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INTRODUCTION

It has long been the opinion of woodsmen, farmers,
and some trained foresters living and working in the
northerh section of lower Michigan, and in the Upper
Peninsﬁla, that there is a wide variation in the appear-

ance and in the quality of Jack Pine (Pinus banksiana Lam, )

Because of the very evident difference in the appearance
of the bark of some trees as compared to others, the ma=
tives of the area have come to use the terms "yellow jack™
and "black jaék" to differentiate between what they believe
to be two distinet types of jack pine, In fact, many of
the farmers, and so-called "old timers", are so firm in
their belief that "yellow jack™ is a very different tree
from "black jack" that they will, without much provo-
cation, inform the young forester, who usually insists
that jack pine is jack pine regardless of the color

of the bark, that there are many differences between

the two trees., Some contend that the wood of "yellow
jack™ is much heavier than the corresponding Wéod of
"black jack"™ and that it is also more durablé, holds

nails better and is generally a stronger, better wood,



Still others are of the opinion that "yellow jack" is,
as they say, a "cross™ between jack pine and Norway

pine (Pinus resinosa Ait,)

- A review of a counsiderable amount of the available
literature in the field of forestry failed to reveal
anything which would lead oné to believe that the
Dendrologist or Wood Anatomist makes any distinction
between the wood of jack pinergrowing.in Michigan and
that which occurs in any other area within the range of{
the specieS For this reason it was thought that a
scientific comparison of representative samples of wood
taken from trees of each type ("yellow jack™ and "black
jack") growing in the same area, under comparable con=-
ditions, would provide an excellent problem for study,

and possibly reveal any existing differences in the-wood.



OBJECTIVES

The solution of a problem is quite often made less
difficult if one is able to define cleérly ones' ob=
jectives prior to the initiation of activity.

When this investigation was being considered it
was decided that a very logical approach to a problem
of this type would be to outline elearly just how the
two woods to be compared were to be tested, and then to
perform each operation in sequence until the necessary
data for analysis was obtained. Since it was for the
purpose of determining if there exists an appreciable
difference in the mechanical, and some of the physical
properties of these fwo woods; that this experiment was
undertaken, it was agreed that the following tests |
should be performed in the approved manner, on a
specified number of clear test specimens, at 12% mois-
ture content*, obtained from each of the two types of wood:

l. Static Bending
2, Compression Parallel to Grain
4., Hardness

4, Specific Gravity Determination

*Moisture content based on the oven dry weight., See page

26 for method of computing.



PROCEDURE

Selection and Procurement of Materiel

If one is to obtain data of reasonable accuracy
oﬁe shou;ﬁ perform a sufficient number of tests to
be assured that most of the possible variation within
the material being tested will be reflected in the
resultant data. Alsc, because it is necessary when
testing wood that all tests be made on clear specimen;(
free from defect that might in any way affect the strength S
of the wood, one must use extreme caré in the selection
of representép}ve material, and procure much more of it
than would be necessary for the required number of test
blanks if defects were ignored. Therefore, since jack
pine is well known as a tree species which prunes itself
very slowly when growing as it usually occurs scattered
over the barren sand plains, ahd as a result contains
many knots and other defects, it was necessary to cut
and transport to the laboratory a considerable amount
of material, A total of twelve bolts were obtained for
this experiment. ZXach bolt was four feet in length,

Each tree was cut at an elevation of one foot from the



g;ound. Only the butt twelve foot log was used in each
case and the average diameter on the stump was 8.75
inches.

In order that the experiment might be broad enough
to afford an opportunity to secure data on material
from more than one areas, it was decided that an attempt
should be made to secure both types of material from
two widely separated localities and also from two dif-
ferent types of site. Accordingly, trees were cut in
the area north of West Branch, Ogemaw County, Michigan,
and also at a point north of Curran, Alcona County,
Michigan, The latter area is just south of the southern
Boundary of Alpena County,

Sitg Conditions Near West Branch

The trees cut from the area north of West Branch in
Ogemaw County occupied a dominant position inthe stand.
In this area there is a small tract of about fifty acres
which is covéred with an almost pure stand of jack pine,
The extremities of the stand contein a mixture of poplar
or aspen in association with various kinds of serub oak
so commonin this vicinity. The eniire area is relatively
vflat and free from any noticeable change in elevation.
This popularly designated jack pine plains section

of Ogemaw county lies in the northwestern part of the



county and is mainly an area of level, dry sand plains,
but there are some places where there is a more fertile
type of soil than the predominant Grayling sand. In
these areas of tranéition from the sterile sand to the
more productive Roselawn and Newton types of soil jack
pine apparently grows at its best, It was from such an
area of reasonably good soil that one shipment of test
material was teken,

‘Site Conditions Near Curran

The section of country north of Curran in Alcona
County where the second shipment of test material was
cut is an area of many hills and plateau-like ridges
penetrated by several valley plains many of which are
swampy. The éterile sandy ridges support an abundant
growth of jack pine while the more fertile areas still
show the remnants of what were once fairly good stands
of Norway and white pine.

Although there is considerable variation in the soil
types of this region the area from which the test material
was taken is largely Roselawn sandy loam in the better
sections and sterile Grayling sand of very low fertility
along the ridge tops. The trees cut were growing on the

top of one of these ridges.



