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CHAPTER I
INTRODUCTION
Wood, when compared with a material like steel, is very
low in dimensional stability.

Wood is affected very little

by temperature changes, but changes considerably in volume
with variation in the atmospheric moisture content.

This

change caused by moisture content variation will cause
checking and splitting, especially in green lumber (1).
When a piece of wood is bent, it is stretched or in
tension, along the outer side of the bend and compressed
along the inner side of the bend.
longer than its concave side.

Its convex side is thus

This distortion is accompanied

by stresses that tend to bring the bent pieces back to their
original shape.

The purpose of softening wood with moisture

and heat or plasticizing chemicals is to restrict the development of these stresses

(6).

The purpose of all plasticizing treatments is to soften
wood sufficiently to enable it to take the compressive
deformation necessary to make the bend (6).
Wood can be bent and formed in its green condition by
the application of sufficient pressure and use of forming
jigs.

But the stress developed in the wood will cause the

specimen to split and crack.

Also the process of drying will

cause the wood to develop more stress.
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This stress is created
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by the outer edges of the wood drying faster than the inner
layers.

This unequal shrinkage will cause checks and splits

to form along the grain pattern of the wood.

Green wood,

when bent without proper seasoning, will end in failure.
A more common method of softening wood for bending is
the use of steam or hot water.

Water alone softens wood

somewhat, as evidenced by the fact that green wood bends
more easily than dry wood.

Likewise, heated wood is more

readily bent than cold wood.

Together, heat and moisture

can produce a degree of plasticity roughly ten times that
of dry wood at normal temperatures (3).
A disadvantage of using steam as a softening agent for
forming wood laminated articles is the amount of equipment
required and the danger involved while working with equipment
under high pressure and heat.

When using the steam process

at atmospheric pressure, saturated steam must be obtained in
the retort to acquire proper saturation of the wood articles.
This must be accomplished by injecting the steam into the
retort at a low pressure.

High pressure steam will become

superheated and dry when released from pressure, thus defeating
the purpose of the retort (3).
Thus the process of softening wood veneer by steam becomes a time consuming process of trial and error which
involves the use of much complicated equipment and places the
operator in danger of injury from the excessive heat and
pressure.
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Another process by which wood laminates can be formed
is through the treatment with ammonia.

The ammonia is used

to break down the hydrogen bond in the wood cells, thus
softening the wood fibers and allowing the wood to be easily
formed.

As the ammonia evaporates, new hydrogen bonds are

formed, crosslinking the fibers in a permanent set (2).
A major disadvantage of this method is the cost and
danger involved in the storage and handling of the ammonia.
Ammonia is in a liquid state at room temperature and develops
150 Psi. of pressure.

But if ammonia is to be kept at

atmospheric pressure, it must be cooled to -28 degrees
Fahrenheit, or rapid evaporation will occur.

Also, ammonia

may cause serious damage to the lungs, nose, and eyes,
Ammonia is also highly flammable and every precaution must be
taken by the user (2),
In order for treatment of the wood samples to be performed in open containers, the ammonia and wood has to be
cooled below -28 degrees Fahrenheit because at temperatures
higher than this, the ammonia will boil and evaporate.
obtain this low temperature, dry ice must be used.

To

Here

again danger is involved in the handling of the dry ice.
The use of dry ice would also involve an added expense (2).
If treatment is to be performed at room temperatures,
the equipment must be built to withstand pressures of 150 Psi,
This equipment also requires a vacuum pump to remove the air
from the treating chamber before treatment and to evacuate
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all the ammonia after the treatment of the wood articles is
completed.

The cost of this process would make it impractical

for hobby or school use.

The safety factor involved also

limits the use to only trained operators (2).
The danger, cost, and amount of space required to install
either a steam treatment or ammonia treatment station in an
industrial arts laboratory would make installation a negative
factor for consideration by school administrators.

The

possibility of student use without strict supervision throughout all phases is not recommended for either the steam or
ammonia operation.

A slight amount of carelessness while

working with the high pressure equipment can result in serious
injury to the operator and spectators.
Statement of the Problem
The problem was to determine the effectiveness of using
polyethylene glycol 1000 in the treatment of green wood for
the purpose of forming projects made of wood veneer and of
simple design for use in junior high or high school woodworking classes.
Purpose of the Study
The purpose of this study was to seek answers to the
following questions.
1.

Is polyethylene glycol 1000 an effective stabilizing

agent for green wood veneer that can be used in school woodworking classes?
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2.

Can green wood veneer treated with polyethylene

glycol 1000 be bent to form simple woodwork projects?

3.

Can green wood veneer treated with polyethylene

glycol 1000 be successfully used in junior high and high school
woodworking classes?
4.

What length of treatment time is best for green

wood veneer that is to be used to form simple bent wood
projects?

5.

Is one-fourth inch thickness suitable for green wood

veneer that is to be treated with polyethylene glycol 1000
and used to form simple bent wood projects?
Limitations of the Study
This study was limited to the use of four types of wood
common to the North Texas area.

Each specimen was cut one-

fourth of an inch thick in the green state.

The woods used

were oak, pecan, hackberry, and willow.
An equal number of each species of wood veneer was cut
to a thickness of one-eighth inch.

If the bending test of

a specific form failed with one-fourth inch thick wood veneer,
the soaking and bending procedure was repeated for the form
that failed, using a one-eighth inch thick wood veneer.

By

this procedure it was possible to determine if a one-eighth
inch thick veneer would possibly bend to the desired form if
the one-fourth inch thick wood veneer failed.
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Each wood was formed into the following designs by the
use of jigs built in order to conduct the study.
1.

Salad serving set

2,

"U" shaped letter holder

3.

"V" shaped recipe card holder

The polyethylene glycol 1000 used in this study was
purchased from the Crane Creek Company, Madison, Wisconsin.
The solution used was a 50 per cent by weight solution of
polyethylene glycol and water.
Definition of Terms
Polyethylene Glyj 1000,--is a white, waxlike chemical
that resembles paraffin.

It is solid at room temperature,

melts at 104 degrees Fahrenheit and has an average molecular
weight of 1000.

The chemical dissolves readily in warm water

and is nontoxic and noncorrosive.

The solution is odorless,

colorless, and has a very high fire point of 580 degrees
Fahrenheit,

The wording PEG 1000 used in this study is an

abbreviation of the term polyethylene glycol 1000.
Veneer.--in this study veneer will be referred to as
thin sheets of green lumber to be used for treatment with
polyethylene glycol 1000.
Treating Vat.--glass, earthenware, plastic or similar
containers adequate for treatment of the wood strips,
_Q Per Cent Solution.--This is a solution by weight of
polyethylene glycol 1000 and water.

Ten pounds of polyethylene
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glycol 1000 dissolved in an equal weight of water will make
seven and four tenths quarts of the 50 per cent solution with
a specific gravity of 1.093 at 60 degrees Fahrenheit
(1).
Related Studies
In 1959, Alfred Stamn of the Forest Products Laboratory,
Madison, Wisconsin, performed tests on cross sections
of
Southern pine. The tests performed were on sections
of the
pine log ten to eleven inches in diameter and one
and onefourth inches thick.
logs.

He used five discs from two different

Each disc was soaked in a 30 per cent by weight solution

of polyethylene glycol 1000 and water.

The discs were removed

after eight, sixteen, forty-eight, ninety-six, and
168 hours
of soaking.

The discs were then placed in an atmosphere of

90 per cent humidity for a period of three weeks.

The discs

were then transferred to a 65 per cent humidity atmosphere.
After two more weeks of drying, the specimens were
transferred
to a 30 per cent humidity atmosphere for two more
weeks of
drying.
The data collected from these tests show that a
polyethylene glycol 1000 content of 13 per cent
or more caused
a reduction in radial shrinkage of 32 per cent
or more and
prevented the tangential "V" shaped cracks from
forming during
the drying process

(2).

Fred Ihlenfeld, Jefferson, Wisconsin, used polyethylene
glycol 1000 to properly season two exceptionally
large cross
sections of a boxelder burl. The two eighty-pound
sections
were soaked for sixty days in a 50 per cent solution
of
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polyethylene glycol 1000 and water.

The cross sections were

then dried in a homemade kiln for a period of three months.
The sections came out flawless, free of splits and cracks.
Fred Ihlenfeld finished the sections with polyurethane varnish.
One section has been constructed into a table and placed on
display in the lobby of the Forest Products Laboratory,
Madison, Wisconsin (7).
Procedure

of Study

The procedure of this study was experimentation and
analysis of results obtained.
The use of polyethylene glycol 1000 required no sophisticated equipment to perform the needed operations.

The

solution needed only to be placed in a container of suitable
size to accommodate the wood articles that were treated
(7),
The specimens of each type of wood were soaked in a
50 per cent solution by weight of polyethylene glycol 1000
and water for a specific period of time.

