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Abstract

This report contains suggested dry kiln schedules for
over 500 commercial woods, both temperate and
tropical. Kiln schedules are completely assembled
and written out for easy use. Schedules for several
thicknesses and specialty products (e.g. squares,
handle stock, gunstock blanks) are given for many
species. The majority of the schedules are from the
world literature, with emphasis on U.S., Canadian, and
British publications. Revised schedules have been
suggested for western U.S. and Canadian softwoods
and for the U.S. southern pines. Current thinking on
high-temperature drying (temperatures exceeding
212 °F) schedules for both softwoods and hardwoods
is reflected in suggested high-temperature schedules
for selected species.
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Introduction

Purpose

This publication contains suggested dry kiln schedules
for most commercial woods of the world. The purpose
of this publication is to make available to dry kiln
operators and others interested in kiln-drying wood,
kiln schedules that are completely assembled and
written out for ready reference and easy use.

In the majority of cases, the drying schedules are from
the world literature, with emphasis on U.S., Canadian,
and British publications. They are brought together in
this volume for easy reference and use. Schedules for
stock thicker than 8/4' (2 in or 50 mm) are given for
many species. Schedules for products other than
lumber, e.g. squares, handle stock, gunstock blanks,
are listed when they are known and have achieved
widespread acceptance in the industry.

It is common in some markets to designate lumber thickness by
quarter inches, e.g. 4/4 = 1 inch, 6/4 = 1-1/2 inches, 8/4 = 2 Inches.

In some cases, revised schedules have been
suggested, updating the information in U.S.
Department of Agriculture Handbook No. 188, Dry Kiln
Operator's Manual.2 These occur mostly in the
schedules for western U.S. and Canadian softwoods
and the U.S. southern pines. Current thinking on
high-temperature drying (temperatures exceeding

212 °F) schedules of both softwoods and hardwoods is
reflected in suggested high-temperature schedules for
selected species.

A reasonable level of experience in kiln operation is
necessary to make use of these suggested schedules,
which are intended only as general guidelines. They
may require fine tuning depending on the differences in
kilns and with wood property variations within a
species. It is also assumed that equipment is properly
designed and is operated per manufacturers’

directions. For those needing a refresher in principles
and operation of dry kilns, other books cover that
subject well (see app. F, page 158).

2Rasmussen, E. F. 1961. Dry kiln operator's manual. Agric. Handb. 188.
Washington, DC: U.S. Department of Agriculture, Forest Service. 197 p.,
illus.



Knowledge of the proper use of sample boards for
monitoring the drying rate when using MC-controlled
schedules is assumed (see app. 8, page 136 for a
brief summary of this procedure). These schedules are
suggested primarily for steam-heated kilns where
wet-bulb temperature or relative humidities can be
controlled rather precisely, although schedules for
direct-fired high-temperature drying of the southern
pines are listed. Air speeds through the load (measured
on the leaving air side) should be 300 to 400 feet per
minute for hardwoods when using a conventional
schedule; 500 feet per minute minimum for softwoods
when using a conventional schedule; and 700 feet per
minute minimum for softwoods using elevated
temperature schedules. For high-temperature
schedules, air speeds of 800 to 1,500 feet per minute
are commonly used.

For certain applications or products, many consider the
task of kiln drying not completed until the lumber has
had the drying stresses relieved. Therefore, a brief
discussion of equalizing and conditioning treatments is
found in appendix A, page 134.

How to Use This Publication

Commercial woods (species) in this publication are
divided into groups by geographic source of origin:
United States and Canada; Latin America (Mexico,
Central and South America); Asia and Oceania; Africa;
and Europe. Species names are listed alphabetically by
common name? in the Index of Schedules for the U.S.
and Canadian sections. A cross-referenced common
name-botanical name listing for U.S. and Canadian
woods can be found in appendix C, page 137.

Because of the many and varied common or
commercial names given to individual wood in the
non-native U.S. and Canada species, these woods are
listed alphabetically by botanical name in the Index of
Schedules within their geographic section. A listing of
common trade names for these woods is given in
appendix D, page 143.

