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THE INFLUENCE OF THE SIZE AND IESIGN COF HKAILS
ON THEIR EFFICIENCY WITH RESPECT TO DRIVING
AND PULLING FROM VARIOQUS SPECIES OF WOOD

——— .

Summary

This thesis gives the results of a study of
the influence of the size and design of nails on their
efficiency with respect to driving and pulling from
various species of wood. The study was made at the
Forest Products Laboratory of the United States Forest
Service in cooperation with the American Steel and Wire
Company, primarily to compare two types of nails, a
common nail with plain head and regular point, and a
special nail with a larger checkered head and a longer
"diamond" point.

The results indicate in a general way that
the blunter point is the more efficient from the
standpoint of ease of driving and low splitting ten-
dency. The influence of the tyve of point on the
wood in driving has a marked effect on their rela-
tive holding power. The regular-pointed nail
requi res slightly greater work to pull immediately
after driving. Subsequent soaking of the wood speci-

mens containing the neils, however, results in a

8lightly greater resisiance to withdrawal of the



diamond~pointed nails. The regular-pointed nails
require slightly more total work to withdraw while
the diamond-pointed nails require a higher maximum
load to start withdrawal. In general, the data indi-
cate a s8light superiority of the regular-pointed
nail, particularly from the standpoint of splitting.

Very little difference was found between
the plain and checkered heads in amount of slippage
of the hammer in driving, and resultant bending of
the nails.

This thesis covers only a small part of
the general study of nail design. The whole problem
of determining the design of a nail which will do
the least damage in splitting, and have the necessary
holding power, is one involving a great many factors
of extreme importance whose influence is not very
well known. A broad study of these factors and their
relation to different uses, covering all the impor-
tant commercial species would undoubtedly lead to
greater economy &nd efficiency in various fields of
construcetion, particularly the wooden container in-

dustry.
Purpose

The purpose of this study was primarily to

determine the influence of the sige and design of



nails on their efficiency with respect to driving,
pulling, and freedom from splitting when driven into
various species of wood.

Laboratory tests were made under this study
in which nails with regular heads and points were
compared with nails with a larger checkered head and
& longer "diamond" point to determine the relative
resistance of the two types to being driven into and
pulled from various species. Some tests were made
to determine the relative tendency of these two types
of nails to split a board when driven into it. Hand-
driving tests were also made for the purpose of de-
termining the relative tendency of the plain and
checkered nail heads to permit slippage of the ham-
mer and consequent bending of the nails. A compari-
son was also made of common and barbed nails in one
8ize of nail and one species only.

A few incidental tests were made on boxes
to determine the effect of varying the size of nail
on the type of failure.

Description of Material

The lumber used for the msain series of
tests consisted of both green and dry Douglas fir
(shipment No. 729), and yellow birch and white pine
(shipments Nos. 833 and 845). Sufficient dry mate-



rial was obtained by kiln drying a portion of each
species. The material was cut to the desired length
and cross section to accommodate the various sizes

of nails. Red fir (Abies magnifica), and yellow

birch taken from dry stock in the yard were used for
the hand-driving tests. The following table shows
the approximate dimensions of sticks used in the
tests to determine the work absorbed in driving and
pulling various sizes of nails:

Nail Sige Cross Section of Stick

Inches

44 2x 3
6d 2x3
8d 3x3
104 3x 3
204 33 x5
604 4 x5

The specimens used to make the nail-
splitting tests were sawed from stock on hand at the
laboratory.

The nails used in the tests were the common
brand with plain or regular head amnd point, and the
common brand with checkered head and long diamond
point (see Fig. 17) hereafter referred to as the
regular and diamond-pointed nails, respectively. The
two types of nails of each gauge were made from the

same bundle of wire, thus giving a uniform quality

and gauge of wire in the two types of nails. The

wire from which the nails were manufactured was all



from the same heat (2962 Car N & SS 768) of selected
standard Bessemer steel. Fig. 17 is a photograph of
the two principal types of nails in the various
gauges tested, and, in addition, an 84 barbed nail.

Marking and Matching

Each stick into which nails were driven was
given a series number, lot number, and stick number
in the order named. The series number indicates the
species and condition (whether green or dry); the
lot number refers to the size of nail (44, 64, 84,
etc.), and the stick number indicates the treatment
to which one-half of the stick was subjected after
the nails were driven. Immediately after driving,
the nails were pulled from one-half of each sticke.
The other half of the stick containing the remainder
of the nails was then subjected to one of the three
conditioning treatments indicated in the last column

of the following schedule:

Series No. Lot No. Stick No.

1l - (Dry Douglas fir) 1 - (44) 1 -(soak 1/2
before pulling)

2 - (Green Douglas fir) 2 - (64) 2 -(dry 1/2
before pulling)

3 - (bry yellow birch) 3 - (8d) 3 -(soak and dry
1/2 vefore
pulling

4 - (Greem yellow birch) 4 - (104)

5 - (Dry white pine) 5 - (204)

6 - (Green white pine) 6 - (404) (not used)

7 - (604)



For example, a stick of greem yellow birch
(series 4) into which were driven 204 nails (lot 5),
and one-half of which was subsequently soaked and
then dried before the nails were pulled, would be
assigned the stick number 4-5-3.

In order to eliminate as far as possible
the influence of variability in material the two
types of nails being compared were driven alternately
in two rows along the stick as shown in Fig. 18. The
nails in the two rows were staggered so as to allow a

maximum distance between them.

Desoription of Pendulum Machine

A machine utilizing the principle of the
pendulum and of the type shown in Fig. 18 was used
to determine the work in driving and pulling the
nails. This machine was previously used for deter-
mining the toughness of plywood and was modified to
adapt it to this study. The machine as modified
consists of a frame built of structural steel chan-
nels. From the center of the two horizontal channels
(A) is suspended a pendulum whose axis rotates on
ball bearings. Concentric with the center of rota-

tion of the pendulwn is an 8-inch pulley or drum (B),

and to this is attached the pendulum bar which car-
ries the hammer (C) and the weight (D). The position



of the weight on the pendulum bar is adjustable. One
edge of the periphery of the drum is graduated into
degrees of arc. The angle for any position of the
pendulum is read from a vernier attached to the axis
by means of a friction spring having the same radius
as the graduated circle on the pulley. The indicator
on the vernier scale can be adjusted so that it points
to zero when the pendulum hangs free in the vertical
position. The vernier reads to the nearest 0.l
degree. In both driving and pulling, the pendulum

is engaged by a spring release at the angle from
which it is desired to drive or pull. When in this
position the vernier (0), Fig. 19, is shoved back
against the atop (P), Fig. 19, and the angle which
the pendulum makes with the original or vertical
position may be read.

The driving of the nails is accomplished
by means of the hammer head (C) slotted to fit the
pendulum bar. The stick into which the nails are
to be driven is placed on the carriage (F) which is
attached to the heavy cast iron block or anvil (G)
which serves to absarb the shock. The stick is held
securely in place by means of two eccentric wooden

clamps (H) bolted to the carriage. The position of

the anvil is adjustable by means of the hand wheel

and screw (I).



The machine set up for pulling nails is
shown in Fig. 19. The pulling of the nails was
effected by means of the wire cable (M), one end of
which is attached to the pulley and the other end to
a grip which fits over the head of the nail to be
pulled. These grips vary in size according to the
8ize of nail and are somewhat similar in shape to a
clevice but much smaller. The grip is slotted to
slip over the shank of the nail, the end of the slot
being countersunk on the inside of the grip to give
a seated bearing for the nail head. Two 5/8-1inch
steel pins (N) threaded at one end, and screwed into
the casting (0), which can be moved back and forth
similar to the casting (G), Fig. 18, serve as a bear-
ing for the stick while the nails are being pulled.
When the pendulum is released in pulling, the vernier
remains against the stop at the zero position until
the pendulum reaches its maximum swing. When the
pendulum reaches the end of its swing after pulling
a nail, and starts back,the vernier is carried back
with the pulley by means of the friction spring
attaching it to the axis. The pendulum is stopped
from rotating and the reading of the graduated circle
on the pulley opposite the indicator on the vernier

is taken. This reading is the maximum angle to which

the pendulum rises, and when the pendulum is swinging



free without doing work, would be equal to the angle
from which released, providing no friction were pres-
ent. When a nail is pulled, a certain amount of work
is done which is measured by the difference of the
versed simes of the two angles after allowing for
friction. The initial angle fram which the pendu-
lum is dropped can be varied by changing the position
of the spring release on the large arc (E), Fig. 18.

Method of Test

Work in Driving Nails

The work or energy absorbed in driving
nails was determined by means of the pendulum machine
set up as shown in Fig. 18.

In order to get the nails started straight
with the first blow, nail holders, varying in length,
height, and thickness, according to the size of nail
being driven, and of the type shown at (J), Fig. 18,
were used. The nails, when placed in the notches of
the nail holder and in position for driving, are in a
horizontal position with the nail points in contact
with the stick into which they are to be driven (see
Fig. 18). The nail to be driven is placed in line

with the travel of the pendulum hammer, and at such

& height that the hammer will strike the nail squarely

on the head. The hammer, of course, is also adjust-



able for height so as to hit the nail squarely. The
nail holder and the stick into which the nails are
being driven were held tightly against the cast iron
anvil by the two eccentric wooden clamps (H), Fig.
18. The anvil can be moved forward or backward to
any desired position so that for each blow, or in
the case of the larger nails, for every two or three
blows, the nail can be placed 80 the hammer hits the
head squarely. If the anvil is too far forward,
toward the left in Fig. 18, the hammer hits the
uppear edge of the nail head,and if too far back, or
to the right in Fig. 18, it hits the lower edge of
the nail head. In either case, the nail is apt to
bend before being driven to the required depth. The

number of nails which the holder accommodates at one

time, and tne spacing of nails varied according to the

size of nail being driven.

The different types of nails being compared
were driven alternately in a straight row along omne
edge of the stick (see Fig. 18). The stick was then
reversed end for end with the same face forward, and
a second row of nails driven in the same way. The
nails in the two rows were staggered as shown in Fig.

18. Thus far, the nails have received but one blow.

At this point, the nail holder was removed, and a

short spacer of the same width as the nail holder

10
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placed between each clamp and the stick to hold the
gstick tightly against the anvil during the remainder
of the driving. The number of blows given at one
setting of the anvil varied from one to three, or
perhaps four, depending upon the penetration at each
blow. At any rate, as soon as the nail was driven
deep enough so0 that the hammer no longer struck the
nail head squarely, the anvil and carriage were moved
forward by means of the hand wheel (I), Fig. 18. The
total number of blows given each nail was recorded,
together with other pertinent data such as weight of
pendulum, and the angle from which pendulum hammer
was dropped.

With the exception of a few sticks of series
1l and 2, nails were driven according to two general
plans. One of these plans provided that each nail of
a lot be given an equal number of normal blows (ap=-
proximately the number required by a carpenter to
drive nails to the same depth) the actual penetration
being determined. According to the other plan, all
nails of a given lot were driven a definite depth by
means of a larger number of light blows, a record of
the number of blows required to drive them to this
depth being taken. Where the two plans were followed,

one-half the number of each type of nail were driven

according to each plan. The difference between the

number of blows used in the two plans is clearly



indicated in tables 1 to 6, columns 9 and 18.

The penetration of the nails driven accord-
ing to the first plan was measurced by means of a
vernier caliper reading to 0.0l inch. This gave the
length of nail extending above the stick, which was
subtracted from the overall length of nail to give
the actual penetration. The nails driven according
to the second plan were marked at the depth to which
it was desired to have them driven.

All measurements of length of nail or depth
of penetration were made to include the full length
of the nail point. 1In order to eliminate the effect
of length of nail point in determining unit work values
for both the regular and diamond-pointed nails, the
depth of penetration for both types was reduced to
equivalent volumes by subtracting from the penetration
of each, two-thirds the length of the nail point. The
average lengths of the nail points for the various sizes
of nails of both types are given in colummn 5 of tables
1l to 8.

Work in Pulling Nails

The pulling of the nails was accomplished by
means of the same machine with some slight changes as
shown in Fige. 19. The anvil and apparatus for holding
the sticks in driving the nails was drawn back so that

12
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it cleared the pendulum during the pulling of the
nails. The stick containing the nails to be pulled
was then placed on a table against the two 8teel
pins marked (N) in Fig. 19. The position of the
casting holding the pins can be changed to suit the
length of cable desired. 1Imn all pulling tests the
casting and pins were so adjusted that the cable
became taut when the pendulum was about 15¢ to the
left of the vertical position. The angle of drop

of the pendulum was such as to pull the nail with a
single swing of the pendulum. The rise of the pendu-
lum after pulling the nail was read by means of the
vernier which travels back with the pendulum upon
reaching its maximum swing. The position and size

of the weight on the pendulum bar is governed by the
8ize of the nail and the species from which the nail
is pulled. Different sizes of grips were attached to

the end of cable for the different sizes of nails.

Friction

The difference in reading between the ini-
tial angle, or angle of drop of the pendulum, and the
angle to which the pendulum rises when swinging free,
is due to friction in the bearings. This was found
to average about 0.5 when the drop was from a 90e
angle. This much friction amounts to less than one-

half of 1 per cent in most cases. For a given stick,



all nails were pulled from the same angle, the fric-
tion factor being constant for both -types of nails.
For these reasons the friction was neglected in

computing the work in driving and pulling.

Static Pulling Tests

The static pulling tests were those made
on a 10,000-pound capacity Tinius Olsen universal
testing machine to determine the maximum load of

withdrawal.

Hand-driving Tests

Hand-driving tests were made in which two
carpenters each drove one thousand 10d nails of the
regular-head and common-point type, and a similar
number of the checkered-head and diamond-point type
of the same size. These were driven in groups of
200 and 300, alternating between the regular-head
and point, and the checkered-head and diamond-point,
Each carpenter started with a different quantity and
type of nail so that they could keep no check on
each other as to the speed of driving. This was to
eliminate any tendency to race. The carpenters
stood at an ordinary work bench and drove the nails

into 3-inch planks of red fir (Abies magnifica).

14
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Vibration Tests

Vibration tests were made on style 2 boxes
built with 2-piece sides, tops, and bottoms of 3/8-
inch western yellow pine and 13/16-inch ends and
cleats. These boxes were nailed with six nails to a
nailing edge, the sizes being 64, 84, and 104 nails
ground to the same length, and pointed. The boxes
were tested on a vibration machine (see Fig. 23)
consisting of a platform which was subjected to a
horizontal throw of 13/16-inch at the rate of 200
vibrations per minute. During the tests a weight
of 650 pounds was placed on top of the box. The
boxes were held from sliding endwise on the platform
during the test by means of angle irons attached to

the table.

Splitting Tests

The relative splitting tendency of the
regular and diamond-pointed nails when driven into
small blocks 3/4 by 2 inches in cross section, and
of varying lengths, was determined as follows: Dry
Douglas fir and yellow birch was used, and the nail
sizes were 34, 44, 64, 84, 10d, and 204 for the
Douglas fir and 44, 6d, 8d, and 104 for the birch.

The nails were driven through the center of the

block and if the block did not split a block 1/4 inch

shorter was used. This process was repeated until



a length of block was obtained which was split by the
nail. The test for this length of block was then
repeated as a check. All blocks for one size nail

were taken from the same board.

Computations

The total work in driving the nails was
camputed by means of the formula W = WL @ where W is
the total work, w the weight of the pendulum, L the
distance of center of gravity of pendulum and weight

below axis, and © the versed sine of the angle of

W
depth of penetration

inch penetration.

drope. is then the work per

The total work in pulling the nails was
computed by means of the formula W = WL (8; ~ ©)
where 8, is the versed sine of the angle of drop
and @, the versed sine of the angle of rise or final
angle. The unit work was obtained by dividing this
result by the depth of penetration.

Explanation of Tables, Charts, and Photographs

In tables 1 to 6 are given the results of
teats to determine work in driving regular and
diamond-pointed nails into green and dry Douglas fir,
Jellow birch, and white pine. Most of the columns

8Te 8elf explanatory but some wWill bear a few words

16
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of explanation. The average depth driven as given in
columns 14 and 23 as explained in footnote 2, includes
only one-third the length of point. These are the
values used in determining the unit work values given
in columns 15 and 24. The data in columns 16 and 25
are obtained by dividing the unit work value for the
diamond-pointed nails by the unit work value for the
regular-pointed nails, and expressing them as per-
centages.

In tables la to 6a, are given the results
of tests to determine the work in pulling regular
and diamond-pointed nails from green and dry Douglas
fir, yellow birch, and white pine. Column 9 gives
the difference in versed sines of the initial and
final angles, which, when multiplied by the distance
of center of gravity below axis in column 6, gives
the vertical drop in inches of the pendulum if the
weight is considered as concentrated at its center
of gravity. The length of nail withdrawn, given in
column 10, is the depth of penetration including one-
third the length of the nail point. The values in
column 12 are the ratios of the average work values
for the diamond-pointed nails to the average work

values for the regular-pointed nails expressed in

Percentages. The values in column 16 are similar

ratios based on the maximum load in static with-



drawal. The values given in column 13 are ratios of
the work values after conditioning to the work values
before conditioning also expressed in percentages.
Column 17 gives similar ratios based on maximum load
in statis withdrawal.

The first two unit work values given in
column 11 of tables la to 6a, inclusive, for each
stick number are for the pendulum withdrawal of the
regular and diamond-pointed nails, respectively,
immediately after driving. The ratio of the work
in pulling the diamond to the work in éulling the
regular-pointed nails, immediately after driving,
expressed in percentages, is given as the first
value for each stick number in colummn 12 of these
same tables. The last two values in column 11, and
the last one in column 12 for each stick of the same
tables, apply in a similar way to the nails pulled
after being subjected to one of the three condition-
ing treatments mentioned on page b.

The data given in columns 14 to 17 under
"gtatic withdrawal™ refer to the nails pulled on a
Tinius Olsen universal testing machine of 10,000
pounds capacity.

The foregoing remarks on tables 1 to 6 and

la to 6a also apply to tables 7 and 7a, respectively,
except that barbed nails instead of the diamond-

18
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pointed nails are compared with the regular-pointed
nails. Only 8d nails of these two types were compared.
The points and heads were the same, the only difference
being the smooth shank in one, and the barbed shank in
the other.

