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ABSTRACT 

The aim of this paper is to review the research literature and 
reglilattry documellts on attic ventilation in the United 
States. Before, during, alld immediately followillg World 
War II there was a spurt of regulatory alld research activity 
that gave rise to the Cllrrellt stalldards and guidelilles that 
govem residelltial constmction practice. UpOIl review of the 
literatllre of that time, it becomes apparent that the findings of 
tire research are not cOllsistent with the conclllsions drawn by 
researchers and others. In particlllar, the mle reqlliring an 
attic ventilation ratio of 1:300 does not appear to have been 
jllstified at the time of its promlligation. The research that was 

INTRODUCTION 

Purpose 
The aim of this paper is to present the sources of reg

ulations governing attic construction, particularly attic 
ventilation. The focus of the search has been in the 1940s 
in the United States, when the well-known 1:300 venting 
ratio first appeared in documents of the Federal Housing 
Authority (FHA). Dus article presents the results of a lit
erature search and review of previous research reports. 
Documents at a U.S. university and at the U.S. Depart
ment of Housing and Urban Development (HUD) have 
been scoured for references to attic ventilation. The 
search was intended to be exhaustive. The findings are 
presented here and conclusions are drawn from a critical 
reading of the articles that were available. 

Conclusions also are drawn from the absellce of mate
rial, particularly the absence of material that would sub
stantiate the regulatory documents. Of course, this 
method is subject to criticism whenever relevant docu
ments that may have been ignored are brought to light. 
Readers and reviewers are invited to continue the work 
begun here by presenting other relevant work, and the 
conclusion presented here may have to be modified by 
future presentations. 

It is the opinion of this author that research of high 
quality should be used for the improvement of building 
regulation and practice. However, regulations and con
struction decisions must often be made in the absence of 

ill tended to sllbstantiate the rule fails to sllpport it. The pro
I1llllgation of the 1:300 rille went forward, nevertheless. 

A second spurt of interest in attic performance began in 
1978, with several research papers tending toward the conclll
sioll that ventilation of well-inslliated attics does not have a 
sigllificant effect all coolillg load. MOllitoring efforts ill tire 
1980s showed that air leakage alld moisture storage are the 
predominant determillallts of perfonllallce. Modelillg efforts 
showed greater success with temperature predictioll than with 
moist lire predictioll. 

applicable research, as was the case following World 
War II. In this paper, there is no intent to criticize the for
mulators of building regulations for failure to correctly 
anticipate later findings. Indeed, they often seemed to 
exhibit excellent judgment. 

This paper does 1I0t aim to address whether or not 
attic ventilation is an appropriate construction practice. 

Early Construction Methods 

Traditional construction has been documented in 
many works and can be found in many examples of pre
served buildings. In traditional construction, roofs were 
never airtight. Rather, the building itself often acted as a 
chimney. Holes in roofs were a part of all prinlitive con
struction, as has been noted by Mircea Eliade, a historian 
of religions (Eliade 1957). Most indigenous pre-industrial 
buildings, at least outside of the Mediterranean area, 
were steep roof structures. In agricultural buildings, a 
cupola was added to ensure that the moisture and odors 
generated within could easily and safely exhaust to the 
outside. Industrial buildings had vented roofs to prevent 
the buildup of smoke or other pollutants. Much early fire 
prevention hinged on holes high in the roof, which less
ened the likelihood of horizontal fire spread. 

Through the nineteenth century, roofing materials 
(slate or tile on lath) were porous to air movement, 
thus providing natural ventilation of attic spaces. Thus, 
the roofing, support, and framing materials all tended to 
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be in equilibrium with tile outdoors, even as humidity 
generated indoors passed by these materials on tIleir 
way out of the building. Natural roof ventilation tended 
to prevent the buildup of humidity or smoke within the 
interior of the building because there was a continuous 
flow of indoor air upward and out of the building. 

The first major technical change occurred with the 
introduction of bituminous roofing materials, first in 
low-slope roofing and later in steep-roof construction 
(shingles). These nonrigid materials required continu
ous sheathing or decking. A bituminous roof! deck was 
inlpenneable to the movement of moishlre, and this 
construction introduced concerns for the buildup of con
densation. Pamphlets from the 1930s show concern by 
painters regarding paint peeling from "poorly vented" 
gables. However, it is worthy of note that documents 
from the 1920s and 1930s, for example, FHA 1935, while 
stressing concern for moisture problems in foundation 
spaces, apparently considered steep-roof residential 
construction with continuous board shea tiling to be free 
of moisture problems. 