The U.S./Canadian woods are divided into two

major groups in the schedule index: (1) those to be
dried using conventional temperature (max DB temp.
(180 °F) schedules or elevated temperature (max. DB
temp. 180-212 °F) schedules (Section 1), and (2) those
dried with high-temperature (max. DB temp. > 212 °F)
schedules (Section 1l). This first group is further divided
into hardwood species and softwood (coniferous)
species. Within the softwood group there is a further

division of MC-controlled schedules and
time-controlled schedules.

sFollowing nomenclature of E. L. Little, Jr. 1979. Checklist of United
States trees. Agric. Handb. 541. Washington, DC: U.S. Department of
Agriculture, Forest Service. 375 p.

All schedules in the high-temperature schedules index
are time-controlled schedules.

The following are some examples of how to use this
publication:

Example 1: To find the conventional temperature
schedule for 414 yellow birch:

Step 1-Look in the Index of Schedules for
Kiln-Drying U.S. and Canadian Hardwood
Species at Conventional and Elevated
Temperatures (Section |, page 7). Find
“birch, yellow (Betula alleghaniensis).”

Step 2-Note in the first column under 414, 514, 614
stock, the listing “75 (T8-C4).”

Step 3-Turn to Section VII, “Table 75 (T8-C4),”
page 62. Moisture content schedule
T8-C4 is completely printed out. Equalizing
and/or conditioning treatments may be
added. Dry-bulb and wet-bulb settings for
these treatments will be determined by
predetermined final target MC of stock,
see appendix A, page 134.

Step 4-If the average MC of your stock is above
40 percent, start at the first step; if average
is at a lower MC, enter schedule at
appropriate step corresponding to that
average MC, using appropriate precautions
suggested on p. 5, Specific Procedure
for Air-Dried Stock.

Example 2: To find the schedule for 814 eastern white
pine for use as furniture stock:

Step 1-As furniture stock requires close control of
final MC, look in the Index of Schedules for
Kiln-Drying U.S. and Canadian Softwood
Species at Conventional Temperatures—A.
Moisture Content-Controlled Schedules,
page 12. Find “pine, eastern white
(Pinus strobus).”

Step 2—Note in the column under 814 stock, the
listing “244 (T10-C4)” for the standard
schedule and “277” for the antibrown stain
schedule.

Step 3-Turn to Section VII, page 95, table 244
(T10-C48S), or table 277, page 106. There
you will find both MC softwood schedules,
completely printed out. Choose between the
two to fit your processing and/or
end-product requirements. Equalizing and/or
conditioning treatments may be added, see
appendix A, page 134.



Step 4-Enter or start the schedule at the level of the

average MC of your stock.

Example 3: To find a time-controlled schedule for 8/4
shop grade Douglasfir:

Step 1-Look in the Index of Schedules for
Kiln-Drying U.S. and Canadian Softwood
Species at Conventional Temperatures—B.
Time-Controlled Schedules, page 14.
Find “Douglas-fir (Pseudotsuga menziesii).”

Step 2—Note the need to choose between “lower
grades” and “upper grades.” Shop grade is
considered an ‘“upper grade”’—sofind the
listing “294¢” under upper grades, 8/4 stock.

Step 3-Note the “d” superscript on the table
number and look under comments to find
that you should omit step 1 when drying
vertical grain stock.

Step 4-Turn to Section VII, table 294, page 111.
There you will find the time-controlled
schedule completely written out.

Example 4: To find the suggested schedule for 4/4
yellow-poplar when you have the capability of using
conventional temperature or high temperature:

Step 1-Look in the Index of Schedules for
Kiln-Drying U.S. and Canadian Species at
Conventional and Elevated Temperatures,
page 11. Find “yellow-poplar
(Liriodendron  tulipifera).”

Step 2-Note in the first column the listing “103
(T11-D4).”

Step 3-Look under Index of Schedules for
Kiln-Drying U.S. and Canadian Woods at
High Temperatures (>212 °F)-Hardwoods,
page 19. Find the listing for
yellow-poplar “419.”