Table 8 gives the results ot a special ser-
ies of tests to determine the relative pemnetrations
of the regular and diamond-pointed nails after each
of a number of successive blows. The work values
given in column 23 are based on the penetration after
the last blow of the hammer. The work in pulling
these nails from the final depth driven is given in
column 35.

Figs. 1 to 13 show graphically the relative
work in driving and pulling regular and diamond-
pointed nails from both green and dry Douglas fir,
yellow birch, and white pine.

Fig. 14 gives graphically the results of a
special gseries of tests on 84 nails driven into green
yellow birch. The data represented by this chart are
supplementary to data represented in Fig. 8, and are
given in tables 4 and 4a.

Fig. 15 shows graphically the relative work
in driving and pulling 84 regular and barbed nails.

The species into which the nails were driven was dry

%White pine. This chart is based on data given in



20

tables 7 and T7a.

Fig. 16 shows graphically the relative pen-
etration for 8d regular and diamond-pointed nails
after each successive blow of the pendulum hammer.
The left-hand column gives the per cent penetration
after each. blow for both regular and diamond-pointed
nails for three sticks. The right-hand column com-
pares the two types of nails on a percentage basis
for each blow. It also compares the two types on a
basis of total work in driving and total work in
pulling. This chart is based on data given in table
8.

Fig. 17 shows the types and 8izes of nails
studied.

Fig. 18 is a photograph of the pendulum
machine arranged for driving nails.

Fig. 19 is a photograph of the pendulum
machine arranged for pulling nails.

Figs. 20 and 21 are top and bottom views of
red fir planks driven full of 104 nails by carpenters
Nos. 1 and 2, respectively. The groups of nails
numbered (1) are those with regular heads and points
and those numbered (2) are those with checkered heads

and diamond points.

Fig. 22 shows dry yellow birch planks
driven full of 84 nails by carpenter No. 2. The

groups Nos. 1 and 2 hsve the same significance as in



Figs. 20 and 21.
Fig. 23 is a photograph of the vibration
machine arranged with a box loaded for test. The

box as tested is empty.

Analysis of Results

Work in Driving Regular and Diamond-pointed Ngils

An examination of tables 1 to 6, 8, and
Figs. 1 to 14, shows quite consistently that the
nails with the regular points offer slightly less
resistance to driving with the pendulum hammer.
This is true both when driven with a relatively
small number of blows and also when given a rela-
tively large number of lighter blows. At first
thought, this would seem contrary to sound reason-
ing, the natural conclusion being that the diamond-
pointed nail with its sharper point would penetrate
wood more easily than the regular-pointed nail with
its relatively short blunt point.However, experience
and a few laboratory tests, have demonstrated that
& blunt nail will give less trouble from splitting
than a sharp pointed nail, due to the cutting and
breaking of the fibers. This accounts, partially at

least, for the greater ease of driving the regular-

pointed nail. The diamond-pointed nail acts more as



e2

8 wedge than the blunter regular-pointed nail, and
tends to split the fibers apart, thus rupturing fewer
of the fibers.

The form of point which will penetrate with
the greatest ease has not been determined. It is
probable, however, that this is a variable depending
upon the species and condition of timber into which
the nail is driven.

Very little difference between the relative
ease of driving the regular snd diamond-pointed types
of nails was found by reason of using a small number
of heavy blows, or a relatively large number of light
blows. The work per inch of penetration in driving
with a large number of light blows is considerably
greater than when driving to the same depth with a
small number of heavier blows. This is shown by an
examination of the values in columns 15 and 24 of
tables 1 to 7. This difference, however, is what
would naturally be expected when we consider the
spring, or giving of the wood and nail which absorbs
& certain amount of energy for each blow. The energy
absorbed is practically the same for & light and a
heavy blow. It is, theretfore, evident that the total
energy absorbed should be much greater for the light

blows. In fact, the blows could easily be so light



as to cause no penetration whatever. This would be
especially true of a large nail driven into a dense
gpecies. The work values given as a result of the
driving tests are not absolute, but relative, and
afford a good means of comparison between the types
of nails studied.

It is interesting to note that the differ-
ence in resistance to driving the regular and 4 iamond-
pointed nails is less for birch than for Douglas fir
and white pine. This is true of both green and
seasoned material and also holds for the two methods

of driving.

Work in Pulling Regular and Diamond-pointed Nails

A comparison of the work in pulling the
regular and diamond-pointed nails shows that the
regular-pointed nails require more work in pulling
from green and dry Douglas fir and yellow birch
immediately after driving. The difference, however,
is quite small, an average of percentages in column
12 for all sizes of nails showing 1.7, 0.7, 1.2, and
8.1 per cent greater work, respectively, for the reg-
ular-pointed nails when pulled from dry and green

Douglas fir and dry and green yellow birch. On the
same basis, the diamond-pointed nails showed 4.9 and
3.2 per cent greater work in pulling, respectively,

from dry and green white pine.

23



The work in pulling after soaking the sticks
until of constant weight showed somewhat higher values
for the diamond-pointed nails when driven into both
green and dry material of all three species. This
will be evident fram an examination of tables la to
6a, and Figs. 1 to 14. If only the sticks which were
soaked (stick numbers ending with 1) are considered,
an average of all nail sizes shows the diamond points
to surpass the regular points by 4.6, 2.9, &nd 5.4 per
cent, respectively, when driven into Douglas fir,
yellow birch, and white pine in a dry condition. When
driven into green material of the same species, the
diamond-pointed nails surpassed the regular-pointed
nails by 3.7, 0.7, and 9.7 per cent, respectively, for
Douglas fir, yellow birch, and white pine.

The soaking treatment seems to have had the
effect of reversing the relative work in pulling the
two types of nails from Douglas fir and yellow birch,
and to have emphasized the greater work in pulling the
diamond-pointed nails from white pine.

All sticks whose numbers end with 2 were
allowed to air season before the nails were pulled.
These showed the regular-pointed nails to require
8lightly greater work in pulling when driven into
green Douglas fir and both dry and green yellow birch

and pulled after air seasoning. The average per-

24
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centages greater than the diamond points, considering
all sizes of nails, was 6.2, 6.0, and 10.5 per cent,
respectively. The diamond-pointed nails showed 3.7,
0.2, and 4.9 per cent more work in pulling, respec-
tively, from dry Douglas fir, and dry and green white
pine subjected to the same treatment.

The sticks whose numbers end with 3 were
soaked and then dried subsequent to driving the nails
and before pulling them. These showed an average for
all sizes of nails of 10.5, 0.6, and 5.7 per cent more
work required for the diamond than for the regular-
pointed nails, when pulled from Douglus fir and white
pine which were dry when nails were driven, and white
pine which was green when nails were driven, respec-
tively. The averages for Douglas fir in the green
condition, and birch in both the dry and green con-
dition when nails were driven, were 6.8, 1.5, sand 7.7
per cent, respectively, in favor of the regular-
pointed nails.

In general, the test data show a tendency
for the diamond-pointed nails to surpass the regular-
pointed nails in work required to withdraw when with-
drawal is from a stick which has been soaked subse-

quent to driving of the nails. A subsequent drying

of the wood results in slightly greater work of with-

drawal for the regular-pointed nails.



It will be noted from an examination of the
percentages in columns 13 of tables la to 6a that all
three treatments result in a considerable reduction
in work of withdrawal. The soaking, and soaking and
subsequent drying treatments give the greatest de-
crease While the air-seasoning treatment gives the
least reduction in holding force. This applies to

both the regular and diamond-pointed nails.

Static Pulling

The nails pulled on a universal testing
machine immediately after driving showed the diamond-
pointed nails to require a greater maximum load to
start than the regular-pointed nails. This was true
for all three species in both the green and dry con-
dition. The difference in holding power between the
regular and diamond-pointed nails was least when
pulled from green wood, the difference for green
birch and white pine being only 1.7 and 6.4 per cent,
respectively, in favor of the diamond point. The
maximum difference occurred in dry Douglas fir in
which case the average maximum load required to pull
the diamond-pointed nails exceeded that for pulling
the regular-pointed nails by 29.6 per cent.

The values obtained by the static pulling
test, of course, are only the maximum loads required

to start the nail, whereas the values obtained in the
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pendulum pulling test are total work in pulling the
nails. A comparison of values obtained by these two
me thods of pulling indicate that the diamond-pointed
nails required the greater load to start them from

all three species considered for both greemn and dry
material, while the regular-pointed nails excelled in
average force required to pull them from green and

dry Douglas fir and yellow birch. The diamond-pointed
nails, however, required the greater amount of work to
pull from dry and green whi te pine.

When the 8ticks were subjected to soaking
subsequent to driving, a greater maximum load was
required to start the diamond-pointed nails from
green and dry material of all three species under
consideration, which was also true for pendulum
pulling from sticks subjected to the same treatment
(see Figa. 1 to 14, and tables la to 6a). The air
seasoning treatment subsequent to driving the nails,
resul ted in the diamond-pointed nails exceeding the
regular-pointed nails in maximum load of withdrawal
for nails driven into dry Douglas fir, and dry and
green white pine. The regular-pointed nails, however,
excecded the diamond-pointed nails in maximum load of

withdrawal after being driven into green Douglas fir

and green and dry yellow birch. It will be noted

that similar results were obtained in pendulum pull-
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ing for this treatment. The difference between the
two types of nails in pulling from yellow birch after
air seasoning is so small as to indicate very little
difference between the two types of nails for this
species. It should also be noted that only one stick
is represented in the case of the green and dry
Douglas fir.

Soaking and subsequent air seasoning re-
sulted in a somewhat greater maximum load of with-
drawal for the diamond-pointed nails when driven into
dry and green Douglas fir and white pine, and dry yel-
low birch. The regular-pointed nails required a
slightly higher maximum load to withdraw from the
green yellow birch for the same treatment.

The percentages in column 17 of tables la
to 6a show a decided decrease in maximum load of
withdrawal in most cases for all three conditioning
treatments. This is true of both types of nails.

The decrease, however, is not as great as in the pen-
dulum pulling tests.

Relation Between Force Required to Pull, and
~ Diameter of Nall

The maxXimum force required to start the
withdrawal of a nail (static pulling) seems to vary
approximately with the depth of penetration. If we

assume this relation to be true then the force re-



quired to withdraw a nail would be represented by the
quotient obtained by dividing the total work of with-
drawal (W) by the square of the length of penetration
(Lg). A plot of these values against dismeter of
nail for all three species and both conditions at
time of driving shows a tendency for the force (%2)
in pulling on the pendulum machine immediately after
driving, to increase approximately in a direct ratio
with increase in diameter of nail from 44 to 204 size,
for both the regular and diamond-pointed types.
However, there is a diameter of nail beyond
which no increase in resistance to withdrawal is ob-
tained. In these tests the 604 nails gave but little
greater resistance to withdrawal than the 204 nails
driven Yo the same depth. The diameter at which no
increase in holding power would be expected is prob-
ably very dependent upon the individual species, con-
dition, size of piece, etc., into which nails are

driven.

Comparison of Barbed and Common Nails

A comparison of 84 common nails with regu-
lar head and point and smooth shanks, and 84 barbed
nails with regular head and point driven into dry
white pine is given in Fig. 15 and tables 7 and 7a.
This comparison indicates that the barbed nails re-
quire on the average about 7 per cent less work in
driving than the common nails when given four blows.

When the nails were driven with a relatively large
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pumber of blows (varying from 11 to 16) to an equal 30
depth, the barbed nails more nearly required the same
amount of work to drive as the common nails, being
only 2 per cent less.

In pulling on the pendulum machine immedi-
ately after driving practically no difference was
found between the barbed nails and the regular-
pointed nails with smooth shanks. When subjected to
the three treatments (see page 5) before pulling, the
barbed nails required 39 per cent more work to pull
after the stick from which they were to be pulled
hasd soaked 84 days; about 5 per cent less work to
pull when the stick was allowed to air season 313
days before pulling, and when the stick was soaked
and dried before pulling nails, the barbed nails re-
quired 38 per cent more work to pull than the common
nail.

The maximum load required to pull on a
universal testing machine, immediately after driving
was about 6 per cent less for the barbed than for
the common nail. The barbed nail required 1l per
cent greater load to start after soaking, 14 per cent
less load to start after air conditioning, and 90 per
cent more load to start after soaking and drying the
stick than the common nail. It will be noted that
the barbed nails excel in holding power when the

stick has been soaked subsequent to driving.



The tests indicate that the barbed nails
may be an advantage under some conditions, while
under other conditions they may be a disadvantage.
The tests, however, were too limited in number to

draw any definite conclusions.

Hand Driving Tests

One of the arguments advanced by the manu-
facturers favoring nails with checkered heads is that
there is less tendency for the hammer to slip in driv-
ing than in the case of the common head, thus reduc-
ing the waste due to bending, as well as being less
fatiguing to the carpenter. Another advantage of the
checkered head is that it can be centered more easily
in manufacture, resulting in a more uniform head.

In order to obtain some data on the rela-
tive efficiency of the plain and checkered heads in
preventing slippage of the hammer and bending of the
nails, as well as information on the relative ease of
driving, a series of hand driving tests was made
which is described under method of tests.

The tests did not bring out any difference
in the number of nails bent due to slipping of the
hammer. Carpenter No. 1 bent only two checkered and
three plain headed nails, while carpenter No. 2 bent
three checkered and one plain headed nail. It was

observed in the case of the nails which were bent
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that this was due more to the carpenters not gauging
their blows properly and hitting the edge of the head,
rather than to any difference in tendency of the ham-
mer to 8lip from either type of nail head. Carpenter
No. 1 was of the opinion that his hammer slipped less
from the checkered heads and that these nails (diamond
points) drove easier. Carpenter No. 2 could notice no
difference in either the slippage or relative ease of
driving of the two types.

Summing up the time required to drive the
two types of nails: Carpenter No. 1 took 93 minutes
of total time to drive the regular type and 102 min-
utes to drive the checkered head and diamond-pointed
nails. Carpenter No. 2 took 107 minutes to drive the
cammon brand and 108 minutes to drive the other type.
The difference in time required to drive the two
kinds of nails is very slight and if any difference
can be said to exist in the relative ease of driving
or amount of slippage it slightly favors the regulsar
type.

The planks into which these nails were
driven were s8lightly under 3 inches in thickness so
that the points of the nails came through on the
other side. A rather interesting point brought out

by this fact was the greater slivering of the planks

on the bottom where the regular points protruded. 1In
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general, the diamond points pierced without tearing
off slivers on the bottom as badly as did the regular
point. This is shown in Figs. 20 and 21, which are
photographs of both sides of the planks into which
the nails were driven by carpenters 1 and 2, respec-
tively.

Subsequent to the above tests carpenter No.
2 drove 8ix hundred 84 nails of each of the two types
into dry birch in alternating groups of 200 and 300,
time being taken as before. In this case, six regular
and eight diamond-pointed nails were bent. It took 62
minutes to drive the regular and 70 minutes total time

to drive the diamond points (see Fig. 22).

Vibration Teats

The vibration tests were made in an attempt

to determine the effect of change of diameter of nails
used on the type of failure. It was desired to know
if there is a definite dismeter of nail at which fail-
ure due to vibration changes from a breaking off to a
working out of the nails.

In general, it was observed that the larger
diameter nails withstood the greatest number of vibra-
tions, and are more apt to work out than break off.
The greatest number of failures due to nails breaking

off were obtained with the smaller nails.
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From the nature of this test the main stress
ig exerted on the nails in the side pieces when the
box is placed with its top up. Each piece was nailed
with three nails. It was observed that the center one
of these three nails always acted as a pivot, the
bending stress being applied to the other two nails.
The failure of the nail by breaking off was in sall
cases observed to take place in nails which were
driven into the side grain of the end cleats. The
other type of failure was by the nail working out,
which was the typical failure of nails which were
driven into the end grain of the ends, the lateral
resistance being less than when driven into side
grain.

Another interesting point was brought out
in this connection by varying the number and size of
nails in the nailing edge of a box. Approximately
the same resistance to vibration and rough handling

(indicated by drum test)l was shown when either

1The drum test is made in a six~-sided drum about 14
feet in diameter which revolves at a very slow rate.
Upon these six faces, hazards and guides are arranged
in such a manner that, as the drum revolves, the box
or crate skids and falls, striking on ends, sides,
top, bottom, edges, and corners in such ways that the
stresses, shocks, and rough handling of actual trans-
portation conditions are simulated. For this method
of testing the box or crate must be loaded with its
contents or a substitute which produces the same
effect.
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eight 64, or six 8d nails were used.

The tests were few in number, and the re-
gults very erratic; consequently, no definite con-
clusions could be drawn as to the existence of such
a relation. There is a considerable field open to
investigation of a proper method of testing con-
tainers so as to determine the proper relation be-
tween length, diameter, type of point, and type of

head of nails for box and crate construction.

Splitting Tests

The tests to determine the relative split-
ting tendency of the two types of points showed very
consistently that the diamond-pointed nail splits
the longest block, the difference in length split
averaging about 15 per cent for the 44, 6d, 8d, and
104 nails when birch was used, and about 20 per cent
for the 34, 64, 8d, and 104 nails when Douglas fir
was used.

The 20d nails driven into Douglas fir
showed that the diamond-pointed nails split a block
twice as long as did the regular-pointed nail.

Conclusions

The data indicate a small but consistent
difference in ease of driving the regular and diamond-

pointed nails which favors the regular or common



point. This difference exists both when the nails
are driven with a normal number of relatively heavy
blows and also when driven with a large number of
light blows to a given depth.

The work in driving with a large number
of 1light blows is considerably greater than driving
with a normal number of heavy blows for the same
depth of penetration.

The pulling tests by means of the pendu-
lum machine indicate that the regular-pointed nails
require more work in pulling, immediately after
driving, from the denser species such as Douglas
fir and yellow birch, while the diamond pointed nails
pull haraer from the low density species such as
white pine.

The work in pulling from sticks which had
been soaked subsequent to driving was found to be
greater for the diamond-pointed nails for all three
species tested, in both the green and dry condition.

Sticks which were air seasoned, or soaked
and air seasoned subsequent to driving the nails,
tend to increase the work in pulling the regular-
pointed nails over that of the diamond-pointed nails.

In tests to determine the maximum load of

withdrawal on a static machine, the d iamond-pointed

nails surpassed the regular-pointed nails by an
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regular and diamond-pointed types. However, there

jg a diameter of nail beyond which no increase in
resigstance to withdrawal is obtained. In these

tegts the 60d nails gave but little greater resistance
to withdrawal than the 20d nails drivem to the same
depth. The diameter at which no increase in holding
power would be expected is probably very dependent
upon the individual species, condition, size of
pieces, etc., into which nails are driven.

