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MODEL FOR THE PREDICTION OF
NAIL WITHDRAWAL STIFFNESS

I. INTRODUCTION

Nails probably are the oldest and most common type of mechanical
fasteners used to join wood into composite structures. An important
factor affecting the strength and ultimate load of wood structures is
the strength, stiffness and durability of its joints (4). For
instance, a statically determinate wood structure is only as good as
its weakest joint, Therefore, the behavior of the nailed joints must
be given proper consideration when designing and analyzing wood struc-
tures.

Recently, Polensek (17, 18, 19, 20) has developed a rational
design procedure for wood stud walls. The semirigid nailed joints
between the studs and wall coverings induce partial composite action,
which increases the deflection and ultimate load of the wall under
compression-bending loads. The degree of composite action depends on
the stiffness of the nailed joints. Withdrawal strength and stiffness
of fasteners is sometimes another important design parameter. For
instance, the thickness of door jambs depends on the withdrawal
strength of the screws between hinges and jambs (21).

In general, nails may undergo two types of loading (5), lateral
and withdrawal (Figure 1.1). Although both loading types are impor-
tant in the design of wood structures, only the latter is considered
in this study.

The force holding the nail in a wood member under direct

withdrawal is due to friction caused by normal forces at the nail-wood
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interface (Fig. 1.1 b). Frictional forces are activated when an

external force P attempts to move the nail with respect to the wood.
Normal forces are exerted to the nail surface by the wood fibers which
have been compressed by the nail when driven into the wood medium.

Joint properties are usually evaluated by testing. To reduce
testing, which is both expensive and time consuming, it is desirable to
develop a theoretical model from which the designer could predict the
withdrawal strength and stiffness of a joint made of any commonly used
wood species and nails. Equipped with such a model, the designer could
theoretically evaluate the effect of joint withdrawal properties on the
performance of wood systems. Therefore, the model should be helpful
with the structural analysis of wood systems.

The main objective of this study is to develop a model for
predicting the withdrawal stiffness of nails. The model is based on
several concepts from the mechanics of materials and on structural
mechanisms observed by testing specimens made of 6d common nails and

Douglas-fir, southern-yellow-pine, and Engelmann-spruce lumber.



II. LITERATURE REVIEW

In the past a large number of studies have been conducted on nail
joints subject to direct withdrawal. A wide variety of testing
apparatus and conditions were investigated to determine the factors
affecting maximum withdrawal loads (PMAX), but almost no attempts were
made to evaluate withdrawal stiffness and to develop a model for pre-
dicting withdrawal stiffness. This chapter summarizes the models used

to predict and the variables that affect PMAX of nail joints.

2.1 Variables Influencing Nail Withdrawal Loads

There are five main variables influencing PMAX: specific gravity
(SG) of the wood used for connecting components, moisture content (MC),
creep in wood under prolonged loading, nail properties and nail
driving method.

Specific gravity of the wood has been recognized as the most
important variable (1, 5, 13, 14, 16, 25, 26, 31, 33). The two most
common formulas used for predicting PMAX express these loads in terms
of SG (5, 33). The formulas indicate that the dense, heavy woods
offer greater resistance to nail withdrawal than the lighter, less
dense woods. Westman (31) found that the formulas do not predict PMAX
equally well for all species; he found that experimentally determined
PMAX for Douglas-fir agreed closely with those calculated by one of

the formulas (33), but the same formula underestimated PMAX for



western hemlock by 55 percent. Westman (31) also observed that for
both species SG was a better predictor of PMAX than ring density.

