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FOREWORD
Many potential agricultural areas of Alaska are covered with
virgin timber. This timber has great potential value for use in
economical building construction. It is here, it is available, and
if properly used will give long, economical and satisfactory
service.
The research information compiled' in this bulletin should
be of value to those individuals who anticipate building and to
all organizations interested in sound, economical construction.
DON L. IRWIN,
Director

CONTENTS
Page

Summary ..............
Introduction ...._..........................................................
Objectives
......................
Experimental procedure and results ......
The conventional frame w a ll...........................
The squared log w a ll.....................
Frame construction with unfinished local lu m b e r.............
A ir leakage tests and re s u lts .................................................
W ater usage tests and re s u lts ...............................................
Heat requirement tests and"results......................................
Effects of cold-roof design
■.....................
Effect of double doors ...........................
Comparison of sawdust and packed moss as insulating
materials - ........................................ —..............................
Moisture in sawdust insulation
.................

U niversity of Alaska
A L A S K A A G R IC U L T U R A L E X P ER IM EN T STATIO N
Palmer, Alaska

Don L. Irwin, Director
In Cooperation with the United States
Department of Agriculure
Alaska Agriculural Research Administration

3
4
5
6
8
8
9
11
12
14
16
17
19
19

Use of Native Alaskan Materials for
Farm and Home Construction
Branton, C I., and C. R. Fahnestock*
Summary
The vapor barrier was the most important single construc
tion feature observed in this experiment. Heated spaces were
more comfortable and required less fuel when a vapor barrier
was applied near the interior surface of the building. It resulted
in :
1. A reduction of 66 percent in air leakage through the
walls.
2. A decrease of 41 percent in the amount of moisture re
quired to maintain a comfortable humidity.
3. A reduction of 22 percent in the amount of heat required
to maintain a comfortable tem perature.
Wall sections constructed of unfinished sawed lumber with
either moss or sawdust insulation appeared to be somewhat
superior to those of logs sawed and squared on 3 sides. W ater
vapor leakage was 16 percent less in the unfinished lumber cabins
than in the log cabins. The amount of heat required to maintain
comfortable tem peratures in the sawdust-insulated, unfinished
lumber cabins was 29 percent less than in the log cabins.
There is little difference in the air leakage, water tightness,
and heating characteristics between cabins built from spruce
and cottonwood logs or lumber. There is little difference, also,
between cabins built from green or dry logs. Availability and
cost should be the principal consideration in determining which
of these building materials to use.
Moisture condensation, icicle formation, and glaciering were
^successfully prevented by the cold-roof design.
Double doors in entrance ways reduced air leakage of the
cabins by approximately 35 percent over that of single doors.
Sawdust appears to be a better insulating material than
packed/native moss.
t\o .n
Results indipate that properly installed sawdust insulation
^ q when protected by a vapor barrier will remain in good condition.
•Agricultural engineers, Alaska Experiment Station. Appreciation is expressed to
Glen Harrison, Harry Wimmer, and James Scott for their efforts in taking and
compiling data on this project.
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Moisture content of the sawdust insulation dropped from an
original condition of 67 percent to less than 20 percent in from
6 to 7 months. Further drying to from 12 to 16 percent occurred
within the next 3 months and the moisture content then remained
relatively constant for the period of this study. The field mois
ture level was well below that at which deterioration starts.
In Alaska, heating costs usually are of great concern to the
prospective builder. Fuel costs for the sawdust-insulated, unfin
ished lumber construction compared favorably with the conven
tional construction. The moss-insulated, unfinished lumber and
the log constructions required up to 50 percent more heat. Lack
of a vapor barrier may increase the fuel bill by as much as onethird over a house with a properly installed vapor barrier.
Introduction
Permanent structures to provide adequate protection against
the rigors of Alaskan weather are fundamental to the develop
ment of agriculture in the Territory. Many areas of Alaska have
timber from which lumber can be sawed for use in most of the
buildings required on a farmstead. Utilization of native timber
can materially reduce the initial cost of the buildings, especially
when the settler can furnish all or most of the labor.