The comparison of 8d barbed and 84 common
nails with the same type of point driven into dry
white pine indicates on the average slightly less
work to drive the barbed nails when driven with a
normal number of blows and also when driven with a
large number of light blows. Practically no differ-
ence in work of pulling was found when pulled immed-
iately after driving. The soaking treatment and
soaking and subsequent air seasoning treatment indi-
cate considerably more work in pulling the barbed
nails, while the air seasoning treatment indicated
slightly less work in pulling the barbed nails than
the common type. The tests are too limited, however,
to draw any definite conclusions.

The hand-driving tests brought out no appre-

ciable difference in the slippage of the hammer from

the heads or in tendency to bend of the common type
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efficiency in various fields of construction, par-
ticularly in the wooden container industry. A4 study
to determine the best design for roofing and shingle
nails would be of extreme value at the present time.
studies of nail coatings efficiency of nailed joints,
relation of diameter to length of nail, effect of
size and thickness of nail head and its relation to
diameter and length of shank, and a minute study of
the action of the wood fibers of various species on

the nail in driving and pulling are only a few of the
outstanding problems upon which definite information

is lacking at the present time. This type of informa-
tion is probably most acutely needed by the wooden

container industry but would be of value to all users

of nails.
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number and refere to the nail o, and the third digit ie the stick numbsr and refers to the treatment to which
one-half of the etick wae subjeoted before naile were pulled.
One-half of sticke whose numbers end with
(1) soaked before pulling.
2) air seasoned before pullings
rl s 3) soaked. then air seasoned dbefore pulling.
l LI oM The treatzente were eimilar for both gresen and air-dry material.




Table Je--Resulte of tests to determins work in driving regular and diamond-pointed nails into dry biroh

1 I ¥ s " 6 7 8 9 o= M1 Se= s Ry 14 1 5 18 19 20 21 2 2 24 z
] 1 8peoifio : Moieture : Waile driven smil number of blows - pendulum # Wails driven large number of 118ht biows - pendulum T
- s . . . . " avcecccacccecorcccnncennn
A 1 ¥ iAverage :Average : of stiok : of etiok : 8 ¢ Drop 3ng. ¢t Drop angle 0 :Distanoce: Work
i Kind : 8ize Ioverall :length : baesd on : shen @ Woe Of : %o, feceac-a- - - ~=: Weight : oenter : feeemmnan eccccsmenmamne
Stiok E 1 t of : oven-dry : naile 3 H : Pe : : : of :Depth : Per
H iweight and: were : nails : of :Degrees:Vers B s s of : gravity: ¢ 4dnch : Ratic
wo.3 e ¢ volume : driven @ 3 : .t eini 8 D, g ens- D/R

: : below :driven?:
pendulum: axis it

Inches Inches 1Ins.ibs. Per cent

e P
at test : driven :blo ration :

* Inches  Inches Per cent

-1-1  Reg. 4a 1.52 ae .54 12.6 i ] 0.0 1340  38.7 8404 57 146 - 1 10 20,0 .0603  3B.75  8.04 91 206.5 -
g n;s. 1.?5 .22 24 -- ] H 5’0-0 .1"350 38.72 8.04 .§5 157.? 107.5 1 10 20.0 .0603 38.75  8.04 .85 221.0 107.0
.1-2 R 44 1.51 .14 B 11.2 i a 0.0  .1340 84 8.04 o5 157.4 - [ | 12 20.0 .0603 38.75  8.04 «91 247.6 -
2 ] 1.?5 22 % - ] i go.o .1340 36.3? 8404 43 174.0 11044 [] 12 20.0 .0603  38.75 8.0 .85 265.0 07,1
-le. R . 04 54 12, g 0.0 41340 o7 8.04 54 154, -= a n 20.0 .060, .7 8.04 91 227.0 -
1= D “ i?% .;; 24 227 £ ‘; go.o .1340 %7? 8.04 .;1 125.3 10640 L] 10 20.0 .oeog %%7% 8.04 .gs 221.0 97.4
-3 R 2. . . 1244 8 40,0  +2340 . 8404 1,05 41644 == 46 20,0 .060 8.75  8.04 1. 621.2 —
2R3 D ba 2?; ;; 29 - 8 i 40,0 .2gto 33.3? 8.04 1,02 4286 10247 g 45 20.0 .oeog ';8.75 8.04 1%2 654.2 105.2
-3 o . . 11.8 8 ] 40,0 2340 3B 8404 1.05 416, - ] 2040 4960 38.7 8,04  1.39 675.5 -
Lot : b 5.?3 %; E - 8 i 40.0 .2%50 33.3? 804 1,02 lzﬁ-g 102.7 ?i fe 2040 .oeog 58.7? 8.04 1.32 535.1 101.0
~3- . B o . i 40.0 2340 8. 8.04 1.2 04 “= 4 20.0 4060 .75 8.04 1. 2942 o
=33 g 8a 22.?2 .}-7, f? 12_1 [} +|| 4040 .22‘0 ';8.;% 8404 1.07 236.7 10446 i gt 2040 .osog %%.75 8.04 1.33 ;cg.o 105.2
-5e. o . . . 4040 22340 €620 17.07 149! 94840 - 8 6 40.0 2340 «75 8.0z 2034 195640 =
5e5-1 n! iy :,8: g; &2 37 i -!1- 4040 .zgw 66:10  17.07 z.og doiel 9541 8 52 40,0 42340 553.75 8402  2.25 1325.0 89.3
3e5-2 R 204 4404 .24 63 1345 8 7 4040 42340 66410  17.07 2405 9010 m 8 54 4040 .2340 38.75 B.02  2.34 1678.0 =
D 4,04 .37 -- - 8 1] 40.0 2340 66.10 17.07 2.03  910.0 101.0 8 54 40.0 .2340  38.75 8.02 2.25 17450 104.0
35~ R 204 4.07 24 .61 12.7 8 7 40.0 2340 66.10 17.07 1.92  963.3 an 76 40.0 .2340 .7 8.02 2.34  2359.0 i
2 u 4.05 .37 L] m 8 . 7 40.0 .2340 66.20 17.07 1.38 36‘.0 102.1 I 72 40.0 .zgao 3373 8.02 z.gs 2324.0 98.8
3-7-1 R 60d 6.06 .32 .55 13.2 8 u 50.0 .3572 66.10 17.07 2.14 213%.0 == L] 39 40.0 .2340 38.75 8.02  2.29 1253.0 -
7 6.08 .52 o 1. 8 1 50.0 3572 66.10 27.07 2.05 1.0 1041 § 52 40,0 2340 3.75 8.02 2.15 175840 142.0
3e7-2 R 60d 6.0 .32 .6 13.0 8 50.0 .3572 66.10 17.0 1.73 16320 s 8 0.0 .3572 75 8.02 2.2 1.0 e
b e.og .gz .2 ?. 8 F 50.0 .%372 66.10 17.03 1.6 uﬁ.o 101.8 8 g 0 .??n ?3.75 8.02 2.1; Q340 10.5
-7 R 604 6.0 32 . 13. 50.0 .3572 66.10. 17.0 2.21 0 - 1 44 5040 .3572 .75 8.02  2.29 213540 -
Hild D 6.0i .%2 5z ".’..5 t ; 50.0 ."%72 66.10 17.0?/ 2.04 5&?.«; 108.4 ] 52 50.0 -2572 5’5%.75 8.02  2.15 5.0 125.8
l‘lhn number of blowe was approximately the number required by a oarpenter to drive naile to the same depth.
z!ho penetration of the nail roint is based onthe penetration of an squivalent volume the diameter of the shank, U.8. DEPARTMENT OF AGRICULTURR
teaken as one-third the length of point. The penetration is then the overall length of meéd minue two-thirde GERVICR
the length of the nail point. k” roveon 7%1':2%%»«:,15#
" 180w, 2 >
3the first digit of the etiok number ie the eerise number and refere to tlie epecies., the eecond digit ie the lot Wovember 23, 1922. e

nuaber and refere to the nail eize. and the third digit is the etiok numbar and refere to the treatment to whioh
one-half of the etiok hjeoted before nails were pulled.
One~half of stiok ose numbsre end with
1) eodked before pulling.
oned before pulling.
1 gY 3) w0 + then air seasoned befoe pulling.
\ M The treatments wsre similar for both grreenand air-dry material.




Table 4.--Results of tests to deterwine work in driving regular and diamond-pointed nails into green birch

- 4 6 & .9 20 21 .22 2 24 2
& = : A “BpeciTic T Yo'i'Zﬁ‘r’q' T - . Weits drteen Yares number of 11kt Blows - pendulum e 2
s s : : content : ' e g B et L LT
5 tAverage :Average ¢ of atiok : rop angle ) Dist Work
[ Size :overall :length B when T Woe Cf & Woe - --ee! Wejght : center ''Aversyge:--- : Weight : oenter : Ry S oy
8tick I i tlengt : of :  naile i H T of i t Per . of * Depth * Per
E of 1 of of : nail < were | naile rsed: of 1 gravity! depth ¢ inch gravityr ¥ 1 Rat o
wo.3 = T t : driven : below I : pene- 3 beiov -drivens: D/R
o . 1 * axi axis =

Lda

rdriven2:tration

4e1-1 Reg. 4d 1.52 4 57 55¢2 8 i 3040 1340 38475 8404 «70 119.4 - B g 2000  «0€03 38475 8.04 .31 18640 -
Dia. 153 22 -- n 8 E 3040 +1340 38475 8404 «66 12646 10640 B 2040  +0¢03 38.75 8.04 .85 17649 95.2
4-1-2 R 4d 1.51 14 60 6540 8 F ] 30s0 1340 38475 8404 «€3 132.2 -5 8 ] 2040 40603 38475 8404 .31 18¢€.0 -
D 153 22 an .- 8 £ 30,0 1340 38475 8.04 .61 137.0 103.4 8 ] 20.0 0603 38475 8.04 85 199.1 107.2
4-1-3 R «d 1.5 24 58 6643 g ] 30,0 +1340 38,75  B8.04 .75 111.4 = 8 7 2040 40603 %.75 8.04 .31 14446 -
) 1.52 22 - ™ 2 30.0 1340 38.75 8.04 .74 13249 1013 8 T 2040 40603 - 75 8.04 85 154.8 107.0
4<3-1 R 84 2.53 a7 61 5362 ] ] 40.0 2340 38,75  8.04 96 2278 -~ B 40 2040 +0¢03 38,75 8404 139 540,% -
D 2453 27 - b [] L] 40.0  +2340  38.75  8.04 96 220840 10042 B 39 20,0 40503 38475  8.04  1.32 554.6 102.5
42322 R 84 2453 17 61 6248 g : 40,0 2340  38.7% 8404 91 240.% .- i- 46 2040 0603 38.75 8.04 1.39 622.0 .-
D 2.52 27 is - 4040  .2340 38475  B.04 «90 2434 101.1 43 2040 40603 38.75  8.04 1.32 612.0 9843
- 4e3e} R 84 2.53 «17 55 60.C 2 L] 4040 <2340  3He7% 8.04 97 22548 s 8 38 2040  +0€03 38475 8.04 1.39 51440 -
» 2.53 27 = - 5 40,0 .2340 38,75  B8.04 <96 22842 101.2 8 37 20,0 40603  38.75  B.04 1.32 52645 102.¢
43218 R 84 2.52 17 57 €149 [] ] 40.0 <2540 3Be7% 8404 119 24543 - 8 “c 2040 .0603  38.75  8.04 1456 554.0 aa
) 2.52 27 - - ] 5 40.0  .2340 3B.75  B8.04 .21 241.2 9843 8 a 20,0 .0603 38,75  8.04 1.59 4.2 87.5
4-3.2-8 R 84 2.54 2 57 62.8 8 u 4040 <2340 3847y 3.04 1.0 27240 - ] 4 20.0 4060, 8. 8.04 1.56 €50.0 ==
2 ) 2.53 :z; 5- = 8 4 4040 .z%»o 38.75  8.04 1.0 270e2 9943 2 gz 20,0 4060 3823? 8.0¢ 1.?9 cgd.n 9445
4e3.3.8 R 84 2.54 217 57 5645 8 ] 4040 2340 38475  9.04 1.15 253, P 1 46 2040  .0603 38,79  8.04  1.56 55440 -
¥ T 2452 27 - -- 8 ] 40,0 2340 38.75 8.04 141 262. 103.€ 1 47 20.0 40603 38,75 8.04  1.59 555.0 102.8
4e5e1 R 20d 4,06 .24 62 6049 8 § 40.0 42340 66410 17407 2409 63240 - I 39 40,0 <2340 38,75 8.02 2434 118040 ==
D 4,07 37 - = 8 y 40,0 42340 €6.10 17.07 212 €227 9845 32 40.0 2350 38,75 8.02 2.25 103340 87.7
4542 R 204 4.08 .24 .62 5648 8 ] 40,0 42340 66410 17.07 2.2 62246 - ] 34 40,0 <2340 38475  8.02 2434  105€.0 =
D 4406 37 - - 8 ] 4040 2340 66410 17,07 2613 62040 9946 t 28 40,0 2340 38,75 8,02 2425 90445 85.6
453 ‘R 204 4406 24 .61 716 8 ] 2040 <2340 66410  17.07 1.89 69845 2z 8 41 40,0 <2340 38.75 8402 2434 1274.0 e
) 4403 37 s aa 8 5 40,0 42340 €6.10 17407 1.95 6770 9740 8 38 40,0 2340 38,75 8402  2.25  1228.0 3643
4-7-1 R 60d 6406 .32 +56 4546 b 8 5040 43572 66410 17.07 2441 837.0 = £ 37 5040 3572 38.75 8.02 2.79 1474.0 =
b 6408 52 . B L] ] 5040 3572  €teld  17.07 2439 84440 100.8 [] 32 5040 3572 58475 8402 2465 1341.0 91.0
4-7-2 R 60d 6406 .32 X3 3845 a 1] 5040 3572 66410 17.07 2440 840.0 - E 40 5060  W3572 38.75 8.02 2.79 1592.0 v
° 5:07 52 H ! a ] 50.0 :5572 €6e30  17.07 2438 84745 10048 i 35 500  .3572 58:75 8.02 2465 1467.0 924
427~ R 60d 6405 032 57 45.1 8- ] 50eC 43572 6cel0 17407 2.50 807.0 -— [] 38 5040 572 647 8.02 2.79 1515.0 -
P D 6407 52 ) 4 8 ] 50:0 43572 66410 17.07 2.47 81641 101.2 i 36 5040 13572 3872 8.02 2.65 1509.0 99+7
l‘l'lu number of blows was approximately the number ré¢quired by o cargenter to drive nalls to the same depth.
27he penet ration T:f the nail point is based on the penetration of an e¢quivalent volume the diameter of the shank,
taken ae one-third the lengith of point. THe penctration ie then the overall length of,#wtd minue fwo-thirds
the length of tho nail point. & ’¢”¢ erf/‘o”
3The first digit of the etiok number is the seriea numb:r .nd refers to the syeciee. the second digit is the lot
number and refers to the nail size.,and the third digit ie the etick number and refers to the treatment to which UYITER STATRS DEPAFTYYT ~F AGRICUTTURP
one-half of the atick wus e.ibject~i before nails were pulled. FCREST SERVICE
One-half of aticks whosee numbars end with POREST PRODUCTS LARORATORY , .,
{1) soaksd before pullinge MANISOY, ¥ISCO®SI™ s
2) air seasoned before pullings Yovember 23, 1922, . £3%

18 \‘1 M 3) scaked, then air seasened before pullings
The treatments were similar for doth green and air-dry materiil.