Nail withdrawal loads are greatly affected by the wood MC (1, 5,
8, 9, 14, 16, 24, 28, 29, 33). For most species (5, 24, 28, 33),

PMAX for joints with nails driven into seasoned wood which remains
seasoned in service is about equal to that of unseasoned wood which
remains unseasoned. When nails are driven into unseasoned wood that
is allowed to season (8, 28, 33) or into seasoned wood that is subject
to repeated wetting and drying cycles (8, 16, 29, 33), the nails will
lose a major part of their initial withdrawal resistance and may
retain only 25 percent of the values determined by the general formula
offered by the Wood Handbook (33). For nails driven into unseasoned
wood that is allowed to dry down to 50 percent MC, Tokuda (28) found
that the withdrawal resistance gradually increased as the MC
decreased. The reason for this increase seemed to be that the
coefficient of friction between the nail and wood surfaces increased
as the water between the nail and the wood was removed. But when the
MC of the wood dropped below 40-50 percent, PMAX decreased due to the
micro~cracking of the wood around the nail.

Several researchers (16, 24, 28, 33) observed that PMAX decreased
with time. Perkins (16) and Tokuda (28) attributed this decrease to
the creep in wood, i.e., the stress relaxation in the wood fibers
around the nail. This relaxation decreases the pressure that the wood
exerts on the nail, which subsequently decreases the frictional
resistance between the nail and wood surfaces. Most relaxation takes

place during the first two to three days after assembling the joint.



In unseasoned wood water along the nail shank may produce nail

corrosion and wood rot. As the nail begins to corrode (16, 24) the
initial PMAX increases. The increase is dependent on the wood species
and nail type. However, with time the increase in PMAX tapers off and
eventually becomes a decrease; the deterioration or rotting of
unseasoned wood (16) decreases the pressure exerted on the nail by the
wood.

The nail properties (5, 8, 14, 24, 28, 33) represent the third
variable that effects PMAX. During manufacturing the surface of the
nail shank is frequently modified to improve PMAX. The modification
is usually done by applying various surface coatings, surface
roughening or mechanically deforming the nail shank. Senft (24) found
that for Douglas-fir joints galvanized or cement coated nails have
greater PMAX than smooth nails because of the increased friction
between the nail and wood surfaces. The use of coated instead of
smooth nails in joints made of wood with lower density species may
double PMAX immediately after driving (5), but the effect is only
temporary. In about a month PMAX of coated nails becomes equal to that
of smooth nails (33). For dense wood species, such as hard maple,
birch and oak, coated nails offer little advantage since most of the
coating usually peels off during driving. Other coatings such as those
of zinc or plastics (33), which have been used to prevent corrosion,
increase PMAX considerably less than the cement coatings.

Chemical etching and sand blasting the nail (5) results in an
increase of PMAX which is less effected by changing MC than that of

smooth shank nails. Nails with other than circular cross-section,



such as that of the barbed and helically or annulary threaded nails,

also produce higher PMAX than common wire nails.

The nail point affects the condition of wood around the nail.
Nails with long sharp points, driven into low-density species,
normally produce higher PMAX than nails with a diamond point (33). 1In
the high-density species, the sharp point may induce splitting which
reduces PMAX. A blunt or flat point without taper reduces splitting,
but it destroys the fibers during driving, which reduces the wood
pressure on the nails and consequently PMAX.

The method by which the nails are imbedded into the wood member
could also affect PMAX. Loferski (10) compared the shear stiffness of
machine~pushed nail joints to that of hammered nail joints. Machine
pushed nail. joints had lower variability than the hammered joints due
to the controlled assembly conditions; the machine pushed nails were
driven straighter and more perpendicular to the wood surface which
produced joints with more uniform lateral stiffness than that of the
hammered joints. Therefore, it is reasonable to expect that PMAX of
machine-pushed nails should also be more uniform than that of hammered

nails.

2.2 Present Design Procedure

The strength of nailed joints under withdrawal loads is outlined
in specifications and codes such as the National Design Specifications
(NDS) (14), the Timber Construction Manual (TCM) (1) and the Uniform

Building Code (6). Both the NDS (14) and the TCM (1) recommend that



the joints designed to transfer loads should not act in withdrawal.