Fig. 1

Native timber can provide lumber needed for rural development.
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Logs have been used extensively for buildings ever since
the first trapper’s cabin was built in the Territory, and many log
structures will be built as further development of agricultural
land occurs.
Most farm and home carpenters are able to construct a
frame building from unfinished lumber more readily than they
can build with logs. In most Alaskan agricultural areas it is
possible to have timber sawed at local mills making lumber
available to a settler at a minimum of cash expense.
Objectives
The principal objective of this study was to compare con
ventional construction with 2 basic methods of using locally
grown and sawed lumber. The methods of utilizing native lum
ber were (a) logs sawed and squared on 3 sides, and (b) unfin
ished sawed lumber with either moss or sawdust insulation.
Specific objectives of the study w ere:
1. To determine the resistance to air and moisture move
ment of each experimental wall construction.
2. To obtain comparative data on the amount of heat
required to maintain comfortable living tem peratures within
each type of wall construction.
3. To investigate the effects of a properly installed vapor
barrier on heating requirements, air infiltration, and vapor loss.
4. To observe the effect of structural features such as the
cold-roof design and double doors at entrances.
5. To investigate the use of sawdust and moss as insulation
in frame construction of unfinished lumber.
Many Alaskan builders are unfamiliar with the proper use
of a vapor barrier1 which i-s to retard the flow of w ater vapor
through the walls, floors, and ceilings of a building. Normal use
of residences and farm buildings results in the production of a
considerable amount of w ater vapor within the building. If
allowed to move freely, this w ater vapor will condense within
the walls causing peeling of exterior paint, an increase in the
flow of heat through the insulation, and rotting of structural
members of the building.
1 A vapor barrier is a layer of material which is practically impervious to passage
of water vapor. Roll roofing and foil-surfaced, asphalt-filled papers are good vapor
barriers. Other specially prepared materials are available for this purpose. They
are applied on or near the surfaces on the side of the highest temperature which
normally are the inside wall, floor, and ceiling surfaces.
Extreme care must be taken during application to insure a vapor-tight barrier.
Joints should be overlapped, nailed or stapled, and preferably sealed with cement.
All holes, punctures, and tears should be carefully patched. At doors and windows
the vapor barrier should extend from the inside around frames or casings to the
outside to prevent moisture from entering the wall. All fill-type insulation requires
a vapor barrier to prevent the accumulation of moisture within it. Some batt-type
insulations have vapor barriers of an impervious material and do not require addi
tional protection.
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A “cold-roof” design2 will help overcome the problems^ of
condensation on the under-surface of the roof, icicle formation
at the eaves, and glaciering—a build-up of ice at the eaves. These
3 conditions are common in cold climates.
Experimental Procedure and Results
Thirteen cabins were constructed, each incorporating a dif
ferent building material, insulation, or vapor barrier. Each rep
resented a type of construction widely used or readily adaptable
in Alaska.
Approximate interior dimensions of each cabin were 4 feet
wide, 6 feet long, and 6 feet high. Each cabin had a built-up door
2 feet wide by 5J4 feet high and 1 double-sash window.
Since only the wall characteristics were to be studied, all
other features of the cabins were made as nearly identical as
possible. Floors were insulated with 6 inches of sawdust and
covered with a vapor barrier as shown in Fig. 4.3 The cold-roof
design was utilized on all cabins and was achieved by a vapor
barrier of lightweight asphalt roofing, 6 inches of sawdust insu
lation on the ceilings, and' ventilation of the attic space. Ceiling
and roof construction are shown in Fig. 2.
The interiors of all cabins, with the exception of the conven
tional frame cabins, were left unfinished. This m ight be expected
to give a slight advantage to the finished cabin when comparing
heat, water, and air losses. Experience has shown that when
conventional frame construction is used the interior generally
is finished completely, but when either logs or rough lumber is
used the interior finish often is added at a later date when time
or finances permit.
Three general types of wall construction were used:
1. Conventional frame construction using shipped-in, fin
ished materials of commercial grade with 2-inch commercial
batt-type insulation.
2. Log construction using logs sawed and squared on 3
sides to approximately 6-inch dimensions with no other insu
lation.
3. Frame construction of sawed, unfinished native lumber
using a fill-type insulation of either packed moss or sawdust.
Each cabin was numbered to permit easy reference. Cabin
numbers and a complete description of each wall construction
are given in Table I.
2 A cold roof is obtained by insulating the ceiling of the occupied space and
providing it with a vapor barrier. Ventilation of the attic to maintain low tem
peratures and to prevent the accumulation of moisture also is necessary.
3 Free circulation of air was provided under all floors by an open "crawl space."
This method of construction prevents condensation of moisture, with its resulting
dampness and deterioration of wood members, on the under side of a building.
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Table