Preparation of Material

Care of Green Wood at the Laboratory

WWhen material collected in the field is received
at the laboratory it is not at all times convenient to
have it cut immediately into the desired sizes for
seasoning prior to the final machining, Consequently,
it becomes neceésary to devise a means of preventing
the escape of moisture from the ends of the bolts, and
thus retard the associated chebking of the ends of the
logs until it is convenient to have the sawing operation
done. One way to accomplish this is to ccat the ends
with paraffin as was done when the material collected
arrived at the laboratory;

Sawing Prior to Air Seasoning

Following the acquisition of the material to be

tested provision must be made for the "cutting-out" of

the required blanks from which the teét specimen ére
later obtained. This cannot be done without considerable
thought because it necessitates the preparation of a
sawing diagram for each bolt so that a maximum quamtity
of stock of the desired dimension may be obtained from
each stick. It is especially true that one must give
this matter considerable thought if ones'available

supply of material is at all limited. TFor this ex-



periment it was decided that such & diagram would be
applied to the small end of each bolt making adeqguate
provision for shrirkage during seasoning and for saw
kerf, At all times it was necessary to bear in mind that
the objective was to acquire an equal number of test
blanks of eaéh dimension desired (blanks were laid. out
as 13" squares and as 23" squares) from comparable bolts
of eaéh kind of wood, so that the test specimens pre-
pared later would be secured from relatively comparable
positions, and would thus result in a more accurate com-
parison of the strength values of the respective woods.
(See sawing diagram illustrating methcd used on page 37}.
After the above mentioned diagrems are made it is
essential for desirable results that & definite procedure
in sawing be adopted; that is, each bolt must be siabbed
in -a manner that will result in the formation of a plane
which will be parallel to the pith of the bolt. This is
necessary precaution because all test blanks must be
straight-grained as well as free from all common defects
such as knots, etc, - This was the procedure followed
in the preparation of the test blanks of jack pine used

in this experiment,

Seasoning:

Air Seasoning

When the rough-cut, green test stock has been



_Sawed from the bolts collected in the field it is
necessary that this material be piled carefully so

that the preliminary air seasoning, or evaporation

‘ Qf some of the moisture contained in the wood, may
progress uniformly and with as little damage to the
blanks as possible. The moisture contenf of the wood
.at this stage is usually high and varies considerably.
The moisture content of the material used in this ex-
periment varied from 36% to 141% green from the saw.
(See method used to compute moisture content on page 56.)
During this period of air seasoning which msually covers
several weeks it is advisable to change the position

of the various blanks in the pile at intervals thus
promoting more uniform drying out of all blanks, .

Seasoning in the Kiln Room

If one were to leave wood out-of-doors during

the winter months in the Ann Arbor area it would
gradually assume the moisture content of the environ-
ment, but such a value would be too high for testing

if such tests are to be made at a low moisture content.
Therefore, it was decided that when the spread of the
- moisture content of the test blanks was reduced to a
reasonable degree, indicating that the moisture content

of the entire group was approaching the equilibrium for
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the environment, the material would be moved into the
kiln room where an accelerated continuation of the dry-
ing process would be assured. This was done on January
2, 1941. The spread in moisture content was at this
time between 30% and 54% based on the oven dry weight

of test samples taken, .Most of the samples indicated
~that a vast majority of the wood had come to a moisture
content of about 39% at this time. The blanks were
allowed to remain in thekiln room until they had assumed
an average moisture content of about 14%. This data was
obtained on January 28, 1941 at which time all of the

_ material was moved into a previously prepared oonstantl
temperature and humidity room.

Seasoning, and Control of Moisture Content in the

Constant Temperature and Humidity Room

~After having carefully and successfully dried the
material down to 14% moisture content it was necessary
that it be brought down still more, or to about 12%, and
that it be kept at this value for a period of sufficient
duration to assure that this condition would be uniform
throughout all test pieces, This was accomplished by
controlling the temperature and the humidity within:. the
room where the sticks were stored through the use of

low pressure live steam which was permitted to—-enter the
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room at a oconstant rate by way of an improvised jet
and a throttle valve., A recording instrument, Hygro-
thermograph, was maintained in the room to assure an
absolute check on the variation of temperature and
humidity at all times, In this way it was possible to

keep the wood at a constant moisture content,

Machining of Test Blanks

When the blanks placed in the constant temperature
and hﬁmidity room had come toAthe desired moisture con-
tent, and sufficient time had elapsed so that one could
be sure that all parts of the blanks were at about the
same degree of moisture content, it was necessary that
they be dressed down to the sizés specified for the test
specimens. For this experiment it was necessary. to
have those blanks which were sawed to 13" dressed to 1",
The 24" stock was surfaced to 2", and all machining was
dgne to an accuracy of 1/100", Thus the material was
‘prepared in cross-section to the required dimension

for the specimens to be tested,

Preparation of Test Specimens

When a decision was made as to the exact tests to
be performed in comparing the strength properties of

the two woods a decision was also made relative to_the



exact dimension of each type of specimen to be used.

qu the static bending test it was agreed that data‘
obtained from 40 clear 1" x 1" x 10™ test specimens
taken from each type of Wood,'making a total of 80

such tests, would be adequate for reliable results.
Compression-parallel-to-grain tests were to be made on
an equal number of clear specimens (40 of each type)
surfaced to 1" x 1" x 4", For the hardness tests it

was thought that a total of 40 tests (20 from each type
of wood) made on specimens of 2" x 2" x 6" should result
in satisfactory information. Specific gravity determina-
tions were to be made on a total of 20 clear specimens
of each kind of wood of the same dimension as the hard-
ness test specimens - 8" x 2" x 6", Whenbthe specimens
were being prepared an extra effort was made to obtain
as near to an equal number of test specimens of each
type from comparable boltsfof_"yellow jack™ and "black
Jack" as it was possible to obtain oonsidefing the
various types of defect encouqtered. Each specimen

was given a nuymber as it was cut from the machined
blank according to its position in the blank; thus

each specimen tested from each kind of pine actually
came from relatively the same position within com-

parable bolts, ;qu this reason it is believed that
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the resultant data obtained is quite comparable, In
the preparation of the various test specimens the
laboratory bench saw was used, and as in the case of
the machining operation an accuracy of 1/100" was
maintained., A steel hook scale graduated to be read
to a hundredth of an inch was used for measuring, and
to check the accuracy of each measurement a 10-X hand

lens was employed.

Testing

. Equipment Used in Performing Tests

All of the mechanical tests wempleted were made on
- one of three static testing machines of the screw power-
ed type available for used at the laboratorj. This
machiné (see illustration on page 61 ) 1is a three-screw
unit of 60,000 pounds capacity driven by an electric
motor and is complete with all of the necessary attach-
ments to enable the technician to perform the standard
tests commonly made on this type of testing machine,
When in good working order it is accurate to within five

pounds of the true value of the load applied.