One specimen of

each wood was soaked for a period of 168 and 336 hours,
There was a control of each species of wood used.

The control

specimen was untreated and was dried in the same manner as
the treated specimen.

After each of the specimens was

treated for the stated period of time, the treated sections
were then placed in the forming jig and allowed to dry until
they reached a moisture content of 18 per cent or less.

The

moisture content was measured with a resistance-type moisture
meter,
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Selection of a Jury
After the veneer specimens had dried to the desired
moisture content, each specimen was inspected for flaws by
a jury of five experienced industrial arts instructors.

In

order that a qualified jury of experienced industrial arts
instructors be selected to inspect the dried wood specimens
obtained in the experimentation with polyethylene glycol 1000,
the following guidelines were met.
1.

The instructor must hold a Bachelor of Science degree

in industrial arts.
2.

The instructor must have at least three years of

teaching experience in the field of industrial arts.
3.

The instructor must have had one year of teaching

experience in the area of woodwork.
Failure to meet any of the above guidelines disqualified
an instructor as a panel member.
Organization of Study
Chapter I of the study includes an introduction, statement of the problem, limitations of the study, definition of
terms, related studies, and the procedures of the study.
Chapter II is concerned with a discussion of procedures,
materials, and their use in the experimentation,

It also

covers the methods of testing with polyethylene glycol 1000
and the use of controls in the experimentation.
Chapter III presents the results of the testing.

This

chapter also contains data to show the comparative length
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of soaking and drying time and the ability of the treated
wood to hold its form without developing flaws.
Chapter IV presents the results of the veneer inspection
performed by the jury of industrial arts instructors.
Chapter V presents a summary and the conclusions of the
study.

Also, recommendations are made in view of the findings

of the study.
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CHAPTER II
PROCEDURES,

MATERIALS AND THEIR

USE IN THE EXPERIMENTATION
Mixing PEG 1000 Solution
The first step in the process of experimentation was the
mixing of the chemical solution to be used in the treatment
of the wood veneer.
The polyethylene glycol 1000 used in this study is in a
solid state before mixing with water.

To facilitate easier

mixing, the water used was heated to approximately 105 degrees
Fahrenheit.

This speeded mixing because polyethylene glycol

1000 melts at 104 degrees Fahrenheit,
Thirty pounds of PEG 1000 were dissolved in an equal
weight of water.

The chemical was mixed with common tap water

of the type used for drinking.
to the water.

No other treatment was added

The amount mixed was more than adequate for the

experimentation.

This was to assure a sufficient amount of

the PEG 1000 solution of the exact mixture for use throughout
the experiment.

The thirty pounds of PEG 1000, when mixed

with water, produced 22,2 quarts of the 50 per cent solution of
PEG 1000.

The solution was thoroughly dissolved and stored in

a sealed plastic container to avoid any deterioration by
evaporation before use.
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Type of Soaking Vat
The soaking vat used in the experimentation to hold the
PEG 1000 solution was a metal tub approximately twenty-four
inches in diameter and twelve inches deep.

The metal tub was

lined with a .004 inch thick polyethylene plastic liner of
suitable size.
easy to use.

This type of soaking vat was inexpensive and
The polyethylene liner proved to be strong

enough to withstand stirring of the chemical without rupturing
the liner.
Species of Wood Used in Experimentation
In this study four types of wood were used.
oak, pecan, hackberry, and willow.

They were

These types of wood are

common to the North Texas area and can be easily acquired for
use in an industrial arts class.
The different types of wood were rough cut in log form
from the live trees in their natural habitat.

The logs were

cut into sections twenty-four inches long to facilitate easier
handeling.

The sections of the logs were straight lengthwise

to provide easier slabbing and to produce a straight lengthwise grain pattern.

Approximately one and one-half inches of

the outer bark had to be trimmed off as waste.
The veneer strips were cut in a plain sawed fashion, that
is cutting the veneer strips tangent to the annual growth
rings.

The veneer strips were cut one-fourth inch thick by

seven inches wide in the green state.

After each of the strips
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were cut, they were immersed in a container of water to avoid
premature drying before treatment with PEG 1000,
each species of wood were cut.

Ten strips of

Nine strips of each species were

treated with polyethylene glycol 1000 and one strip was untreated and dried as a control in the experimentation.

The

procedure of treatment was to soak one species of each wood
for exactly 168 hours and 336 hours, thus requiring two
different soaking periods.

Each soaking period had one strip

of each species of wood for each of the three shapes to be
formed, thus each soaking period involved twelve strips of
wood veneer.

The soaking periods were not overlapped.

Each

soaking cycle was completed before another combination of
veneer strips were placed into the solution.

Upon completion

of the soaking cycle, each wood veneer was clamped into a
forming jig to bend the required shape and then allowed to dry.
The length of soaking and method of drying will be treated
more fully in Chapter III.
Construction of Jigs
The jigs used in the experimentation were constructed of
yellow pine lumber two inches thick and eight inches wide.
overall length of each bending jig was ten inches.

The

The yellow

pine boards were cut and glued together with common white glue
to form a block ten inches long, seven and one-half inches
wide, and five inches thick.

This required three lengths of

the two by eight yellow pine, ten inches each.

As these lengths
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were glued together, three strips of two inch wide by onefourth inch plywood were inserted vertically between
the yellow
pine, equally spaced, and glued together to form the
block.
The purpose of the plywood strips was to add strength to
the
wooden jig and also to provide for more air circulation
during
the drying of the wood veneer.

The male part of each jig was

slotted horizontally one-eighth inch by one-fourth
inch to
also facilitate more air circulation and speed the
drying
process,
The jig for forming the letter holder (Figure 1) was
formed according to the above dimensions.

The cavity for

forming the veneer was five and one-half inches deep.

The

width of the opening at the top of the cavity was five
and onefourth inches as compared to four inches at the base
of the
opening.

A radius of three-fourth inch was constructed to

form the base corners.

Fig. 1--Letter holder mold

16
The jig for bending the wood veneer into the shape of a
recipe card holder was also constructed according to the
stated dimensions (Figure 2).
five and one-half inches deep.

The depth of the cavity was
The opening at the top of the

female mold was five and one-fourth inches wide.
three-fourth inch was cut at the base of the mold.

A radius of
This jig

resembled the jig mentioned above for forming a letter holder.
The difference in construction was to have a jig with a more
acute forming radius but with a cavity opening and depth of
draw identical.

This was done to determine to what degree of

bend the treated wood veneer will withstand before failing.

Fig. 2--Recipe card holder mold
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The jig for forming the salad set was constructed according
to the stated dimensions but with a curve form of a lesser
degree of bend.

The curves were constructed on a radius of

five inches (Figure 3),thus forming a gentle degree of bend.

Fig. 3--Salad set mold
A template was used to draw the project shape onto the
blocks,

The project shape was then cut out with a band saw,

forming the jig with mating male and female parts.

The male

part of the jig had to be sawed again to a dimension of onefourth of an inch smaller on all mating sides.

This was
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necessary to accommodate the veneer strips of

one-fourth inch

thickness to be placed in the jig for pressing and drying.
The four individual jigs of each project shape were mounted
on a four by eight by thirty inch board.

The female parts

were mounted on the bottom and the male parts mounted on the
top board.

By this procedure, only two bar clamps were needed

to apply pressure to the treated veneers in the forming jig
(Figure 4).

Also, more important, the pressure applied would

be equal for all types of wood in the jigs.

4 X 8 Board

Male Sections

Female Sections

4

X 8 Board

Fig. 4--Jig Clamping Assembly

Chapter III will deal more fully with the methods of
treatment with PEG 1000,

the development of testing and methods

of drying the treated veneer strips.

CHAPTER III
METHODS OF TESTING WITH POLYETHYLENE
GLYCOL 1000
Procedure of Treatment
In the experimentation using polyethylene glycol 1000,
the veneer strips were soaked in the 50 per cent solution
of
polyethylene glycol 1000 and water in two different cycles.
The first cycle lasted 168 hours and the second soaking
cycle
lasted 336 hours.

The first procedure was to soak three strips

of each species of hackberry, oak, pecan, and willow for
exactly 168 hours.

Three strips of each species were soaked

so as to have one veneer strip for each of the three shapes
to be formed, the salad set, the recipe card holder,
and the
letter holder.

Since one soaking cycle for the four species

of wood veneer was completed at the same time, a total of
twelve jigs (See Table I) had to be employed to be able
to
form and dry the veneer strips as they were removed from
the
polyethylene glycol 1000 solution. The container used
to
hold the polyethylene glycol 1000 solution throughout
the
soaking cycle was the plastic lined tub described
in Chapter
II. The twenty-four inch diameter container contained
approximately five gallons of the polyethylene glycol
solution.
This amount was sufficient to cover the twelve veneer
strips
placed in the solution for one soaking cycle. The
veneer
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TABLE I
NUMBER OF VENEER STRIPS REQUIRED FOR COMPLETION
OF THE TREATMENT AND FORMING CYCLE

Forming Jigs

Wood
Hackberry

S9

991

Salad
Set

Recipe
Card
Holder

Letter
Holder

336 hrs.