Step 4-Turn to Section VII to either or both
schedule(s) and choose between the two to
fit your processing schedule and/or
end-product requirements.

Example 5: To find the schedule for 4/4 teak:

Step 1-If you do not know the botanical name of
teak, look in appendix D, page 143-
Common Trade and Botanical Names for
Woods NOT NATIVE to the United States
and Canada. Find “teak” and its botanical
name and note that it is in the Schedule
Index for Asia and Oceania. If you know that
this is a wood from Southeast Asia and the
botanical name is Tectona grandis, look at
the Index for Schedules of Kiln-Drying Asian
and Oceanian Woods and find Tectona
grandis.

Step 2-Turning to the Schedule Index for Asia,
page 28, find “Tectona grandis” and note
that the listing under U.S. Schedule 4/4 stock
is “245 (T20-D4S).” Also note there is a listing
under British schedule, “H.” If the U.S.
schedule is preferred, turn to Section VII,
page 95; for the British schedule, turn to
appendix E, page 157.

Step 3 —In either Section VII, table 245 (T10-D4S), or
in appendix E, British schedule H, you will
find the complete schedule printed out.
Equalizing and conditioning treatments
may be added as needed; see appendix A,
page 134.



Use of Schedules for Other
Than Steam-Heated Kilns

As mentioned earlier, most of these schedules are
suggested for use with steam-heated kilns where both
temperature and humidity are closely controlled. This
is a very common type of lumber dry kiln currently
being used in the United States and Canada and will
continue to dominate these markets for years to come.
Other drying systems are available and enjoy varying
degrees of success in the United States and Canadian
markets.

The more common systems include:

(1) Direct-fired kilns—used mainly in drying softwood
dimension lumber for construction uses; limited
humidity control; temperatures usually above 212 °F. A
few schedules have been suggested for drying selected
southern pine products in direct-fired kilns. It is
unlikely that the steam-heated kiln schedules can be
adapted to directfired kilns where precise control of
the relative humidity or wet-bulb temperature is limited
or not possible.

(2) Dehumidification kilns—currently being used
primarily in drying hardwood lumber, but use in drying
softwood dimension lumber is growing. Temperatures
are frequently lower than steam-heated kilns. The
majority of the suggested schedules for steam kilns
are adaptable for use with the dehumidification kilns. A
frequently recommended practice is to start at a lower
dry-bulb temperature but maintain the same
equilibrium moisture content (EMC) and relative
humidity (RH) for the various steps. We believe this
procedure is adequate to develop an initial kiln
schedule, with modifications then made based on the
drying results.

(3) Miscellaneous drying systems—include various types
of vacuum dryers. Energy is transferred to the wood by
several methods including radio-frequency (RF), hot air,
heated platens, or electric blankets. At this time, we
cannot comment on the usefulness of these schedules
to the vacuum or RF vacuum-drying systems.



Section I.
U.S. and Canadian Species—
Conventional and Elevated Temperatures

Hardwoods

Shown in this section are schedules for steam-heated
kilns operated at temperatures between 100 and

180 °F+ (38 and 82 °C). Suggested schedules are
essentially the same as those listed in U.S. Department
of Agriculture Handbook 188, Dry Kiln Operator’s
Manual. In general, these schedules call for changes in
kiln conditions to be made on the basis of the average
MC of the wood. The use of sample boards is required.
(See appendix B, page 136 for a brief summary of a
method for obtaining sample boards.) For some
western hardwood species time schedules are also
listed. Suggested schedules for products other than
lumber, e.g. squares, handle blanks, etc., are listed
under “other products.” For squares of species with no
specific listing, use a wet-bulb depression number one
unit higher than the one suggested for lumber of the
same thickness. Thus, for 3- by 3-inch yellow birch
squares, use T3-B3, rather than T3-B2 listed for 12/4
lumber. Assembled schedules can be found in

Section VII.

