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Abstract 

Guidelines for Infiltration Reductions 
in Light-Frame Structures 

R.C. Diamond and D.T. Grimsrud 
Energy and Environment Division 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, CA 94720 

Interest in reducing infiltration, i.e., the uncontrolled leakage of air 
into buildings, has intensified as energy costs increase. Reducing 
infiltration has other benefits as well as reducing energy use in build­
ings. Thermal comfort increases, noise transmission through the build­
ing envelope decreases, and moisture problems caused by convection of 
water vapor through leakage sites are reduced. In this paper we review 
field measurements of infiltration and techniques. that designer~ and 
builders are currently using to reduce air leakage in residences. Since 
infiltration is generally the only source of ventilation air in 
residences we also discuss the relationship between tight buildings and 
indoor air quality. 

The work described in this report was funded by the Assistant Secretary 
for Conservation and Solar Applications, Office of Buildings and Commun­
ity Systems, Buildings Division of the U.S. Department of Energy under 
contract No. W-7405-Eng-48. 
This manuscript was printed from originals provided by the author. 



Introduction 

The primary purpose of this paper is to provide home builders and 

others working in the building industry with-an authoritative source of 

information for reducing infiltration in new construction. Specific 

construction techniques aimed at reducing infiltration are preceded by a' 

commentary on the rationale and benefits of tighter house construction 

and a summary of the current tightness levels of the U.S. housing stock, 

based on a 300-house survey of infiltration measurements. Two case stu­

dies of energy-efficient housesare'l~oked at both for the details of 

their construction and for the air quality in the finished houses. 

Finally, we provide a set of drawing details that illustrate specific 

techniques for reducing infiltration. 

What is a Tight House? 

The ·chief characteristic· of a "tight" house is that it differen­

tiates between infU tration and ventilation. Infiltration is the wind­

and temperature- driven leakage of outside air through cracks and other 

openings in the shell of the house. Ventilation is the controlled 
, 

. exchange of inside/outside air necessary for maintaining indoor air 

quality, including removing odors from household activities, providing 

combustion air for furnaces, and carrying out excess moisture. In con­

ventionally built houses, the air needed for ventilation is provided in 

a haphazard fashion by infiltration. In tightly built houses, where 

infiltration has been reduced to improve their energy-efficiency, other 

strategies are employed for ventilation. 

Why Build Tighter Houses? 

B· use infiltration is a major source of thermal inefficiency in 

homes (accounting for 20-40 percent of all heat tra.nsfer through the 

building shell) reducing infiltration is a necessary step· in reducing 

heating and cooling costs. Even in new construction where the thenna1. 

integrity of the structure has been improved by increasing the level of 

insulation, the potential for further energy savings from reducing 



convective losses due to infiltration are substantial. In addition to 

making a house more energy-efficient, reducing infiltration results in a 

more comfortable house be, 'iuse it reduces drafts and noise 'levels 

inside--outside noises enter through the same leaks and cracks as infil­

trating air. In northern parts of the country where humidity levels are 

often quite low in winter, tighter. houses will maintain comfort condi­

tions without the use of a humidifier. Tighter houses, however, will 

not guarantee lower energy bills. People ultimately determine how much 

energy is used in a house, but a tighter house will make it easier to 

use less energy. 

Consumer demand for energy-efficient houses is at an all-time high, 

and buyers are increasingly aware of the energy features they want (1). 

Incentives for builders in some areas are available in the form of tax 

credits and utility financing. In California, builders have the option 

of claiming up to 40% of the cost of certain energy features through tax 

credits, or they can pass these on to the first buyer. Northern Cali­

fornia utilities use a point system as a financial incentive to. builders 

to include energy-conserving features in new construction. When active 

solar systems are installed it is particularly important that infiltra­

tion first be reduced, for by decreasing fuel needs, the size and cost 

of the system can be lowered. Nationally, a' reduction of residential 

infiltration rates by 25% would significantly reduce peak-power require­

ments; the minimum savings to utilities would be of the order of 10-15 

million kilowatts or, in terms of investment in power plants,a savings 

of $10-15 billion. 

