakage into the roof cavity,
and a vapor retarder is installed in the ceiling.

*  Ventilation should be treated as a design option in cold,

wet coastal climates and hot and humid climates. Cur-

.rent. technical infonination ‘does not,support a universal
requirement, for ventilation of attics or cathedral ceilings

. in these climates, . o
® 0 Regearch should, be directed toward better m\derstand-
ing of the factors that affect shingle durability and
toward Ipi_nimizing air leakage into the:attic from below.

'

In summary, for éach of the most commonly cited claims
of benefits offered by attic ventilation—reducing moisture
problems mmlmlzmglce dams, ensuring shingle service life,
and'reducing coolmg load-—other strategies have been shown
to'have a stronger ‘and mobre direct influence. Cohsequently,
attic ventilation should'be shifted away from its position as the
centerpiece and focus of regulatlon The performance conse-
quences of other design and ¢onstruction decisions should be
glven increased consideration. * L
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