Cabin
number
1

2
3
4
fi
6
7

%—Wall

7

construction of experimental cabins

Type
wall construction
Conventional frame
with: 6" rustic siding
Reinforced kraft paper
Shiplap sheathing
2" batt insulation
V2 " pressed fiberboard
*Spruce logs, sawed
green, with vapor
barrier
*Cottonwood logs,
sawed green, with vapor
barrier
*Spruce logs, sawed
green, without vapor
barrier
*Cottonwood logs,
sawed green, without
vapor barrier
*Spruce logs, sawed
dry, with vapor barrier
*Cottonwood logs,
sawed dry, with vapor
barrier

Cabin
number
8
9
10
• 11

12

13

Type
wall construction
* Spruce logs, sawed
dry, without vapor
barrier
*Cottonwood logs,
sawed dry, without
vapor barrier
Unfinished spruce
lumber, moss insula
tion with vapor barrier
Unfinished spruce
lumber, sawdust insu
lation, with vapor
barrier
Unfinished cottonwood
lumber, sawdust insu
lation with vapor
barrier
Unfinished cottonwood
lumber, sawdust insu
lation without vapor
barrier

*A11 logs were sawed on 3 sides to approximately 6 inches square.
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The conventional frame wall. The wall of cabin No. 1 was
constructed from commercial grade, shipped-in m aterials util
ized as in conventional building practice (Fig. 2). An asphaltfilled kraft paper was placed between the sheathing and the

Fig. 2

Cross-section of conventional frame wall, including ceiling and
roof design. Ceilings and roofs were identical on all cabins.

ex te rio r sid in g. T h is p lacem en t of k ra ft paper is n o t re co m 
m ended, but it appears to be a g en er a l p ra ctice a m o n g m an y
builders.4

The squared log wall. This construction utilized logs sawed
and squared on 3 sides. A 4-inch fiberboard strip ^ 2 -inch thick
was placed between courses in an effort to adjust for uneven
cutting and shrinkage.
4 A 15-pound building paper is preferable in such a location as it permits mois
ture vapor to pass through and escape from the wall.

9

USE OF NATIVE ALASKAN MATERIALS

Fig. 3

Allowance for shrinkage was made at doors and windows and
when nailing logs to previous courses.

Right log cabins were constructed with the following varia
tions in wall tre a tm e n t:
Cabin
number

Wood
variety

Condition of
lumber when sawed

Vapor
barrier

2
3
4
5
6
7
8
9

Spruce
Cottonwood
Spruce
Cottonwood
Spruce
Cottonwood
Spruce
Cottonwood

Green
Green
Green
Green
Dry
Dry
Dry
Dry

Yes
Yes
No
No
Yes
Yes
No
No

Frame construction with unfinished local lumber. This modi
fied type of frame construction utilized unfinished, locally-sawed
lumber for structural strength and a fill-type insulation for
warm th (Fig. 4). Ceiling joists were supported on a 1-inch by
l-m ch plank, or ribbon, notched into the studding so that the
|op of the plate was about 11 inches above ceiling level. Walls
were deft open at the top so that as the insulation dried and
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Fig. 4 Cross-section of wall and floor built of unfinished lumber using
fill-type insulation. Walls were left open at the top to allow addition of
.
insulation material. Floor sections were identical on all cabins.

settled more could be added from the attic. Diagonal exterior
siding was used for rigidity.5
A total of 4 cabins of unfinished local lumber were con
structed with the following variations in wall treatm ent:
Cabin
number

Wood
variety

. Type
insulation

Vapor
barrier

10
11
12
13

Spruce
Spruce
Cottonwood
Cottonwood

Packed moss
Sawdust
Sawdust
Sawdust

Yes

Yes
Yes
No

5 Forest Products Laboratory tests indicate that diagonal sheathing is from 2.8
to 7 times as rigid as horizontal sheathing depending on whether green or seaUST? a + r»thS d?grTee °f nailing. Vocational Division Bulletin No.
145, United States Forest Products Laboratory, Madison, Wisconsin.
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Air leakage tests and results. The cabins were subjected to
periodic “blowing tests” to determine the relative tightness of
the walls. A Niagara blower driven by a 2 H. P. electric motor