The second technical change that occurred was the 
introduction of plywood into residential construction 
during and after World War II. Plywood was found to 
be more subject to deterioration than board sheathing. 
With its introduction, the first concerns for rotting 
sheathing began to be expressed. One of the early re
searchers, Britton, found that rotting plywood sheath
ing occurred in buildings with wet foundation areas 
(Britton 1949a). 

A third technical change was the expanded use of 
cathedral ceilings. Story-and-a-half construction, where 
a section of the upper story has a sloped ceiling between 
the knee wall and the ceiling, was common even in the 

'T 

/ 

18OOs. With panelization and modularization of residen
tial construction in the 1950s came much greater use of 
cathedral ceilings as design elements or as elements that 
sinlplified transport and site erection. 

A fourth technical change was the increase in insula
tion levels, which occurred with the beginning of the 
century, but expanded greatly during the oil crises of the 
1970s. 

Performance Models and Analysis 

To better understand attic construction regulations, it 
may be helpful to try to render as explicit as possible the 
inlplicit assumptions and hypotheses that underlie these 
regulations. Three distinct models of how attics perform 
can be seen in tracing the history of attics and attic venti
lation. 

• The earliest attics followed the traditional or agri
cultural model, in which attic openings served to 
intentionally ventilate the entire building. This par
adigm lies behind the expression, "A building has 
to breathe." 

• In "modern" construction, an airtight ceiling (in 
principle) prevents flows from the interior to the 
attic. This paradigm is fOlmd in any analysis that 
accounts for diffusion. Diffusion has been shown to 
be a significant transport mechanism only in the 
absence of air movement by convection. 

• The most realistic model is a "mixed" model, in 
which the attic spaces or cathedral ceiling cavities 
are variously attached to or detached from air vol
umes below. Pathways for connection include 
chases for plumbing, ductwork, flues, and electrical 
wiring. 
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Figure I Three models of resldenffal construction, with their impact on attic performance. In traditional construcffon 
(Including agricultural construction), the attic acts as a chimney to discharge moisture from the foundaffon and 
from Interior uses. In modern construcffon the living space receives little moisture from the faundaffon and all 
moisture discharge is independent of the attic space. In mixed construcffon the attic serves as the ouffel for foun
dation moisture, while Interior moisture may be discharged direcffy outside. 
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Certain other assumptions that are commonly found 
in the literature should be made explicit. These include: 

• Winter conditions are more critical than summer 
conditions; northern regulations should be imposed 
broadly across the United States. 

• The interior is "humid," although there have been 
no guidelines for indoor humidity. There is no con
cept of "moisture load" to correspond to live and 
dead loads for structural analysis. Assemblies have 
presumably been designed to withstand any possi
ble moisture load. 

• Many moisture control options are acknowledged, 
such as vapor barriers, ceiling airtightness, and ven
tilation, but ventilation is, by far, the most closely 
watched and regulated. 

• No performance criteria are set, but sheathing dete
rioration (both mechanical and microbiological) is 
undesirable. 

RESEARCH AND REGULATION 

Rowley 

In 1938 and 1939, Frank Rowley conducted wall and 
attic research at a U.s. tmiversity, and the results were 
published in ASHVE 71'allsactiolls (Rowley et al. 1939). 
His aim was to test the resistance of various wall and 
roof assemblies to the accumulation of condensation 
under steady-state conditions. In an insulated test room 
he built three small test huts, shown in Figure 2. One hut 
had no ventilation, a second had mecllanical ventilation, 
and a third hut had natural ventilation. Small aluminum 
panels were placed at the sheathing to collect frost. The 
panels were removed and weighed and any change in 
weight was attributed to frost accumulation on the panel. 
The on metal lath and to have 

been airtight. No vapor barriers were used, so all mois
ture transfer can be assumed to have been via diffusion. 

The outset of his test, "period 2-3," contained the 
most difficult climatic conditions, with low "outdoor" 
temperatures (-10°F [-23 "e]) and an indoor humidity of 
40%. The hut with no ventilation showed an accumula
tion of moisture that ceased once the outdoor air tem
perature was elevated to 15°F (-9"e). The hut with 
natural ventilation showed no accumulation with a 1/4-
in.2 opening for each square foot of ceiling area (1:576 
ratio), but condensation appeared once the opening area 
was reduced by half (1:1152 ratio). TI,e hut with 
mechanical ventilation showed no condensation at 3 ftJ 
per hour per square foot of ceiling area (1 m3 per m2), 

but a trace of condensation appeared when the ventila
tion flow rate was cut in half. Rowley stated, "Evidently 
test period number 2-3 represents the minin1tUll of ven
tilation for either natural or mechanical ventilated attic." 