Schedules are intended for kiln drying from the green
condition or when stock has been partly or well
air-dried. These schedules are recommended starting
points, and the prudent kiln operator will modify these
schedules to accommodate regional species
characteristics. For example, in the northeastern United
States, kiln operators have modified schedules for hard
maple, oak, and eastern white pine to accommodate
the drying requirements and smaller diameters of trees
being harvested. These schedules are listed in the
Index to Schedules under the comments section for the
selected species.

Specific procedures for starting up the kiln and the
first day or two of the run when drying air-dried or
partly air-dried stock are given below.

“A few schedules have maximum dry-bulb temperatures of 200 °F
(93.5°C).

Specific Procedure for Air-Dried Stock

(Average MC should be 25 pct or lower, with no material
over 30 pct.)

4/4, 5/4, Most6/4

(1) Bring dry-bulb temperature up to the value
prescribed by schedule for the average MC of the
controlling kiln samples. Maintain conditions during
warming so that EMC does not exceed initial wet- and
dry-bulb settings.

(2) After prescribed dry-bulb temperature has been
reached:

(a) If the air-dried stock had not undergone surface
wetting or been exposed for a considerable
period to high RH just before it was placed in the
kiln, set the wet-bulb controller at the prescribed
wet-bulb temperature. Turn on the steam spray
only if necessary to start equalizing.

(b) If there has been surface moisture regain or if
dried in a predryer above 75 percent RH, set the
wet-bulb controller for a 10 °F wet-bulb
depression and turn on the steam spray. Let the
kiln run 12 to 18 hours at this wet-bulb setting,
then change to the dry- and wet-bulb settings
prescribed by the schedule.

8/4(Plus 6/4 OakR

(1) Bring dry-bulb temperature up to the value
prescribed by the schedule for the average MC of the
controlling kiln samples, keeping the vents closed. Use
steam spray only as needed to keep wet-bulb
depression from exceeding 12 °F.

(2) After prescribed dry-bulb temperature has been
reached:

(a) If there has been no surface moisture regain, set
the wet- bulb controller at the prescribed wet-bulb
temperature. Turn on the steam spray only if
necessary.

(b) If there has been surface moisture regain or if
dried in a predryer above 75 percent RH, set the
wet-bulb controller for an 8 °F wet-bulb
depression and turn on the steam spray. Let the
kiln run 18 to 24 hours at this setting. ‘¥hen set
for a 12 °F depression and run for 18 to 24 hours
more before changing to the conditions
prescribed by the schedule.



Specific Procedure for Partly Air-Dried Stock
(No material should be over 50 pct MC.)

4/4, 5/4, Most 6/4

(1) Bring dry-bulb temperature up to the value
prescribed by the schedule for the average MC of the
controlling kiln samples. Keep the vents closed. Use
steam spray only as needed to keep wet-bulb
depression from exceeding 10 °F. However, do not
allow the depression to become less than 5 °F or
moisture will condense on the lumber.

(2) After the prescribed dry-bulb temperature has been
reached, run a minimum of 12 hours on each of the
first three wet-bulb depression steps of the whole
schedule, but still observe the 5 °F minimum wet-bulb
depression. Then change to the conditions prescribed
for the MC of the controlling samples.

8/4 (Plus 6/4 Oak)

(1) Bring dry-bulb temperature up to the value
prescribed by the schedule for the average MC of the
controlling kiln samples. Keep the vents closed. Use
steam spray only as needed to keep wet-bulb
depression from exceeding 8 °F. However, do not allow
depression to become less than 5 °F.

(2) After the prescribed dry-bulb temperature has been
reached, run a minimum of 18 hours on each of the
first three wet-bulb depression steps of the schedule,
but still observe the 5 °F minimum wet-bulb

depression. When the kiln conditions coincide with
those prescribed by the schedule for the average MC of

the controlling samples, change to the MC basis of
operation.