Table Se--Results of tests to determine work in driving regular and diamond-pointed nails into dry white pine

1 2 § 4 5 2 8 1 11 2 13 14 15 1€ 17 21 P 23 24 25
T T ] H 3 driven emall number of blows - pcndulum haamer! [} number of 1ight blows - pendulum hamuer
H H : gravity ¢ oontent 1-- -
1 Tage :Average : of etiok : of stick : & :Distance: tDietance: i Work
© Kind @ Sige 'u lnll tlength : based on : when : No. of @ ¥oe ¢ Woo ! Weight : ccntu d 3 -—eooe
Stiok T tlength : of ¢ oven-drs : naile @ : Per < H H Depth :
of &L of T 0 t nail "ught and: were ! nails @ H gnvtu' llepth H inch t of : of of H gxunl' : inoh Ratio
Wc,-” | K nails : point : volume : driven : H H e be. H : D/R H : e H H : below :driven2: yene- * D/R
1 nail * nalle @ B s 8 t driven :blowe ¢ .puldulun' axie -dnnnz tntlon H t naile: dblows : E ipendulum: axie 1 ttration @
Inchee Inches Per cent Lbae Inches (‘r:c-hn Ine-1bse Per cent ) Lbee Inchee Inchas In.-lbss Per cemt
1.1 Reg. 44 1.51 o4 . 11, 8 4 2040 40603 38.75  B8.04 .78 9644 - 8 3 1060, 0152 8475 8404 91 171.8 -
e n:a: 1-;2 022 ?2 |.:.5 8 4 2040 «0603 29.75 B:Ol «68 11046 114.6 8 53 10:0 -01%2 38. 8.04 .35 211.8 12343
ele2 R 4d 52 014 . 1242 8 4 2040 «060 7 8.04 W75 849 r 8 0 10.0 0152 847! 8.04 - 642 -
5 L3 2 328 39 2o H § %% o WL B M B2 wen 8 n 109 S B’ ke @ B3 5.
5=1e3 .3 4d 1.52 14 39 10.5 8 4 2040  +0603 8475 8404 W76 8.9 - 8 34 10,0  .0152 38475 8404 .gz 17648 -
n 153 022 Eel — 8 4 2040 #0603 75 8.04 67 112.2 113.6 8 37 10.0 +0152 38475 8.04 L 20643 1169
301 R d 2452 ol o34 11.8 8 4 30,0 1340 38,75  8.04 1.5 145.3 - 8 16 2040 «0£03 8475 8.04  1.39 21642 —
P53 D 8 2:;5 .2; ‘Zr - 8 4 50:0 1340 38475 8.04 1.00 1670 114.8 8 17 2040 0603 33:75 8.04 1.32 2‘2:0 1119
=32 R 8d 2.54 17 o34 1061 8 4 30,0 +1340 38475 8.04 1.24 134.8 = 8 12 2040  40€03 38.75 8e04 143 162, -
52 B a.gz 27 2- LT 8 4 3040 41340 3875 8.04 1.1 15045 111.8 8 14 20,0 0603 38,75 8.04 1.3 199.‘3 122.8
§=3= R 84 2 27 3 104 8 4 3040 1340 38,75  B.04 1,27 14246 - 8 1 2040 40603 8475 04 13 17546 -
R D R 27 ] = 8 4 3000 3% 387  8.04 104 160.5 1125 8 2 o N B2 e 133 EE 1%
B 20d 4,06 .24 38 1340 8 D 30.0 +1340 66410 17.07 2407 30542 - 8 28 30.0 «1340 8475 802 2434 498.5 -
] 4004 37 = — 8 5 3040 +1340 66,10 17.07 1.86 40642 111.4 e 33 30.0 +1340 38.75 8.02  2.25 611.0 12246
5e5-2 R 20d 4,07 24 «40 113 8 5 3040 +1340  6Ge10 17.07 2.08 3€345 i 8 Eg 3040 +1340 38.75 8.02 2.54 481.0 i
B 4,07 37 == - 8 5 3040 +1340 €6410 17.07 1e92 393.7 108.3 8 2 300 +1340 38475 8.02 2425 518.2 107.7
553 R 204 4.05 24 39 12.7 8 5 30,0 <1340 66410 17,07  2.11 358, as 8 2 3000 1340 .75 8.02 2434 £45,0 -
» 4.0% .37 " - 8 5 3040 1340 66,10 17.07 1.97 lgg.g 107.0 8 ag 3000 +1340 3%.75 8402 2425 5182 11645
5-7-1 R 60d 6406 32 . 15.8 8 4 40,0 2340 66420 17.0' 273, 870 - 8 1 40.0 22340 . 8.02 443, -
3 607 32 33 - 8 D00 BN sl 17 B RN e . 550 B3R8 3’332 8 212 Y 5.
5e7-2 R €0d 6.09 32 «35 14.4 8 4 4040 2340 66,10 17.07 2461 404+ - 8 19 40,0 .2340 847! 8.02 2.7 495.0 .
D 6.08 ?2 = - 8 4 40,0 +2340 66420 17,07 2437 uscg 110.2 8 22 4040 .zgco §5.7§ 8.02 2.é<5’ cgg.z 12147
5-7-3 R 60d 606 32 37 134 8 4 40,0 +2340 66410 17eu 2440 44040 - 8 22 4040  +2340 . 802 2 1 -
» 6406 52 =t 8 4 40.C 2340 €6:10 17.07 211  500.5  113.7 8 2 PR ot ﬁ;g 85 212 Wl m.
s LR —— — —— 3 SR
1the number of blowe was approximately the number required by a carpenter to drive nails tc the same depth.
27he penetration of the nail point ie based on the penetration of an equivalent volume the diameter of the ehank,
taken ae ome-third the length of pointe THe peretration ie then the overall length of,@s#d minus two-thi rde
the length of the nail pointe S penetration
3me riret digit of auok number is the seriee number und refers to the sj.ecise, the seocnd digit ie the lot
number and re: 1 eize, and the third digit is the stiok number and refers to the treatment to which UeBe p]p‘m-m o’ AORICULTURI
one-half of th -ti ted before naile ware pulleds )/
One-half of otioke whose numbers end with POREEY PRODUGTS TARGRATORY 4.
(1) eoaked before pulling. MADISOF, WISCOPSI® njitpv
(2) air seasoned before pulling. Yovember 23, 1922+
18 Yam (3) somk alz oned before pullinge
The treatasnts were similar fer Wth green and ajir-dzy mstesiale



Table 6e==Reeulte of teete to determine work in driving regular and diamond-pointed naile into green white pine.

s =g £ Z - U FS S [ N b S— S )
A : Bpecific : Moisture Wails driven emall number of bl
£ 7 gravity < oontent -
* of stick : of etick E tPistano
Foe of & Wo. center lAverageiec-ce-cecacrecoonca

toverall :lemgth : based on :
tlength of i ovenadry
.

on, ' E of d : Per
2" of nail iweight and : nails © of o gravity: depth : inoh
t naile = peint : volume H H below @ H on
B : at test driven :blowe axie
e i i I o B L o P W S DSt g e e e b i, b i i AL Lok bk POrr e o/,
Inohee Inohes Per oent Inches Inohes Inohee In.-lbe. Per oent .
6-1-1  Regs 4d 1.51 14 32 7641 t E 2040 <0603 33475 8.04 .75 5001 = A 12 10,0 <0152 28475 8.04 .91 6244 -=
Dia. 152 22 B - 2 2040 40603 38475 8.04 «69 54e4 108.¢ ] 1n 10,0  .0152 38.75 8+04 .gs 6143 98.3
6=1-2 R 4d 1.51 14 32 6244 i: ] 20,0 <0603 38.75 8.04 +80 4649 - a 12 10,0 «0152 38475 8.04 +91 6244 [
152 22 -- -- i 2040 .0603 38475 8.04 o73 515 10945 ] 1 10.c #0152  38.7% 8.04 .35 613 98.2
6-1-3 R 44 1.51 24 .35 342 i 20.0 0603 38475 8.04 73 51e4 - 8 1 10.0 0152 . 8.04 1 6747 =
b3 1.52 .22 - — t ) 2040 0673 58:75 8.04 :67 56e1 109.0 8 x'g 10.0 -olgz 3’355 8.04 :gs 5Z.:<'J ;B.B
6-3-1 R 84 2452 17 32 8846 P 3060 41340 38475 8.04 1,0 646 m 16 1540 40341 0. 8.04 1. 122.4 -
D 2.52 27 = i g ] 50:0 «1340 55:75 8.04 .93 5:2 111.2 3 16 1;.0 .9241 ie.;g 3:04 1.';3, 128.8 10540
€-3-2 R 8a 245; .17 .3 80.7 ] 3040 <1340 38475 8+04 1,08 74 1 1540 0341 o7 8404 1. 2 il
b J 2.53 27 -':’ we t F 50:0 1340  38.75 8.04 1.00 3.6 lr;'e.o ! 1'2 1;.0 .ogu i%.v? B:ct 1.%2 12%.7 113.5
633 B 84 2453 <17 W21 70.4 8 & 30.0 .1340 38,75 8404 1.0 8.1 == 8 14 15.0 0341 8+ 7 8.04 1. 10740 -
» 2.52 .27 - = 8 & 30,0 41340 33.75 8204 .93 5e3 109.1 8 15 12.0 «0341 38:755 8.04 1.23 123-6 1;2.9
6-5-1 3 204 4,04 .24 . <0 8 0s0  «1340  66.10 17.0 2.21 205. e 8 14 3000 . 8 34
) 405 37 22 72 8 B 398 B8 & ST 0% 03 15 8 14 3000 1348 §53§ 8:32 72 32 10349
L
6-5-2 R 204 4405 24 6 3742 8 3000 41340 6€.10 17e00¢ 2025 23348 - B 12 «0  +1340 8o 8.02 2434 213.6
D 4.06 037 o - 8 i 30,0 1340  66.10 1;:07 213 213.0 10546 ] 13 ';%.o .1_2,40 2833 8.02 2:35 243.3 112.8
6-5-3 R 204 4,06 .24 .28 7 i 3040 1340 66410 17407  2e22 204, - bt 0e0 1340 0 034 267. -
) 405 .37 rH 39 [ 103090 88 el Y %E HsE e i ¥ s 8 %3'32 gis2 R A 4
6+7=1 R 60d 6406 32 o34 4642 E ¥ 4040 2340 66410 17.07  Zeb4 30040 - 8 1 40,0 42340 8. 8.02 24 8.8 -n
D 6408 52 - — ] 5 4040 :25¢o €6410 17.07 2447 321.0 19741 8 1'2 40:0 -2340 gﬁ-;g 8402 2.3; 235:8 11342
6-7-2 R 604 640 .32 .36 44,6 L] L 4040 2340 66410 1707 2436 3640 - ] 16 4040 2340 . 8.02 2.79 ° 417,
» 6.0 2 2y .23 i i doie 33 see Mo 23 33 o H B e B8 O BE &% T 41 na
6-7<3 R 60d 64068 32 34 61.8 I n 4040 2340 66410 A7e0¢ 2440 3301 - T i.g 40.0 «2340 38.75 8.02 2.79 442.9 e
b 6.08 52 = - § 40,0 2340 66410 17.07 225 352.5 10€e7 ¥ 40,0 L2340 38475 8402 2465 493.6 111.5
IThe number of blows was approximately the number required by a oarpenter to drive naile tc the saue dapthe
rhe penetration of the r&il point is teoed on the penetration of ar eyuivalent volume the liametsr of ih- 39
taken as one-third the lsngth of point. The penetration ia then the overall length of, #2 3jnus twoe-thirde
the length of the mail point. Perelvadion
3The firet aigit of the etiok numder is th Ties number and refers to th i £k d digit is the lot B ;
° nun;or and t:ferl‘t: t;e m:l. 8ize. n:d.:ha.:hx:d dxg‘:t laat-k:a oczok :u:g:: :::l n'?e::“:: tha‘t ru:.nnn: t: whioh LiLL ”’;‘éﬁg’g,ﬁxgnxmmm
one-half of the etiok wae eubjeoted before naile were pulled. FOREST PRONUCTS LABORATORY ., é'.)(-
One=half of stioks whoee numbere end with UADISOY, WISCONSIY
(1) egaked before pulling. Yovembar 23, 1922 13flifav
(2) afr aeasoned before pullinge e
‘f\’l‘“ ™M {3) soaked, then air seasoned bvefore pulling.

The treatments were aimilar for both greem ard air-dcy mat :rial,



Table 7.=-=Results cf tests tc determine work in driving plain and barbed naile with regular heude and fpoints

—— 0, 1 L

Maile driven smal

e g _—3
* Specific : Moisture 1 nuadc

Py - -1 Y.

< T content
i i H : of etiok @ Drop angle H :Dietance:
I Kird @ §ize loverall : baesd on : when I ¥os Gf T WOu leecmc-ceccocao? Wolght @ ocenter Averugelo--ec-esccecncccevel Woo ! Fou leesree-o- - Weight : oenter © :
Stiok = 1 ilength : oven-dry : naile H t t of Depth
x of 1 of I of iweight and: were t naile of of t gravity:
¥o,® 1 1 : nafle 1 poirt : volume : driven below : Lt pene- : below :driven?:
t nail 1+ rajle | 1 T at test driven “blcwe tdriven:tration @ I
Inohee Inchee Per cent Inohes Ins-lbse Per cent Lbe. Par cent
5-3-1.8 Reg. 84 2452 017 35 10.2 8 4 30.C  +1340 1.2¢ 13740 = 8 12 2040 0603 38.75 8.04 1439 16242 aa
Barb. 2452 W17 - —— 8 4 30.c +1340 1.29 129.5 94.6 8 12 2040 <0603  38.75 8.04 1.32 170.7 105.1
5e3-2-8 R 8d 2.53 7 +33 8 4 3040 41340 1.21 138.0 - 8 12 200 ,0603 38.75 8.04 1.39 162.3 -
B 2.52 17 2z 8 4 30.c  .1340 1.31 127.5 92:4 8 11 20,0 40603 38,75 8,04 1032 156.% 964
5=-3-3-8 R 8d 2452 .17 o33 8 4 30,0  .1340 1.08 154.7 - 8 16 20s0 <0603 38,75 8.04 139 21643 -
B 2,52 17 ] 8 4 30.0 +1340 1.18 141.5 9145 8 14 2040 <0603 38,75 8.04 1432 199.1 92.1
T T T S MM S G SESE] IR GeE TR I8 IS Ml TEE R T T PR R TTR TF (I Er PR s IIISETSSPPL TRITE it i ] ST TR TR | S S T T T e W TTTTT TR PR P RS TE Rast WA TS i
1The number of blowe wae approximitely the number required by a carpenter to drive naile to the eame dejths
2The penetration of the nail point ie based on the Ienetration of an ejuivalent volume the diameter of the ehank,
taken ae one-third the length of joirt. The penetration ie then the overall Lenetration :daue two-thirde
the length of the nail point.
3The firet digit of the stick number i= the eeriss rumber and refers to the ejeoies, the escond digit is the lot
number and refers to the nail eize, end the third digit ie ths etiok number and refers to the treatment to which
alf of the stick wae eubjeoted befors naile were julleds
ticke wh numbers end with
)} soaked before pulling.
pulling.
n air eeasoned before pulunf.
similar for both green and air-dry material.
Table 7m.-~Reeults of tests to determines work in pulling flain and barbed naile with regular heads and pointe
" T‘S“ ....... S ALY _ S e o
ity { o
Difference .
in versed : Length t Wo. : Maxioum Ratio of
ed: eires of ¢ Ratio of H 3 load after
sine :initial and ' with- ~ Ratio work after : of tper imch Ratio L] Hemarke
finml e B/R to 1 H B/R load before
angles! ! drawn® 1 work before : nails @ condit ionirg
i ondit ioning
Inches Inches Per cent Per cent Per cent Per cent
4 17445 59.8  +4970 «6016 1439 a ¥ 4 €6 an ma.
. 17045 55.8 14970  .583 13 994¢ - 4 8o 115.3 -
B 5846 4 17,45 59.8 44970 #0376 139 == €245 4 81 .- 122.7 Half of etick was soaked 84 days
B - 4 17.45 59.8 44970 10496 1.3% 138.8 87.2 4 94 110.7 11745 before pulling nails.
S5e3=2.8 R 10.3 4 17445 5948  +4970 5971 ai =i 4 9 - -
B - 4 17445 59:8 44970 573 10041 - 4 69 9448 -
R 8.0 4 17.45 59.8 4970 .0354 .- 14.3 4 174 - 252, Half of atick was dried 313 daye
B e 4 17.45 598 4970 9770 95e1 13.0 4 158 86.4 229.0 before pulling naile.
5e3-3-8 R 10.0 4 17.45 £9¢7 14955 +5996 - - 4 10¢ .= -
Lt 3 3 4 17045 59.7  .ad55 3692 1200 : 4 82 730 -
B 9.0 4 17.45 5947 44955 O79¢ s 303 4 143 e 13449 Half of etiok was eoaked 82 days then dried
B — 4 17445 5947 44955 41045 13643 13.4 4 287 190,5 35040 332 daye before pulling nailes
1Thl difference in versed sinece of initial and final anglees multizlied by the dietance of
oenter of gravity below axie equale the vertical iray of .ie aenter of Zravity of pendulum.
2rhe length aithdrawn ie taken e the penetration of the nail including 1.0irt, miriie teo-thirds the lengty of the nail joint. U,Se DEPARINE™T CP ACRICULTURE
FOREST SERVICE
3Length withdrawmn same as Coluamn 10 PORBST PROPUCTS LABORATORY )'/
MADISO®, wiEQOVSI™ 5 f’ 3
®The firet 1igit of Lhe stick number ie the series number and Tefers to the syeciza. Mu: eecond dlgit ie Wi lot number and WARCH 21, 1923« 23
refers to the nail e and the third Jigit ie the otick number and refers ‘ne treatment to which vne-half of etick
wae subjeoted before ls were pulled.
One-half of aticke whoge numbere end with
\ﬁ(\'\sﬂ (1} wasked before pulling,
(2) air eeasoned before pulling,

(3} avaked, then air ecusoned tefure pulling,
The treatmente were similar for both green and airedry wat4rial.-



Table 8.--Work in driving regular and diamond-pointed naile into, and pulling them froxm, dry Douglae fir - Rslative penmration afler eagch eucceesive blow

§ i 3 4 5 6 A 8 9 10 n 12 13 14 15 16 17 18 19 20 21 22 23 24 25 _
L ™ : 5 l T T T D & T VIV 02 —
: : : : : : : : Drop angle : : : L 2 at s a, : Total depth : -
¢ Kind : Bize :Average :Average : Spesoific : Moieture : : Weight :Di Firet blowl : Becond blow Fourth blow : drivem : Work :
8tiok : H s H : : : ereed: :center * . : :
: of of ioverall @ K t content % t of H of : H H : : H H
Fu--’ b : H : 3 * H gravity Ratio :Actual: Ratio ctual: Ratio :Actual: H
t nail : nail tlength ¢ : of etiak : ipendulum! !ulin' D/R : D/R : D/R 1 : 7 Heaarke
H : s s H : axie H B H
e tof nail : poimt t H H H : B 0 H 2 d
Inohes Inches Per oent Lbes Inohes Inches For aent Inchee Per oent Inchee Per cent Inohee Per oent Inohes Per oent Inslus. Per ocent
1-3a-1 Regs 8d 2.54 W1 45 14,5 16 €040  .5000 38475 g.ot <80 - 1437 - 1.82 e - - 1.82 o 25648 - Driven into radial face
Diae 84 2.55 2 um Ll 16 6040 5000 «75 .04 W76 9540 1.30 9449 1.73 951 - L 1.73 95.1 270.9 105.5 ! bl ¥ o
1=3a=2 R 8d 2:54 17 53 11.2 18 60.0  .5000 38,75 8.04 67 - 1€ - 1460 - 1.3:: mn 1.9€ - 318.0 - ] * tangential ®
D 84 2.53 27 - - 18 6040 .5000 38,75  8.04 +60 83.6 .08  91.5 149 931 1.8z 9209 1.8z 92.9 3424 10746 - " . U
1-3a=3 R 8d 2453 17 40 12.2 22 5040 03572 38475 8404 58 - 1.00 - 1e34 - 1463 - 1.63 r 273.2 = ) = x =
2 D 84 2.5 27 . = 22 2o R OBE BN B e TS5 o 130 oms 1fl ghs 12 ez HRE ua = = o .
J—1 22 2 29 30 5> - 13 33 L3 55, 3%
H H R PUT L 1VF¥ G
5 . Bemcocaseaicermrratcacctnccioonanane —
: Kind : DS i 8 Work i
Stiok 2 T Size Weight DroplinEe : '::.“" Lensth -...-{......... "ﬂu nuaber ¢f blows was approximately the number required by a carpenter to
3 ¢ of : of @ versed eine drive nails to the esme depthe
» = 2 2 -
0e! i nail : nail @ :{,;x:::l : rieh ;“/ta“ 21ne penetration of the nail point ie baeed on the penetration of an equivalent volume the diameter
1 1 P anglee5 sdrawn® : ar of the shank, taken ae one-third the length of joint. THhe penetraticn is then the overall length
1 B i of nail minue two-thirde the length of the nail poirt.
. Lbee 1;;;;;. i -";;;;,;; In.elbse ;;;‘;;;;. 5Thue eticke were not subjscted to conditioning treatmente eudeeguent to driving naile. but were
pulled tlhe esme day ae driven.
~Zne 143.4 -
11 L B lamy (¥ Ui s 2ad 182 Ay B “Ine length withdrawn is the same as the total depth driven, column 21.
s 5The differerce in versed sinse of initial and final angles multiplied by the distance of
i52es2 g %: 2::599 :;::g ;g:g 5 ::2 :2280’5/ ;:gg igg:; 956 oenter of gravity below axis equale the vertioal drop of the oenter of gravity of pendulua.
pELTLL R 8d  64.29 17.45 752 <7446 +2240 1.63 154,32 -
2 D B €4.29 17445  75.2 7446 1973 152 18547 945
UVeSe DEPARTMEYT OF AGRICULTURE
{1g126m ™ ""yorEer sERVICE