How Tight is the Current Building Stock? 

Tightness values for u.S. houses are often cited in the range of 1 

to 2 air changes per hour (ach). For example, in a 1500 ft 2 house with 

8-ft ceilings, lach means 12,000 ft3 of air (about half a ton) leak 

into the house each hour. The first measurements of air infiltration in 

U.S. houses were taken in the late fifties from two houses in Illinois 

where the average infiltration rate was reported to be 0.62 ach (2). A 

recent survey of over 200 houses in the U. S. and Canada gives an a,verage: , • 
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infiltration rate for the five winter heating months, November through 

March, of 0.66 ach (3). While this survey is biased because of the high 

number of energy-efficient houses in the sample, Le., houses that are 

of better than average construction quality, nevertheless, a value under 

1 ach is clearly attainable through the use of conventional building 

construction practices. 

How is Infiltration Measured? 

Two basic techniques were used to measure air infiltration in U.S. 

houses. One technique is to release a small amount of tracer gas (a gas 

not normally present)' into the house and to measure its concentration 

several times over a period of a few hours. The infiltration rate is 

then' calculated from the rate at which the tracer gas is diluted by the 

infiltrating air. This measurement reflects whatever wind and tempera­

ture conditions are present at the time of the measurement. In the 

other technique, a large fan is installed in a doorway or window to blow 

air through the house at different indoor-outdoor pressure differences 

(fan speeds). Plotting the air flow through the house at the different 

pressures provides a leakage curve for the house that is independent of 

weather conditions. This leakage curve is used to calculate the leakage 

area of the house (a quantity that approximates the total area of open­

ings in the shell) within the pressure range where irifi1tration normally 

occurs. In addition, fan pressurization allows individual leaks to be 

located by holding smoke sticks near suspected leakage areas while the 

house is pressurized. This simple procedure can also serve as a check 

for construction quality in determining if a house meets a targeted 

level of tightness. Builders in Sweden are required to make pressuriza­

tion measurements to show their houses have a maximum leakage rate that 

corresponds to about 0.3 ach (4). Because occupants in a number of these 

houses experienced air quality problems and excessive humidity levels, 

the Swedish standard is currently under review. The new standards are 

likely to require mechanical ventilation or some method of air purifica­

tion if infiltration is below 0.5 ach. (These control strategies are 

discussed later in the paper.) 
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What Makes a Tight House Tight? 

The techniques for controlling infiltration have traditionally been 

to plug holes and cracks, weatherstrip, and generally pay attention to 

the quality of construction. In recent years, new materials for tight­

ening house construction are being employed: foam plastic sealants that 

can be squirted into a crack like shaving cream where it expands 

slightly to ensure a tight seal; plastic sheeting instead of paper or 

foil insulation backing as a vapor barrier; and devices and techniques 

such as sill plate mastic; outside combustion air intakes for furnaces, 

water heaters, and fireplaces; duct taping; and exhaust vents with 

tightly closing dampers. 

The single common factor among low-energy houses is the quality of 

work; that is, the attention to detail during construction. Not only 

must strict procedures be followed at each step during construction, but 

the proper sequence of steps must be maintained. For example, cthere is 

no reason for the carpenters to seal every crack during rough framing if 

the electricians and plumbers will later cut holes to accomodate their 

fixtures. In a recent LBL survey of 24 new houses in the San Francisco 

Bay area, we found that the careful application of a foam sealant to 

caulk all gaps in the rough framing did not reduce air leakage in the 

finished house because it was applied only once during the construction 

process (5). As examples of houses where air leakage was effectively 

reduced because of builders' attention to detail, we present two case 

studies--one, a dozen houses built by Modena Homes in Eugene, Oregon, 

and the other, fifty homes built by Ryan Homes in Rochester, New York. 