Mechanical Tests*

Static Bending

In the static bending test, resistance to slowly

*Descriptions of tests from U.S.D.A. Technical Bulletin
No. 479, Strength and Related Properties of Vioods Grown
in the United States,
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applied loads is measured. The specimen is 28" x 8" in
cross section and 30" long and is supported on roller
bearings which rest on knife edges placed 28 inches a-
part. Load is applied at the center of the length through
a hard maple block, 3 3/16" wide, having a compound
cury¥ature. The curvature has a radius of 3" over the
_center 2 1/8" éf arc, and is joined by an arc of 8™ radius
on each side., The standard placement is with the annual
rings of the specimen horizontal. A constant rate of
deflection (0.,1"™ per minute) 1is maintained until the
beam fails. "Load and deflection are read at suitable
intervals, Data on a number of properties are obtain-
.ed from static-bending tests, the most important of

which are stress at pm@portional limit, modulus of
rupture and modulus of elasticity.

The above desq;;ppion and objectives of the static-
bending test apply equally well to tests conducted on
small, clear test specimens of dimensions other than:
thosegiven above, However, one would not be able to
make direct comparisons between data obtained from
standard specimens and data secured from tests made on
other than the standard specimens. In the case of the
tests conducted in this experiment the test specimen

was, as stated above, 1" x 1" x 10", However, the
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strength properties mentioned above were computed for
each specimen and these values were subseguently con-
verted to a 12% moisture content basis. A smaller
maple block was used to apply the load, (See illustra-
tion of set-up on page 62),

To arrive at the various strength functions referred
to it is necessary to prepare a graph of each test made
and then by interpolation, and the use of certain standard
formulae, it is possible to compute the value of the
strength function for the moisture content at which the
wood is when tested. Thus, if one wishes to obtain
values for any other moisture content than that at which
the test was made, as was the case in this instance, it
becomes necessary to run a moisture determination on
each specimen tested and then knowing this value it is
possible to adjust the strength values to‘the values which
w.uld be obtained if the test material were at the moisture
content for which information is desired, The graph re-
ferred to above is made by plotting load increment values
along the ordinate (100 pound increments used in this
experiment)and the deflection values along the abscissa,
An Ames dial graduated to read in thousandths of an inch
was used to record deflection, The first few points
plotted are more-or-less in a straight line because the

load is proportional to the deflection, (See graph on
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page 48 ). However, as the load increases it is
apparent that this direct relationship between load
and deflection is disturbed., The point at which this
relationship ceases to be constant is the proportional
limit, The eorrespoﬁding stress in the top and bottom
fibers of the member at this time is the stress at
proportional limiﬁ. We are able to compute the value
of this stress dm pounds per square inch by inserting
~the correct values in the formulaérgiven below. This
value was determined for each member tested and the
results were in all cases ad justed to the absolute

value at 12% moisture content,
2 xb x d?

P' +the load at proportional limit in pbunds.
Th;s value is read from the graph.

L ‘thg span of the member in inches. A span
of nine inches was used in all tests,

b the breadth of the member in inches. This
value was 1 inch in all cases because the
specimens were machined to an acecuracy of
1/100 of an inch in all cases,

"4 the depth of the member in inches, Also
1 inch in all tests made,

The method of adjusting values obtained to the
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corresponding 12% value is shown on page 57 ., The
table of values given on page 28 which makes possible
such an édjustment is teken from U.S.D.A. Technical
Bulletin, No, 479, and has been worked out by the
Madison Laboratory. |

The values for moaulus of rupture were computed by
the same formula as stress at proportional limit, using
the maximum load instead of the load at proportional
limit. These values were also adjusted to corresponding
12% moisture content values in the same manner as were

the values for stress at proportional limit,

R - J x P x L
2 x b x d*

P loed at failure (maximum load) in pounds.,
L the span of the member in inches,

b the breadth of the member in inches,

d the depth of the member in inches,

The value of the médulus of elasticity is deter-
mined by the siope of the straight 1line portion of the
load-deflection graph (see graph on page 48), the
steeper the line the higher being the modulus, By in-
serting in the formula below values obtained from the

test specimen and from the graph of load over deflection
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the value of the modulus of elasticity in thousands of

) pounds_per square inch may be obtained., This value was
obtained for each of the 80 8pecimens tested and the

~corresponding 12% moisture content value was also com-

puted. (See tabulated results on page 39-42).

E = /D/X 43
¥ x 6 xd? x vy

pe load at proportional limit-pounds,

the span of the member in inches,
the breadth of the member in inches,

the depth of the member in inches.,

< ~ o B

the deflection in inches at the proportional

limit,

Compression Parallel to Grain

In the compression-parallel-to-grain~ test, when
performed in the manner outlined by the American Society
for Testing Materials*, a 2" x 2" x 8" bloek is com=-
pressed in the direction of its length at a constant
rate (0,084 inches per minute)., The load is applied
through a spherical bearing block,; preferably of the

self-aligning type, to insure unifcrm distribution of

*¥1935, Standard Methods of Testing Small Clear Specimens
of Timber, A.,S.T.M., Designation D143-37. Amer-
~ican Society Testing Materials A.S.T.M. Standards,
{pp 408 - 444),
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the stress, (See illustration of the set-up on page 63.)
The load and the deflection in a six-ineh central gage
length are read simultaneously until the proportional
limit is passed. The test is discontinued when failure
oceurs,

In this experiment instead of using the standard
dimensiQn specimen it was agreed, as previously stated,
that a test specimen having dimensions of 1" x 1" x 4"
would be used and only the load values at féiluré Wouid
be recorded for comparative purposes. (See test set-up
on page 64 ). From this data the maximum crushing
strength was computed by inserting the proper values in
the formula given»below. All values obtained were ad-

Justed to the corresponding 12% moisture content values.,

P

S =
¢ A

Sc  the maximum crushing strength (pounds per
square inch).
P the load at failure in pounds,

the cross-sectional area of the test specimen,

Hardness

Hardness is measured by the load required to embed



a 0,444 inch steel béll to one-half its dieameter in

the wood being tested. (The diameter of the ball is
such that its projected area is one square centimeter).
The rate of penetration of the ball is 0,85 inches per
minute._vA penetration was made on each end, and two on
each radial and tangential surface. A special tool makes
it possible‘to determine when the ﬁroper penetration of
the ball has been reé,chede The load required to embed
the ball is recorded as the hardness value of the wood.
The average of the radial and tangential average values
is recorded as the side hardness. End hardness is the
average value obtained for the two end penetrations.,

(see illustration of set-up for tests on page 65).