Rowley drew conclusions about both walls and attics. 
With regard to attics, Rowley concluded: 

4. It is possible to reduce the rate of condensa
tion within the structure by ventilating to the out
side. This method may be particularly effective in 
attics where the condensation occurs on the tmder
side of the roof. Adequate ventilation may be 
obtained without serious loss of heat ... 

9. For cold attic spaces it is desirable to allow 
openings for outside air circulation through attic 
space as a precaution against condensation on the 
wlderside of the roof even though barriers are 
used in the ceiling below. 

Conclusion number 4 lnakes sense, and is a valid deduc
tion from the experiment. A large vapor pressure differ
ence was established across a plaster ceiling with no 

barriet: Without dilution, sheathing condensation 
would be simple to predict by the 
dew-point method. 

However, the paper contains no 
basis for conclusion No.9. Rowley 
reported on no tests that included 
ceiling vapor barriers. The wall 
tests reported in this article showed 
decreases in Ule anl0unt of conden
sation in wall sheatlling due to the 
use of a vapor barrier to be fronl a 
10x decrease to a 100x decrease, to 
the elimination of all condensation. 
Thus, it is difficult to inlagine what 
Rowley's estimate of attic sheath
ing condensation would be, or how 
he could argue that his ventilation 
findings could apply to tl,e case of 
a ceiling with a vapor barrier. 
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FHA Property Standards 1942 

In January 1942 there appeared "Property Standards 
and Minimum Construction Requirements for Dwell
ings," published by the National Housing Agency for 
the FHA (FHA 1942). It contains substantial revisions 
from all of the previous "Property Standards" forms 
published by the FHA for use by state and regional 
offices. It contains this requirement: 

209K Attics (Includes air space between ceiling 
and flat roofs). 

1. Provide effective fixed ventilation in all spaces 
between roofs and top floor ceilings, by screened 
louvres or by other means acceptable to the Chief 
Architect. 

2. Net ventilation area for each separate space to 
be not less than 1/300 of horizontally projected roof 
area. Where possible, locate vents to provide effec
tive cross-ventilation. 

3. Use corrosion-resistant screening over open-
ings, mesh not less than 121in. 

This is the first statement of the requirement for 1:300 venti
lation. It appeared in January 1942 with no explanation or attri
bution. It does not appear to be based on Rowley's work 
for two reasons: (a) later FHA (HHFA) researchers 
claimed to be unfamiliar with any precedents (see below), 
and (b) in a later publication (Rowley 1947), Rowley 
argued for a vent ratio of 1/4 in.2 per ft2 of ceiling area, or 
1:576, a number that he was able to justify from his own 
research results. Thus there is no explicit rationale given 
for the 1:300 rule, and the one available reference for attic 
condensation, Rowley, does not appear to have been 
taken into account. It is interesting to note that the first re
quirement for the ventilation of crawl spaces appeared on 
the same page of the same document (Rose 1994). 

Ralph BriHon 

Following World War II, the National Housing 
Agency was converted to the Housing and Home 
Finance Agency (HHFA). In January 1947, Ralph R. Brit
ton, a structural and architectural engineering adviser on 
the technical staff of the HHFA, undertook a series of 
tests on walls and roof-ceiling assemblies (Britton 1948). 
The research took place in a climatometer that had 
recently been put into service. The climatometer was 
capable of maintaining tmiform cold and hot tempera
tures. The results of the wall and roof-ceiling tests are 
reported in HHFA Technical Bulletins 1, 2, 3, 8, and 12. 
The roof-ceiling work is reported only in Technical Bulle
tins 1 and 2; the wall research continued in the later 
reports. 

The report begins with a curious remark under "Test 
Procedurelf

: IIWhen this program started there was, to 
the best of our knowledge, no past experience to serve 
as a guide in setting up a test procedure." The research-

ers appear to have been unaware of Rowley's work. The 
aim of the tests was expressed on the first page: "The 
tests are designed to provide needed technical data on 
the performance of new materials and new methods of 
assembling old and new materials in construction suit
able for use in obtaining structurally adequate, durable 
and livable dwellings." 

Six test roof-ceiling panels were constructed and 
placed on a building made up of the test wall panels. 
The entire "building" fit tightly within the climatometer, 
as shown in Figure 3. This figure contains a sketch of the 
ventilation slots in the eaves. It may be important to note 
the differences between the test conditions and common 
field conditions: 

• The test was steady-state for one- or two-week peri
ods at cold temperatures. 