Fig. 5

Cabins were arranged in 2 rows, 50 feet apart, with similar
exposure to most severe weather conditions.

through a variable-speed pulley arrangem ent maintained meas
ured pressure levels inside the cabins. The volume of air passing
into the cabins at each pressure level was obtained by measuring
the air velocity at the blower intake. This measurement indicated
the volume of air escaping through the cabin walls.
Since floors and ceilings were identical and practically air
tight, their effect on results was not considered. Windows and
doors were identical also, and for purposes of determining rela
tive air leakage, their effect was not considered.
Table II.— A ir leakage rates*

Construction type

Pressure—(pounds per square foot)
0.52
0.78 Average
0.26

Squared logs—sawed green
Squared logs—sawed dry

Cubic feet per minute per cabin
44.1
59.6
43.9
28.9
156.1
188.0
158.0
112.2
151.0
193.6
157.4
102.0

Squared spruce logs
Squared cottonwood logs

103.0
111.1

154.0
161.5

181.3
200.3

146.1
157.6

52.3
All types—with vapor barrier
All types—without vapor barrier 151.4

76.1
225.3

94.8
276.1

74.4
217.6

Squared logs—with vapor barrier 50.5
Unfinished lumber—with vapor
55.4
barrier

73.0

91.3

71.6

86.4

106.0

82.6

Conventional frame

A vapor barrier is the most effective means of limiting air
movement through walls (Fig. 6). Almost 3 times as much air
*For purposes of comparison the cabins were classified into groups repre
senting the various construction methods and materials used.
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passed through walls which had no vapor barrier as passed
through walls which had one. When considered in term s of
human comfort, savings in fuel costs, and reduced building main
tenance, the additional expense of the vapor barrier seems
negligible.
There was only slight difference in air leakage between
cabins built from logs sawed green or sawed dry. There was not
sufficient difference between spruce and cottonwood logs to
justify additional expense to obtain a particular material.
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Fig. 6 Relative tightness of construction as shown by air leakage
through walls. Graph shows average tests made over a 2 year period.

The cabin built of conventional building m aterials was
superior to any cabin built of native lumber in respect to air
leakage. Among the cabins built from native lumber, the log
construction with a vapor barrier was tightest, with 13 percent
less air leakage than in the cabins made from unfinished lumber.
Water usage tests and results. Normal use of residences and
farm buildings generally causes'the formation of a considerable
amount of water vapor within the building. Movement of this
moisture through walls, ceilings, and floors, and its condensa
tion on surfaces, structural materials, and in insulation is an
important factor in cold climates. An effective vapor barrier is
essential to prevent rapid deterioration of structural m aterials
resulting from condensation of w ater vapor.
To obtain data on the amounts of w ater vapor leaking
through the walls each cabin was equipped to maintain a given
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level of humidity. A 30-gallon w ater storage tank was connected
to a 4-quart stainless steel bowl in which a float maintained
about 1 inches of water. W ater in the bowl was heated by an
electric hotplate controlled by a standard domestic-type humidistat.
Extensive research indicates that a range of 30 percent to
70 percent relative humidity will provide optimum comfort for
most persons.6 An effort was made to maintain 50 percent
relative humidity in the cabins to produce inside air conditions
likely to be encountered in actual use. However, 50 percent
relative humidity was impractical because doors froze shut and
locks would not function. Forty percent relative humidity was
maintained for the balance of the test with only an occasional
frozen lock.
M easurements were taken of the water level in the large tank
to determine the amount of w ater required to maintain the
desired level of humidity in each cabin for the preceding period.

y2

Table III.— Water required to maintain a 40 percent relative humidity

Type construction

Conventional frame

1951 Tests
Apr. Apr-May May-June

Ave.

Feb.

Mar.