Case Study: Modena Homes, Eugene, Oregon 

In the spring of 1981, a four-man team from LBL performed air infil­

tration and air quality measurements on a group of 12 energy- efficient 

houses in Eugene, Oregon. These all-electric houses ranged in size from 

900 to 1600ft2 and were built in 1976-1979 at prices comparable to oth­

ers in the area. Nine of the twelve met the energy-efficient building 

standardL set by the Eugene Water and Electric Board (6). These 
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standards apply to the type and, installation of windows and doors, 

floors, walls, ceilings" placement and sizing of heating and cooling 

systems, installation of humidifiers , 'combusti()'\ air supply to fire­

places and wood stoves, plumbing, electrical systems, type of appli­

ances, and building color. Insulation levels and weatherstripping were 

specified, and each house was thoroughly inspected at critical stages 

during construction to ensure compliance. 

Several of the energy-conserving techniques used in these houses 

were originally developed for the Arkansas-style home (7), and included 

such specific features as magnetic weatherstripping on all exterior 

doors, furnace ducts inside the conditioned space, dehumidifiers, 

caulked plumbing penetrations, 'and continuous vapor barriers. The floor 

vapor barrier was a continuous 6-mil polyethylene sheet placed on top of 

the tongue-and-groove decking and below the' floor underlayment., The 

ceiling vapor barrier was placed underneath the ceiling joists before 

the gypsum board was installed. A twelve-inch,wide polyethylene strip 

was stapled over the top plate of each interior wall intersecting the 

ceiling vapor barrier. The weight of the ce'iling insulation holds the 

plastic strip against the ceiling vapor barrier. The wall vapor barrier 

was stapled to the exterior wall framing and lapped over the floor and 

ceiling vapor barriers. 

The finished houseswere,on the average, more than 50% tighter than 

standard construction in a sample of 35' California 'houses (8). The cal­

culated infiltration rate 'was' 0.29 ach for the winter heating season, 

and 0.26 ach for the year. We concluded that the different leakage 

areas from one house to another were due to minor differences in the way 

they were constructed, and not to identifiable features common to all 

twelve houses. While smoke stick tests uncovered leaks in electric 

outlets, light switches, baseboards, windows and door framing, and man­

telpieces, none could be considered excessively leaky. 

In four of the twelve houses, the group measured indoor concentra­

tions of radon, formaldehyde, and nitrogen dioxide. Radon levels were 

found to be insignificant. Nitrogen dioxide cor.centrations were low in 

all four houses, although levels in the two houses where occupants 
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smoked were slightly higher by comparison to the two houses without 

smokers. 110derately elevated formaldehyd~ levels were found in all four 

houses. Furniture and/or building materials are believed to be the 

source of this pollutant (9). 

Case Study: Ryan Homes, Rochester, New York 

In the spring and summer of 1980, fifty houses in Rochester, New 

York were tested for air leakage by two-man teams of students from 

Rochester Institute of Technology trained by LBL staff. Ten of the 

houses were subsequently tested for air quality by a group from LBL. 

The houses range in size from 995 to 2800 ft 2 (excluding basement), and 

were built in 1973-1980 at prices comparable to others in the area. 

The houses built before 1976 had complete weatherstripping, but no 

vapor barriers, no sealant at. wall joints and sole plates, little or no 

sealing of plumbing and electrical penetrations, and little quality con­

trol. The post-1976 houses were built to meet the specifications of 

Ryan Homes' "Standard Energy Package," which calls for vapor barriers in 

the walls, gasket material used at the foundation/sill plate junction, 

winrl barrier paper used arounn ring joists, aluMinuM and wood windows 

set in a bed of caulk between the nailing flange and sheathing material 

with a 4" strip of winrl barrier paper covering the nailing flange arounn 

the entire winnow perimeter, and outlet boxes and all holes for wire 

penetrations sealed with caulk. There were no vapor barriers or 

recessed light fixtures in the ceiling. Rigorous quality control was 

maintained in this group of 38 houses. 