Other Tests Completed

Specific Gravity

In addition to conducting the three types of
standard strength determination tests given above it
was found possible to examine each type of wood in
other respects. One such édditional test made was the
determinatioh of the specific gravity based on the oven
dry volume of representative samples selected from
both "yellow jack" and "black Jjack™. .Twenty test
specimens of each wood having dimensicns of 2% x 28" x 6"

were placed in the electric drying ovens at-a coanstant
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temperature of slightly less than 212 degrees F. and
kept in this atmosphere until repeated weighing of the
samples failed to reveal any loss of weight. The three
dimensions of each specimen were then measured to the
closest hundredth of an inch and the oven dry weight
of eaqh_specimen was recorded., The volume of each
piece in cubic indhes was computed and then changed to
the equivalent value in cubic centimeters.v Since all
weights were recorded to the closest hundredth gram

it was possible to obtain the specific gravity value
for each}specimen by dividing the weight when dry in
grams by the computed'cubic_contént of the piece in
cubic centimeters. This letter value being the equi-
valent expression of the weight of a volume of water
equal to the volume of the test specimen, (For =
sampie computation see page 59 ; the results are

tabulated on page 43).

Nail Holding Capacity.

Because of the é%ct that some farmers contend
that "yellow jack™ has a greater nail holding capa=-
city than "black jack™ it was decided that a test
would be made to determine if supporting data could bse
obtained to substantiate such a claim. The tests
undertaken were made oﬁly on the materigl cut in the
West Branch area with but one size of nail - the common

8d wire nail. A4ll nails were driven into the taengential
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surface of the test specimens to a uniform depth at
right angles to the surface of the wood. The in-
formation obtained is recorded in tabular form on
pagé 44 The maximﬁm number of pounds of effort
reqpired to overcome the force holding the nail in
place was in each case recorded for comparative study.
In every case this maximum value was found to be the
load registered at the moment when the nail first gave
~way and extraction began. (See illustration on

page 66 for set-up).

Extractives

Since it is contended by some field men that
"yellow jack" appears to be more resistant to decay
than "black jack", it was decided that a test would be
made to determine if this contention could be shown to
be a fact. To accomplish the desired result a cold
water extraction test was made, in the following manner,
on 100 grams of sawdust prepared from each type of pine,
The sawdust was in each case soaked in 1000 cubic centi-
meters of distilled water for a period of one week (seven
days). Following this preliminary soaking, the sawdust
was washed with an additicnal 500 cubic centimeters

of distilled water and the filtrate was eollected.



23,

This filtrate was in each case boiled for a period
sufficiehtly long to reduce the liguid to 100 cubie
centimeters., The concentrated solution was then added
to an agar preparation in the amounts necessary to re-
sult in a 20% concentration. Cultures were then pre-
pared (six plates for each pine together with controls)

for the fungi listed below:

1., Porea incrassata

2., Lenzites trabea

At intervals of seven days and fourteen days the

growth of each fungus was observed and recorded. The
relative activity of each fungus growing in the medium

containing each extractive was then studied,

Microscopic Examination of Cell Structure

When two or more woods, or other substances are
being compared from the point of view of strength,
appearance or quality it is not uncommon to examine
under the microscope representative samples of each
material, This is done in order that minute differences
in strueture, or other features which escape detection

upon gross examination, or which do not reveal themselves
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in strength tests, may be isolated for study. There-
fore, it was decided that an exemination of slides
prepared from each type of wood would be underteken,
The material for study was prepared in the following
menner. Small cubes {3 x &% x 3") were cut from
representative samples of each type of pine and then
these cubes were water-logged by alternately boiling
them and plunging them into a beaker of cold water.
Following this each cube was immersed‘in a quantity

of hydrqfluoric acid for a period of one Week,‘ They were
then removed from the acid, which acts upon the wood
substance rendering it less-resistant to cutting action
" if a sharp tool such as a razor is used, and placed

in a bath of cool, clear water which was constantly
being changed, until all of the acid was removed.

All of the material was then covered with a storage
solution of 50% - 50% alcohol and 50% glycerine. The
cubes remained in this solution for a period of five
days and they were then removed for sectioning. The
thin seCtiohs Were cut with the aid of a microtome.
The sections were mounted on slides and after a period

of drying they were ready for use,
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RESULTS OBTAINED

Gross Features -~Bark and Wood

One of the outstanding distinguishing features of
"yellow jack™ pine mentioned by most field men (farmers
and woodsmen) when they attempt to differentiate be-
tween "yellow jack™ and "black jack? is the color of the
bark, One is told that "yellow jack" bark appeérs to
the eye more like the bark of Norway pine; that is,
it has very definite yellow plates which stand out,
while the bark of "black jack" is more like the bark
of old white pine. (For bark illustrations see page 67).