0.344

Gallons per day per cabin
0.263
0.188
0.159
0.252

0.241

0.393

0.221

0.210

0.322

0.313

0.482

0.390

0.165

0.390

0.387

Squared spruce logs 0.454
Squared cottonwood 0.474
logs

0.431
0.444

0.259
0.276

0.213
0.237

0.340
0.371

0.339
0.360

0.299

0.258

0.212

0.191

0.307

0.253

0.581

0.566

0.318

0.262

0.405

0.426

Squared logs—with 0.282
vapor barrier
Unfinished lumber 0.368
with vapor barrier

0.256

0.204

0.183

0.301

0.245

0.305

0.238

0.232

0.319

0.292

Squared logs—sawed 0.419
green
Squared logs—sawed 0.505
dry

All types—with
vapor barrier
All types—without
vapor barrier

Movement of w ater vapor through the walls was effectively
retarded by the vapor barrier. In the cabins provided with a
m oisture-resistant layer about 40 percent less water was
required to maintain a given level of humidity than where no
vapor barrier was used (Fig. 7).
The cabin constructed from conventional building materials
was superior in m oisture-retaining qualities to any of the cabins
constructed from native materials, i Logs erected when green
required somewhat less w ater to maintain the 40 percent humid6 American Society of Heating and Ventilating Engineers, Heating, Ventilating,

A ir Conditioning Guide, pg. 212, 1947.
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ity level than did dry logs, but it is thought th at this difference
would disappear as the green-sawed logs dried and weathered.
Spruce logs showed a slight superiority over cottonwood logs,
but the difference is not sufficient to justify the rejection of
cottonwood logs if they are more readily available.
CONSTRUCTION T Y R E
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Amount of water required to maintain a 40 percent relative
humidity inside cabins.

The cabins made from unfinished local lumber required
almost 20 percent more w ater for humidification than did the log
cabins. However, the vapor barrier, rather than the m aterial or
method of construction, was considered to be the chief factor in
water vapor loss through the walls. Careful application of a good
vapor barrier should prevent almost all vapor from passing
through a wall, while improper application will permit varying
amounts of w ater vapor to escape. Windows and doors, even
though their frames are properly protected with a vapor barrier,
will permit the escape of some w ater vapor.
Heat requirement tests and results. Each cabin was equipped
with a thermostatically-controlled, 2000-w att electric heater to
maintain a constant tem perature. Continuous circulation of air in
the cabins was obtained by use of a fan in each heater unit. A
w att-hour m eter recorded the amount of electricity required to
heat each cabin.
During the^ 1950-51 heating season the therm ostats were
adjusted to maintain a tem perature of 70 F. Under extreme
weather conditions the heaters in some cabins operated continu
ously and were unable to maintain the desired tem perature. To
obtain more nearly comparable readings the therm ostatic set
tings were lowered to 50° F. for the remainder of the test.
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Table IV.— Heating requirements to maintain a temperature of 50° F.
(Average of 1951-52 tests for typical weather conditions)

30 to 80 MPH Moderate wind Light wind
0° to 10° F. 0° to 20° F. 30° to 50° F.

No wind
Type construction -30° to -15° F.

Kilowatt hours per hour per cabin
0.28
0.20
. 0.63

Conventional frame

0.53

Squared logs—sawed
green
Squared logs—sawed
dry

0.79

0.96

0.48

0.34

0.87

1.02

0.49

0.35

0.80
0.86

0.98
1.00

0.47
0.51

0.36
0.33

All types—with vapor 0.64
barrier
All types—without
0.85
vapor barrier

0.86

0.40

0.29

1.00

0.47

0.37

0.68

0.88

0.43

0.28

0.50

0.70

0.24

0.20

Squared spruce logs
Squared cottonwood
logs

Squared logs—with
vapor barrier
Unfinished lumber—

Insulation, as well as the vapor barrier, was an i'mportanl
factor in the heating requirements of the various cabins. Sh
inches of sawdust insulation in the cabins of unfinished loca!
lumber performed as well as a combination of a 2-inch commer
cial batt-type insulation and J^-inch of fiberboard in the conven
tional cabin (Figs. 8, 9).
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Comparison of heating requirements for cabins under typical
weather conditions.