1

1

1

,

168 hrs.

1

1

1

.

1

*

Oak

.. .*1

Length
of
Treatment

1

1

1

,.

168 hrs.

1

1

1

,

*

Willow

Total

3

.0,
.

3

.

3

, ,

3

-

*

336 hrs.
168 hrs.

1

1

1

, ,

1

1

1

, ,

,

3

336 hrs.

1

1

.1

, ,

.

168 hrs.

1

13

1

1

1

, ,

.

3

a

*28

.

.

.

.

.

*

.

*

*

*

*

3

strips were placed in the container in random manner.
fourth

Total

0

336 hrs.

1

Pecan

Control

A one-

inch thick spacer of green wood was placed between

each wood veneer sample.

This spacer was used to insure a

maximum amount of surface area of the veneer strip exposed to
the polyethylene glycol 1000 solution during the soaking cycle.
A brick weighing five pounds was placed on the top veneer strip
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to keep all of the veneer strips submerged during the soaking
cycle.

The polyethylene glycol 1000 was not agitated through-

out the soaking cycle.
Method of Forming
The type of forming jigs used in the drying process were
those described in Chapter II.

Four jigs for each form, the

salad set, the recipe card holder, and the letter holder were
employed in the forming process,

At the end of the soaking

cycle the veneer strips were removed from the polyethylene
glycol solution.

The excess solution was removed from the

veneer strips with a squeegee.

One strip of each veneer was

then placed into the forming jigs for drying.

The veneer

strips were placed across the female mold of the forming
block (See Figure 4, Chapter II) and the male form lowered
onto the veneer strips,

The pressure was applied to the jig

by means of an ordinary bar clamp commonly used in woodworking
labs.

The clamping pressure 6n the recipe card holder and

the letter holder jigs was applied over a period of three
hours.

The depth of draw on the recipe card holder and the

letter holder was five and one-fourth inches.

At seven

intervals of thirty minutes each, approximately three-fourths
of an inch of pressure was applied to the forming block.

The

jigs were completely seated over a period of three hours.

By

intermittently applying pressure to the veneer strips, the
internal stress was allowed to dissipate, thus reducing
the
possibility of the veneer strips failing under the otherwise
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immediate pressure of the forming jigs.

The wood veneer

strips placed in the salad set forming jigs were immediately
clamped and the molds seated to their complete depth..
As the clamping procedure was completed, the forming
blocks were placed into a kiln for drying.

Also placed in

the kiln for drying were four veneer strips, one each of oak,
hackberry, pecan, and willow.

These specimens were not treated

with polyethylene glycol 1000 in any manner.

These veneer

strips were preserved in clear water and were used as a control
in the experimentation.

These specimens were allowed to dry

under the identical kiln condition as the treated veneer.
The kiln used in this study was a lab built design.

The

dimensions inside the kiln were forty-eight inches long by
thirty-six inches wide by thirty inches high.

The sides of

the kiln were constructed of three-fourths inch thick celtex
of the type used for exterior home insulation.
built open on one end.

The kiln was

On the other end of the kiln was

installed a twelve inch circulating fan.

The fan was used

to keep a constant air circulation across the drying veneer
strips.

The temperature in the kiln was maintained at

approximately 80 degrees Fahrenheit.

This approximate

temperature was acquired by mounting a thermostatically
controlled electric heater directly behind the fan.

The

circulating fan was operated throughout the entire kiln
drying procedure.
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Recording Comparative Moisture Contents
of the Dried Veneer Strips
At the end of the twenty-one day kiln drying cycle the
veneer specimens were removed from the kiln and unclamped.
As the wood veneers were removed from the forming jigs the
moisture content of each veneer was measured and recorded,
The measuring instrument used was a resistance type moisture
meter.
The comparative moisture contents of the kiln dried
specimens of wood veneer proved to be relatively alike for
each of the two soaking cycles (See Table II).

The one-fourth

inch thick veneer strips that were treated with polyethylene
glycol 1000 and kiln dried had a moisture content ranging
from a low reading of 8.6 per cent to a high reading of 10.5
per cent.

The veneer strips that were not treated with

polyethylene glycol 1000 showed a moisture content ranging
from .4 per cent to 1.7 per cent lower than the treated veneer
strips.

The veneer strips that were treated for the maximum

time of 336 hours with PEG 1000 contained the highest moisture
content ranging from .8 to 1,6 per cent higher than the veneer
strips soaked for only 168 hours.
Inspection and Analysis of the Completed
Forming Process
After recording the various moisture contents of the
wood veneers the specimens were inspected for flaws and
failure.

The oak, pecan, hackberry, and willow veneers formed

into the shape of the salad set developed effectively,
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TABLE II
MOISTURE CONTENTS OF ONE-FOURTH INCH THICK WOOD
VENEERS AFTER TWENTY-ONE DAYS OF KILN DRYING

Per Cent of Moisture

Wood
Veneer
Oak

Hackberry

Type
of
Jig
Letter
holder
Recipe
card
holder
Salad set
Control

336 Hour
Treatment

,

168 Hour
Treatment

10.2

8.8

10.2
10.5

8.8

No Treatment

9.0
.
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holding their shape exactly and with no noticable flaws.
There were no visible deformations in the veneer strips
treated for 168 hours or 336 hours and dried in the shape
of the salad set.

None of the four species showed flaws such

as checking, cracking, or warping due to the drying operation.
Upon inspection of the control specimens that were left
untreated, it was found that the veneer strips were deformed.
The one-fourth inch thick untreated pecan veneer had warped
and twisted severely.

The veneer had a cupped shaped through-

out the complete length of the veneer strip.

The untreated

willow veneer did not show signs of warping but did become
slightly cupped throughout the length of the veneer.

The

most evident defect was the lengthwise cracks developed
during the drying process.

The cracks were evident on each

end of the veneer and were one-half inch to four inches in
length.
Similar to the willow veneer, the untreated oak veneer
did not warp or twist during drying.

A single lengthwise

split, approximately three inches long, was the only evident
flaw in the untreated oak veneer.

The surface appearance of

the veneer did remain relatively stable after being dried untreated.

Of the four veneer strips left untreated, the

hackberry proved to be the least deformed.

After twenty-one

days of kiln drying the untreated hackberry veneer had
developed only slight lengthwise cracks on each end.

The
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hackberry veneer showed no evident signs of cupping or warping
due to the drying process.
Inspection of the one-fourth inch thick treated veneers
that were clamped and dried in the shape of the letter holder
revealed the following.

After 336 hours of soaking with

polyethylene glycol 1000 solution and twenty-one days of
controlled drying, the treated oak veneer showed to be the more
stable wood veneer throughout the soaking and drying cycle
when
compared with the hackberry, pecan, and willow veneers treated
in the same cycle.

After release from the mold, the oak veneer

immediately began to lose the initial shape of the letter
holder.

On the exterior corners the wood fibers broke in

four distinct areas, although not completely across the veneer.
The interior surface of the corners remained intact but showed
signs of stress through small depressions across the bend
opposite the exterior fiber breakage,

There were no signs of

checking or cracking on the treated oak veneer.
The one-fourth inch treated pecan veneer dried in the
form of the letter holder had fibers that broke completely
across the exterior side of the two radii bends.

On the

interior, cracks developed parallel to the grain pattern and
extended over the wood surface between the two radii bends.
The pecan veneer did not hold the shape of the letter holder
mold.

No defects or flaws due to the drying process were

evident on the treated pecan veneer.
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Upon completion of the forming process, the one-fourth
inch treated willow veneer formed into the shape of the
letter holder revealed failure.

On the exterior surface of

the radii bends three areas showed signs of fiber failure.
This exterior fiber breakage was not evident on the interior
corners.

Although fiber breakage was little, the willow veneer

did not hold the shape of the letter holder when removed from
the forming jigs.

The willow veneer lost the formed shape.

The willow veneer showed no signs of checking or cracking due
to the drying process.
The one-fourth inch thick treated hackberry veneer showed
the greatest amount of failure of the four veneers formed
in the shape of the letter holder.

Each of the exterior

corners showed a sharp fiber breakage extending across the
entire veneer strip.

The hackberry veneer showed the most

resistance to bending as evidenced by the fiber breakage.

As

the other three veneers, the hackberry veneer also showed no
signs of failure due to the drying process.
The four wood veneers that were treated for 168 hours and
kiln dried for twenty-one days in the shape of the letter
holder also showed signs of failure.
The one-fourth inch treated oak veneer showed identical
signs of failure as the veneer soaked for 336 hours.