The specific leakage area in the post-1976 houses was 25% less than 

that of the pre-1976 houses. The average infiltration rate during the 

heating season was 0.73 ach for the pre-1976 houses and 0.52 ach for the 

post-1976 houses. 

Ten of the houses were measured for indoor pollutants and relative 

humidity. The pollutants measured were formaldehyde, other aldehydes, 

radon, nitrogen dioxide, and particulates. Increases in indoor air pol­

lutants were found to be negligible, even in houses where occupants 
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smoked. We concluded from this study that air quality does not, 

deteriorate in tight houses as long as no major pollutant sources are 

present. (10). 

Can a House be Too Tight? 

Builders of tight houses must address the potential problems of con­

trolling moisture, ensuring indoor air quality, and providing air for 

combustion appliances and fireplaces, each of which is discussed below. 

Moisture Control 
I 
) 

Over a 24 hour period, a family of four produces 20-30 pounds of 

water. About half of this is from moisture exhaled from the body, the 

rest is from cooking, bathing, laundry, and house plants. In winter, 

the interior surfaces of wall materials maY,become cold enough to cause 
" 

water ,_vapor to condense and accumulate in the, framing and building 

materials. Ultimately, this may lead to deterioration of the wall 

materials, and will reduce the performance 'of .most types of insulation. 

The installation of vapor barriers will prevent the flow of moisture­

laden air into the structure. Tight houses, will have higher moisture 

levels inside because of reduced infiltration levels and because common 

building materials--Iumber, gypsum board, and concrete-- have high ini­

tial moisture content. Dehumidifiers are quite effective in removing 

excess moisture from the air. They can be placed wherever moisture is a 

problem, and can be used as needed. Dehumidifiers are standard features 

in new construction in some areas of the country (11). Spot ventilation, 

described in the next section on pollutant control, is another effective 

method for removing excess moisture. 
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Indoor' Air Quality 

All houses have some degree of indoor air pollution. People gen­

erate carbon dioxide, moisture, odors, and microbes through normal liv­

ing processes. Other more important sources of indoor air pollution are 

combustion appliances (gas stoves, forced-air furnaces, unvented space 

heaters), building materials (glues, panels, insulation), furnishings 

(particularly with particleboard) and soil under and around houses. 

Among the pollutants commonly found indoors are carbon monoxide, nitro­

gen dioxide, formaldehyde, radon, and respirable (fine) particles. 

The important point to remember is that while there are numerous 

sources of indoor air pollution, they are not all present in all houses. 

Wh.ile infiltration rates in houses can vary by a factor of 10, the 

amount of pollutants produced can vary by a factor of 1000 from one home 

to another (12). It is this variation in source strength, rather than 

the difference in ventilation or air exchange rate, that is the dominant 

factor accounting for differences in indoor pollutant concentrations in 

u.s. residences. In houses that do have air quality problems, the pol­

lutant source should be controlled regardless of the infiltration rate. 

Strategies for controlling indoor pollutants are: 

Spot ventilation. This type of ventilation uses exhaust fans and is 

appropriate for pollution sources that are confined to a particular 

location (bathroom) or appliance (gas stove). Exhaust fans are used only 

while pollutants are being emitted (a few hours a day for a gas range 

hood), and they reduce the movement of pollutants into the rest of the 

house. 

Windows. In mild weather, when heating and cooling systems are turned 

off, opening windows can provide adequate ventilation without wasting 

. energy. Like exhaust fans, opening a window in the bathroom while 

showering or in the kitchen while cooking provides local ventilation; 

however, open windows are less effective than exhaust· fans and allow 

pollutants to diffuse through the house. 
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Whole-house fans. In warm weather or warm climate zones, a whole-house 

fan can cool and ventilate the house much less expensively than an air 

conditioner. A whole-house fan is usually set into the ceiling or in a 

window where it exhausts warm house air. Such fans produce comfortable 

conditions in houses even when the outside temperature is above 80 of.,, 

In winter ~ the fan should be removed from the window or sealed: with a 
cover. 