A close examination of disecs cut from each bolt of
the material fqr study failed to reveal any appreciable
difference in the rate of growth of the two types of
wood; however, there was a marked difference in the
percentage of summerwood and its apparent density., The
"yellow jack" appeared to have more summerwood per
ring of growth, and it was also quite evident to the
eye upon examination of the two woods in sunlighﬁ that

wood of "yellow jack" appeared to be cream colored
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while the wood of the "black Jjack™ seems to have a
pronounced reddish cast. {(Comparable discs of the

two woods are shown on page 68),

Mechanical Tests

Static Bending

The data obtained from the static bending tests
conducted are presented graphically on pages 49,50,51
and in.tabular form on pages 39,40,41-2 411 Strength
values are adjusted to a 12% moisture content basis,
From an examination of the data it is clearly evident
that the so-called "yellow jack™ pine is consistently
stronger in those strength properties determinable from
this test. It is also quite evident that when "yellow
jack“‘iis grown on-a reasonably good site for jéck pine,
such as was the case near West Branch, it is a wood
of considerably gfeater strength than "black jack™. On
the poorer sites "yellow jack™ appears‘to maintain its
~superiority but the difference in strength values is

not so pronounced,

Hardness
Jack pine is quite extensively used as a railrcad

tie speciesin some areas, this is especially true in
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Cansda, therefore it would seem that the property of
side hardness is of considerable importance. An
examination of the data obtained indicates that
"yellow jack“}is again superior in this strength
property to‘“black jack™. (See graph on page 52).
However, quaiity.of sité doeé not appear to be as
inflgential in this case as in the case of the strength
functions determined from the static bending test. |
It will also be observed that the side hardness
valués for the "yellow jack" grown on the poor site
appear: to exceed the values for the material grown

on the more desirable site,

~Compression Parallel to Grain

The information obtained from this test is pre-
sented gfébhically on page 53 and in tabulated form
on page 45-46, Although the strength values shown are
not consistantly in the favor of "yellow jack"™ it
appears that when the "yellow jack™ is grown on a good
site it is almost twice as strong as "black jack".

It is also apparent that the material growh on the poor
site, both types, is about of the same, or equal

strength, in compression-parallel-to-grain,
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Other Tests Completed

Specific Gravity

The data obtained in this test indicates that
"yellow jack™ is the heavier of the two woods, This
appears to be true for the material collected from
both areas, (See graph on page 54 and tabulation
on page 43, Sample computations are shown on

page 59,

‘Nail Holding Capacity

Although the tests made on the nail holding
capacity of the two woods were not of sufficient
number to justify a conclusion that either wood is
superior to the other in this respect, the results
obtained do appear to indicate that the statements
made by many farmers and lumberjécks Who have used
both materials on the farm and in woods camp con-
struction have some merit. As stated previousikty
{page 1) it is generally said that "yellow jack"
will hold nails better than "black jack", (See

page'44 for results obtained),

Extractives

Fungi, it is said, are very much like trees in
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that they exhibit a tendency to be selective; that is,
all fungi do not grow equally well on a single host
anymore than all trees grow equally well on the same
type of site. For this reason, if one is to obtain
reliable information when studying the growth‘of
fungi;_one should prepare a great many cultures and
accept the average result as the final indication of
the growth of the fungus being studied. .

Since it was quite impossible in the case of this
experiment to prepare the required number of cultures
which would make poésible a well-founded conclusion,—it
is felt that too much weight should not be placed on
the results obtained. In short, there‘was not a suf-
ficiently pronounced difference in the growth of either
fungus used to justify a stand either for or against

the decay resistance of either type of pine,

Microscopic Examination of Cell Structure

A study of the slides prepared from each type of
wood revealed that the summerwood cell structure of
"yellow jack" is slightly different from that of
"black jack"™., That is, the "yellow Jjack™ secondary
,céll walls éppear to be of & greater dimension

(thicker) than the summerwood cell walls of "black



Jack™, The difference in eell wall thickness may
also be seen in the springwood, but not so pro-
nouncedly. However, the most interesting observed
difference between the two woods when examined under
the microscope was the apparent "serrated™ inner mar-
gins of the secondary cell walls of the summerwood
of "yellow jack" and the total absence of any such
condition in the cells of "black jack™. Although
this feature does not apﬁear to be constant in all
cells of the summerwood it is quite prevalent in
"yellow jack"* (For an illustration of the cell

feature referred to, see page 69 ).

*First detected by Professor William Kynoch,
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CCONCLUSIONS

The data obtained in this study of certain of the

strength and related properties of "yellow jack™

and "black jack™ jack pine appear to indicate that:

1.

2.

There was an appreciable difference in the
strength properties of the two woods studied.
The "yellow jack"™ proved to be the stronger
wood in most respects,

Generally speaking it may be said that for
most farm uses and for use as railway
crossties, "yellow jack"™ appears to be superior
to "black jack",

The site conditions, or the sum of the factors
influencing the growth of the tree, appear to
be of quite some importance in some respects
and more limited in their affect upon other
strength factors, However, since the strength

properties revealed in Static bending and hard-

- ness are of the Breatest importance, it would

seem that site is an important donsideration in



the grdwth of "yellow jack" and not so im-
portant to "black jack". |

A definite,‘distinguishable difference in
bark characfer exists between "yellow jack"
and "black jack™, thus making it possible to
distinguish the trees in the field.

There exists a possibility that there may be
definite structural differences in the cell
walls of the summerwood of the two types of

jack pine,
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APPENDIX



Explanation of Symbols Used

It will be noted upon examination of the various
Tables and Graphs used inm this report that specimens
are referred to by meahs of a system of lettef and
number designations. In all cases where the letter
"Y" is used in connection with a designation for a
test specimen it indicates that the specimen bear-
ing this letter is "yellow jack"; the letter "B" in~-
dicates that the specimen is "black jack™; the letter
"W" indicates that the material came from the West
Branch area; the letter "C" that it came from Curran;
the number "1" following either "W" or "B" indicates
that the material was cut from the butt bolt; a letter
following the bolt number indicates the position of
the blank in the bolt from which it came; a number
following the last letter in the specimen designation
indicates that the test specimen was one which was
cut frmm a particular position within the blank. Thus,
the first specimen cut from the blank bearing the
number "YW1H" in the sawing diagram would be specimen

number "YW1H-1",



36

DIAGRAMS AND TABLES
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The Above Sketch Illustrates the Method Used

To Prepare Fach Bolt For

Sawing



AVERAGE INCREASE(OR DECREASE) IN VALUE EFFECTED BY

LOWERING(QB RAISING) THE MOISTURE CONTENT 1 PERCENT

Property:
Static Bending:

Percent
Fiber stress at proportional limit. . . . . 5

Modulus of rupture, or cross-breaking strength4
Modulus of elasticity or stiffness. . . . . 2

Work to proportional limit. . . + « « « . . 8

)

Work to maximum'load.or’shock-resisting o o
(ability

Impact Bending:

Fiber stress at proportional limit. . . . . 3

S

Work to proportional limit. . « . « . . « &

i
o

Height of drop of hammer causing cofiplete .
{failure

Compression parallel to grain:
Fiber stress at proportional.limit. o o o o 5

Maximum crushing strength. « « o s o o o« o o O

Compression perpendicular to grain:
Fiber stress at proportional limit. . » . - . 5%
Hardness, end graifle o « o o o o o o o o o o o4

Hardness, side grain. . . « « o o o o o o o « 2%

39

Shearing strength parallel to grain, » o o o

Tension perpendicular to grain. « « o o o o o 1l
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|Content_of 12% Based on

3

o]

v o

wt&he' Oven Dry Weight,

= e S

Table No, /- - A Tabular Presentation of the Strength Values
Obtaine‘dv for Each Specim@n of "yellow jack" and “black_ jack"

Tested in Static Bending. All Values Given Are For a Moisture

Moduleus of| Mdalvs oF

Maximarm |Deliectson |Sthess of ;
Specimen| Dimension DR o e itg) oot Ao s
YWID |(/'xi"xt" NMome | /535 .3_4/ 7239 /3694 1327
ywré-1 " /1090 | .1£8| P643 /4538 | 1757
Ywie-2 720 ATY | §336 | 11923 /382
YWZA a 720 CRTI “ 7128 | /2023 /«,ASJ
ywap /0715 LR5T7 | 7054 | 12607 | ;480
Ywz2E-/ 765 | 232 6/4% . |s0245 ‘(/,6/
YW2E-2 785 | .257| 6055 | /0356 1/ 26
YW 2E-3 " 10 | 328 7477 r0po4| 1/ 30
Ywaé-/ & /0s0 | 198 | #7901 /3253 1522
Yw26-2 025 | 217 | 990/ | /3451 /522
YW 2ZH~ | '/090 /58 /0423 14392 | /800
YW 242 /190 | 240 | 9825 |15358| /533
YWan-3 ) 975 | /38 | s0/35 /2,700: (738
YW 2H-4 " 785 | /96 | /0619 /3670 /562
YW3E-] " g5 | /38 | 9675 11993 1514
YW 3E-2 /165 | 224 | /0225 /55:02 /676
Yw3£E-3 Y /095 | /43 | so840 | /qp0s | /776 |
YW3IE-4 v oo | 222 9489 1473/ 1652
YW3F-| | /030 | . 190 | 9285|2848 /1570
YW3F-2 | /1190 | , 268 | P64T /4973 | /690
\Average | 5832 | 13240538
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Table No,2 - A Tabular Presentation of the Strength Values

Obtained for Each Specimen of "yellow jack™ and "black jack"

Tested in Static Bending. .

Content of 12% Based on the Oven Dry Weight.

All Values Given Are For a Moisture

Modedas of|

Mo x. Load | DeXeckion | SHress al |Mode/us &
Speciman|Dimension| Derects |ag mfes | ap Bl | proy L) Suntersy LS00
BWIB-/ |!"x1"x10| None 795 | 264 | 73,4 | /0604 £30
BWIB-2 LS| , 140 5'5”62. 723 220
BwiB- 3 ! $35|, 266 | 6247 | 1/228 2.8
BWIB-4 ) 670|132 |6/77 | F0 og g3
Bw(c-/ 05 | , 320 | 7202 | s060y, 770
BWic-2 767 | . 345 | 6772 |sr0728 (036
BWIF-1 " a §55 | . 453 | 574/ | /(035 | §03
BWIF-2 760 | . 21T | 5520 7173 768
BW2A-/( 830 |, 26¢% | 6383 | /0371 /076
BW2A-2| " 770 |, 203 | 6227 /0603 | (o7
PBW2E-] " 665 |, /42 | 599¢ | 8437 | 1062
BW2E-2 ) ) 7151, 160 | br2Y | 9228 /07/
BW3A " 830 |, 232 | 5465 |sr0g36 | W00
Bw3g-/ ! 755 |, 318 | 4642 | f0397 | 785
BW3B8-2 " GRT|. 132 | 4582 8431 | Jot4
BwW33-3 ; 740 | 28T | 6334 10150 /042
BW3B- 4 " " 755 | .322 671410315, 957
Bwsp-5| | 7S | 255 (345 9/90 990
BW3IE " " 6ro0 | /65 | 5472 goo0s| 797
BW3F g30 | .31l | 6446| s0802 F€o
ﬁvera.fe 6278 | 9926 | 962
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Table No, 5 - A Tabular Presentation of the Strength Values

Obtained for Each Specimen of "yellow jack™ and "black jack"

Tested in Static Bending.

Content of 12% Based on the Oven Dry VWeight.

All Values Given Are For a Moisture

Ghecimar | Dimnsin| Doxects [ AT I s F (et ] arles
pecimen | Dimension) JeXecks a(}ém./;) Gnches) Q(;g'gpd)__g;g;;ﬁ;_.ﬁ;ﬁ;gﬂ
VCrIA-1 | 17xt"x10" WNone 755 L2971 79/0 /2326| 1 28¢
YC/A-2 " £ 55 IR0 | 728 lowsl | 1178
yetB-/ " ! 25 1395 | 25911306 | 1179
YciB-2 " " g70 25| 7888 11980 /93
YC/B-3 55 | . A]3 | k265 | /072 14195
YC/D a J00 296 7636 | /11746 | s026
YC2A ! 50 |, 32l 7069 /0878 /api
YC 2D-1 M Fe5 | .a55 | 7685 |jayry | /1233
Yc2D-2 70 | 280 | 6880 | /0877 | 4178
Yc2& " 795 | 249 | 78/0 10862 (/38
YCa2H-I ' 92/5 .30g 7270 17365 r073
YC2H-2 " v §10 | 298 | 272¢9 | 1115 1030
YeaB-/ | v " 9/5 ,}B? 7795 /60| WES
YC2B-2 " /030 | (330 99—70 /1R/25 | /Ro4
YC3A-| " 75 | ,223 |855¢ | n¥35 | 1068
YCBA;Z " " 765 do62 SO \sofI 120 Y
YC 3R " B 750 | 179 | 6% 0002 | 112/
YC3D " " 735 | 249 | 8¢6s |«2x70| 1 y/
Y¢ 36 " " 760 | 385 | 6678 1001t 9/9
YC3T " " 765,219 | 9857 |10080| //12F