The fiber

breakage occurred completely across the exterior corners

although not breaking completely through the veneer.

Unlike

the veneer treated for 336 hours the oak veneer developed
a
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crack during the drying process.

The break extended parallel

to the grain pattern and was approximately five inches in
length.
The one-fourth inch treated pecan veneer also failed
completely across the exterior radii bends.

The breakage

penetrated completely through the one-fourth inch veneer
causing total failure of the bending operation.

Although

the corners broke under the pressure exerted in the forming
operation the pecan veneer showed no signs of checking or
warping due to the drying process.
The one-fourth inch treated willow veneer formed in the
shape of the letter holder failed completely.

The veneer

fiber broke completely across the exterior side of the corners
causing severe separation of the fibers and resulting in
failure of the veneer to retain the desired shape of the
letter holder.

One exterior bend separated completely causing

the opposite bend not to form under the clamping pressure.
Once again no wood failure due to checking or warping occurred
through the kiln drying process.

Under clamping pressure both

exterior bends of the one-fourth inch hackberry veneer failed
completely across the wood strip, totally separating the
fibers,

No signs of breakage was visible on the interior

side of the hackberry veneer.
shape of the letter holder.

The veneer did retain a partial
After the drying process the

hackberry veneer showed no signs of failure due to drying.
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In this study the procedure used to form one-fourth
inch
treated wood veneer into the shape of a recipe card
holder
did not prove to be capable of the forming process,

Inspection

of the one-fourth inch thick wood veneers that were treated
for
336 hours and kiln dried for twenty-one days all showed
signs
of fiber failure,
The- one-fourth inch oak veneer had a sharp break across
the entire exterior side of the radius bend.

The fibers were

completely separated on the exterior side but remained
intact
on the interior side of the bend.

Inspection of the wood veneer

for signs of failure due to drying revealed no flaws.
Once again the one-fourth inch hackberry veneer failed
under clamping pressure.

The fiber breakage was complete

across the exterior side of the bend resulting in
sharp
breakage throughout the hackberry veneer and total
failure of
the wood veneer to hold the desired shape of the recipe
card
holder.

There were no signs of failure due to drying.

As the hackberry veneer, the one-fourth inch pecan
veneer
formed into the shape of the recipe card holder
also failed
completely across the exterior side of the radius
bend. This
exterior failure resulted in sharp fiber breakage.
The
exterior fiber breakage did not penetrate to the
inner side
of the bend which showed no signs of failure
due to bending.
There were no signs of wood failure due to the
drying process.
As bending pressure was applied to the one-fourth
inch
treated willow veneer being formed into the
shape of the recipe
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card holder, total failure resulted.

The willow veneer received

only 60 per cent of the bending pressure before
the veneer broke
completely in two sections. Although the willow
veneer broke
under pressure the broken sections were kiln dried
under
identical conditions as the formed veneers.

After kiln drying

the broken sections showed no signs of checking or
warping.
Inspection of the one-fourth inch thick wood veneers
treated for 168 hours and formed into the shape of
the recipe
card holder showed relatively the same signs of wood
failure
as the veneers treated for 336 hours, differing only
in the
extent of fiber breakage.
The one-fourth inch oak veneer treated and dried in the
shape of the recipe card holder had complete fiber
breakage
on the exterior side of the radius bend, extending
partially
through the veneer thickness but not visible on the
interior
side of the bend.

Inspection of the wood veneer for failure

due to drying revealed a crack parallel to the grain
pattern
and approximately six inches long.

No warping occurred in the

oak veneer during the drying process.

The treated hackberry

veneer formed into the recipe card holder developed
a wide
break on the exterior side of the veneer with one
side
separating completely and tearing through to the
interior
side of the bend. When the hackberry veneer was
released
from the clamping jig the veneer returned to approximately
a straight position.
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The one-fourth inch treated pecan veneer also failed
completely on the exterior side of the bend and partially on
the interior curve of the radius bend.

The extensive fiber

breakage resulted in total failure of the veneer to retain
the shape of the recipe card holder.

Inspection of the pecan

veneer for checking or warping revealed no signs of wood
failure due to drying.
As with the three preceding veneers, the one-fourth inch
willow also failed under the clamping pressure of the recipe
card holder jig.

The exterior side of the radius bend tore

completely across the width of the veneer producing a wide
separation which was visible on the interior side of the
curve.
Although total breakage did not occur, the one-fourth inch
willow did not retain the shape of the recipe card holder.
No checking or warping due to kiln drying was evident on the
willow veneer.
Treatment and Forming Process Using
One-eighth Inch Thick Wood Veneers
Due to the resulting failure of the four one-fourth inch
thick veneers treated and formed into the shape of the
letter
holder and recipe card holder further tests were performed
to
ascertain if green wood veneers could be treated and
formed
into suitable woodwork projects.
A characteristic evident upon inspection of the one-fourth
inch treated veneers formed in the shape of the letter
holder
and recipe card holder was the degree of fiber breakage.
On
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the formed veneers, the wood failure started and increased
on the exterior of the radii bends,

The wood veneers failed

only through part of the one-fourth inch veneer.

Testing with

the one-eighth inch thick veneer was performed to ascertain
if the results would be more satisfactory than those obtained
from the forming of the one-fourth inch thick veneers.
The testing with the one-eighth inch thick wood veneers
was performed only on the forms that failed to develop
satisfactorily when using a one-fourth inch thick treated
veneer.

The second phase of the testing was performed only on

the letter holder and the recipe card holder.

The strips used

were of the same species of wood as those used in the testing
with one-fourth inch veneer.
berry, pecan, and willow.

The species used were oak, hack-

These veneer strips were plain

sawed to a thickness of one-eighth of an inch and stored
in a
container of clear water until time for treatment with
polyethylene glycol 1000.

The procedure used for soaking, forming,

and drying the one-eighth inch thick veneer was identical
to
that used for testing of the one-fourth inch thick veneers.
The chemical solution used for treatment of the one-eighth
inch
veneer strips was the 50 per cent solution of PEG 1000
and
water, identical to the solution used for treatment
of the
veneer strips in the first phase of the experiment.
The
forming jigs and clamping procedure used were the same
as that
performed on the one-fourth inch thick wood veneers.
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The kiln used to dry the one-fourth inch thick wood
veneers was also employed to dry the formed one-eighth inch
veneers,

The same kiln conditions existed, that is the

circulating fan operated continuously throughout the drying
cycle.

Due to the reduced thickness of the veneer used in

the second phase of the testing, the one-eighth inch thick
wood veneers were dried for a period of fourteen days.

At

the end of the fourteen day drying cycle, the jigs were unclamped and the moisture content was measured and recorded
(See Table III).

The device used to measure the moisture

content of the wood veneer was a resistance type moisture
meter, the identical meter used to measure the moisture contents
of the one-fourth inch thick veneers.
The resulting moisture content of the one-eighth inch
veneer was noticably higher than the readings taken from the
one-fourth inch thick wood veneers after drying.

The moisture

reading of the one-eighth inch thick veneers ranged approximately three and one-half points higher, with a low reading
of 11.5 on the oak veneer to a high reading of 16.0 on the
treated pecan veneer.

The one-eighth inch thick veneer strips

treated for 336 hours showed the highest moisture content as
compared with the veneers treated for 168 hours.

The untreated

one-eighth inch thick control specimens showed the lowest
moisture content of the one-eighth inch veneers with an average
reading of 11.5 per cent of moisture.
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TABlE III
MOISTURE CONTENTS OF ONE-EIGHTH INCH THICK WOOD VENEER
STRIPS AFTER FOURTEEN DAYS OF KILN DRYING

Per Cent of Moisture

Oak

Letter

336 Hour
Treatment
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Treatment

holder

13.5

12.2

.

Recipe
card
holder

11.8

11.5

.
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.

.

Type
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Jig

.
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Salad

set
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Hackberry

.

.

Letter
holder
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card
holder
Salad

14.5

14,0

14.2

13.8

set

Control

-11.5

Letter
holder
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holder
Salad

15,5

13.5

16.0

13.2

set
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Willow

...

.

Letter
holder

.

.

.

11.8

15.0

15.0

.

.

Pecan

.11.0

14,6

14.5

.

.

Recipe
holder

.

,

Salad

.

card
set

Control

6
. -

*

*

11.8
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When the moisture content of the one-eighth inch oak,
hackberry, pecan, and willow veneers had been recorded, the
specimens were then inspected for flaws.

The control specimens

used in the second phase of the experimentation were the species
of oak, hackberry, pecan, and willow.

These wood veneers were

untreated and kiln dried for fourteen days under the same
conditions as the treated veneers.
treated oak veneer,

Upon inspection of the un-

it was discovered that the veneer had

cupped along its entire length.

A bend had formed throughout

the veneer, leaving the wood in a curved shape.