Mechanical ventilation with air-to~air beat exchangers. Another type of 

mechanical ventilation system -- not yet common in U.S. residences 

employs an air-to-air heat exchanger, which, in winter, pre-heats the 

cold incoming (outside) air by transferring heat from the warm outgoing 

(inside) air such that 50-80% of the energy normally lost in the exhaust 

air is recovered. (This proces5works in reverse in the summer air­

conditioning season.) In houses that have been tightened; such a system 

can be USed very effectively to flush out indoor pollutants , without 

greatly sacrificing the energy-efficiency of the house. 

A mechanical ventilation system with an air-to-air heat exchanger 

can be installed in a number of ways: in walls or windows, or as part of 

a central air system. Wall- and window-rnounted units are the easiest to 

install. Unless there is good air movement throughout the house, how­

ever ,a heat exchanger may ventilate orily the roOl!l in which it is 

installed. Two or more may be required for a large house. Estimated 

cost is about $250 per unit without installation. This type of instal­

lation resembles that of a window air conditioner. Some mechanical ven­

ti ation systems with heat exchangers intended to ventilate the entire 

house, are installed as part of the central air system. Installation 

costs vary widely depending on the amount of duct work to be installed. 

The estimated cost is between $250 and $800 without duct work. 

Pollutant Filters. Filtering the'air is another mechanism for reducing 

air pollution levels indoors. Pollutants such as radon daughters attach 

themselves to dust particles and other air impurities. For such pollu­

tants, filtering the air is equivalent to removing the pollutant. Many 

appliances incorporate filters (e.g., furnaces and air conditioners 

often use fiberglass filters for particle removal and range hoods have 
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metal mesh filters for grease removal). These filters need to be cleaned 

or changed regularly in order to maintain th~ir effectiveness. For the 

smaller, more harmful parti~les and for various other indoor air pollu­

tants, many commercial filtration systems are available. Those 

described below are stand-alone ~nits that can be found in most large 

appliance stores. 

Electronic air filters. Electronic air filters, often called elec­

trostatic precipitators, are very efficient at removing particles 

from the air. They are especially useful in homes where occupants 

smoke and combustion appliances are used. A typical unit is approx­

imately 2 ft 3 and can be placed anywhere in the house. 

Fiber filters. Particle filtering units using high-efficiency 

fiber filters also remove particles from the air and are used much 

the same as electrostatic precipitators. While somewhat cheaper 

than electronic air filters, these units require more maintenance. 

and are not as efficient. 

Charcoal filters. Charcoal filters are usually incorporated in the 

above units but also can be purchased as free-standing units. Pre­

viously designed for removing indoor odors, they are also effective 

in removing carbon monoxide, formaldehyde, and certain organic chem­

icals common to houses. 

Combustion Air 

Tight houses should have some provision for supplying outside air to 

fuel-burning appliances. The furnace room should be sealed from the 

rest of the house with outside air .ducted in. Local building codes and 

appliance manufacturer's specifications should be consulted for details. 
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Techniques for Reducing Infiltration: 

The techniques describerl here have been chosen because they do not 

represent radical departures from current building practice. Several 

are already standard building practice iii. some parts of the country; 

others are recommended by building associations and product manufactur-

ers. 

Acknowledgment 

The work described in this report was fundeq by the Assistant Secretary 

for Conservation and Solar Applications, Office of Buildings and Commun­

ity Systems, Buildings Division of the U. S. Department of Energy under 

contract No. l-l-7405-Eng-48. 

References 

1. A recent survey by Professional Builder revealed that 80% of home 

buyers would pay $600 mor~ at the time of construction to cut 

heating and cooling bills by $100 a year~ 

.2. Bahnfleth, D.R., Moseley, T.D., and Harris, W.S. 1957. Measurement 

of infiltration in two residences, ASHRAE Trans. 63: 439-452. 