FORBST PRODUCTS LABCRATORY
MAPISQF, WISCO™SIN
Wovewer 23, 1922, §.LN.
13423
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Table la.--Results of teste to determine work in pulling resgular and diamond-pointed nails from drs Douglas fir before and after oonditioning

Bhent 1
1 2 1 4 3 o E 7/ - 2 R 1 1o I 18
| Moisture Pendulum witBdrawal = e — - - — - ————
i content S meeteAmemmmdeesmecamecomsiemmmesmmermmseamm—Eaa e . e mcee B L T T,
i of etick :Distance Difference | Work ' Ratio of
Kind ! when I Weight : center in versed T Length fee-c-- . ceccccencrecarcsaeraa Yo, Maximum ® ! load after
Btick = i nails i I of v :Vereed: oines of 1 Por I Ratio of load ° ] to -
. i of : wexe of | gravitytDegrece: 2ine :initial and 1 with- | inob Ratio : werk after of per insch : Ratio = lcad before: Rezarke
Wo. J f pulled i 1 H 1 0 d nnu1 1 I with- - DM ¢ to 3 * withe * D/R :oonditioning:
; nail I I: nails ipendulus: i i angles | drawn? | drawn : work tefore: nails ¢ drawn’ : i
Per cent Loas inchee In.-1bse Per cent
.l Rege 14.3 10 6442 40.2 7640 - p— =y
Dia. o 10 6402 e0.2 Tee2 95.¢ L vy
R 3841 10 €442 4042 3149 - - - Half of etick was soaked €3 daye
D - 10 €4.2 40.2 3245 101.8 —_ - .- - before pulling nails.
R 1446 10 €442 4042 (7Y ur it Er ey ™ aw
b} e 10 64,2 4062 606 101.0 - = v e =r
R 12.7 10 64,2 40.0 63e€ — 93.8 - - - - Half of stick was dried 91 days
b - 10 6442 4040 62e4 98.1 91.C - - -— == before pullirg railse
1-1-3 R 14.9 10 6402 40.0 525 i 1 = = =
] = 10 64,2 4040 5241 9947 - . s .- -
] 9.0 9 6442 40.0 22,8 rr 43.4 ur L "= e Half of stick wae scaked 44 days ther dried
] - 9 €4.29 40.0 22.5 98.8 43.C - - ™ - 324 daye bhefare pulling »atls.
R 13.8 10 64.29 6040 €54C . - - - -
D tdad 10 €442 6040 68.5 105.4 — -
R 3646 10 64,2 6040 31l.l - Half of etick wae soaked 17 days
D - 10 64.2 60eC 305 9841 - [~ - bafore pulling naile.
1e2-2 R 1347 10 €4.2Y 6040 4.5 - = C ™ T (Ll
> - 10 64429 6040 7061 108.7 " ] " v =
R 12.7 10 64.29 6040 €246 L] o ' ' e Half of etiok wae dried 17 daye
-] - 10 £4429 60.0 714 11440 10147 - - = - before pulling nails.
1-3-1 R 14.0 g 64,2 750 1435 - - £ o - =
» - 1. 6442 752 123.9 333 - . - -
R 44.3 11 €4.2 752 45,3 32.3 = =i -— -- Half of stick was soaked €1 days
» as 9 €4,2 758 45.1 975 3547 Ll w am L] befcre rulling nails.
1-3-2 R 14.0 10 €4429 752 113.8 - — T o
D as. 10 64029 7542 109.6 3 i
R 12,8 10 64429 752 134.2 10045 Half of stick was 4ried 89 days
] = 10 €4.29 7542 1173 137.0 - i - before gulling naile.
1-3-3 R 132 4 £4:29 7591 1930 - - 4 214 e
n as 4 64.29 7541 <2300 112.0 - 4 206 12443 -
R 11.2 4 64,29 751 83.7 - 4241 4 17 = 82.7 Hal? of stick was eoaked 39 daye ther drieg
D - 4 £4429 754 122.¢ 146.4 5540 4 206 15042 100.0 219 daye before pulling nailse.
l=4-1 R 14,3 10 €4,29 752 ] i =5 -_ tL
T am 20 64429 75.2 849 s . = . -
R 47.8 10 64,29 75.2 = 211 - = aa - Half of stiok wae soaked €2 days
-] - 10 €4.29 75.2 102.4 2544 a W ie as tefore pullinz nails.
lad=2 R 14,2 10 64,29 75e2 1 — - - - - am
n - 10 64429 75.2 1" 0 100+0 - — - -
R 12.7 10 €4.29 752 1o} =& 9l.1 - - -~ == Half of etick was dried 87 daye
n as 10 64.29 75.2 12647 93y 3046 - - e - before pulling nailse
-
1+501 R 14 7 7502 Sehet : as - - - -
) D &2 20 3%'.77 752 28307 8741 ' o - s i
R 5040 1 98.7 7522 51 Ly 2501 rr 1 1= as Half of stick was soaked 147 days
-] - 0 98.77 79+2 O7e4 119.0 3145 T - T am before pulling nailse
1.5-2 R 14.4 10 ety 222 75e2 31244 - - = — = o
b =1 10 98477 2242 7542 26940 9245 - - — - -
R 14.9 10 98477 2242 75e2 17342 - 569 - —_ - = Hal? of stick was dried 277 davs
D - 10 98477 222 7542 192.0 207.7 €6ad — - - - before pulling nailas
1e5= R 14 4 98.77 22421 75.0 247.4 r T 4 18 -— --
-3 » e . 38.77 2242 75.0 21247 8640 g . 208 113.¢ £s
R 1402 4 98477 222 7540 15¢46 Lyl 6343 4 207 -= 1131 Half of etiok was soaked 127 daye then dried
E - 4 98,77 222 7540 15045 9641 707 4 194 938 93.3 132 daye before pulling rmile.
Wote: 8ce shinst 2 for footnotes.
U.S, DPFPARTME'T OF AGRICULTURR
IgNSM FORRST SKRVICE

PORPST PROMUCTS TARORATORY 4.5V
MADISOW, WISCOYSIW 1Y)
Wovember 23, 1922,



Tabdle la(continued)

Bheat 2
WS, . 4 s A2, A8 Al e el
2 I ¥oistu. Static withdrawal
= ! of etick ¢ :Dis B :
= Kind 1 when ¢ Yo, Weight : ¢ : VPo. : Maximum ® load after
8tiok nails : H £ Per : Ratjo of ¢ : load @ to
. = of were : of H of @ gravii inch t Ratic : work after : of :per inch : Ratic load befor Rezarks
woo E pulled @ ° : belew final with- ¢t D/R 7 to & : withe :  D/R onditioning?
¥ nail t nails :psandulum: axie 3 nn‘les‘ drawn : work before: meils : drawnd @ 8
H 1 1 B 2 i 2 1 endit foning: I ]
Per cent Lbss Inches ’ 1ne-1bee Per cent Lbse Per cent
1-7-1 R 13.4 4 98477 22428 <7412 «5083 4010 -— - 3 260 an -
B - 4 98477 22.28 «7412 4330 405+0 102.0 - 4 360 13845 ™
R 48.0 4 98477 22.28 7412 «1036 81.8 - 2044 4 210 - 80.8 Half of etick was eoaked 128 daye
° - 4 98.77  22.28 ~7412 1073 89+0 108+7 21.8 4 233 110,9 64.7 before pulling nailes
1-7-2 R 14.7 4 98,77  22.28 «7412 +4EC4 36840 - - 4 290 == -
D -_— 4 98e77.. 22428 + 7422 +#596 374.0 1015 - 4 N 1279 =
R 1342 4 98.77 2242 «7412 2354 55 [ 50.4 4 16 e 5843 Half of stick wae dried 253 daye
] - 4 98.77 22,2 <7412 02241 186.1 10044 49.8 4 20| 123.1 5601 before pulling nailes
1.7-3 R 15.4 4 98.77 22,28 07429 43415 269,90 - -- 4 146 == -
D = ‘ 98.77  22.28 7429 3487 26948 107.6 o 4 210 143.8 s
R 11.0 4 98477 22.28 7429 #1812 1424 =r 5340 4 162 - 111.0 Half of stick was soaked 120 daye then dried
D - L3 .77 2228 7429 «1729 1435 100.5 49.6 4 154 951 7343 235 days before pulling nailes
“rha difference inm versed Bines of initial and fimal angles multiplied by the dietance of
oenter of gravity bslow axise squale the vertical drop of the center of gravity of pendulam.
Phe length withdrawn is taken ae the full length OBwhlesmmd including Foint, minue two-thirde the length of the nail point. R DA L CRICULTIN
POREZST PRODUCTS LABORATORY
3Length withdrawn same as Column 10. . A nt o0y v IEoomars )/
2 mber 23, 1922. w23
t digit of the stick number is the serxies numbsr and Tefers to the epecies, thc eecond digit 1e the lot nuader and Yoye: 4
4'"“:3:-. tosth- nul.l:u. and the third 4igit 1e the otick number and refera to the treatment to whioh ane-half of etlok I
was subJjsotsd before naile were pullsd.
One-half of stioke whose numbers end with
(1) sosked before pulling
I"%¥ Yo m (2) air seasoned before m;lun‘,

3) soaked, then alr seasoned bsfore julling.
The treatdents were eimilar. for both green and air-dry materinl.



[

2 14
: " A
] < ll of
| : Mo 2 1md after -
Btick : I naile 8 ersed: sines of B Per i Ratio of 1 to
. ! of © were 3 of o ey sravxt egrees: sine :initial and @ with- I dinch ! Ratio I -ork after of Ratio : load bcforu Remarks
E final T . 3 withe %. D/R- 3 g D/R  :conditioning:
] argley! | drawn? | drawn § woek verorei naine i :
i (] i iconditioning: i i
Tnm an T TTTRr e P meery e L
s=lbss Per oent Lba.
1.10 ] - - - -
1.04 €440 970 - s
R 10 4042 02362 1.04 3547 = 5441 - = Half of etick was ecaked 54 days
D 10 42.2 W2362 . 37.4 10447 58.4 us " bsfore pulling naile.
2=1=2 R 6646 10 4042 02362 1.90¢ 7242 e T o - e
D 10 0.2 2362 «98 7049 98e2 = - - = --
R 13.0 10 40,2 2362 1.15 5942 - 82.0 - a= == - Half of etiok was dried 272 days
D 10 40.2 02362 1.07 59.8 101.0 840 2] 1 (1] [ before pulling nailes
2-1-3 R 293 10 4042 2362 1.0 72.8 - - - = - -
) 10 402 .2362 . 7109 388 — - - P =
R 8.0 10 40.2 2362 97 39.1 i 5{-7 e . . Half of etiok wae soaked 53 daye then dried
b - 10 4042 2362 92 3740 94.¢ 534 — - = - 323 daye before pulling nails
2-2-1 R 10 €040  W5OLG 9448 =1 = ™ . . -
D 10 €040 +5000 101.2 106.8 -t L ™ (1] -
R 10 60.0 5000 5549 = 5849 o - - - Half of et iok was eoaked. 52 daye
D 10 60.0 «5000 6340 112.8 €242 - - = = before pulling nails
2=2=2 R 10 600 «5000 100+5 . - - - -
D 10 60.0 45000 10242 1008 [ = as
R 10 €040 +5000 5843 L) 5749 r mr = Half of stick wae dried 271 daye
D - 10 €00 45000 55¢4 951 54.7 - - = before pulling naile.
2=2-3 R 30e2 10 60.0 « 5000 9546 = = = = s
D -r 10 6040 +£000 10049 1055 .- - - - -
R 1249 10 600 +5000 €301 i €6e0 - .. e . Half of etiok wae soaked 52 daye ther dried
D - 10 €0.0 «5000 5€40 8s.8 5545 v J (L] i 219 days before pulling nails.
2=3-1 R 10 5e2 7445 1776 Lo | T e ' T
D 10 2 «7445. 16841 94.8 £ ] =
}:3 10 502 07445 101.9 - 57 - - Half of etick was soaked 52 daye
D 10 75:2  o7445 10245 1c0.7 €140 i [ e before [ulling nails.
2-3-2 R 10 75e2  o7445 181.2 - - [T
D 10 75¢2 7445 17340 954¢ ~— -
R 10 752 07445 < - 45.7 = - - Half of stick was »d4 270 days
D 10 75:2 7445 7343 8645 42.4 - T - - befors yulling nailss
2-3~ R 29.2 9 5 7445 17,4 == - _— - -
32 D - 10 ez <7445 wdois 101z . - =, : =
R 12.8 10 5e2  «7445 7842 =-- 43.8 - .- == - Half of etick wae soaked 52 days then dried
D 10 502 47445 70.t 90e2 391 - . - - 270 daye tefore pulling naile.
2-4.1 R 4 10 < 744 23245 - pi v T = "
D = 10 35 es 2i7ea 9747 i £ =3 £ e
R 453 10 5e2  o7445 108.4 EE 4ce7 - - =a - Half cf stiok was soaked 50 daye
r 10 52 7445 110.0 101.4 48.4 v T aw [t before pulling nailes
R 28.6 10 75ec o744 217+¢ = - - -
) =] 10 7502 o744 21540 9549 = ® = e o
R 12,7 10 75e2 o744 9443 mL 4343 e ia s - Half of etick wae dried 268 daye
D . 10 7502 2744 90.5 95+9 4cel ur 1 [T ] before julling nails.
2=4+ R 0.0 9 752 27445 231.0 r - ue
% H o 10 7502 17445 223.¢ 9607 2 = s 2 x|
R 1040 10 7502 7445 Bg-g > 3841 & - =L - Half of etick was soaked 58 days then dried
» = 10 7502 07445 784l 89.6 35.2 — - - = 312 days before pulling nailse
-5- R i 75¢1 <742 45302 == i i 280 as -
e D 239 F 7801 742 45201 997 - W 275 98.3 s
R 5247 i 75.1  «742 111.8 - 2447 ¥ 244 - 87.2 Half of etick was soaked 128 days
b - L] 751 o762 114.8 10247 25.8 ¥ 240 98.4 872 before rull ing nailes
2-5.2 R 0.2 8 753 7462 SVee = i - e ok =
c H 3% 8 7543 74€2 e 90.2 = I = Pz s
R 0.0 10 7503 7462 15043 ol 49.0 a= -_ - - Half of stick was dried 370 daye
B = 9 7503 <7462 144.0 3546 5240 . e iz am before yulling nailse
2+5- R 1 10 7502 o744 3158 54 = = ™
Gl D it 9 78i2 744 300.6 6u4 - 5 i
R 11.0 7 75:2 o744 102.3 = 32.7 o = =5 Half of atick was soaked 134 daye then dried
D - v 7502 o744 99+¢ 97.0 330 = a4 - 235 daye before pulling nailee
Woty: BSse shest 2 for footnotes.
U.8. DIPARTMENT 0! AGR!CULTUHE
IRLARY N i

FORRST nonucrs x.nmxroay A
MADISOP, wiscomsty .
Wovember 23, 19220,



Table 2a {continued)

Bheet 2
s ¥ |5 T 8. .._..9 o 11 12 0 LI TN U 13 16 17, == -
T Moistur FPendulum withdrawal T 8tatio withdrawal ¢ = I
¢ content o .- d
i of etiok istarce:Initial angle : Differencs : g ] 1
when oenter tee---o N : Batio of
neile H ! load after
were ¢ Ratio i to Remarke
pulled t D/R : load befor
H lconditioning:
R YT 2SS . = e
Per oent Per cent
2-7-1 R 26,0 4 - 4 9
» - 4 re 4 392\ 1123
R 5345 4 . 57.8 4 322 "= 92.4 Nalf of etick was soaked 130 daye
T = 4 5340 4 372 115¢5 94.9 before pulling mile.
R 30.0 4 v "1 4 227 -
g = 4 1034 5— : 291 128.2 ™
1.0 4 o3 6e2 o 5640 Half of stiok was dried 364 dayse
> = M 8€.8 474 4 7742 537 before pulling naile.
2-7+3 R 28.7 4 -— - 4 63 = i
D r 4 965 - 4 366 12943 bl
R 10.0 4 = 5249 4 17; = 61.3 Half of etiok was soaked 129 daye then dried
D e 4 96.8 54,2 4 20 118.9 564 235 days before rulling nails.
=E5 el — — —— ==
rne difference iw vereed simss of imitial and fissl angles multiplied by the dietanoce of
aenter of gravity below axis equals the vertical drop of the center of gravity of pemdulus.
2fhe lensth withdrawn le taken ss the full lemgth e®shs=msd inoluding point, minus two-thirds the length of the mail point. Ui DERARIMI O ATKICULTE
. FQREST UCT8 LABQRATGRY
3Length withdrawn sase as Column 10. ) WADIGO¥, w18CO"Ar™ /75')/
'h t 4igit of the stick number ie the eeriae numder and refers to the spedies, thc eecond digit ie the lot number and ovember 23, 1922. —iz
¥ .l‘:’f:;. t:‘th- nail Toer and the third aigit ie the stick number and refers to the treatment to whioh orne-half of stiok
L) M1l
numbers end with
\n% Y M 2) air vemso before pulling,

3) soaked, t air seasoned before pullinge
The treatsents wers sisilar for both green and air-dry material.