No checking

or cracking had developed due to the drying process.
The untreated pecan veneer developed a wind through the
veneer, while becoming slightly cupped in the center.

A split

three inches in length formed on one end of the veneer due to
drying.
The willow veneer used as a control did not split or
crack due to the drying process, but did become cupped throughout the length of the veneer.

The untreated willow veneer

also developed a slight wind across the wood sample.
The untreated hackberry veneer strip showed the least
signs of deformation due to drying.
on the veneer.

No checks or cracks formed

The hackberry veneer did not cup but did

develop a slight wind due to drying untreated.

Inspection of the one-eighth inch veneers treated for
168 hours and formed into the shape of a letter holder showed
the following results.
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The one-eighth inch treated oak veneer did not retain
the desired shape of the letter holder.

When the mold pressure

was released, the oak veneer began to lose shape in the area
of the radii bends.

One area at the base corners of the

veneer had broken completely through the veneer.

Inspection

revealed no checking or cracking due to drying.
The hackberry veneer treated for 168 hours failed at
both base corners, breaking completely through on one side.
The fiber breakage occurred completely across the outside
of the two corner bends resulting in failure of the treated
hackberry veneer

to hold the shape of the letter holder.

No

checking or warping due to kiln drying was evident on the
hackberry veneer.
The one-eighth inch treated pecan veneer retained a
partial shape of the letter holder after drying.
breakage was evident on the pecan veneer.

No fiber

As the pecan veneer

was released from the mold, the veneer strip began to straighten
and thus lose the initial shape of the letter holder.

The

veneer showed no signs of failure due to the drying operation.
The one-eighth inch treated willow veneer failed before
the letter holder forming operation was complete.

After

approximately 60 per cent of the forming pressure was applied
to the willow veneer, the wood broke sharply into two sections
across one corner bend.
forming operation,

This break resulted in failure of the

Although the willow veneer broke, the

sections were placed in the kiln and dried under the same
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conditions as the formed veneers.

After kiln drying the

broken sections showed no flaws as checking or warping due
to the drying process.
The one-eighth inch thick treated veneers that were dried
for 168 hours and formed into the shape of the recipe card
holder showed the following results.
The one-eighth inch treated oak veneer that was dried
and formed into the shape of the recipe card holder did hold
a partial shape when released from the forming mold.

But

partial fiber breakage across the exterior side of the radius
bend resulted in failure of the oak veneer to hold the shape
of the recipe card holder.

The exterior fiber breakage was

not evident on the interior curve of the bend thus giving the
oak enough strength to hold a partial shape of the.recipe
card holder.

Inspection revealed no failure due to drying.

As forming pressure was applied to the one-eighth inch
treated hackberry veneer the wood broke sharply, resulting in
failure of the veneer to form the shape of the recipe card
holder.

The fiber breakage occurred completely across the

exterior of the radius bend, but did not penetrate through
to the inside of the veneer.

No checking or warping due to

drying was evident.
The one-eighth inch pecan veneer performed more acceptably

than the other three veneers treated and formed into the shape
of the recipe card holder.

Only slight fiber breakage on

the exterior side of the radius bend occurred in two

38
separate areas.

This breakage did not appear on the interior

of the bend of the veneer,

After release from the forming jig,

the pecan veneer did not retain the shape of the recipe card
holder.

Inspection revealed no signs of failure due to drying.

The one-eighth inch treated willow again did not prove
acceptable.

When total clamping pressure was applied to the

recipe card holder jig containing the willow veneer, fiber
breakage began to occur.

When the willow veneer was released

from the mold after drying inspection revealed fiber breakage
completely across the veneer leaving the wood in two sections.
The fibers retained a slight bend but this too disappeared
after the wood veneer was unclamped.

No splitting or cracking

was evident on the willow veneer due to drying.
The one-eighth inch veneers that were treated with PEG
1000 for 336 hours and kiln dried for fourteen days resulted
in the following.
The one-eighth inch oak veneer treated for 336 hours and
formed in the shape of the letter holder did reveal an ability
of the treated wood to hold the desired shape.

The oak veneer

did have fiber breakage on the exterior sides of the two radii
bends although the interior of the curves did remain intact
with no evident breakage.

As clamping pressure was released

from the forming mold, the oak veneer began to expand and
the initial shape of the forming mold.

lose

Although fiber breakage

did occur due to the clamping pressure, no checking or splitting
due to drying was evident.
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The one-eighth inch treated hackberry veneer again failed.
As clamping pressure was applied to the wood veneer, the wood
broke into two sections resulting in failure of the attempt
to form the veneer strip into the shape of a letter holder.
Although the one-eighth inch hackberry veneer broke under
forming pressure, the wood strips were placed in the kiln and
dried under the same conditions as the formed projects.

After

fourteen days of drying there were no signs of failure due to
the drying process.
The one-eighth inch pecan veneer treated for 336 hours
did show an ability to be formed.

The pecan strip showed no

signs of fiber breakage due to the clamping pressure, thus
showing an ability to be formed after treatment with PEG 1000.
Although no fiber breakage was evident, the one-eighth inch
treated pecan veneer did not retain the initial shape of the
letter holder mold.

As clamping pressure was released from

the forming jig, the veneer began to expand, thus losing the
desired shape.

No signs of checking or cracking due to the

drying operation were evident.
Inspection of the one-eighth inch treated willow veneer
dried in the shape of the letter holder revealed a partial
ability of the wood veneer to form and hold a bend.

The

willow veneer did suffer a small amount of fiber breakage on
the exterior of the radii bends, but had no evident failure
on the interior side of the curves.

As with the previous

pecan veneer, the willow veneer also lost the initial shape of

the letter holder mold when clamping pressure was released.
The willow veneer expanded to a greater extent than did the
pecan veneer previously discussed.

Inspection revealed small

lengthwise cracks on the end of the wood sample, possibly due
to drying around the area of a knot in the veneer sample.
The one-eighth inch wood veneers treated and dried in the
shape of the recipe card holder did not produce the degree of
success as did the veneers formed in the shape of the letter
holder in the same treatment cycle of 336 hours.
The one-eighth inch oak veneer that was treated for 336
hours and kiln dried for fourteen days in the shape of the
recipe card holder retained the initial shape of the forming
mold, but due to critical fiber breakage on the exterior of the
radius bend the wood veneer did not possess the necessary
strength to hold the shape, thus causing the form to flex
easily.

No fiber breakage occurred on the interior side

of the bend,

Checking or cracking due to the drying operation

was not evident,
The one-eighth inch treated hackberry veneer again failed.
As clamping pressure was applied to the treated wood veneer,
the sample broke sharply into two sections.

After kiln drying

the broken sections showed no signs of wood failure as checking
or cracking,

The one-eighth inch pecan veneer retained a partial shape
of the recipe card holder when released from the forming
mold.

Fiber breakage due to the clamping operation did occur

on the exterior of the radius bend and extended halfway across
the wood strip.

The fiber breakage on the outer edge of the

bend did not penetrate the veneer and was not evident on the
interior side of the bend.

The treated pecan veneer did not

reveal any signs of failure due to drying.
The one-eighth inch willow veneer did not retain the shape
of the recipe card holder due to fiber breakage across the
exterior side of the radius bend.

The breakage extended

completely across the wood on the exterior side and penetrated
in one area to the interior side of the curve.

As clamp

pressure was released from the mold the willow veneer began to
expand,
holder.
process.

thus losing the desired shape of the recipe card
Inspection revealed no failure due to the drying

CHAPTER IV
RESULTS OF THE INSPECTION OF THE TREATED AND DRIED
WOOD VENEERS AS INDICATED BY THE JURY
OF FIVE INDUSTRIAL ARTS TEACHERS
After the treated veneer specimens had dried to the
desired moisture content of less than 18 per cent, the veneer
samples were presented to a jury of five experienced industrial
arts teachers for their inspection.
To insure that a qualified jury of five industrial arts
teachers be selected to inspect the results obtained from
the experimentation with polyethylene glycol 1000 the following
criteria were set forth as guidelines for selection of the

jury.
1.

The instructor must hold a college degree in the

fie]d of industrial arts.
2.

The instructor must have at least three years of

teaching experience in the field of industrial arts.
3.

The instructor must have at least one year of teaching

experience in the area of woodworking.
The five industrial arts instructors selected as panel members
conformed to the above requirements

(See Appendix I).

The

jury was presented with individual checklists (See Appendix II)
which were to be completed upon the inspection of the veneer
specimens obtained from the experimentation with polyethylene
42
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glycol 1000.

The questions on the checklist were rated either

satisfactory or unsatisfactory by the jury members.

The re-

sults obtained from the completed checklists were computed on
a percentage basis.

A rating of 80 per cent or more was needed

to rate a veneer specimen as an acceptable project.