AVQV"'j@ 7606 | 11182 ;154




Tested in Static Bending.
Content of 12% Based on the Oven Dry Weight.
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Table No. 4 - A Tabular Presentation of the Strength Values
Obtained for Each Specimen of "yellow jack" and "black jack™:

| A1l Values Given Are For a Moisture

Vo b perss”) o

,cs;ecvmoh Dimension | DeXacks ff;ﬁ:ﬂ Pedtion o | Soess o1 ”%i’;?i oy 2’;1“#2“5
| (Runds) | (Inches) |(bspersg.) as perp.). |
Beigi| rwvie| Mone | 525 309 | Gooy| 11/83] r070 |
BCIA-2 /5 | .3/3 | 7020 | /s003 03/
Bc/B-/ " " §35 | 395 | €8S/ | wtop| /195
BCIR-2 " 935 .5«/7 Ftra ’, /27:6  /1>‘_3 ,
BC/B-3 " Y 70 | 255 ssad| /2bjs/ /2.0/
BC/&~ 1 " " Joo | .370 | 670 /0735'_,725
BCI&- 2 " " FEO | 3VY | 7722 /1981 TRE
peie-3| " | 745 | 250 | 93/0 | wess| 752 |
B C2D-/ " B 790 254 6797 (/0239 1/3d
BC2D-2 “' H FLSE .iéé 069 | 11508 //07
BC2E-1 Lo §¥554 .309 ,7?9/ (14279 '/o;’g
BC2E-2 ' F70 | 434 | 8065 | /2025 s09/
BCRLE-3 " Y & 36 ,;_7/' 005 | /1250 /r/2
RC3A " 575 22X | £33Y% /2002 /1322
Bc3C N " 805 | 205 | 7536 sogg 8| 10799
Bc3D : 700 | 2027272871 7677| 12/ |
Bec3e-1| " e50 | .25 | 7722|9056 | /000
Bc3c-2 Fro | 2056677 |/0673| 108/
BC 3 4 “ 785 | .238 | 650¥ | 9750 | 72
Bc3T * 55 | 320 | 6402|1102 P| /76 7
Averagel 2302 | 11148 | 1092
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for Each Specimen of "yellow jack" and "black jack“ Tested,

Table No, ;F' - Specific Gravity and Hardness Values Obtained

_“wAll_Va;ues Given are For a Moisture Content of 12% Based on

j—the Oven Dry Weight.all Specimens 2"X 2" X 6", -
Fecimen il AT e (o LT R
Bwia-1 | 43 | 593 | 787 \Bera | 49 | 549 | 72/
BwWIiA-2 ra 9 40 726 BCIB| .49 264 6L7
BwW/IB 48 687 719 pCIB-2| .49 é/s‘ 678
| Bw24-1 | 43 | 556 | 767 BC2A-1|  4F Sed | 745
Bwaop-2 R4 483 7;7. BCcaA-2 48 SH5. 702
BwWAA-3 .40 489 TJ2€ | \BcaB-1| 566 6/0
BwWah-4, 42 506 707 pBeap-2, o4 | S32 588
Pwar -l .42 535 205 Bcac-/ .47 563 ‘706
BWAR-2| 42 519 758 BCAC-2| .d8 | 575 698
Bw3A M S51g 643 BC3A | .45 | J28 | 6RE
Average w3 | 563 727 ‘erege . 4q | 558 | 470
YWIA-1] .59 | 790 | 77/ YC/A-1| .53 | 643 678
YWIA-2| .57 778 | so03 YClA-2| .76 707 | 632
YWI B 52 714 819 Yeia-3 .57 671 670
YwW28-/| .5/ 607 | 663 YczaAa-1| .51 633 652
\Yw2A-2| .52 | 697 730 yeah-z| |54 | 922| 695
YW24-3| .5/ b6 | 689 yeas | .49 045 | 455
Ywag-/| .52 600 | 4oo ycae-/| .s¢ J34 | 903
ywad-2| _5p bol 593 : yeac-a, -97 | 767 | 933
YW3A-1| .49 | 573 | 604 lyeze-3| .57 | 42| 696
ywin-2| 49 | 2| 639 yesq | .45 | 47| oz
ﬂwnye . o2 d62 é;é &wwye S Y 433 £79
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Table No. é - A Tabular Presentati'on of. the Results Obtéined
From the Tests Made on the Nail Holding Cepacity of Each Type

"of Pine, All Nails Were Driven to a Uniform Depth at nght Angles
to the Surface of the Wood., :

. /Wé,x/ma,m Mo xt #ee Avera, e
; '/ Jarfoc e f oad Tes¥ No.l e ' 7
/J;G'C/Meﬂ /Va:/ 1zE /Vg_-/_:/_ecf CPo. fl.nd.r) %7&‘;“:‘4/!?2 ZMLJO‘QM)

YW -/ Jd Enjeﬂf‘/zl 245 . ‘2-,50, , 245 i

Yw -2 " | 235 | 225 | 230 |
Yw- 3 " 260 255 25§
Yw- 4 ) | 2/ 245 | 229
Yw- 5 v : 230 | 195 | 213

Avera.?qn 236#

Bw - | &d 72;7?3”75'4/ 270 .| 200, Zos

Bw-2 R 225 | 205 | 215
Bw-3 - N 240 | 230 235
Bw-4 | . 225 | 215 220
BW -5 - N 225 220 223

) ﬁvémjc 2/7#-




Table No, Ve

- A Tabular Presentation of the
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Obteined for Bach Specimen of "yellow jack" and

 Tested. in Compression Parallel to Grain. Values

Strength Values
"black jack"

Reflect the

Strength at 12% Moisture Content Based on Oven Dry Weight.