• There was no provision for radiant effects, either 
sun or nighttime cooling. 

• The roofs were flat. 
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Figure 3 Plan and sect/on of test panels from Britton's 
research, 
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TABLE I 

Insulallon or First Finding, Second 
case Vapor Barrier Radiant Foil Ventilation March 5 Flndln\!, Conclusion 

1 vb, cont. rock wool 1/300 ok ok ok 
2 vb, facing rock wool 1/300 ok ok ok 
3 no vb rock wool 1/300 frost frost vlsualo 
4 no vb reft. foil In mid 1/300-noneb condo condo visual 
5 no vb reft. foil near top none condo Ice visual 
6 no vb 2 reft. foils 1/300-none condo water visual 
10 as In 1 as In 1 none some frost ok ok 
20 asln2 facing unstapled 1/300 ok ok psych.c 

30 as 1n3 asln3 1/100 ok slight moist. psych. 
7 no vb 2 reft. fol. none frost ok ok 
8 no vb 2 reft. foils none water, mist cond. at edge ok 
9 novb 3 reft. foils none drops not Insp. ok 

O'Vlsual- means that there was visual evidence of cOndensaHon. 
bVentilotlon of 1/300 was c!osed before Inspections were conducted. 
c·Psych.· means that. although there was no visual evidence of condensation, the psychrometlic conditions Indicated that condensation was lmm!~ 
nent. 

• There were inspection hatches through the roof side 
of each test panel. 

• There is no mention of openings in the ceiling in the 
project description (though curiously the "findings" 
section mentions that photographs of sheathing 
conditions were taken from below). 

• The ceiling material was "1/2 in. structural insulat
ing board." 

• The research report gives no idea of how air pres
sures might have played a role. 

There were two phases, with six different roof 
assemblies in each phase. The 12 cases studied are 
shown in Table 1. Phase I (cases 1 through 6) lasted from 
January 28, 1947, to March 6, 1947, and is written up in 
Technical Report No. 1. Phase II (cases la, 2a, 3a, 7, 8, 
and 9) lasted from March 27 to May 7. 

1n phase I, there is a description of roof No. 1. This 
roof is of particular interest because it is the insulated 
roof studied both with and without ventilation. The roof 
had 

• granular-surfaced roofing, 
• 5/16-in. Douglas fir plywood, 
• 2-in. air space, 
• 4-in. rock wool insulation, 
• kraft paper facing with two aluminum foil faces, 
• 1/2-in. structural insulation board, 
• one coat flat paint, 
• joists 2 by 6--16-in. O.C., 

• cold-side ventilation 1:300, and 
• excellent workmanship in applying barrier, 

Roof 2 was like roof 1 except that the vapor barrier was a 
simple kraft facing. Roof 3 was similar, but with no 
vapor barrier at all. Roofs 4, 5, and 6 had only single 
sheets of reflective foil and had no mineral wool insula
tion at all. They were ventilated at 1:300. 

1n Phase II: 

• The cold-side ventilation of roof 1 was closed com
pletely. Roof 1 became roof 1a. 

• The attachment of the kraft facing in roof 2 was 
modified, and it became roof-ceiling 2a. 

• The ventilation in roof-ceiling 3 was enlarged from 
1:300 to 1:100 (roof-ceiling 3a). 

• Roofs 4, 5, and 6 were modified to have double 
sheets of reflective foil but still no mineral wool 
insulation and the vents were closed. They became 
roof-ceilings 7, 8, and 9, 

So the vented assemblies were roof-ceilings 1, 2, 3, 4, 5, 
6, 2a, and 3a. The unvented assemblies were la, 7, 8, and 
9. 

Beginning January 28, the cold "outdoor" conditions 
were varied from 20 0P (-7"C) to oop (-18"C). The inte
rior temperature was 700P (21 "C) and the indoor relative 
humidity (RH) was varied from 46% to 38%. Through 
several steps, no problems were encountered in roof
ceiling 1. 11len the ventilation was closed completely 
and an inspection took place on April 18, Here are the 
findings for roof-ceiling la, which show that the 
researchers knew of the importance of air leakage: 

No evidence of condensation was found in the 
cold cavity at the center access door. At the access 
door near the edge a small amount of frost was 
found on the inside of the door, the bolt attaching 
the handle of the door, the nails extending through 
the plywood sheathing, and around the edge of 
the door. 