The

following information was obtained from the checklists.
One-fourth Inch Salad Set Ratings
The wood veneers formed into the shape of the salad set
were rated as follows,

The ability of the one-fourth inch

thick oak, hackberry, and willow veneers, treated for 168 hours,
to bend without breakage was judged satisfactory by 100 per
cent of the jury while the pecan veneer was judged satisfactory
by 80 per cent of the jury.

Eighty per cent of the judges

deemed the oak and pecan veneers satisfactory in respect to
its ability to retain the desired bend after drying.

The one-

fourth inch hackberry was indicated satisfactory by only 20
per cent of the jury while the willow veneer was rated satisfactory by 60 per cent of the jury in regard to the ability
of
the veneer to retain the desired bend after drying.
The one-fourth inch thick oak and hackberry veneer treated
for 336 hours and formed into the shape of the salad set
were
indicated 100 per cent satisfactory by the jury in response
to the ability of the wood veneer to bend without breakage.
The pecan and willow veneers were indicated satisfactory
by
60 per cent of the judges in regard to the same question.
The ability of the oak, pecan, and willow veneers to hold
the
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desired bend after drying was rated satisfactory by 80 per
cent of the jury while the hackberry veneer was indicated
satisfactory by only 20 per cent of the jury.
One-fourth Inch Recipe Card Holder Rating
The one-fourth inch oak, hackberry, pecan, and willow
veneers treated for 168 hours and formed into the shape of the
recipe card holder were rated 100 per cent unsatisfactory in
regard to the ability of the veneers to bend without breakage.
The oak veneer was voted satisfactory by 40 per cent of the
jury in response to the ability of the veneer to retain the
desired shape of the recipe card holder after drying.

The

one-fourth inch hackberry, pecan, and willow veneers were indicated 100 per cent unsatisfactory in response to the same
question.
The ability of the one-fourth inch thick veneers of oak,
hackberry, pecan, and willow, treated for 336 hours and formed
into the shape of the recipe card holder, to bend without
breakage was indicated 100 per cent unsatisfactory by the jury
members.

The effectiveness of the one-fourth inch thick pecan

and willow veneers to retain the shape of the recipe card
holder after drying were rated unsatisfactory by 80 per cent
of the jury while the oak and hackberry veneers were indicated
unsatisfactory by 60 per cent of the jury,

One-fourth Inch Letter Holder Ratings
The jury indicated the one-fourth inch thick veneers of
oak, hackberry, pecan, and willow, treated for 168 hours and
formed into the shape of the letter holder, to be 100 per cent
unsatisfactory in regard to the ability of the treated veneers
to bend without breakage.

The ability of the oak veneer to

retain the desired shape of the letter holder after drying was
checked unsatisfactory by 60 per cent of the jury, while the
hackberry, pecan, and willow veneers were checked unsatisfactory
by 80 per cent of the jury.

The ability of the one-fourth

inch thick hackberry and pecan veneers to bend without breakage
into the shape of the letter holder after 336 hours of treatment was rated unsatisfactory by 100 per cent of the jury with
the oak veneer receiving a rating of 60 per cent unsatisfactory
and the willow veneer a rating of 80 per cent unsatisfactory.
The effectiveness of the one-fourth inch willow veneer to hold
the shape of the letter holder after drying was rated 100 per
cent unsatisfactory by the judges, with the pecan veneer being
rated 80 per cent unsatisfactory.

The oak and hackberry

veneers received a rating of 60 per cent unsatisfactory by the

jury in response to the ability of the veneers to hold the
shape of the letter holder.
One-fourth Inch Control Specimens
The jury inspection of the control specimens of oak,
hackberry, pecan, and willow veneer that were left untreated
in the experimentation with polyethylene glycol 1000, received
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a 100 per cent unsatisfactory rating in reference to the
effectiveness of the untreated veneers to retard failure due
to drying.
Ratings of the One-eighth Inch Thick Veneers
The one-eighth inch thick veneers treated with polyethylene
glycol 1000 and formed into the shape of the letter holder and
recipe card holder were rated according to the same criteria
as the one-fourth inch veneers obtained in the experimentation
with polyethylene glycol 1000.

The jury results are as follows.

One-eighth Inch Recipe Card Holder Ratings
The one-eighth inch oak, hackberry, and willow veneers
treated for 168 hours and dried in the shape of the recipe
card holder were rated 100 per cent unsatisfactory in regard
to the ability of the veneers to bend without breakage while
the pecan veneer received a rating of 60 per cent unsatisfactory
in reply to the same question.

The ability of the one-eighth

inch thick hackberry and willow veneers to retain the desired
shape of the recipe card holder after drying was rated 100
per cent unsatisfactory by the jury members while the oneeighth oak and pecan veneers received a rating of 60 per cent
unsatisfactory in response to the same question.
The one-eighth inch thick oak, hackberry,

and willow

veneers treated for 336 hours and formed into the shape
of
the recipe card holder were rated 100 per cent unsatisfactory
in relation to the ability of the wood veneers to bend
without
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breakage.

The one-eighth inch pecan veneer received a rating

of 60 per cent satisfactory in response to the same question.
The ability of the one-eighth inch hackberry veneer to retain
the shape of the recipe card holder was rated 100 per cent
unsatisfactory by the jury with the formed willow veneer
receiving a rating of 80 per cent unsatisfactory.

The oak

and pecan veneers received a rating of 60 per cent unsatisfactory
in answer to the same question.
One-eighth Inch Letter Holder Ratings
The one-eighth inch thick pecan veneer treated for 168
hours and dried in the shape of the letter holder received a

jury rating of 60 per cent satisfactory in regard to the
ability of the wood veneer to bend without breakage.

In

reference to the same question the hackberry and willow veneers
were rated 100 per cent unsatisfactory with the oak veneer being
rated 80 per cent unsatisfactory.

The listing of the ability

of the one-eighth inch thick wood veneers to retain the desired
shape of the letter holder showed the one-eighth inch oak and
willow veneers to be 100 per cent unsatisfactory with the
hackberry and pecan veneers rated at 60 per cent unsatisfactory.
The one-eighth inch thick oak and willow veneers treated
for 336 hours and dried in the shape of the letter holder
received a rating of 60 per cent unsatisfactory in reference to
the ability of the veneers to bend without breakage.

The

hackberry veneer failed completely with a jury rating of 100
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per cent unsatisfactory.

The one-eighth inch pecan veneer

received a rating of 60 per cent satisfactory in reference
to the same question.
The ability of the one-eighth inch oak and pecan veneers
to hold the bend of the letter holder after drying received
a rating of 60 per cent satisfactory with the willow veneers
being rated 80 per cent unsatisfactory and the hackberry veneer
failing completely with a 100 per cent.
One-eighth Inch Control Specimens
Inspection of the one-eighth inch thick control specimens
of oak, hackberry, pecan, and willow veneers that were dried
untreated in the experimentation with polyethylene glycol 1000
received a varied rating.

In regard to the effectiveness of

the untreated wood veneers to retard failure due to drying,
the oak and pecan veneers received a rating of 100 per cent
unsatisfactory by the inspection jury with the willow veneer
rated at 80 per cent unsatisfactory.

In response to the same

question, the hackberry veneer was rated at 60 per cent unsatisfactory.

CHAPTER V
FINDINGS AND CONCLUSIONS DERIVED FROM THE EXPERIMENTATION
USING POLYETHYLENE GLYCOL 1000 FOR FORMING
WOOD VE14EER PROJECTS FROM GREEN LUMBER
This study was performed to ascertain the suitability
and effectiveness of using PEG 1000 as a chemical treating
agent for forming simple wood projects from green lumber
veneer.

Related studies and previous experimentation have

proven PEG 1000 to be an effective stabilizing agent for green
wood.

In this study the experimentation attempted to show

the suitability of using PEG 1000 as a forming agent for
green wood veneers.
Findings
The following information was evident from the testing
with PEG 1000.
The one-fourth inch thick veneers of oak, hackberry,
pecan, and willow, treated for either 168 or 336 hours and
dried in the shape of the salad set, developed effectively
with no evident flaws.

The four one-fourth inch thick veneers

were kiln dried for a period of twenty-one days.

After the

completion of the drying cycle the veneers had attained an
average moisture content of 9.9 per cent of moisture for the
336 hour treatment cycle

and an average of 9.0 per cent for
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the 168 hour treatment cycle.

These average moisture content

readings were found to be well below the limit of 18 per cent
of moisture.
Due to fiber breakage it was found that none of the onefourth inch wood veneers treated for 168 or 336 hours retained
the shape of the letter holder mold.

Fiber breakage due to

the forming operation was found to be extensive.

The four

veneers showed no evident signs of wood failure due to the
drying process.

The one-fourth inch wood veneers treated for

336 hours attained an average moisture content reading of 9.75
per cent.

The one-fourth inch veneers treated for 168 hours

dried to an average moisture content of 9.0 per cent.