Suggested Procedure for Frozen or
Snow-Covered Hard wood Lumber

During winter in the colder regions, a kiln operator may
find it necessary to load a kiln with frozen lumber or
lumber with an appreciable cover of snow and/or ice.
While many operators go directly to the indicated step
in the schedule, others use the following practice:
Warm the lumber for 12 to 24 hours with dry-bulb
temperatures of 80 to 90 °F and a wet-bulb depression
of about 5 °F; operate vents as needed but turn off
steam spray. After this warming period, refer to the
preceding section on procedures for air-dried or partly
air-dried stock with surface moisture regain.

Softwoods(Conifers)

This section lists schedules for drying softwood
(coniferous) species in steam-heated kilns and
directfired kilns operated at temperatures between 90
and 200 °F. The suggested schedules are divided into
two groups: (A) those where changes in schedule are
based on MC of the wood, and (B) those where
changes in schedule are based on time.

For products requiring very close control of final MC,
such as furniture, millwork, and cabinet stock, better
results may be obtained using the MC-controlled
schedules. These are essentially the same as those
listed in U.S. Department of Agriculture Handbook 188,
Dry Kiln Operator's Manual. Use of sample boards is
required. As mentioned in the previous section on
hardwood, some schedule modification may be
desirable to meet product requirements or changing
timber resources. Modified schedules frequently used
in the northeastern United States are listed in the Index
to Schedules under Comments.

For the suggested schedules where the changes are
made based on elapsed time in the kiln, considerable
changes have been made from Agriculture Handbook
188. These time schedules are based on drying from
the green condition unless otherwise noted. When
drying partly air-dried or partly kiln-dried western
softwood stock, choose the appropriate schedule from
the Index, but use a 10 °F wet-bulb depression for
about 10 hours prior to entering the proper step of the
schedule.

We feel these schedules are more appropriate for
modern equipment and wood resource, should be more
efficient, and require less kiln residence time.

Suggested Procedure for Frozen or
Snow-Covered Softwood Lumber

Snow-covered or frozen softwood lumber requires a
low-heat cycle prior to setting the drying schedule to
prevent degrade in most species. General practice in
the western United States is to turn off the spray line,
with vents open and the heat on, for 8 to 18 hours
depending on amount of snow or quantity of frozen
lumber. The dry-bulb temperature should not exceed
100 to 105 °F. A frequently used practice in the
northeastern United States is to run about 12 hours at
95 °F dry-bulb temperature with spray off and vents
closed.
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Section Il.

U.S. and Canadian Species—
High Temperatures

High-temperature kiln drying is accomplished at
dry-bulb temperatures of 212 °F (100 °C) or higher,
usually in the range of 230 to 250 °F (110 and 121 °C).
This is a relatively new approach to commercial lumber
drying, and proven schedules are not available for every
species. The best success has been with softwood
species. High-temperature kiln schedules have been
suggested in some manuals for selected western
softwoods since the late 1960's. High-temperature kiln
drying can possibly cause noticeable strength losses.
This should be considered when selecting a kiln
schedule for a product where loss of bending or
tension strength is important.

High-temperature schedules for the southern pines
have been used since the early 1970's. Since the
mid-1970's, the majority of new kiln-drying installations
for southern pine have been using high-temperature
drying. Most of these kilns are direct fired, i.e., the hot
combustion gases from natural gas, wood, or oil are
fed directly into the kiln. There are a few steam-heated
kilns drying southern pine.

High-temperature drying of hardwoods is just emerging
from the research stage and has not as yet enjoyed
much commercial application. Acceptable response to
high-temperature drying of hardwoods from the green
condition is very species dependent, varying from quite
acceptable to quite unsatisfactory. The most common
high-temperature drying defects are honeycomb,
collapse, checking, and darkening of the wood. For
many species, a combination schedule—startingfrom
the green at conventional temperatures and switching
to high temperatures when the lumber has dried to 20
to 25 percent MC—givesacceptable results, where
high-temperature drying from the green does not.
Current research suggests that with some species and
thicknesses the change from conventional temperature
to high temperature can be made when the moisture
content is as high as 30 to 40 percent, thereby cutting
drying time by up to 60 percent while increasing drying
defects by about 15 percent. The acceptability of these
kinds of processing tradeoffs depends a great deal on
the product being produced. For high-temperature
drying of hardwoods, steam-heated kilns are preferred
over direct-fired kilns.