H is quite possible that some of this was caused 
by vapor gaining access to the cavity through a 
hole drilled for instrumentation. Close inspection 
indicated a not too effective attempt at sealing this 
hole. 
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On April 25, a new series was begun with the same 
temperature and humidity conditions as in the previous 
test. On May 7, an inspection took place, with these 
results for roof-ceiling 1: "No trouble. The slight amount 
of moisture noted in the cold side of the cavity at the 
edge access door was no doubt due to a small hole 
through inside surface for instrumentation." 

At the end of Technical Report No.2, several conclu
sions were drawn. Regarding the roof-ceiling results, 
Britton concluded: 

4. Based on visual inspection only, the follow
ing walland roof-ceiling constructions may well 
be questioned for suitability for the most severe 
parts of the United States: Walls 2, 12, and 13. Roof 
ceiling 3, 4, 5, and 6. 

5. Based on a study of psychrometric data with 
reasonable allowance for variable state conditions 
being more severe than steady state conditions of 
testing, the following wall and roof-ceiling con
structions may well be questioned for suitability 
for the most severe parts of the United States: 
Walls, 1, la, 2a, Sa, 7, 7a, lOa, 12, and 13. Roof-ceil
ings 2a and 3a. 

These are the final conclusions from the entire HHFA 
study regarding roof-ceiling assemblies. Regarding the 
cases with mineral wool insulation (ignoring the reflec
tive foil cases): The suitable roof assemblies were roof
ceilings 1 and 2 (with well-installed vapor barriers and 
1:300 ventilation) and la, with no ventilation. The ques
tionable roof-ceiling samples were 3, 2a, and 3a, all 
vented assemblies. Clearly, one cannot conclude from 
these research results that ventilation provides sufficient 
moisture control for roof-<:eiling assemblies. The effec
tiveness of a vapor barrier was demonstrated. The re
search also highlighted the importance of sealing air 
leakage paths, but the researchers appeared unable to 
incorporate their findings about air leakage into their 
conclusions. (It is to their credit that their observations 
were complete enough that future researchers could re
view their data for factors such as air leakage, which 
were not part of the original intent.) 

Another important paper by Ralph Britton was 
"Crawl Spaces: Their Effect on Dwellings-An Analysis 
of Causes and Results-Suggested Good Practice Re
quirements" (Britton 1949a). In it, Britton identified wet 
crawl spaces as the principal cause of deterioration of at
tic sheathing in a case study of 72 apartment buildings 
with low-slope roof systems, shown in Figure 4. He iden
tified the path lilat moisture takes in going from the 
crawl space to the attic, and he showed that it bypasses 
the living space. He showed that by changing the kind of 
attic ventilation from exhaust-only to inlet-plus-exhaust, 
crawl-space moisture would rise but attic sheathing 
moisture would go down. He also recommended that, if 
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ceili"~ .tloor. 
Arrow~ indic~+e path of warm humid lIir 

DRAWING- NO. I 

Figure 4 Section of case study apartment building 
from Britton (1949). showing the path taken by 
humid air from the wet crawl space, through the 
furred spaces, up to the loft or attIc space. 

workmanship were sufficient to ensure that crawl-space 
moisture did not leak into the attic space, then the attic 
ventilation ratio could be reduced by 90% (from 1:300 to 
1:3000, it may be presumed). 

Note: Where an effective vapor barrier is as
sured in the top-story ceiling, loft or attic space 
ventilation specified above may be greatly de
creased. Such a decrease may be as much as 90% 
where controlled construction is assured and walls 
or crawl space do not contribute to moisture sup
ply in the attic or loft space. 

This conclusion is important because it indicates the 
thinking by Britton and presumably the HHFA. It high
lights the importance attached to moisture loads from 
the foundation. It allows speculation that the attic vent
ing ratios might have been different had there not been 
Britton's experience with wet crawl spaces. 

Britton wrapped the conclusions from his wall/ roof 
studies and his crawl space investigations into an im-
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TABLE I.-Recommended good practice-loft lUid attic ventilatio,,' 

Condensation zone 
1)'pe of roof and occupancy 

I II ill 

(.) Flat roof-Slope less Total net area of ventilation should be 1/300th1 distributed Same as for zone I .............. Same as for zone I. 
than 3 inches in 12 inches. uniformly at the eaves plus a vapor barrier in the top 
No occupancy contem· story ceiling. Free circulation must bo proYided 
plated. through all spaces. 

(b) Gable roof-Slope over Total net area of at least 2 louvers on opposite sides located Same ventilation as for zone Same as for zone H. 
3 inches in 12 inches. No near the ridge to be 1/300th2 pIllS a vapor barrier in the 1 A vapor barrier is not 
occupancy contemplated. top story ceiling. considered necessary. 