Table 31.--Peeulls of tests to determine werk in julling regular and 4iemond-joirted rails from ¢ry birch befcre and after conditionirg

— PBz. . 7
] 3 Tifference ° i
+ Kind i when ¥o. ¢ Feight @ Center feewecacasceees? in Vers@d I Lengun I-mesecsseececiistcavcecececesawenl Vg, | Maxiuum 1 Katio of
«8tiek = naile I 1 1 f erged: sings of T 1 Per °: Ratio of H vad i : load after @
of : were t of “ of 3ine :initial and © with- 1 inch : hatio : work after : of  Iper inch Ratio ¢ to 2 Ramarks
vo,4 = : pulled :  final i witn= I I/R i to [ t withe VR : load before:
i+ nafl ¢ : anyles! 1 arawn? 1 work before: nails © dram
E 2 teanditionir F °
Inchzy ire~1bse Per cent T
3-1-1 Rege 12:6 & €429 43.0 2340 0544 W1 7.1 - - i 154 s -
Niae - ] €4429 40,0 .0330 <0501 % €641 98.5 — 157 12749 -
R 77.0 | 64429 4000 e234C <0258 3l 3. Es 47.5 99 -— €44 Half of etick wae soaked 129 days
D . L] €529 4340 +2340 0234 o855 30.9 G743 4647 L] 103 10441 52.2 btefors pulling naile.
3-1-2 R 1.2 a 4429 4L ei3zde 20542 91 67:6 4 168 =
1) - 4 €4.29 4060 2340 <3513 85 €7.8 100.2 s 4 200 11940 -
R 1049 4 64429 40.0 12340 20630 91 77 ' 11443 4 208 - 123.8 Hal? of atick wae dried 254 days
° = 4 6429 40,0  +2340 <0513 &5 6748 3743 10040 N 217 104.3 10845 before pulling nails.
3-1-3 R 12.7 4 64429 40e0  0c240 «065% «91 804 - - 5 249 - =
by . A €4.29 40,0 2340 0578 85 7€43 9444 - i 241 100.4 Lrd
R 12.3 4 64429 40.0 L2340 «2353 .91 43,3 = 55.; v 11 - 4241 Half of stick -vas soaked 127 days then dried
D 0 4 €4.29 4060 «2340 «0334 -85 4341 102.0 57e L] 99 98.1 4140 126 days bsfore pulling nailes
3.3.1 R 1244 B €4y 75¢1 2429 «1826 lesy 1474 - ] 228 an M
D = § 64429 7541 47429 01548 1.32 13146 8943 - 8 264 9543 e
R 6443 . 64429 7541 7429 «0660 1.39 53 e [ " 135 - 45-2 Hal? of stiok was soaked 125 daye
n rr & 64429 75¢1 <7429 0664 1e32 5644 10640 2 L] 151 11603 53. before pulling nailes
3e3w2 R 11.8 5 64429 7501 +7429 01962 1439 15844 = ] 348 o e
) = u 64429 75.1  +7429 <1621 1.32 154.3 92.8. - i 323 9249 - .
R 12.0 § 64429 75:1 <7429 01274 1.39 1024 - 6448 8 231 1. 6644 Half of etiok was dried 247 daye
n - ] €4429 751 7429 «1066 132 9047 88.4 5846 L] 24) 10443 7446 ‘before pulling naile.
3a3-3 R 1241 4 €429 /501 47429 01532 1439 e i 274 s -
n - 4 64,29 7541 47429 <1455 1.32 = 8 32 120.1 e
R 10.0 4 €4.29 75.1 47429 40530 1.39 3845 s 98 - 3547 Half of stick was soaked 120 daye then dried
D - 4 64429 7541 <7429 «0482 1.32 33.3 . 102 10442 31.0 230 daye before pulling naile.
3-5-1 R 13.7 4 98477 750 7412 4551 2434 '] 510 T m
) & 4 98477 7540 7412 03572 2425 - A 537 10543 =
R 593 4 98477 7540 07412 1072 2434 2346 L] 205 — 4042 Half of etiok was soaked 113 dayse
» - 4 98.77 7540 o742 1093 2425 3046 . 200 976 3743 ‘before pulling nalle.
3e5-2 R 1 4 . 751 <7429 +4450 2434 iRl L] 547 ' [
2 » by . 4 7541 47429 = sg 2.35 34049 814 B i 597 10942 -
R 12.2 4 77 75.1  o74%9 30 2434 2854 682 s 330 - 6043 Half of etiok wae dried 247 daye
» - 4 77 75¢1 7429 02727 2425 26647 93.4 7843 L] 303 91.8 50.7 before pulling nailes
3e5e3 R 12.7 77 7540 <7812 4638 éodd 43640 - - 4 558 - =
B e E 77 7540 <7412 «3627 2425 55444 81.2 .= 4 gsg 991 -
R 1440 77 7540 <7412 «1146 2434 107 u 2447 4 0 ~ 18.2 Half of stiok was scaked 113 dave then dried
n aa ] 77 7540 L7412 01174 2.25 114.8 106.5 3243 4 127 124.5 2249 234 daye before pulling naile.
3a742 R 134 4 77 75¢1 7429 #3157 2429 303 .y — 4 g iy =
n aa. 4 77 7501 7429 +4039 015 413.0 136+2 — 3 26 134.2 —
R 6240 4 7 7541 7429 +093 2429 8 — 2946 4 231 = o8 Half of etick wae ecaksd 111 daye
D — 4 7 751 «7429 «090 2415 9249 103.4 2245 4 223 9646 2.4 before pulling nailse
R 13.0 4 502 o 744! 5121 2429 — ia i 681 aa
D 2 . L v B L B R T 98,2 s i 828 i
R 1246 4 752 47445 303 2429 - 592 5 3194 57.8 Ralf of etick wes dried 237 days
b — 4 752 7445 *30: 2415 10649 64e4 5 7 46,8 before puiling nailes
7= R 1 i o1 <7429 3874 2.29 = v i a2
i » 27 i 20 e lases 2.5 12504 - | €13
R 11.3 & 75e% 7429 1352 2429 - 3448 139 3348 Ralf of stick wae soaked 109 daye them dried
n = I 7501 47429 012246 2415 99.0 27.4 145 2347 234 daye before pulling naile.
- - T — y .

4 of initial and fimal andles multiplied by ‘the distanoe of
Ln“ “:“t:’fm;r::iz;';:‘lo: n‘;:. squals the vertical 'drop of the oenter of gravity of pemnduldam,

gth idhudheonid® inoluding point, minus two-thirds the length of the nail point.

U.5¢ DEPARTUE"T OF AGRICULTURE
FOREST SERVIC!

3rhe length withdrawn is taken ae the full len ek ! s

POREST PRODOCTS LABGRAT 4
3Length witkdrawn eaas as Coluan 1Ds REST FRODUCTS 1ond //f”
o the speoie®) thz second digit is the lot number and Wovember 23, 1922, I‘/-”' 23

4The firet digit of the stiok number is the series number and refere ¢ s aegod R ors Nain-of et 1ok

refers to the nail size. and the t)ﬁm 4git ie the gtick number and rsfers to t.
scted before naile Pu. .
- ﬂbi&uu of eticke sioss numbers end with
(1) voaked before pulling, -
V\%’Hq ™M (2) air peasoned before pulliag,
(3) toaked, then alr seasoned Before pulling, .
The treatmsnts were similarl. for bdoth gree@n end alry-dry msterial.




Table 4a.--Results of teets to determine work in pulling regular and diamond-pointed nails frcm green birch before and after conditioning Sheet 1

4 6 8 10
- %'ﬂd“l“llvxtr?;-"

Difference
in verged

] 1 ) 1 1 1 , 18 S5
e ! _sTET‘xjc -'x??ﬂ'-_wg"i"_-"_"'

t Length Maximum : Ratio of 1
eines of ¢ load @ ¢ load after :
nitial and : with- work after er inch ¢ Ratio @ to : Remarke
final s ; /R i to H : with- D/R : load befor
angles? : drawn® 2 work before: nails | drawnd I toonditionin
1 I g
LS TN T TRy ToeaEh. i
Inches In.=-1bse Per oent Per oent
R v+ S S 7 ¢ ST ¢ ¢ B+ T+ S BB e a i i 5.6 %
a i > . . . N == re
B 760 ‘ 64.29 1 “ 40:0 2340 .0415 :gx 5122 = 61.0 4 13 =" 8a1 Half of stick was soaked 108 days
D - 4 6442 17.4 40.0  o2340 «0382 «a5 5043 98.2 6541 L] 217 11442 78.6 before yulling naile.
T o R~ B - S B~ S VO S
- . 0 o B - ) o - .
R 12 . tozy e 400 12340 0455 :gx 5690 44 68.8 . 133 S 58.8 Half of stisk was dried 233 daye
b = 4 64.29 174 40.0 2340 <0417 85 5540 98.2 €9¢2 4 1% 12043 €941 before pulling nails.
4-1e3 ; 6643 : g:.g i : :%.g .z%:g -327 .3; gg.g ;-5 = e ] gce b .
e . o2 . o .- a 33 =
] 9¢0 4 64425 1 ..4 40:0 .5540 :0259 : 1 294 ed 35¢2 a 70 i 285 Half of etick wae soaked 197 days then dried
» - 4 64,2 1744 4040 2340 <0230 <65 3004 10344 3749 i 7n 10144 3044 230 daye before ypulling naile.
Ol S~ B - B A R S VRS S R -
- o2 . . B . . . as i - =
B 7540 4 64.29  17.4 ; 2 .;445 02240 1.3 100.3 3" 7147 & 348 = 87.8 Half of stick was eoaked 107 days
D - 4 64029 174 2 o445 «1384 1.3 117.8 11e2 9445 8 348 101.2 9049 before yulling nails.
R BT - B - AR R S A R Dol B ke I
—-— . . - o - - -
R 10.0 5 64129 17.4 7502 47445 20659 139 5302 - 39.0 i 561 - 1745 Half of stick was dried 33€ days
? - i 6442 17.4 7562 <7445 10443 1032 37.6 7047 2947 i 59 9647 15.6 before pulling naile.
G b e 4w u m g odgl o2 5, D 1 B g,
- . . . . . o 5 -- 5 o
R 10.0 4 64:2 17.42 7502 7445 <0939 1.39 7547 =5 5746 B 158 - 40.0 Half of stick was eonked 106 daye then dried
D nr 4 €442 17.45 75e2 <7445 0746 1e32 ©3.4 83.8 47.1 L] 138 87.4 31.9 232 davs before pulling nails.
4-3-1-8 ; . 54.,2;; ;;.a ; 0 ;ng .118739 }-gg {22‘2 s ol M 285 e 4
4 6442 4 «0 4. $ . . -= 27 , ==
R’ 4 54:29 17:4 75.0 :7412 :111 1:56 80.; - 59.1 4 Ec 2- 94el. Half of stick was soaked 85 days
» 4 64029  17.4 750  J7412 «1101 1.59 77 9648 61.3 4 261 99,3 95.6 before pulling nails.
4-3-2-8 : 4 6402 i;.:g ; «0 .;A}g .igeog }.gg 142.2 5:’ 5 ' a 321 " -
4 6442 «0 4 . == o 29€ 4.0 am
R 4 6402 17:45 75.0 :7A12 01234 1:56 X ; 59.4 u 185 r 5716 Half of stick was dried 314 daye
» 3 6442 17445 7540 <7422 <1099 1.59 77.5 87.3 57.8 ] 152 84.0 51.3 before pulling nailse
BEy R e R R R - R PO S -
. 45 0 o . & . . - . -
R 4 64.29  17.45 75+0  J7412 1008 1.56 72e o 49.9 4 123 =5 4042 Half of stick wae soaked 83 days then dried
» 4 64:29  17.4F 75.0  «7412 «0918 159 6447 893 47.0 4 126 10446 4043 230 days before pulling nails.
N SRR OBE ogeoue o Eoony B G I 1 B G o
. . . . aa aa
[} 4 96:77 22428 6040 :5000 «1978 2.24 18€.0 = 61e3 ] 485 e 3¢6 Half of stiok was soaked 105 days
b4 4 . 22.28 €040  +5000 1934 2425 189.0 161.6 71.5 L] 440 90.8 7.9 before pulling nails.
} POBY B oenom% oam omi B S T S SR
. N . -- = 03 0 ==
R 4 98.77 22,38 60.0 :5000 «1569 2:.':4 u7:5 43.5 ] 96 =+ 1845 Ralf of stick was dried 234 dayse
> 4 98.77  22.28 60.0 5000 «1300 2425 127.1 4346 = 100 104.1 19.9 before pulling nailee
A ¢ORE OBR e G  m a5 - P e -
. . [} an 73 .
R 4 58e77 22428 60:0 25000 «1091 2034 102:5 3349 & 81 iy 1641 Half of etiok was eoaked 104 deys then dried
D 4 98.77 22.28 €040 45000 #1101 2425 1076 al.4 8 89 105.8 17.1 231 days before pulling nails.

NWote: Gee sheet 2 for footnotess =
Ue8Be DEPARTMET™ OF AGRICULTURE
* POREST S!RV{EI x 7 4
'ORF: QT RORATOR
N¥SoM O TS, wseosr e
Yovember 23, 1922,



Table 4a (contirued) Sheet 2

R DRIt | S,

) 1
Wit Hdravwe 1

Work
ir versed | Length Fessscccamcorccicceniomaaecarann Vo, Maximum = o Ratio of
Verced| sinee of | Per Ruun cf T lead = = load after
of i of gra.vu./'neg:pm' 8ine ‘initiel and & withe inch T Raiae woxk after of Ler inch Ratijo to Renarke
r : below il - © withe = L V% T I with- - D/R : load befor:
nails °

nailr ' drawnJ = tconditionin

axis | i 1 .m;_lul t drawne | drawn | . work before
3 f i

e
Lte.  Pex sent

4-7-1 R 476 4 26.77 752 L 4 acs . =
n - 4 9€77 752 o 4 495 101.1 Tl
] £2.8 4 95077 752 67 . 457 - 192:¢ Hal? of u%isk was soaked 102 daye
n - 4 9E.77 7542 €545 4 4g7 97.0 9844 vet'or: pulling nallss
R 595 . 58.77 7501 - 4 386 =
D o s 98477 75.1 - 4 500 12301
[ 13§ 4 93.77 7541 40.1 4 pt - 2749 Ralf of etick wae dried 327 days
o < 4 98477 751 42,7 4 105 9340 21.0 before pulling nailae
4.743 R 45.1 4 98,77 7542 - 4 540 aa '
D - 4 98477 75.2 1 4 572 10047 -—
= 11.5 4 98.77 75 3344 4 131 - 24.2 Half of stick was soakes 102 days then dried
L 1] 4 98.77 75 3344 4 118 85.5 20.6 230 days before pulling nails.
!‘.Hu differenve in versed eines of initial and final andles multiplied by the dietance of
centsr of gravity below axis squals the vertical dropy of ti1e center of gravity or peniulume
3rhe length withdrawn ie taken ue the full length wé=ede==e= including fpoint, minue two-thirds the length of the najl point, V.8, n;gmgﬁ;c:ﬂlculﬂmx
3 13. FOREST PRODUCTS LABORATORY
Length withdrawn same as Coluan 13 NADISOY. wisocPeI® ﬁ ){
4Ths first 41git of the stick number is the series numbsr and refers to the speclias, tuc eecond digit ie the lot number and Vovember 23, 1922. J*”az;

refere to the nail size, and the '.hud #igit is the stick number and refera o ths treatment to which one-half of etlck
wae subjeotsd before naile were pulled.
Onc-hn;lt of st icke -!w-;lnunbsn onJ with
{1} wosked bafore fulling,
178 51 m (2) ats ssasoned vefore julling
(3) conked, then alr eoned bafore ulling.
The tnut-ehu were similar for both green end air-dry matarial.