Cabins with vapor barriers required about 22 percent less
heat than those without vapor barriers. Since the vapor barrier
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itself has only slight insulating value, most of this difference was
attributed to heat losses resulting from a greater volume of air
movement in cabins where there was no vapor barrier.
There appear to be no important differences in heat require
ments between the various log constructions. Spruce logs show
a slight advantage over the cottonwood logs, and sawed logs
erected green are only slightly warmer than sawed logs erected
when dry. W here green logs are not fitted to allow for shrinkage
it is likely that logs erected dry would require less heat. There
is not sufficient variation, however, to w arrant using materials
other than those readily available.
The cabins of unfinished lumber insulated with 6 inches of
sawdust required almost a third less heat than the log cabins.
This indicates that sawing the logs into rough lumber would be
more profitable than using the m aterial as squared1logs.
A comparison of heating requirements for the various wall
constructions is made in Fig. 9. Wall construction of unfinished
local lumber insulated with sawdust performed slightly better
wthan the conventional frame wall with commercial insulation.
Both performed considerably better than the moss-insulated
wall of unfinished lumber or the squared log wall.
'
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Fig. 9 Comparison of heating requirements of wall areas of a 28 x 32
foot house for the various wall constructions. Heat losses resulting from
normal use of a home, such as through doors and windows, and losses
through ceilings and floors are not included.

Tightness of a structure also is an important factor in fuel
consumption. All the cabins required more heat during a period
of strong winds than they did during a period of much colder
weather with no wind.
Effects of cold-roof design. H eat leakage to the roof and
the presence of cold, exposed eaves produce conditions causing
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icicles and1 glaciering (Fig. 10). The experimental cabins with
adequate ceiling insulation, attic ventilation, and cold roof
showed no tendency toward formation of icicles or glaciering

Fig. 10 Cold weather effects on roofs. Top, melting snow and icicle
formation on uninsulated roof. Bottom, ice glaciering and icicle formation
on poorly insulated roof.

even though they were heated to approximately the same tem 
peratures as the average home (Fig. 11). Two square inches of
attic ventilation area per square foot of ceiling area should pro
vide adequate ventilation to prevent condensation of moisture on
the under surface of the roof.
Effect of double doors. Early tests indicated considerable
air leakage around the outer door. Between the June and
November 1951 tests an inner door was placed in each cabin.
This double door construction reduced average air leakage of
the cabins by approximately 35 percent (Fig. 12). Because door
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Fig. 11

Heated experimental cabins with cold-roof design retained heavy
snow cover. Photo taken same time as Fig. 10 (bottom).

surfaces are a smaller proportion of the total area of a full-size
house the percentage of reduction in air leakage would be
smaller, but the importance of double door construction in cold
climates is emphasized by this demonstration.
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Comparison of sawdust and packed moss as insulating
materials. The frame cabin made from unfinished local lumber
and insulated with native moss required over 150 percent as
much heat as a similar cabin insulated with sawdust (Table V).
Table V.— Heating requirements for moss and sawdust insulated cabins
constructed of unfinished lumber (1952 tests)

Type
No wind
insulation -30° to -15° F.

30 to 80 MPH wind Moderate wind Light wind
0° to 10° F.
0° to 20° F. 30° to 50° F.

Moss
Sawdust

Kilowatt hours per hour per cabin
0.56
0.27
0.33
0.18

0.43
0.31

0.26
0.16

f These are the results of only one year’s tests and further
comparison of the respective values of moss and sawdust as
insulating materials is being made.
Moisture in sawdust insulation. The sawdust insulation was
placed in the walls, floors, and ceilings directly from a local
sawmill and contained approximately 66 percent moisture. Dur
ing the 2-month period immediately following construction the
cabins were not heated. Samples of sawdust taken after this
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Fig. 13 Moisture content of sawdust insulation; average of floor, ceiling,
and wall samples. Under 20 percent is considered a safe level of moisture
content in wood to prevent decay.
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period indicated that the moisture content averaged about 67 9
percent.

As soon as the cabins were heated the moisture content1of
the sawdust dropped rapidly, and after 6 to 7 months it was
below 20 percent (Fig. 13) which is considered the maximum at J |
which decay will normally occur.7 Further tests during the following year indicate that the moisture content of the sawdust - 9
insulation dropped gradually, reaching a level of from 12 to 16 9
percent where it remained fairly constant. Unless w ater gets
into the insulation, such as being spilled on the floor, by flooding,,
or through a poor vapor barrier, sawdust insulation should 9
remain in a dry condition.

M

7 "The A ir Seasoning of Wood," U.S.D.A. Technical Bulletin 174.