High-temperature drying is best done in kilns where air
speeds through the lumber of 800 to 1,500 feet per
minute (4.1 to 7.6 m/sec) can be achieved. While
common industrial practice is to use pile widths of 7 to
9 feet and fan reversal every 4 to 6 hours, more uniform
drying can be achieved with piles not more than 6 feet
wide and fan reversals every 2 to 3 hours.

Schedules for drying flitches for the Saw-Dry-Rip (SDR)
process, developed at the FPL, are listed for selected
species. This process consists of livesawing small
logs, drying the flitches, then ripping to produce
material for construction type uses.s This use is more
tolerant of drying defects than uses such as furniture
manufacturing where appearance is very important.

sFor information on Saw-Dry-Rip, see the following references:

Maeglin, R. R.; Boone, R. S. 1981. Manufacturing quality structural
lumber from hardwoods using the Saw-Dry-Rip process. In:
Proceedings, 9th annual hardwood symposium of the Hardwood
Research Council: 29-45.

Maeglin, R. R.; Boone, R. S. 1983. Manufacture of quality yellow-poplar
studs using Saw-Dry-Rip (S-D-R) concept. Forest Products Journal.
33(3)10-18.

Maeglin, R. R.; Boone, R. S. 1985. Evaluation of mixed hardwood studs
manufactured by the Saw-Dry-Rip (SDR) process. Res. Note FPL-0249.
Madison, WI: US. Department of Agriculture, Forest Service, Forest
Products Laboratory. 10 p.
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Section lll.

Latin American (Mexico, Central, and South
America) Woods—

Conventional Temperatures

Schedules in this section are gathered from the world
literature and are listed by botanical or scientific name.
Because of the wide variation found within a species,
these schedules are considered conservative. They are
intended for use in steam-heated kilns operated
between 100 and 180 °F (38 and 82 °C), with air speeds
through the lumber from 200 to 400 feet per minute

(1 to 2 m/sec). Changes in instrument settings are
generally made on the basis of MC of the wood and the
use of sample boards is highly recommended (see app.
B). In a few instances, time schedules are also
suggested for a given species.

Schedules are listed for two thickness groups, 414 to
614 and 814 using U.S. schedule format, and for 414 to
614 stock by British schedule. When available from the
British Timber Drying Manual, the standard kiln-drying
schedule is listed in Roman type. When not available
from British sources, the nearest British equivalent to
the U.S. schedule is given in italicized type. In some
cases where previously only British schedules had
been published, the nearest U.S. schedule equivalent is
given. Assembled British standard kiln-drying
schedules are printed in appendix E. Thus, operators
can use either the U.S. schedule or the British,
depending on their preference and experience.
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Section IV.
Asian and Oceanian Woods—
Conventional and Elevated Temperatures

Schedules in this section are gathered from the world
literature. Becauseof the wide variation found within a
species, these schedules are considered conservative.
They are intended for use in steam-heated kilns
operated between 110 and 195 °F (43 and 90 °C), with
air speeds through the lumber from 200 to 400 feet per
minute (1 toto 2 m/sec). Changes in instrument settings
are generally on the basis of MC of the wood,
and the use of sample boards is highly recommended

(see app. B). In a few instances, time schedules are
also suggested for a given species.

Schedules are listed for two thickness groups, 4/4 to
614 and 814 using U.S. schedule format, and for 4/4 to
614 stock by the British schedule. Where available from
the British Timber Drying Manual, the standard
kiln-drying schedule is listed in Roman type. When not
available from British sources, the nearest British
equivalent to the U.S. schedule is given in italicized
type. In some cases where previously only British
schedules had been published, the nearest U.S.
schedule equivalent is given. Assembled British
standard kiln-drying schedules are printed in
appendix E. Thus, operators can use either the U.S.
schedule or the British, depending on their preference
and experience.
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