Table Sa.s-Results of tents to determine sork in pulling rpgulhr and diamond-pointed naile from dry white pine before and after oonditioring Sheet 1

1 : ¥ 4 ___5 ¢ 2 i | 1 11 1 T it 2 .
E I Mcisture | / Pendulum uithdr-'nx withdrawal H
i ! content Ieceecscccccecaa- meeevessccstemercarmrm—ae——am - . — n o
¥ ¥ of stick 1 B mrhunca 8 'ork H i
ia Kind : when | Yo. ¢ Weight in versed : Length $ Maximum Ratio of 1
iok = I naile 1 H Vened. eines of @ Per : Ratio of: H 1 2 load after
. ¥ of © were 1 of i of grovity: Dearee--. sire :initial and ¢ with- inch ® I'h;)o : wnu uﬁ.u T of :p‘r 1gm H lh;:o ] to 1 Remarks
Yo # ¥ pulled =+ e : below @ i final [ ] with- D/R i t with- @ D, ® lond beforei
* : nafl ¢ i na{ls :pendulum: axie | : anglesl & drawn? drawn = H wexk bafora' nails t drawn z conditioningl
1 I 1 i I | : 1 ] iconditioning: T 1 ] 1
Per cent —I.Dn. Inches . Inohes  Ins-lbwe Per cent Lbse Per cent
R - S+ S 19+ g B ms - PO 583 -
Be " 2 . . . - ol
€245 4 17.4 «016; g 20.1 - 3442 . 43 4 672 Holf of atiok was eoaked 101 days
D - 4 1745 «0183 +05 22.8 113.4 %649 4 43 107.7 7341 before pulling naile.
@ MEE 3 17143 sy ks BE ass = PO - T :
- . o . . L -
R 10.5 4 17,45 20439 .gl 5544 = i00.0 4 17 =" 22545 Hel? of stiok wae dried 226 days
B - 4 17445 «0436 .85 575 N:] 100.5 4 146 117.0 211.€ before pulling nailse
§-1-2 ; 1045 : 11 .:55 .g#& 25 i%.g 71‘ R = : 2 15:7 3 =
r . 0352 . . - B -
R 11.0 4 17.45 20406 1 5040 = 794 4 92 = 12640 Half of stick wae soaked 98 days then dried
D . 4 17445 «0391 o 5 514 102.7 1203 4 29 100.0 117.8 127 daye before rulling naile.
§-3-1 5 11.8 o 22.53 11233 iggz Jl.gg g 3 - : gg = s
= . o . . . " =
u 616 4 €4.29 17045 0429 1-29 3446 4046 4 € e 92.3 Ealf of stiok was soaked 99 days
o = 4 64,29 17485 +0440 152 37.4 38.0 4 € 10846 97 before pulling nailae.
52, & umo 4 g . g o R t 8 oy B
- e . . L] . - 0 =
L} 10.0 4 6442 17445 #0974 1.39 78e€ 32-6 4 202 s 214.5 Half of etiok wae dried 254 days
D = 4 64,29 1 .4; «0936 132 7946 843 4 21¢ 101.4 196.5 before pulling nailse
=2 3 mm 4 4R g rer S R SR TR -
b 2! 45 . 32 0 . - r
R 1245 4 64429 17+45 «0760 1439 6102 - 7244 4 126 * 115.Z Half of stick was eoaked 98 days then dried
W == 4 64429 17,45 «0¢98 1432 59 96,7 57.1 4 118 89 1 1064 126 days before pulling naile.
ST T T - v A B s s Lok o -
= . g 750 *749 o, il o o, - 4 142 10046 St
R 4 6442' 17.45 755  +7496 «1714 2434 2.1 51, 4 150 - 110 Half of stick caked duys
» = 4 629 175 755 (749 W5 225 771 ey + 23 12507 137, Serore puse nadiee O 4
5u5-2 ; 123 : g:.§3 :;.:g ;g.i .;:gg -303&; g.;; 1 ‘.;‘ o) - : 13,; - s
r i o . . 0 . ¥ . . - 1 11449 -r
R 12.1 4 64,29 17.4 751 742 288 2934 138.5 - 1.2 4 242 - 14846 Balf tick dried 223 di
> = $O&ER W B g8 u3d 235 1578 209.0 500 ‘ 278 100.2 14101 o erors puliing nal 1oy -0 478
RSB T 4w My oph B8 ogm B 3 Tt #W & 3
- . . . 5 . B . B - 0le a
R 14,2 4 64,29 17.45 75¢1 7429 02532 2.34 110.8 7048 4 1€7 .= 125.7 Half of stiok was soaked 97 days then dried
T o 17« o o742 2 24 . 106-1 6642 4 17?7 101, 12644 126 days befcre pulling naile.
r 4 €429 7445 7541 7429 35€¢ 25 117.5 8 y P &

Yote: E£es sheet 2 for footnotes.
Us e nvmm OF AGRICULTURE
TOREST SERVICR
TS LARORATORY /4, £ )/

T O 150m, Wiaconaye
W
Fsam Wovember 23, 1922 /¥//s



I TE—, R
3 2 1 = Rifferance
% Kind : when T Yo, 4 Welght @ ir verued
Stick F nalle 1 H erpgds ¢ines of H
a 1 of & wers f ef & of : gravity:Tegreee: eine =initlsl and | aivh- |
To. 1 julled = 1 t below @ ] finsl 1
: nail : nails :rerduluz: axis ¢ T anitteal i drasa~ |

indhes

5e7+1 R 15.8 @ 38.77 7540 7ML <1973
D == 4 9€.77 75.0  .7412 2270
R 9:5 d 9877 5.0 47412 «156
D - - 98.77 540 ipale « 157

5e7e2 R 14.4 - 98.7 7500 $7412 2504
» - i 897 75.0 a2 2855
R 945 a 38.77 7540 #7ALC <1575
o # L 98.77 75:0 <7413 299

5-7-3 R 12.4 . 9877 7300 /2L 270¢
n a= 9§ZZ 7540 J741C -ngc
R 1449 4 o9, 540 47120 $1334
h - s 28,77 22.28 7540 .7412 «1¢87

Tanie 5a (contirued)

Per 1

irch I Ratic | wotk after
with- | p/R tn
drawn i i work hefosge:
i conditioning
Ire-1bse Per cent
15k et a
188.9 Y =
123.6 a 7944
1735 106,08 6%45
0743 - =
228 .7 11042 -
12444 - €040)
107.9 L1333 4742
213.4 - -
ceSan 10643 =
144.6 T 67.8
14040 97 t1ad

l‘rh. difference in vereed sines of initial and fimal angles multiplisi by the dietance of
center of gravity below axis equale the vertical dra) of ulle esnter of Zravits of pendulum.

1] 1
I kl)!_kl (RLI]

! Ratio of

2The length withdraw? is taken as the full length i including point, minus twe-thirde the lengtn of the nail point.

3Length withdrawn eame as Coluwan id.

4Tne rirst 1ig@it of the etick numbes is the series number and refers to the ‘epcci
refers to the nail eize, am4 the third 4igit is the otick number and ret'era

wae subjected before nails were pulled.
One-half of sticke whoee numbsrs end with
(1) uorked bsfore pulling.
Mg 53M (2) air voasoned before pulling, )
{2} sonked, then air seasoned before julling. A
The treatments were similar for both green and air-dry material.

as, thc second digit ie the lot numder and
Z0 the treatment to which one-half of stiok

Sheat
13 3
= Ratio of '
load dfter @
of Ratlo to i Remarky
e lead tefcere:
rails drawym~ sonditicning:
Thae BEE aEnt RS 1
4 150 — an.
3 160 13%1.3 - :
4 93 - 7€42 Halt of stick was dried 32¢ dave
4 130 125.0 72.2 before rulling nailse
4 111 r o
4 170 146.0 P
4 69 . 80.¢ Holf of stick was Aried 329 days
¢ 115 1229 €7.€ befors pulling rails.
4 145 .
4 191 125.2 -
4 1? v 89,1 Half of stick was soaked 95 daye ther Aried
4 15 17644 8aey 128 daye before pul.ling nails.
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TADIO Cas--Mor.ltn u” - 23ty *6 dev eratne work in pulling crilat a=1 di1aschi-jointed nalle from E7esh shite JARe before and afier eemditioning —— ——emw—gmmr—af . o ———

1 2 ! 4 5 € 7. & 9 18
T Noleture © Pendulum with o = —- e
t L CONtent fececcevocemcocccccnccomescetraac ottt ety -
i t of etick @ :Dietance:Initial angle : Difference : dork : H 1 .
! Rind : when t ¢enter le-cecceno t in versed : Lenglh tec.cesccmcetenacnca. anus Yo, : Maximum @ T Ratio of :
8tick 1 : naile : uf ereed: eines of ¢ s : Ratio of 3 t lend T load after @
. 1 of : were t gravity:Degre sine :initial and @ ¢ Ratio : work after : of tper inch : HRativ @ to 9 Reasrke
No. 1 ¢ pulled ¢ belew @ 1 final d : DR ie 8 ¢ withs : D/R : load before:
| neil @ endulum: axie H 1 1 angles? H H : work before: raila : drawnd @ tecndit joning:
1 I : B i 1 t i 1 ioonditioning:. 1 . ] H
et e e et e e e e o m s o ot ARLEREET I ST e D e o0 et JETE S P o e ea st e mme o m e il o .. Sevestimokicy o e vasaf e
Per cert Lbes Inohes .Inohes  Ine-lbes Per cent Lbee  Per cer:
6.1 7641 4 64.29  17.45 9e9  +23: 0288 91 5 as (H i ¥ s
i xz_;,:o § s 3:3 :ggg w3 ‘35 52:‘{ 105.8 - i % 83.z =
o o2 £ B +0. K 3o e «0 a 6 - 1015 Half of stiok ked 92 d
b -k 4 €4.29 17:48 39.9 12328 <0203 .25 288 11€00 7;.4 4 2 101.4 1155 ‘b-t:re‘pu;li:;-n::zc: Ll
6e1-2 R 6244 4 64429 17445 39.9  .2328 0270 -31 33e3 l- = u 5?7 D e -r
l; S : g:.§9 i;-:g 33.99 -é%“e .ggg'{ . ; 2‘.5 10640 n-'g . b 7§ 117.3 -
. . 045 . . N . N is . a - 12540 Ralf of stick dried 217 d
D L 4 €4.2 17445 §9.9 W2 22 £0294 .35 58.3 87.2 1?.0.0 & gz 10747 ug:e .hlfgrespuill::‘nnil:- Gleng
6=1.3 R 34.2 & 64029 17.45 39.9 2328 +0320 91 39:4 .- - 4 56 — -
D " W 64429 17045 399 .zggg <0209 .Zs 0.8 €7 - '3 73 121.¢ -
R 12.3 5 €4,29 17.4% 399 o <0290 .g) 35. += 50:8 4 70 aa 12546 Half of etiok was ecaked 21 days ther dried
» - & 64029  17.4% 9.9  .2328 <0303 <05 20, 106.8 100.0 . 75 100.0 102.7 127 daye before pulling nails.
6=3-1 R 88.6 i €429 17.6€ 59¢8 44970 «0670 1.39 S4el am an n 10 = =
D b - 64:29  17.45 59.8 4570 40656 1.32 5548 103.2 us i 1 103.4 -
R 12040 - €4.29 17,45 N *4970 20460 1.39 37.1 - 6846 H 9 - 9246 Half of etick was 3onked 92 days
D " B 64,29  17.45 59.8 4970 <0438 132 37.. 100.0 €Ee€ & 117 112.3 99.2 before pulling nails.
€-3.2 R £0.7 i 64429 1745 5948 4970 «0575 1.39 46,4 -- =r L n3 - ==
D = - 64029 17445 59.8 14970 «0€691 132 5847 12645 == 4 106 89.2 a
R 11.2 & 64,29  17.45 59.8  .4970 <0812 139 €546 . 1424 & 138 - 122.3 Half of stick was dried 216 daye
D " * €429 17.45 598 4970 «0730 1.32 620 94.5 105.6 & 160 109.8 15046 ‘vefore julling nails.
6-3-3 R 70.4 E €4e29 17.45 598  «4970 «0745 139 60.1 - - i 10 = [
D - a €4.29  17.45 59.€  «4970 <0674 1032 57e2 95¢3 s * 10 9345 - .
R 14.3 : 64.29 17,45 59.8 +4970  +0798 139 6446 - 107.4 i 147 - 1348 Ralf of stiok wae eosked 90 days then dried
b - " 64:29 17445 59 «4970 <0763 1.32 64.6 100.3 113.3 1 177 114.7 16440 127 daye before pulling nails.
6-5-1 R 7340 & 64029  16.58 7200 o741z 02685 2,34 122.3 - - 4 328 - -
D = B 64,29 16458 7540 7412 2377 2425 112.6 9241 s 4 164 108.8 -
R 80.5 & 64429 1«5.2?l ;5.0 <7412 ol 2 2,54 6704 .= 5940 4 150 an 1171 Ralf of etick was soaked 89 days
) - e €429 16, 540 7412 o162 2.25 7648 114.0 68.2 3 170 109.4 1036 before pulling nailee
6542 14 37.2 4 64429 17245 7940 7402 22167 2434 103.8 - 4 FELY - —_
» - 4 64429 17.45 7540 7418 #2290 2.2 114.2 = 4 135 96.5 -
R 13.1 4 €4429 17.45 75.0 07412 0223, 2434 1071 10345 4 150 ¢ - 111.9 Half of etick was dried 215 days
D - 4 €4429 17.45 7540 o741 0253 2425 12644 116, € 4 202 129.3 149.5 befors pulling nailse
653 R 7349 4 64429 16458 7500 «7412 «2532 2434 115.5 & 14 - -
D - 4 64429 16,58 7540  «741c 02526 2425 119.€ a= & 166 113.3
R 1040 L3 64429 .g 7540 7412 <1048 2,34 95 €849 i 106 s 7501 Half of etiok was eosked 89 daye then dried
D - . €4429 16,5 75.0 7422 1077 2.25 5+0 711 * 104 9448 €2.8 231 days before pulling nails.
6-7-1 R 46.2 4 98477 22428 7500 o742 v1901 2479 149.8 - i 263 -
D - 4 98.77 22.28 7540 <7412 #2010 2:65 166.8 11143 & i 187 1090 -
R e8¢ 4 98.77 22.28 7540 o741z #1077 279 8448 re 5646 1 165 w 1013 Half of stick was soaked 88 days
r - . 98.77 22428 75:0 7812 «1110 2,65 92e2 10847 5543 * 212 122.0 113.4 before pulling naile.
6-7-2 R 4.6 4 98.77 22 7540 <7412 12461 2.79 an m i 160 an s
D L 4 98477 22.28 7540 47412 2554 2465 9347 - Ll 21 125.8 -
R 12,0 4 98.77  22.28 7540 7412 #1909 2.79 - 7746 4 163 == 101.8 Half of mtick was dried 21€¢ daye
b - 4 98,77  22.28 7540  o7422 41847 2.6¢ 10849 . & 147 8543 6946 befors Pulling nailes
6-7-3 R 61.8 3 98477 22.28 750 7412 02662 2.79 = - + 191 - -
D = 5 98,77 22.22 00 o7412 42366 2465 93.7 == & 223 11046 -
R 945 4 98.77 22.28 75.0 <7412 «1487 279 1 as 55-3 L] 2117 e 613 Half of etick was soaked 86 daye then dried
D - 4 9677  22.28 75.0 <7422 «1536 2465 12746 108.9 ™ * 127 103.1 5649 231 daye before pulling nails.
— B e R g = - —a — -
l'lho difference in versed eines of imitial and fimal angles multiplisd by the dietance of Z
center of gravity below axis equals the vertioal drop of the osnter of gravity of pendulua.
2The length withdrawn is taken as the full leagth ef-4s—smdd including point, minue two-thirde the lemgth of the mail point. Uege ”ms{&“'w“m
3Langts witudrawn same as Coliun 13. '“‘,A!,z;;'?"gﬂg;;,.m"“ ﬁ ¢ N
4The riret 4igit of the etiok nuaber is the seriee number and refere to 1he epecies. tho second digit 1s the lot numder and Wovember 23, 1922. "’:,’._33

refers to the neil-eise. mnd the third wigi* ie the etick number and refere to the treetment to whifex one-Bslf of stiock
was subjeoted before uaile were pulled.
One=half of sticks whose nuBbere end with
(1) woaked before pullisg,
2) aiz semeoned before pulding,
¢ 3) saaked, then alr seasoned before pulling.
SY M 2né treatments wers #iBllar. for both E¥een and air-dry esteriml.




DRIVING

PENDULUM PULLING

STICK CINAILS DRIVEN SMALL NUMBER OF BLOWS [ JIMMEDIATELY AFTER DRIVING
0. EBNAILS DRIVEN LARGE NUMBER OF LIGNT EEAFTER CONDITIONING
BLOWS

STATIC PULLING
T IMMEDIATELY AFTER DRIVING
WNAFTER CONDITIONING
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FIG.1 —RELATIVE WORK IN DRIVING AND PULLING REGULAR ANO DIAMOND POINTEO NAILS—DRY DOUGLAS FIR

HOTE O=0IAMOND POINT. R=REGULAR POINT. THE FIRST DIGIT OF THE STICK NUMBER IS
THE SERIES NUMBER ANO REFERS TO THE SPECIES. THE SECOND OIGIT IS THE LOT
NUMBER ANO REFERS TO THE NAIL SIZE. THE TNIRO DIGIT IS THE STICK NUMBER
ANO REFERS TO THE TREATMENT TO WHICH ONE—HALF OF THE STICK WAS SUBJECTED
SEFORE NAILS WERE PULLED. ONE—HALF OF ST CKS WNOSE NUMBERS END WITH

1— SOAKED BEFORE PULLING
2—-AIR SEASONED BEFORE PULLING

J&1 24 M I—SOAKED, THEN AIR SEASONED BEFORE PULLING
THE TREATMENTS WERE SIMILAR FOR BOTH GREEN ANO DRY MATERIAL

U

8+ DEPARTNE™T OF
FORRST SERVICE

AGRICULTURF

FOREST PRODUCTS LAROKAIVi{

MADISGY, ¥ISCOVSI'

Yovember 23, 1924 /52?59



DRIVING PENDULUM PULLING STATIC PULLING

STICK CINAILS DRIVEN SMALL NUMBER OF BLOWS (] IMMEDIATELY AFTER DRIVING CIIMMEDIATELY AFTER DRIVING
NO. ENMAILS DRIVEN LARGE NUMBER OF LIGNT EAFTER CONDITIONING EBAFTER CDNDITIDNING
eLowS

S

(] 20 60 100 140

20 60 100 140 0 20
D/R PER CENT

100 \wo 180
D/R PER CENT D/R PER CENT
FIG.2 —RELATIVE WORK IN DRIVING AND PULLING REGULAR AND DIAMOND POINTED NAILS—ORY DOUGLAS FIR

HOTE D=DIAMOND POINT. R=REGULAR POINT. THE FIRST DIGIT OF THE STICK NUMBER IS

U.8« DEPARTMET OF AGRICULTURF
POREST SERVICE
THE SERIES NUMBER AND REFERS TO THE SPECIES. THE SECOND DIGIT IS THE LOT P aam e TS LARIRA T
NUMBER AND REFERS TO THE NAIL SIZE. THE THID OIGIT IS THE STICK NUMBER Fovember 23, 1922. K&
AND REFERS TO THE TREATMENT TO WHICH ONE=HALF OF THE STICK WAS SUBJECTED I

BEFORE NAILS WERE PULLED. DNE—HALF OF ST CKS WHOSE NUMBERS END WITH
1= SOAKED BEFORE PULLING

2—AIR SEASONED BEFORE PULLING
19ny 3=$0AKED. THEN AIR SEASONED BEFORE PULLING
M THE TREATMENTS WERE SIMILAR FOR BOTH GREEN AND DRY MATERIAL



DRIVING PENDULUM PULLING STATIC PULLING

STICK [CINAILS DRIVEN SMALL NUMBER OF BLOWS [ 1IMMEOIATELY AFTER DRIVING CJIMMEDIATELY AFTER ORIVING
no. EENAILS DRIVEN LARGE NUMBER OF LIGHT EEAFTER CONDITIONING EBAFTER CONDITIONING

mT]

_'_....i I T
]

!.___. _| 4 .:. B R B -......_.:__ 1
i B e waku.
I Ak

L L Ll mo 4o L]
D/R PER CENT
FIG. 3 —RELATIVE WORK IN DRIVING ANO PULLING REGULAR AND DIAMONMD POINTED NAILS—GREEN DOUGLAS FIR

D/R PER CENT O/R PER CENT

U.8. ULTURF
HOTE )uDIAMOND POINT. R=REGULAR POINT. THE FIRST DIGIT OF THE STICK NUMBER IS B A O ASRICULRURE
THE SERIES NUNBER AND REFERS TO THE SPECIES. THE SECOND DIGIT IS THE LOT TOREST PRODUCTS LABORATOR!
NUMBER AND REFERS TO THE NAIL SIZE. THE THIRD OIGIT IS THE STICK NUMBER