The two

average moisture content readings were found to be well below
the stated limit of 18 per cent.
The four one-fourth inch thick veneers of oak, hackberry,
pecan, and willow treated for 168 or 336 hours and dried in the
shape of the recipe card holder were found to be unsatisfactory
for project use due to fiber breakage.

The four one-fourth

inch veneers treated in either drying cycle were found to be
free of wood failure due to the drying operation.

The four

veneers treated for 336 hours attained an average moisture
content reading of 9.75 per cent.

The veneers treated for

168 hours dried to an average moisture content of 9.05 per
cent.
The one-fourth inch veneers left untreated and used as
controls in this study were found to have twisted and cupped
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severely during the drying process, rendering the veneers
unsuitable for project use.

The four control specimens dried

to an average moisture content of 8.35 per cent.

This reading

was found to be less than the required limit of 18 per cent
and also less than the average reading attained by the
chemically treated veneers.
Testing with the one-eighth inch thick wood veneers was
performed to find if the one-eighth inch total thickness was
suitable to be formed into the shape of the letter holder and
recipe card holder.
Due to exterior fiber breakage the one-eighth inch thick
veneers treated for 168 hours and dried in the shape of the
letter holder were found to be unsuitable for project use.
The one-eighth inch treated pecan veneer was found to be
free of fiber breakage but the veneer did not retain the shape
of the letter holder mold.

After fourteen days of drying the

four one-eighth inch thick veneers were found to have dried
to an average moisture content of 13.7 per cent, within the
limit of 18 per cent.
The one-eighth inch pecan and willow veneers treated for
336 hours and formed into the shape of the letter holder were
found to have little or no evidence of fiber breakage due to
the forming process.

The one-eighth inch oak veneer sustained

fiber breakage on the exterior corners while the hackberry
veneer failed completely, breaking into two sections.

These

two veneers were found to be unsuitable for project use.

52
Although a minimal amount of fiber breakage had occurred on
the pecan and willow veneers these specimens did not retain
the shape of the letter holder.

After the kiln drying operation

these four one-eighth inch veneers were found to have an
average moisture content of 14.6 per cent, within the required
limit.

These four veneers treated in either the 168 or 336

hour cycle were found to be free of cracking or warping due to
the drying process.
The one-eighth inch veneers treated for 168 hours and
formed into the shape of the recipe card holder were found
unsatisfactory for project use due to fiber breakage.

The

identical veneers were found to be free of flaws such as
checking or warping after the drying process.

The average

moisture content recorded at the completion of the drying
cycle was found to be 13.3 per cent, below the stated limit of
18 per cent.
The four one-eighth inch veneers treated for 336 hours
and formed into the shape of the recipe card holder were
found to be unsatisfactory for project use due.to fiber breakage.
These four veneers were found to be free of checking or warping
after the drying process.
an average moisture content

The veneer specimens had attained
reading of 14.1 per cent, suffi-

ciently below the specified limit of 18 per cent of moisture.
The control specimens of the four one-eighth inch wood
veneers were found to have critical deformations due to
drying untreated.
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As a result of the experimentation with PEG 1000, it was
found that the chemical treatment of the one-eighth inch or
one-fourth inch veneers of oak, hackberry, pecan, and willow
were not an effective forming agent for green wood veneers
formed into the shape of the letter holder and recipe card
holder projects.
Results of the testing found that wood veneers treated
with PEG 1000 had a higher moisture content than the untreated
veneers.
Testing results in this study found that a 336 hour period
of chemical treatment did not produce more satisfactory results
as compared with the 168 hour treatment cycle.
Through the experimentation it was found that the veneer
thickness of one-eighth inch did not help obtain better overall
results from the testing with PEG 1000 as compared with the
one-fourth inch thick veneers.
The moisture content reading of the one-fourth and oneeighth inch veneers measured after fourteen or twenty-one days
of drying, was found to be sufficiently below the limit of 18
per cent.
Conclusions
Due to the fact that the jury rated the one-fourth inch
treated veneers of oak, hackberry, pecan, and willow, formed
into the shape of the salad set, to be satisfactory, it can be
concluded that the salad set would be a suitable woodshop
project.

It can be concluded that the salad set developed
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effectively due to the shallow depth of draw required of the
forming design.
Due to the jury rating of unsatisfactory it can be concluded that the four one-fourth inch and one-eighth inch
treated veneers formed into the shape of the letter holder and
recipe card holder designs would not be acceptable as woodshop projects.

Because of fiber breakage developed through

the forming operation none of the four treated veneers retained
the initial shape of the letter holder or recipe card holder.
Although certain species of veneers sustained a minimal amount
of fiber breakage these too did not retain the initial shape
of the letter holder or recipe card holder.
It can be concluded that the four one-fourth inch and
one-eighth inch veneers dried as controls in the testing were
unsuitable for use.

This unsuitability was due to the wood

veneer failure incurred through the drying operation.

The

conclusion can be formed that chemical treatment with PEG
1000 does act as an effective stabilizing agent for green
wood veneers.

This is evidenced by the results obtained

through the testing which prove that wood veneers treated
with PEG 1000 are free of wood failure such as checking or
warping at the completion of the drying process.
comparison with the control specimens,

This,

in

is a good example of

the effectiveness of PEG 1000 as a stabilizing agent.
Due to the resulting wood failure incurred through the
the forming operation of the letter holder and recipe card
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holder, it can be concluded that the treatment with PEG 1000
did not perform effectively as a chemical treatment agent for
forming bent wood projects.

Testing revealed unsatisfactory

results in the forming operation of the letter holder and
recipe card holder.

The conclusion can be formed that this

failure was due to the extensive depth of draw required of
these two designs.

It also can be stated that PEG 1000 does

not sufficiently soften wood veneer fibers to allow the veneers
to be formed to the required depth of the letter holder or the
recipe card holder mold.

Also, the treatment with PEG 1000

does not relieve internal stress developed in the wood veneers
by the forming process.

This is evidenced by the fact that as

the veneers were released from the forming mold, the specimens
immediately lost the initial shape of the mold.

This con-

cludes that the chemical treatment does not sufficiently dissipate internal stress developed through the forming process.
Due to the successful results obtained from the veneer
formed salad set project, it can be concluded that green wood
veneer treated with PEG 1000 can be successfully used in
school woodwork situations on projects of simple design.

The

chemical, PEG 1000 can be successfully used in school woodwork situations to limit the presently high cost of woodwork
projects.
Whereas an extended period of 336 hours of treatment
did not produce better results as compared with the 168 hour
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treatment cycle it can be concluded that a treatment cycle of
168 hours is sufficient time to treat a one-fourth inch or
one-eighth inch green wood veneer to be formed into a project
of simple design.
Due to the unsatisfactory jury rating of the one-eighth
inch formed projects it can be concluded that a treated veneer
thickness of one-eighth inch does not produce better overall
results as compared with the one-fourth inch thick veneers of
the same species.
Although the average veneer moisture content measured
after fourteen days of kiln drying was higher than the average
obtained from the veneers dried for twenty-one days,

it can

be concluded that a drying cycle of fourteen days is sufficient
to dry the treated veneers to a moisture content of less than
18 per cent.
Recommendations
Some problems which arose during the course of this study
and warrant further study are as follows:
1.

Would duplicate species of veneer react as those used

in this study?
2.

Would additional species react as those used in this

study?
3.

Would the addition of heat to the chemical solution

produce the same results?
4.

What other uses are being made of PEG 1000 in school

woodworking laboratories?
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5.

Would a low cost assembly line project using green

wood and PEG 1000 be a feasible school shop undertaking?
6.

A study could be performed to determine the exact

degree of bend that the four wood veneers used in this study
could withstand before and after treatment with PEG 1000,

APPENDIX I
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L. B. Bruns, M. S., North Texas State University,
Superintendent, Muenster Public Schools, Muenster,
Texas, twenty-four years experience.
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Horace McCain, M. S., North Texas State University,
Industrial Arts Woodwork Instructor, Gainesville High
School, Gainesville, Texas, thirty-four years
experience.

3.

John V. Richards, Ed. D., Texas A&M University,
Assistant Professor of Industrial Arts, North Texas
State University, Denton, Texas, fifteen years
experience.

4.

Leslie E. Sorrels, M. S., North Texas State University,
Assistant Professor of Industrial Arts, North Texas
State University, Denton, Texas, thirty years
experience.

5.

Merrill D. Williamson, Ed. D., University of Missouri,
Professor of Industrial Arts, North Texas State
University, Denton, Texas, twenty-three years
experience.
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APPENDIX II
JURY INSPECTION CHECKLIST OF WOOD VENEERS
TREATED WITH PEG 1000
One-fourth inch thick veneers treated for 168 hours
SatisNot
factory SatisSALAD SET
factory

.