3. Grimsrud, D.T., et a1. 1981. A construction quality standard for 

air leakage in residential buildings. Lawrence Berkeley Laborato­

ry (University of California) report, LBL-9416. 

4. Svensk BygnOrni 1975, Stat~ns Planverks Foriattningssamling, Liber 

Tryck Publications (Stockholm, Sweden, 1978), PFS 1978: 1, 3rd ed. 

5. Krinkel, D.L., LBL, (private communication, August, 1981) 

6. Eugene Water and Electric Board, December, 1976. Energy efficient 

building standards. Eugene, Oregon. 

-11- . 



7. Owens-Corning Fiberglas Corp. August, 1976. Energy saving homes: 

The Arkansas story, Pub. No. 4-BL-6958-D. 

8. Grimsrud, D.T., et aI, op cit. 

9. Lipschutz, R.D., et al. 1981. Infiltration and indoor air quality 

in energy efficient houses in Eu~ene, Oregon. Lawrence Berkeley 

Laboratory (University of California) report, LBL-12924. 

10. Offerman, F.J., LBL, (private communication, August, 1981) 

11. Eugene Water and Electric Board, op cit. 

12. Nero, A.V. Jr. January 17, 1981. Statement on indoor air quality 

presented to the California Rnergy Commission, Sacramento, CA. 

Bibliography 

1. California Energy Commission. 1980. 

SacraMento, CA. 

Passive Solar Handbook. 

2. Central Mortgage and Housing Corp. 1977 • The Conservation of 

Energy in Housing. Ottawa, Ontario. Canada. 

3. Energy Research Development Corp. 1980. Energy Efficient 

4. 

Housing--A Prairie Approach. Saskatoon, Saskatchewan. Canada. 

NAHB Research Foundation, Inc. 1979. 

Apartments, 2nd ed. Rockville, MD. 

-12-

Insulation Manual--Homes 



5. Office of Technology Assessment. 1979. Residential Energy Conser~ 

vation. Washington, D.C. 

6. Oregon State Home Builders Assoc. 1981. Structural Energy Effi­

ciency in Homes. Salem, OR. 

7. Owens-Corning Fiberglas Corp. 1978. 

Energy Efficient Home. Toledo, OH. 

Guide to Constructing an 

8. Ryan Homes. 1979 Specifications for Standard Energy Package. 

Pittsburgh, PA. 

. .' 

-13-

• 



DETAILS 

r .. 

\- -- - -- - --, 
I~ -I' 

1-~7 -. - I , ( --. , 
I 

\ 
I 

\ 
;- 1 1--- I 

I t , 
'- , --

1\ 
I , 

I , 
l!- - - - -- ~ 

FOUNDATIONS 

Detail I: Foundations. Foundation Ilab or .aUsshould be level, foun­
dation diagonals equal, aDd corners Iquare to reduce the potential for 
cracks and opening. in the framing ... berl which they ,upport. Thi. 
practice .il1 avoid aany lub.equent conltructioa prohl ... and reduce 
infiltration. 
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DETAILS 

, . TWO ROWS CAULKING 

>'---. SILL SEALER 

SILL SEALER . . 

Detail 2: Sill Sealer. The interface between the top 'of ·the concrete 
foundation .all aDd the wood lill plate il a aajar lource of air leak­
age. Sill lealer, a fibergla .. '.trip about ali inch thick, iI unrolled 
on top of the foundation vall and temporarily taped in place, al necel­
lary. A lecond teChnique h to let ·the lill· plate on two beadl of caulk 
to enlure a tilht I.al. 
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DETAILS 

I 

.----.. 