(c) Hip roof-No occu- Total net area of \'entilation should be l/300th2 with Same ventilation as for zone Same as for zone II. 
pancy contemplated 1/6OOlh2 distributed uniformly at the eaves and 1/600lh2 J. A vapor barrier is not 

located at the ridge with all spaces interconnected. A considered necessary. 
vapor barrier should also be used in the top story ceiling. 

(d) Gable 0' hip roof- Total net area of ventilation should be 11300th2 with Same as for zone I .............. Same as for zone I except 
With occupancy contem- 1/6OOth2 distributed uniformly at the eaves and 1/6OOtb2 that a vapor barrier is not 
plated. located at the ridge with all spaces interconnected. A considered necessary ;( 

vapor barrier should also be used on the warm side of insulation is omitted. 
the top full story ceiling, the dwarf walls, the sloping 
part of the roof, and the attic story ceiling. 

'II is recogniud thai in many areas increascd vcntilation may be desirable for summucomfort 
'Refers 10 area enclosed within !he building lines al the e.ave lenJ. 

Figure 5 Table of recommended good practice-loft and aHlc ventilation, as it appeared In Brittan "Condensation 
Control In Dwelling Construction: good Practice Recommendations' and HHFA "Condensation Control In Modern 
Buildings. ' 

portant article (Britton 1949b). Here his research results 
led to "recommended good practice," which took the 
form of a table, shown here as Figure 5. 

Jordan et al./FPL 

In 1948, another series of three tests were conducted 
by Jordan et al. (in conjunction with the Housing and 
Home Finance Agency) Gordan et al. 1948). 

Their first test was to compare air velocity through a 
louvered opening with no obstruction against air veloc
ity through the same opening with 16-mesh wire screen. 
They found that at high velocities (more than 100 fpm 
[30 m/min]), the screen reduced air movement by 20% 
to 25%. At low velocity, the screen reduced the air veloc
ity by almost 400%, from 114 fpm (35 m/min) to 36 fpm 
(11 m/min). The authors concluded that such a screen 
would probably block off all air movement induced by 
temperature difference. 

As a second test, they studied three occupied houses 
in Madison, Wis., from mid-January through February 
1947. Gravimetric weighing of wood slivers was used to 
determine moisture content. The moisture content indi
cated attic relative humidity. They found that only one 
house had a high moisture content and it was the house 
with high indoor humidity. They concluded that attic 
moisture is more a function of indoor humidity than of 
vapor barriers or ventilation. 

Their third test was for condensation under con
trolled laboratory conditions. A small test chamber was 
outfitted to indoor, outdoor, and attic conditions. 
Mechanical ventilation was provided between 0.6 air 
changes per hour (ACH) and 1.5 ACH. (Later research 
by Forest and Walker [1993] showed air change rates in 

test attics from 1 to 10 ACH.) The results showed frost 
formation in most of the unventilated cases and dissipa
tion of the frost in most of the ventilated cases. The 
authors fOWld frost even in the case where an asphalt 
vapor barrier was installed, leading to the conclusion 
that attic ventilation is desirable even with a vapor bar
rie" The authors came to the following conclusion, 

The considerable lowering of attic tempera
tures caused when insulation was placed in the 
ceiling panel did not increase the formation of frost 
materially. When insulation was used, however, 
the amount of ventilation necessary to prevent or 
remove frost had to be greatly increased. This was 
due to tile fact that the lower attic temperatures 
prevailing when the ceiling was insulated necessi
tated removal of much more air to get rid of a 
given quantity of moisture vapor, because a given 
volume of the colder air holds less vapor. 

The authors indicated that ventilation rates much higher 
than those provided by tile 1:300 ratio may be necessary 
in "highly insulated attics," i.e., attics with more than 
4 in. (10 em) of insulation. 

HHFA "Condensation Control 
In Modern Buildings" 

In August 1949, "Condensation Control in Modem 
Buildings" appeared. This publication (HHFA 1949) was 
the pivotal publication that served as the basis for 
almost all future standards and regulations. It synthe
sized the previous research and recommended practices, 
particularly that of Britton and Jordan. It replicated the 
table from Britton (1949a), shown here as Figure 5. 
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Hutcheon and Air leakage 
Britton, in his article cited above (1949a), had illus

trated the damaging effects of airflow from wet crawl 
spaces into attics, but the outcome of his work was a 
focus on diffusion and an assumption that the establish
ment of good practice would obviate the air leakage 
problem. Neil B. Hutcheon, assistant director of the 
Division of Building Research at the National Research 
Council of Canada, initiated a Canadian drive to focus 
on air leakage as an essential element in moisture con
trol in attics. Hutcheon (1950) may be the seminal docu
ment of his investigation, which continued throughout 
his career. He noted frost accumulation 10 times greater 
than would be predicted by "normal vapour transmis
sion." He concluded forcefully: 

It seems necessary to asswne some other mech
anism for vapour migration than the usual one of 
vapour diffusion under vapour pressure differ
ence, to explain the rate of moisture transmission. 
It is possible that leakage of warm, moist inside air 
outward and upward, carrying water vapour can 
account for this. 