Specimen Djmensiom Deracts (o Sheciman | Dimension Jaels g g
nches) lhs.pevspin.) » | (Inches) | Tbs.persp in

YW1 B-1| 1"x1"x 4" None JFHos5 Bw 3 /”X/"xsé None ,45"7/
YwiB-2| / 794 Bw 1C-1 “ " 5/5/
YwiD-/ 70 6 %6 |Bwic-2 " 5034
YWwiD-2 " 7723 BwWIF-[ | " 4772
Yw/D-3 " " Q76 EW/F-Z " S22
Yw 6 B 985 4 Bw2Ag-l 5630
Yw2A-/ /000 | Bwaa-2 o Sers
| Yw2A-2 9410 PWaA-3 " " 5563
Ywac " 9969 pPwW2.B-/ " “ #4509
YwaD-/ " 842 BwaB-2 " So6 &
YWaD-2 " " 73/3 Bwac—-/ 0 " S/32
Ywa2€E-1 " " /0793 Bwac-2 " " $#35/
YW2E-2 " /1805 BWaD ' " " s532g
Yw26-/ " /017¢ Bwae-¢ " v Soay
yYw 26-2 " ?//3 BWaE-2 " " 5197
YWaH " " /11878 Bwz6-3 " " Hs2y
ywzar " K /0081 Bw 34-/ N Séo0z
YW2a0 " 7350 Bwap-2, ’"_ " #4697/
YW 2E " " 9333 Bw 38 Y " | 5119
YW 2F " " JO44S | Bw 3F " 57/6

Average| gya7 vernge | 5002




\Table No, &

S
(@]
.

éObtained for Each Specimen of "yellow jack" and "black jack"”

|
éTested in Compression-FParallel-to-Grain. Values Reflect the

/Strength at 12% Moisture

i ! i

; . D on | rush
kgec/ en Dimensioni DeYects

- WWM4VQMﬁma; i

%YCIA-Igrw/u4"i/W~e g ééozﬁ
ezl - | ews7
%Ycua—/é §é37‘
Evc/B-zé 6r%7
iYCIB-3; A 56002
ycaD-1 i §6¥32§
Yc22-2| | 673/
ye20-3, 5772
yeze  T#12
Ve 2H-1 " | 9820
YC2LH-2Z § a 55528(
YC3A-1 ; " §é03/§
YC3A- 2, e 492
| YC3A-3 " é " 2 6310 §
Ye3D-1, 3 bl
YC3D-2 5760
YC3D-31 - . | 5700
;YC3D-¥§ : 6738
Yeser 5020
Yc3e-2l 6358
R Ry
| |

Content Based on Oven

. ‘_45/'??6":"%

4

BCr/A
BC/IB-/
RC/B-2
Bcic-/

Bere-2
ébczﬁ

| Bpcae-/
BCaE-2
| BC 34-1
Beaa-2,
BC3IA- 3
Bc3c-/
BC3C-2
Bc 3F

BC36-/
BC36-2
BC3K-/
PC3H-2
Be3H-3
Bc3Z

Dl'm ens*/'oh
_(Inches)

1°%1 "X o

Delecls

None

t%@mye

- A Tabular Presentation of the Strength Values

- Dry Weight. .

Mar. Gwh:’o;,
Strengtbh

(s per-Sprn)
| SB23

6423
673/
| 6v55
6496
¢791
6670
6699
6922
c#5¢
5859
592¢
5456
S¥7
5768
6/59
5357
6230
5706
5364

6/ 46
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GRAFPHS
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SAMPLE COMPUTATIONS
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Method of Computing Moisture Content Based on Oven Dry

Weight

1., Sample weighed to closest hundredth gram,

2. Sample placed in electric oven at 212°F,
and weighed at intervals of several hours
until there is no additional loss of weight.

3. Final dry weight recorded to closeét hundredth
gram, |

4, Values obtained inserted in formula:

- Wy = W g

Wo,d.

W, = original weight as in (1) above,

Wo q. = Final dry weight as in (3) above.
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Sample Computation Illustrating the Method by Which

Values of Stress at Proportional Limit are Obtained

in Static Bending and the Method Used to Adjust the

Values to the Corresponding Values Which Vould be

Obtained at 12% Moisture Content.

:;I - .?,Y/DCX ya
P IxExdT

From the graph on page (P') = 650 pounds.

\S;DA :;X(ofo K;f = /7;f¢ .= 8775 /o/_y /95/, 7 /}75/_
X1 x I+

Assuming that the moisture content of the Speciman
tested was 11,3%, it becomes necessary to adjust the
value 8775 pounds to the corresponding strehgth value-
which would have been obtained(approximately)had the
speciman'been at a moisture content of 12% based on its
oven dry weight, From the table of values given on page
38_it may be seen that for each degree change in moisture

~content a change in the value of the strength at pro-
porticnal limit (stress) is effected to the extent of a-
bout 5%. We also know that below the fiber saturation
point (25%-35% moisture content in most native woods)
wood becomes stronger as the moisture ccntent decreases,
Therefore, since our test speciman was at a moisture con-
tent of 11.3% it actually was stronger than it would be

if the moisture content were 12%., For this reason we are



o8

correct in subtracting from 8775 pounds a value equal to
.7(.05 X 8775) or 307 pounds, This leaves us a value of
8468 pounds as the value for stress at proportional limit

for the speciman at 12% moisture content,
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Sample Computation Iliustrating the Method by Which Values

of Specific Gravity, Based on the Volume of Each Test Speci-

- man When Oven Dry, were Obtained.

Oven Dry Weight of Test Speciman
Specific Gravity =

Weight of an Equal Volume of H20

Assume that the oven dry weight of the speciman is 160

greams, and that its dimensions are 1.95" X 1.97" X 6",

Volume of speciman (cubic inches)=1.95" X 1,97" X é" or

23,9 cu, inches,

Volume of speciman in cubic centimeters 25.5 X 16,39

or 381 cu, centimeters.

Therefore, since 1 c.c. of Hy0 weighs 1 gram it may be
said that a volume of water equal to 381 c¢.c. would

weigh 381 grams,

Specific Gravity- _160 gms, - .42
481 gms., |
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