VAPOR BARRIER 

CRAWLSPACES 

Detail 3: Unvented Cravhpace.. UlIMnted cravllpace. ahould have a 
polyethylene vapor barrier on the around vith .heeta overlapping by at 
leaat 12 inchea and with taped .e .. a. The vapor barrier should extend 
.iz inches up the perimeter vall. aDd be .ecurely taped. (Perimeter 
vall and band joi.t. all need to be in.ulated.) 
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DETAILS 

VAPOR BARRIER 
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eRA WLSPACES 

Detail 4: Vented Cravhpacel. Vent,ed cr~lapacel can_ have . batt­
inlulation inltaned between the floor jOiatl, lupported by vire laced 
back aDd forth OIl naih h_red into the underlid. of the joi.ltl. The 
vapor barrier loel on top of the inlulation under t,he lubflooring. 
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DETAILS 

I 

{ 
STUD 

I 

~-DRYWALL 

VAPOR BARRieR 

WALLS 

Detail 5: Walls. All vall •• hould have a polyethylene vapor barrier 
that extends 2" into the floor deck and into the underside of the floor 
joist. or rafters above. Any openings or tears in the polyethylene must 
be repaired with tape. Wind barrier paper can be used on the outside of 
the band joi.t. between floor •• 
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DETAILS 

",-." .. 
, 

~'a" 
... , .. 
/. 
,. . . 
~ . ~'. . ' 

'0' 
, , 

, . " . , ' . . , , . 
... .~ 

.; 

. . ~ 

, 
, 

. OUTLETS 

Detail 6: Outlet.' Wiriag_ Poam ,a.ket. can b~ inltalled behind outlet 
platel. Penetration. in exterior vall. for,electrical lervice can be 
.inimized by briagiag all the viriagi~ at qne point. 
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DETAILS 

-- PLYWOOD COLLAR 
OR NEOPRENE 
ROOF FLASHING 
CUT TO SIZE 

'" TOP PLATES 

1'---- CAULKING 

PLUMBING 

Detail 1: Plumbing. Plumbing in ezterior vall. ahould be el~inated 
wherever the design vill allow. Plumbiq ,for sinks that are installed 
on exterior valla ahould run under the cabinet with the drain pipe 
rather thaa in the ezterior vall cavity. Plumbing penetrations through 
the vall ahould be caulked or aealed vith foam aealant. Rolel cut for 
pipes to paaa through the ceiling into the attic can act aa patha for 
air leakage; theae leaka often eztend fro. the ba.ement all the vay to 
the attic. They can be aealed by atuffiq fibergla .. insulation,in the 
openinaa around the pipea. 
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\~, I 

FLOOR JOIST-~ 

'DETAILS 

PIPE 

2 x 4 BLOCKING 
AT POINT OF EXIT 

HOSE BIBS 

Detail 8: Bose Bibs. Where pipes peDetrate ezterior walls, as iD hose 
bibs, the pipe should be secu~ed.to.a 2 z 4 blockiDI to preveDtveariDI 
at th~ point of ezit. Thi~ joint should alao be caulked. 
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DETAILS 

, 

, 

OPERABLE DAMPER 

- GLASS DOORS 
6 

14n x2 1/4n FLOOR GRILL. 

an ROUND PIPE ~"""I"""'-_____ ~ 

FIREPLACES 

Detail 9: Fireplace.. Fireplace. are .• ajor .ource.· of air leakage. 
Gla •• door. will belp reduce infiltration whether or not a fire is burn­
ing. An outside air intake ducted from below with a tight .ealing 
damper vill belp reduce drafts in the houle. All joints where the fire­
place penetrates finish .aterial in exteriorwalll, floorl, and ceilings 
should be caulked. 
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DETAILS 

EXTERIOR WAll· 

V APOR BARRIER SQUARE CORNER 

INTERIOR WAll 

INTERIOR .WALLS. 