By 1954, his observations had been consolidated into 
research reports (Hutcheon 1954). Here, Hutcheon stated: 

The tendency for warm air to find its way 
upward is identical in principle to the situation in 
a chimney in which "draft" is produced. A column 
of air twenty feet high and one square foot will, at 
outside winter temperatures, weigh up to 0.35 
pOlmds more than a similar column at indoor tem
perature. There is thus created a potential pressure 
of 0.35 pounds per square foot available to induce 
leakage of cold air at lower levels in a house and to 
force warm air out at the top. In other words, the 
warm air in a house tends to be "floated" up and 
out by tile heavier cold air leaking in and collect
ing at lower levels. 

His recommendations were for airtightness at the ceiling 
plane and for ventilation of the attic space. 

Hinrichs 
H.S. Hinrichs, in 1961 a research engineer with a 

manufacturer of various vent devices, conducted a study 
to determine the relative effectiveness of several devices 
(Hinrichs 1962). He used dissipation of smoke as an indi
cator of effectiveness and found that soffit and ridge ven
tilation provided greater dissipation than roof louvers, 
gable-end louvers, ridge only, soffit only or other combi
nations. 

NBS "Summer and Whole House Ventilation" 
"Sumnler and Whole House Ventilation" was pub

lished by the National Bureau of Standards (now NlST) 

in July 1979. The work was edited by Doug Burch. The 
general conclusion from the volume is that, while attic 
ventilation cools attic air significantly, cooling has little 
impact on the total heat gain and cooling load in a 
house. 

Reagan and Acklam (1979) measured the solar reflec
tivity of many commonly used building materials and 
showed how those values can be effectively used in 
whole-house energy calculations. He concluded that 
"changing the roof color from dark to light does greatly 
reduce the summer roof heat gain of a typical south
western house, but such a reduction has little effect on 
the Sun1ffier total house heat gain because the roof heat 
gain is typically small to begin with compared to the 
total house heat gain." Wetherington (1979) noted that 
tile roofs operated at much lower temperatures than 
shingle roofs. Later research (Chandra and Moalla 1992) 
confirmed this observation, with both local airflow 
around the tile and evaporation of sorbed moisture as 
explanations. 

Dut! and Harrje (1979) reported that houses with 
forced attic exhaust ventilation used more power during 
the air-conditioning season than did houses with natural 
attic ventilation. They also noted that air-conditioning 
use went up when the attic fan was put in operation. 
They attributed this to behavioral differences by the 
occupants, having noted that two large ceiling bypasses 
were sealed. However, the movement of conditioned air 
from the living space into the attic under the pressure 
difference created by the exhaust fan remains a strong 
likelihood. Grot and Siu (1979) reached the conclusion 
that the ceiling heat gain for a two-story townllOuse is 
only a small portion (less than 10%) of the sensible cool
ing load of the air conditioner for a climate similar to 
that of central New Jersey. Though the attic fan can 
reduce the ceiling heat by as much as 25%, no difference 
in tile operation of the air conditioner could be observed 
either under average or maximum conditions. 

Burch and Treado (1979) reached the conclusion that 
attic ventilation is not an effective energy conservation 
procedure for houses with insulation thicknesses of 4 in. 
and 6.5 in. This was true even with air-conditioning sup
ply ductwork in the attic. Compared to soffit venting, 
power venting or turbine venting produced a maximum 
reduction of 17% in the average duct heat gain rate. 
They also found that whole-house ventilation was an 
effective energy conservation procedure. 

Modeling Efforts 
To apply findings from case studies and laboratory 

studies, the measured values must' come to be used in 
the validation of models. Several researchers worked in 
this field during the 1980s, including Peavy (1979), 
Wilkes (1989), Burch and Luna (1980), Gorman (1987), 
Forest and Walker (1993), and TenWolde (1995), Peavey 
(1979) and Wilkes (1989) were among the first to do vali-

132 Thermal Envelopes VI/Moisture and Air leakage Control II-Practices 



dated temperature models. Burch and Gorman 
attempted some of the first attic performance models 
that included moisture. Gorman's work has been further 
developed by himself, Forest, and Ten Wolde. 