Ability of wood veneer to bend without breakage
Oak. , . , ,.
.
Hackberry, . . 0 9 . . Is .0 . .0
Pecan,,,,

Willow

.

,

_________

Ability of wood veneer to retain desired bend
after drying

*

Oak. . . * 0 0 0 0 0 . 9 $ . *,*
0 0
Hackberry.
4 0.. 0 0...0 0
Pecan, ...
..
.
Willow
0009,
Effectiveness of the treated veneers to retard
failure as check due to drying
Oak, . # # s*,
Hackberry ..
Pecan.
WIllow CARDHOLD

o s 0 00,
..

,

_

RECIPE CARD HOLDER
Ai

i

%P:r
i yiwoou

7

1

::71

5

veneerT o uend witnout breakage

Oak, , ,
,
0 1
Hackberry, o o .0 0 0
1.
.0
. .0________
Pecan,
0
0
Willow,,
Ability of wood veneer to retain desired bend
after drying
to.0 . ON

Oak,,,,
Hackberry,0.0.0
Pecan, .
Willow,,

0
.

. 0.9.0

59

a.W__

6o
One-fourth inch thick veneers treated for 168 hours
Satis- Not
factory SatisRECIPE CARD HOLDER
factor
Effectiveness of the treated veneers to retard
failure as checking due to drying
Oak,

.00#0,

Hackberry.

#00*0,
...

.

Pecan,. ,*.a.0
__a

Willow

,0

*0*

LETTER HOLDER
Ability of wood veneer to bend without breakage
Oak,

*

.

0

* , * * * * ** *0*a_*____

Hackberry.
Pecan.,
Willow

.*

.0*

0

***

Ability of wood veneer to retain desired bend
after drying
Oak,

. * **,

o

Hackberry..a
Pecan.

.

Willow

,.*

.

...

*.

__

*

0

*0,

__

....

0..
.

a.0__

.0.0.0.

0.0____

Effectiveness of treated veneers to retard
failure as checking due to drying
. .

,

,

,

,

Pecan,

.

,

.

Willow

,

,

,

.

.

.0.0.a.0.0.4
& 0

.

.

.

.

.

.

,

.

,

.

Oak,

Hackberry.

CONTROLS
Effectiveness of the untreated wood veneers
to retard failure as checking due to drying
Oak., 0 0 0 , 00
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04,

Hackberry,
Pecan,

Willow00
COMMENTS:
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.

.

.*

..

.

.0

___
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One-fourth inch thick veneers treated for

to bend without breakage
.0.0
.a

.*# It

6..

0*S
*

to retain desired bend

Oak, ,
0
0 0 0 0 00,
Hackberry.
0
.
.
Pecan, ,
SO . . . .00 . .11______
Willow,
Effectiveness of the treated veneers to retard
failure as checking due to drying
Oak,
Hackberry
Pecan,.
willow

.

.

0

,

..

RECIPE CARD HOLDER
;771TI
Ai
iTy oi wood veneer to Dena without breakage
0 0, # 0,
o0,
Oak,
Hackberry.
o.o o .0. .0. .0. . 0
Pecan.,
0 to,
0 0,
Willow , , 0.0
. .00.0
. .0 . .0_______
Ability of wood veneer to retain desired bend
after drying
Oak,
0, 0, 0,
Hackberry,0.0 0 0.0
0.0.
. . . . .
0
Pecan,
0 0,
0
00,
willow
0 0 00,o 0 f 0 0
00.
Effectiveness of the treated veneers to retard
failure as checking due to drying
Oak, . , ,*. .o.oo.* 0.0*.0 .__ _
Hackberry,0.
0 .0
.0.
0 .0_
Pecan, ,
Willow
9000000,
,

... 0

SALAD SET
Ability of wood veneer
Oak. . 0 0 .0 0
Hackberry. 0.*
Pecan,
Willow,
Ability of wood veneer
after drying

36 hours
Satis- Not
factory Satisfac tory

_
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One-fourth inch thick veneers treated for 336 hours
Satis-

LETTER HOLDER
Ability of wood veneer to bend without breakage
.

,

.

.

Pecan, ,,,,,
Willow ,

,

,

,

*

#.
, # oa...** . *.*#_o_*_o

.

,

Oak,

factory Satisfactory

,

.

Hackberry,

Not

,
.

,
,

Pecan,

.

,

,

,

.

Willow

,

.

.

.

.

,

Oak,
, , ,
Hackberry.

.

Ability of wood veneer to retain desired bend
after drying

Effectiveness of treated veneer to retard
failure as checking due to drying
Oak ,

,..

,

Hackberry.

Pecan.
Willow

One-eighth inch thick veneers treated for 168 hours
RECIPE CARD HOLDER
Ability of wood veneer to bend without breakage

Willow

,

Oak,
Hackberry.
Pecan,

Ability of wood veneer to retain desired bend
after drying
Oak.,
Hackberry.
Pecan,
Willow,

0 0 0*,
a . . . & .
0 9 0 0 a 0

*
.

0 00,

.#.0.0.*.0.#.0.

00,

. **,

Hackberry.,.
Pecan...

willow

* *
.

0

0
,

,

#*,

.*.0.*

#

0

0 0#,

0

*

0

0
.

Oak,

,0,0

,

Effectiveness of the treated veneers to retard
failure as checking due to drying

,

9*.**o*,* .*o ** 0
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One-eighth inch thick veneers treated for 168 hours
Satis- Not
factory SatisLETTER HOLDER
Ifactory
=,%f f F% 6p
.4-

,

Ability of wood veneer to bend without breakage
Oak. , , # # . . . # * 0. 9.0* 0*0* 0*0*
Hackberry.
Pecan,
willow,
Ability of wood veneer to retain desired bend
after drying
Oak, . * 9*,
0 # 0
Hackberry,*.* . 0.0
Pecan.,
WilUlow,,
Effectiveness of treated veneer to
failure as checking due to drying
Oak., , * 0 0,
Hackberry,.
.*
Pecan,. , ,
...
* 0*f*0 0.0.0.0.0.0 Willow *, * 0 *
0 9

00,
* *. *. 0.
0
4
0,
retard

One-eighth inch thick veneers treated for 336 hours

RECIPE CARD HOLDER
Ability of wood veneer to bend without breakage
Oak,
,
Hackberry,0
.
. . . _ __
Pecan,,

mNow-

Willow

M,,

Ability of wood veneer to retain desired bend
after drying

Willow

-* 0 06,
.

.

'.OR

0

,

.

Oak, . # *#,
Hackberry..0.
.......Pecan, .,0

omm

Effectiveness of the treated veneers to retard
failure as checking due to drying
Oak, ,. .a
*.. . S.*
..
. ..
Hackberry.
Pecan,
Willow

__

_

__
"on"

LMOWN____
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*

One-eighth inch thick veneers treated for ,26
hours
Satis- Not
factory SatisLETTER HOLDER
factory
Ability of wood veneer to bend without breakage
Oak. . *.*,
..
o
*#
* # 0. * 0 *
0*0* 0
Hackberry. ..
.. 0 ..--.. N 0 0.a
....0It
0.
..W____
Pecan. *,
0
Willow
000*
0*0,
Ability of wood veneer to retain desired bend
after drying
0000

Oak,

.,

.

Hackberry,
Pecan,,,
Willow
00,
00,
Effectiveness of treated veneer to retard
failure as checking due to drying
Oak,. , ,**
# # *.
Hackberry,..s.0 *
Pecan, .0
Willow
000,

*.#_#_#

..

.......

0 0

It 0

0 t 0

0

9 0

C ONTR OLS
Effectiveness of the untreated wood veneers to
retard failure as checking due to drying
Oak,,,
Hackberry.
Pecan, ,
.
.
.
.
Willow
.

0

.

0.0*00*0* *
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__

BIBLIOGRAPHY
Articles
Stamn, A. J., "The Effect of Polyethylene Glycol 1000 on
the Dimensional Stability of Wood," Forest Products

Journal, IX (October, 1959), 375.
Reports
U. S. Forest Service, Bending Solid Wood to Form, Washington,
U. S. Government Printing Office, 198.
U. S. Forest Service, Directions for the Treatment of Cross
Sections of Green L
Madison, Wisconsin, Forest
Products Laboratory, 1970.
U. S. Forest Service, Notes on the Treatment of Wood With
Polyethylene Glycol 1000, iadison, Wisconsin, 1966.
Encyclopedia Articles
"Treatment of Wood Strips for Bending," Encyclopedia
Britannica, Chicago, Illinois, Library Research Service,
1972.
Pamphlets
Schurech, Conrad, "Plastic ising Wood With Anhydrous Amonia,"
Syracuse College of' Forestry, Syracuse, New York, 1964.
The Crane Creek Company, How to Make it With Polyethylene
Glycol 1000, Madison, Wisconsin, 1972.

65