Detail 10: Interior Walh. A •• hoWD in the draving. the .apor barrier 
wrap. around. the face of the end 8tudiuan' interior vall. Provide a 
sharp fold at the corner for the dryv_ll in.tallation.· Back-up' clip. 
can aho b8u.ed ineteacl of the traditional ~ blocking to allov con­
tinuou. in.ulation in the exterior vall. 
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DETAILS 

\ I,' .,.....-COVER ALL INSULATED CRACKS 
14; v WITH VAPOR BARRIERS 

J \ 
t 

------.-.----~ ~ 
~------~~---- I 

, 

. WINDOWS 

Detail 11: Windows. Botb tbe type of window and its inltallation play 
an ~portant part in ensuring air tilbtness. Windows vary from the very 
leaky jalousie type, the aoderately leaky double-hung type, to the ease­
.ent and awning (or hopper) type, which are amona the tightest. Proper 
inltallation callI for setting the window in a bed of caulk between the 
nailinl flange and sbeatbing .aterial. Any space. around the frame 
Ihould be fi~!ed with fiberlla •• in.ulation or fo .. sealant. Again, the 
wall vapor barrier Ibould leal all tbe .ay around the perimeter of the 
wiudow. 
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DETAILS 

-

SPRING METAL 

I 
CAULKING 

----THRESHOLD SEAL 

DOORS 

Detail 12: Door.. Door framing .hould al.o have all spaces filled with 
insulation and .ealed vith the vall vapor barrier. Weatherstripping and 
.ill thre.hold. are nearly .tandard practice; t.proved insulated doors 
have magnetic .. ather",eala. 
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DETAILS 

VENT-;~~~ 

~- VAPOR BARRIER 

CEILING 

Detail 13: Ceil ina. III velltUated attic apacea a ceililll vapor barrier 
aay not be necea.ary. for ventilation .hould be adequate to eliminate 

. exce •• .oi.ture without d .... ing the ill.ulation. In flat or cathedral 
ceilill8.. however, it i. difficult to provide ventilation. and vapor 
barrier •• hould be ill.talled. 
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DETAILS 

LIGHTING 

Detail 14: Lighting. Avoid rece •• ed or "bullet" lamps that penetrate 
into non-conditioned space. .uch a. attic.. They cannot be insulated 
aDd can be large.ource. of air infiltration •. 
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DETAILS 

---·WEA THERSTRIPPING 

ATTIC ACCESS 

Detail 15: Attic Access. Weatherstripping the access door to the attic 
reduces the war. air risinl fro. the livina area. This area is often 
overlooked because the leak is of warm air to the attic and is not felt 
by the occupants. (The back of the panel should be insulated at the 
same level as the rest of the cei1iaa.) 
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DETAILS 

DO NOT VENT DIRECTLY 
INTO ATTIC SPACE, 

\ 
! 

KITCHEN FAN 

. VENTS 

Detail 16: Vents. ..throe. and kitchen •• nts that rely on gravity to 
seal often get stuck open because of corrosion, j_ing, or wind pres­
sure. Models should be selected that have a .. ans of positive clo8ure. 
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DETAILS 

~-LOUVERS 

INSULA TED COVER 
CEILING 

e0 WHOLE-HOUSE FAN 

Detail 17: Whole-Rouse Panl Air Conditioner. Whole-house fans and 
windov-mounted .ir conditioner. are large openings to the outside. Win­
dow units .hould either be removed in winter, or covered securely. An 
insulated cover can be attached over the louver. of ceiling-mounted 
vhole-house fan. fro. the attic .ide of the fan. 
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DETAILS 

DUCT TAPE ---

TAPE JOINTS ~ 

DUCTS 

'Detail 18: Duct.. Duct. can account for a. auch as 15% of the total 
house leakase. Leakage commonly occura when ducts are not taped and/or 
when they do not sit properly on the mounting flanges of the resisters. 
Duct leakase i. especially critical when the ducts pa8& throush uncondi­
tioned apace, and there i. a direct path for air from the furnace (or 
air conditioner) to the out.ide. 
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This report Was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 
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