Later Research 
Cleary (1984a, 1984b, 1985; Cleary and Sondereger 

1987) was among the first researchers to establish the 
importance of moisture storage in attics. This concern 
was further developed by Harrje, Ford, and others. In an 
interesting article, Ford (1982) showed the close rela
tionship between attic air temperature and dew-point 
temperature. (See Figure 6 [copied from that report].) 
Because dry-bulb temperature is a measure of energy 
and dew-point temperature is a measure of absolute 
humidity (mass), they are commonly taken to be inde
pendent quantities. It is temperature-driven sorption 
and desorption of moisture from the attic material that 
links them closely, as is shown. 

Further recent works by a national laboratory (on re
flective foils and laboratory testing in a large-scale climate 
simulator) and by Tom Forest have made significant con
tributions to our understanding of attic performance. 
Lstiburek and Carmody (1992) have made use of the most 
recent research findings. 

CONCLUSIONS 
The requirement for 1:300 attic ventilation appeared 

in january 1942 with no apparent basis in the research 
literature. With the publication in 1948 of the HHFA's 
"Condensation Control in Modern Buildings," the 1:300 
ratio became a fixture of construction practice to the 
present day. 
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Figure 6 Copied from Ford showing the Interdepen
dence of dry-bulb temperature and dew-point 
temperature In actual attic measurements. 

The research support for the need for the 1:300 attic 
ventilation rule is not strong. Rowley's 1939 research 
was conducted with no vapor barrier; his conclusion 
that ventilation is desirable even with a vapor barrier is 
unfounded. The Britton (1948) research showed that the 
tested unvented roof-ceiling assemblies performed satis
factorily, while the only vented assemblies that per
formed well were those with good vapor barriers. 
jordan et al. found that screening can reduce the net free 
area of a vent by half, indoor humidity is a stronger 
determinant of moisture problems than either ventila
tion or vapor barriers, and with increasing insulation 
levels (up to 4 in. of mineral wool) "the amount of venti
lation necessary to prevent or remove frost had to be 
greatly increased." 

These results point in contradictory directions. Rowley 
demonstrated the effectiveness of 1:576 ventilation against 
diffusion. Britton demonstrated mixed effectiveness for 
ventilation and no ventilation. jordan et aI. demonstrated 
the insufficiency of 1:300 ventilation for diffusion mois
ture removal in well-insulated attics. 

Although Britton's research noted the influence of air 
leakage on research results, he drew no conclusion about 
airtightness in practice. The prevention of air leakage 
became a desirable element of cold-weather construction 
due to the research of Hutcheon, beginning in 1950. 

Studies in the late 1970s showed tlmt attic ventilation 
was not effective at reducing cooling energy costs. Stud
ies in the 1980s showed that moisture storage is an 
important element in the moisture balance in an attic. 

Despite mixed research results, attic ventilation has 
become an element of almost all U.S. building codes and 
practice. Clearly, there is no significance to be attached 
to the particular ratio "1:300." 

REFERENCES 
Britton, RR. 1948. Condensation in walls and roofs. Housing 

and Home Finance Agency Teclmical Papers #1, 2, 3. July. 
April, HHFA Technical Paper #8. Washington, D.C.: Hous
ing and Home Finance Agency. 

Britton, R.R. 1949a. Crawl spaces: Their effect on dwellings
An analysis of causes and results-Suggested good prac
tice requirements. Housing and Home Finance Agency 
Technical Bulletin No.2, January. Reprinled in Housing 
and Home Finance Agency Technical Bulletin No.8. 

Britton, RR. 1949b. Condensation control in dwelling con
struction. HHFA Technical Bulletin #10, May-June. Wash
ington, D.C.: Housing and Home Finance Agency. 

Britton, RR. 1949c. Condensation in wood frame walls under 
variable state conditions of exposure. Housing and Home 
Finance Agency Technical Paper #12. Washington, D.C.: 
Housing and Home Finance Agency. 

Burch, D.M., and D.E. Luna. 1980. A mathematical model for 
predicting attic ventilation rates required for preventing 
condensation on roof sheathing. ASHRAE 'Iransactiolls 
86(1): 201-220. 

Burch, D.M., M.R. Lemay, B.R. Rian, and E.J. Parker. 1984. 
Experimental validation of an attic condensation model. 
ASHRAE Transactions 90(2). 

Thermal Envelopes VII Moisture and Air Leakage Control II-Practices 133 