Tovember 23, 1922.)@5#{9
AND REFERS TO THE TREATMENT TO WHICH ONE~HALF OF THE STICK WAS SUBJECTED -

BEFORE NAILS WERE PULLEO. ONE—HALF OF ST CKS WHOSE NUMBERS END WITH
18121 M 1~ SDAKED BEFORE PULLING

2—AIR SEASONED BEFORE PULLING

3—$0AKED. THEN AIR SEASONED BEFORE PULLING

THE TREATMENTS WERE SIMILAR FOR BOTH GREEN AND DRY MATERIAL



DRIVING PENDULUM PULLING STATIC PULLING

STICK (ONAILS DRIVEN SMALL NUMBER OF BLOWS [ _JIMMEDIATELY AFTER DRIVING CJIMMEDIATELY AFTER DRIVING
¥0. EENAILS DRIVEN LARGE NUMBER OF LIGHT EEAFTER CONDITIONING EEAFTER CONDITIONING
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FiG.4 —RELATIVE WORK IN DRIVING AND PULLING REGULAR AND DIAMOND POINTED NAILS—GREEN DOUGLAS FIR

BOTE o p/AMOND POINT. R=REGULAR POINT. THE FIRST DIGIT OF THE STICK NUMBER IS U+8. PEEARIVET. 107 ACRIGULTURT
THE SERIES NUMBER AND REFERS TO THE SPECIES. THE SECOND DIGIT IS THE LOT F°§f§§g§§°t’g§'ggo(;;§3““°“
NUMBER AND REFERS TO THE NAIL SIZE. THE THIRD DIGIT IS THE STICK NUMBER Fovember 23, 192z ﬂ_éﬁg

AND REFERS TO THE TREATMENT TO WHICH ONE—~MALF OF THE STICK WAS SUBJECTED
BEFORE NAILS WERE PULLED. ONE—HALF OF ST CKS WHOSE NUMBERS END WITH
1~ SOAKED BEFORE PULLING
2—AIR SEASONED BEFORE PULLING
18 12.2M 3—-SOAKED, THEN AIR SEASONED BEFORE PULLING
THE TREATMENTS WERE SIMILAR FOR BOTH GREEN AND DRY MATERIAL



DRIVING PENDULUM PULLING STATIC PULLING

+

STICK [ONAILS DRIVEN SMALL NUMBER OF BLOWS [ 1IMMEDIATELY AFTER DRIVING CJIMMEDIATELY AFTER DRIVING
NO. HEENAILS DRIVEN LARGE NUMBER OF LIGHT @WBAFTER CONDITIONING @l AFTER CONDITIONING
BLOWS
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100 140 0 20 60 100 140 180
D/R PER CENT D/R PER CENT D/R PER CENT

FIG.5 —RELATIVE WORK IN DRIVING AND PULLING REGULAR AND DIAMOND POINTED NAILS—GREEN DOUGLAS FIR

.9" UsSe DEPARTNE™T OF AGRICULTURF
D=DIAMOND POINT. R=REGULAR POINT. THE FIRST DIGIT OF THE STICK NUMBER (S A e alull i
THE SERIES NUMBER AND REFERS TO THE SPECIES. THE SECOND DIGIT IS THE LOT Toikot PECEE Tapeen um:
NUMBER AND REFERS TD THE MAIL SIZE. THE THIRD DIGIT IS THE STICK NUMBER “ovsuver 23, 1*9<‘¢./»5&-,7£%
‘_1

AND REFERS TO THE TREATMENT TD WHICH ONE—-MALF OF THE STICK WAS SUBJECTED
BEFORE NAILS WERE PULLED. ONE—HALF OF ST CKS WHOSE NUMBERS END WITH
1— SOAKED BEFORE PULLING
2—AIR SEASONED BEFORE PULLING
18123 M 3-$0AKED. THEN AIR SEASONED BEFORE PULLING
THE TREATRENTS WERE SIMILAR FOR BOTH GREEN AND DRY MATERIAL



DRIVING PENDULUM PULLING

STICK [CINAILS DRIVEN SMALL NUMBER OF BLOWS (1IMMEDIATELY AFTER DRIVING
NO. EENAILS DRIVEN LARGE NUMBER OF LIGHT EEAFTER CONDITIDNING

STATIC PULLING

O IMMEOIATELY AFTER DRIVING
WBAFTER CONDITIONING

BLOWS
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FIG.6 —RELATIVE WORK IN DRIVING AND PULLING REGULAR AND DIANID POINTED NAILS—DRY YELLOW BIRCH

D=DIAMOND POINT. R=REGULAR POINT. THE FIRST DIGIT OF THE STICK NUMBER IS
THE SERIES NUMBER AND REFERS TO THE SPECIES. THE SECOND DIGIT I$ THE LOT
NUMBER AND REFERS TO THE NAIL SIZE. THE THIRD DIGIT IS THE STICK NUMBER
AND REFERS TO THE TREATMENT TO WHICH ONE~HALF OF THE STICK WAS SUBJECTED
BEFORE NAILS WERE PULLED. ONE—HALF OF $T CKS WHOSE NUMBERS END WITH

1— SOAKED BEFORE PULLING

2—AIR SEASONED BEFORE PULLING

3—$0AKED. THEN AIR SEASONED BEFORE PULLING

THE TREATMENTS WERE SIMILAR FOR BOTH GREEN AND DRY MATERIAL
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DRIVING PENDULUM PULLING

STICK [CINAILS DRIVEN SMALL NUMBER OF BLOWS 1 IMMEDIATELY AFTER DRIVING
NO. EENAILS DRIVEN LARGE NUMBER OF LIGHT WBAFTER CONDITIONING

e

STATIC PULLING

T IMMEDIATELY AFTER DRIVING
@B AFTER CONDITIONING

BLOWS
e B S o 6 L L A B 24 6 L

e e

ety | -
o 20 60 100 140 0 20 €0 100 140 © 100 140 180
D/R PER CENT D/R PER CENT D/R PER CENT

FIG.7 —RELATIVE WORK IN DRIVING AND PULLING REGULAR AND DIAMOND POINTED NAILS~DRY YELLOW BIRCN

notTE O=DIAMOND POINT. R=REGULAR POINT. THE FIRST DIGIT OF THE STICK NUMBER IS

TNE SERIES NUMBER ANO REFERS TO THE SPECIES. THE SECOND DIGIT IS TNE LOT
NUNBER AND REFERS TO THE NAIL SIZE. THE THIRD DIGIT IS THE STICK NUMBER
AND REFERS TO THE TREATMENT TO WHICH DNE~HALF DF THE STICK WAS SUBJECTED
BEFORE NAILS WERE PULLED. ONE~NALF OF ST CKS WHOSE NUMBERS END WITH
I— SOAKED BEFORE PULLING
2—AIR SEASONED BEFORE PULLING

1802 3-S0AKED. THEN AIR SEASONED BEFORE PULLING
THE TREATMENTS WERE SIMILAR FOR BOTH GREEN AND DRY MATERIAL

U.8+ DEPARTME™T OF AGRICULTURF
POREST SERVICE

FOREST PRODUCTS LABORAI Ux{

NADISO™, WIBCOYSIV z}‘
Yavembver 23, 1922. £y
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DRIVING PENDULUM PULLING STATIC PULLING

STICK [CINAILS ORIVEN SMALL NUMBER OF BLOWS (JIMMEDIATELY AFTER DRIVING CJIMMEOIATELY AFTER DRIVING
¥0. EBNAILS DRIVEN LARGE NUMBER OF LIGHT EEAFTER CONOITIONING EBAFTER CONOITIONING
BLOWS
" EEER
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FIG.6 —RELATIVE WORK IN ORIVING ANO PULLING REGULAR ANO OIAMOND POINTED NAILS— GREEN YELLOW BIRCH

Us8¢ DEPARTME™T OF AGRICULTURF

Lo 0=0DIAMOND POINT. R=REGULAR POINT. THE FIRST DIGIT OF THE STICK NUMBER IS FOREST SERVICE

THE SERIES NUMBER ANO REFERS TO THE SPECIES. THE SBCOND OIGIT IS TNE LOT T o P CTS ALATRRATIORS
NUMBER AND REFERS TO THE NAIL SIZE. THE THIRD DiGIT IS THE STICK NUMBER Foveuber 23, 1922+ ,’géﬁa
-3

ANO REFERS TO THE TREATHENT TO WHICH ONE—HALF OF THE STICK WAS SUBJECTED
BEFORE NAILS WERE PULLED. ONE—HALF OF ST CKS WHOSE NUMBERS END WITH

1— SOAKED BEFORE PULLING

2—AIR SEASONED BEFORE PULLING

3=80AKED, THEN AIR SEASONED BEFORE PULLING

'
Siam THE TREATMENTS WERE SIMILAR FOR BOTH GREEN AND ORY MATERIAL



DRIVING PENDULUM PULLING STATIC PULLING

STICK (CINAILS DRIVEN SMALL NUMBER OF BLOWS (_JIMMEDIATELY AFTER DRIVING CJIMMEDIATELY AFTER DRIVING
N0. EENAILS ORIVEN LARGE NUMBER OF LIGHT EEAFTER CONDITIONING @B AFTER CONDITIONING
BLOWS
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O/R PER CENT O/R PER CENT O/R PER CENT
FIG.9 —RELATIVE WORK IN DRIVING AND PULLING REGULAR AND DIAMOND POINTED NAILS—GREEN YELLOW BIRCH
+8.+ DEPARTMEMT 1C URF
BOTE ;_ 01AMOND POINT. R=REGULAR POINT. THE FIRST DIGIT OF THE STICK NUMBER IS e s
THE SERIES NUMBER AND REFERS TO THE SPECIES. THE SECOND DIGIT IS THE LOT F°m§ s
NUNBER AND REFERS TD THE NAIL SIZE. THE THIRD DIGIT IS THE STICK NUMBER Foveuber 23, 1922.,52.‘-2!%
l“

AND REFERS TO TNE TREATMENT TO WHICH DNE—NALF OF THE STICK WAS SUBJECTED
BEFDRE NAILS WERE PULLED. ONE—HALF OF ST CKS WHOSE NUMBERS END WITH
1~ SOAKED BEFORE PULLING
2—AIR SEASDNED BEFORE PULLING
3—SOAKED. THEN AIR SEASONED BEFORE PULLING
P10 m THE TREATMENTS WERE SIMILAR FOR BDOTH GREEN AND DRY MATERIAL



DRIVING PENDULUM PULLING STATIC PULLING

STICK CINAILS DRIVEN SMALL NUMBER OF BLOWS [ _]IMMEDIATELY AFTER DRIVING CJ IMMEDIATELY AFTER DRIVING
NO. EENAILS DRIVEN LARGE NUMBER OF LIGHT EBAFTER CONDITIONING WERAFTER CONDITIONING
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FIG.10—RELATIVE WORK IN DRIVING AND PULLING REGULAR AND DIAMOND POINTED NAILS—DRY WHITE PINE

BOTE 500iAMOND POINT. R=REGULAR POINT. THE FIRST DIGIT OF THE STICK NURBER IS D Lo PAACRICUEIVAE
THE SERIES NUMBER AND REFERS TO THE SPECIES. THE SECOND DIGIT IS THE LOT FOREST PRODUCTS LAEORATx(
NUMBER AND REFERS TO THE NAIL SIZE. THE THIRD DIGIT IS THE STICK NUMBER rovenver 23, 1922, BEM:
AND REFERS TO THE TREATMENT TO WHICH ONE=MALF OF THE STICK WAS SUBJECTED e

BEFDRE NAILS WERE PULLED. ONE—HALF OF ST CKS WHOSE NUMBERS END WITH
1— SOAKED BEFORE PULLING
2-AIR SEASONED BEFORE PULLING
3—SO0AKED. THEN AIR SEASONED BEFORE PULLING

12111 M\ THE TREATMENTS WERE SIMILAR FOR BOTHGREEN AND DRY MATERIAL



DRIVING PENDULUM PULLING STATIC PULLING

STICK (INAILS DRIVEN SMALL NUMBER OF BLOWS [ JIMMEDIATELY AFTER DRIVING T IMMEDIATELY AFTER DRIVING
¥N0. EENAILS DRIVEN LARGE NUMBER OF LIGHT EEAFTER CONDITIONING ENAFTER CONDITIDNING
BLOWS

PTTIE e

o 20 60 “100 140 0 20 ) 100 190 0 20 © 100 "o 180
O/R PER CENT 0/R PEN CENT O/R PER CENT
FIG.1) ~RELATIVE WORK W DRIVING AND PULLING RESULAR AND DIAROND POINTED NAILS—DRY WHITE PINE
MOTE ;o 01AROND POINT. R=REGULAR POINT. THE FIRST DIGIT OF THE STICK NUMBER IS Oe8e PEOORST SegvicE N
THE SERIES NUMBER AND REFERS TO THE SPECIES. THE SECOND DIGIT IS THE LOT R R Sy
NUMBER AND REFERS TD THE NAIL SIZE. THE THIRD DIGIT IS THE STICK NUMBER vovamber 25, 1922 EM
AND REFERS TO THE TREATMENT TO WHICH ONE~HALF OF THE STICK WAS SUBJECTED o

BEFORE NAILS WERE PULLED. DNE—HALF OF ST CKS WHOSE NUMBERS END WITH
1= SOAKED BEFORE PULLING

2—AIR SEASONED BEFORE PULLING
1819 M 3-S0AKED, THEN AIR SEASDNED BEFODRE PULLING
THE TREATMENTS WERE SWMLAR FOR BOTH GREEN AND DRY MATERIAL



DRIVING PENDULUM PULLING STATIC PULLING

STICK CINAILS DRIVEN SMALL NUMBER DF BLOWS (JIMMEDIATELY AFTER DRIVING CJIMMEDIATELY AFTER DRIVING
0. EENAILS ORIVEN LARGE NUMBER OF LIGHT EAFTER CONDITIONING EEAFTER CONDITIDNING
BLOWS
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FIG.12 —RELATIVE WORK IN DRIVING AND PULLING REGULAR AND DIAMOND PDINTED NAILS— GREEN WHITE PINE

HOTE | _0/AMOND POINT. R=REGULAR POINT. THE FIRST DIGIT OF THE STICK NUMBER IS VSO DEPART T TAACHICULIURE
THE SERIES NUMBER AND REFERS TD THE SPECIE®. THE SECOND DIGIT IS THE LOT EoRzs? coeyDIenS (DAPORAD oRrY
NUMBER AND REFERS TO THE NAIL SIZE. THE THIRD DIGIT IS THE STICK NUMBER Fovemver 23, 1922, jgé!f:,
AND REFERS TO THE TREATMENT TO WHICH ONE—~HALF OF THE STICK WAS SUBJECTED . B

BEFORE NAILS WERE PULLED. ONE—HALF OF ST CKS WHOSE NUMBERS END WITH
1— SDAKED BEFDRE PULLING

2—AIR SEASDNED BEFORE PULLING
PO M 3—S0AKED. THEN AIR SEASONED BEFORE PULLING
THE TREATRENTS WERE SIMILAR FOR BOTH GREEN AND DRY MATERIAL



STICK CINAILS DRIVEN SMALL NUMBER OF BLOWS [—1IMMEDIATELY AFTER DRIVING
NO. EENAILS DRIVEN LARGE NUMBER OF LIGHT EEAFTER CONDITIONING

DRIVING PENDULUM PULLING STATIC PULLING

CJIMMEDIATELY AFTER DRIVING

EEAFTER CONDITIONING
BLOWS
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60 100 180 0 20 [T) 100 140 0 120 140 180
D/R PER CENT D/R PER CENT D/R PER CENT
FIG.13 —RELATIVE WORK IN DRIVING AND PULLING REGULAR AND DIAMOND POINTED NAILS— GREEN WHITE PINE
MOTE |\ 01AMOND POINT. R=REGULAR POINT. THE FIRST DIGIT OF THE STICK NUMBER IS Y. 8o PEPARTUENT 40| AGRICULTURE

181am

FOREST SERVICE
THE SERIES NUMBER AND REFERS TO THE SPECIES. THE SECOND DIGIT IS THE LOT FORRST PRODUCTS LABORAIUX{

NUMBER AND REFERS TO THE NAIL SIZE. THE THIRD DIGIT IS THE STICK NUMBER Fevonnes 35, 1925, 4 E8
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FIG.38 —RELATIVE WORK IN DRIVING AND PULLING REGULAR AND DIAMOND POINTED NAILS— GREEN YELLOW BIRCH
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NUMBER AND REFERS TO THE NAIL SIZE. THE THIRD DIGIT IS THE STICK NUMBER
BEFORE NAILS WERE PULLED. ONE—HALF OF ST CKS WHOSE NUMBERS END WITH

1= SOAKED BEFORE PULLING
2—AIR SEASONED BEFORE PULLING

3—SO0AKED. THEN AIR SEASONED BEFORE PULLING
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FIG.15—RELATIVE WORK IN DRIVING AND PULLING REGULAR AND BARBED MAILS = DRY WHITE PINE

B=BARBED R=REGULAR POINT. THE FIRST DIGIT OF THE STICK NUMBER IS A P L
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1— SOAKED BEFORE PULLING
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FIG—16 —RELATIVE PENETRATION FOR REGULAR AND DIAMOND POINTED NAILS AFTER
EACH SUCCESSIVE BLOW.—DRY DOUGLAS FIR

D=DIAMOND POINT
R= REGULAR POINT
NAILS ALL 84
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Legend:
D = Checkered head and diamond point
D 5 R R = Regular head and point
0d
B = Barbed nail with regular head

and point

Fig. 1% Types and sizes of nails studied
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F'% I8 ~ Pendulum Mechine Arranrsed for Determiniag
Work Abcorbed in Driving Hails J




Fig. 19 - Pendulum Machine Arranged for Determining

Vorlk Ahsorhed ia Pulling Naile
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Pig. 20.~--View of both sides of red fir planks driven full of 10d
nails by carpenter No. 1.

1 = regular head and diamond
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Fig. 21.--View 8 driven full of 104

= eckered head and diamond
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Fig. 22.--Dry yellow birch planks driven full of 84 nails by carpenter
No. 2.

1 = regular head and point. 2 = checksred head and diamond
point.




Fig. £3.--Vibration machine.
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