When this becomes unavoidable and nails transfer shear and withdrawal

forces, the NDS and TCM provide graphs (14) or tables (1) to determine

the allowable PMAX. For nail sizes and wood species not listed in the
graphs or tables, these specifications give an alternative; the
allowable PMAX of a nail or spike driven into the side grain under

normal duration of load can be calculated by the empirical formula (1,

5, 14):
PALL = 1380 6°/2 D (2.1)
where
PALL = allowable PMAX per inch of penetration into the
member holding the nail point (lbs/in.);
G = specific gravity based on oven-dry weight and
volume; and
D = diameter of the nail shank (inches).

Nail diameters are available in tables (1, 14) which classify
common and box wire nails and spikes according to pennyweight or
length. The same information (1, 14) is provided for anularly or
helically threaded, hardened steel nails and spikes made of
high-carbon steel wire, and for heat treated and tempered nails.
These nails normally have smaller diameters than the corresponding
common wire nails of the same pennyweight.

Equation 2.1 has limitations. The PALL's are valid only if the
nails are driven into the side grain perpendicularly to the fibers of
seasoned wood which remains seasoned or unseasoned wood which remains

unseasoned (1, 14). If the nail is driven into unseasoned wood which
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will season in service, a 75-percent decrease in the tabulated values
is required except for treated, hardened steel nails (1, 14). 1In
addition, correction factors are given (1, 14) for duration of load
and MC.

If more than one nail is used in a joint, the total PALL for that
joint is the sum of the allowable loads for the individual nails (1,
14). When three or more nails are used on one face of a joint member,
the spacing between the nails must be considered since this spacing
controls the shearing area which develops the nail load (1, 14).
Tables are available (1, 14) to determine recommended spacings of the
nails. These spacings are affected by the angle of load to the grain

and the angle of the axis of the nail to the grain (1, 14).

2.3 Empirical Formula for PMAX

For bright, common wire nails driven perpendicular to the fibers
of seasoned wood which remains seasoned or unseasoned wood which

remains unseasoned, the empirical formula for PMAX equals (33):

PMAX = 7,850 G5/2 DL (2.2)
where
PMAX = the average maximum withdrawal load per nail (pounds);
G = the specific gravity of the wood based on oven-dry
weight and volume at 12 percent MC;
D = the diameter of the nail (inches); and
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L = the length of the nail in the member holding the nail
point {(inches).
Actually, equation 2.2 is basically the same as equation 2.1. PALL is
based on one-fifth of PMAX. If we multiply the constant of 1380 in
equation 2.1 by five we get 6900 which is very close to 7850, the
constant used in formula 2.2 The difference between 7850 and 6900 is
attributed to the fact that in equation 2.2 G is based on volume at 12
percent MC rather than oven-dry volume used by equation 2.1.
Hoyle (5) points out an important consideration in using equation
2.1: "This general equation for PALL appears to give the advantage in
joint strength to the higher density species. The allowable loads are
predicted on the assumption that nail spacing is great enough that
splitting of the wood will not occur. As a rule the lower density
species do not split so easily as the higher ones. This permits
closer nail spacing in the lower density species, often permitting the
design of joints equal to those in species of higher density via the

use of more and larger nails per joint.”
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I1I. Theoretical Model

3.1 Forces Preventing Nail Withdrawal

A free body diagram (FBD) showing the forces holding a nail in a
wood block is shown in Figure 3.1. The wood exerts pressure on the
nail due to its elastic nature, which results in a frictional force at
the wood-nail interface when a withdrawal load W is applied. Figures
3.2a and 3.2b illustrate a differential slice of the nail shank, which
is defined by angle d6 and differential length dL. The differential
normal force on the slice can be obtained by multiplying the wood

pressure exerted on the nail, p, by the differential area dA:

dN = pdA (3.1
Because dA equals:
dA = Rd&dL
dN may be written:
dN = pRA6dL (3.2)
where

R = radius of the nail (inches)

The total normal force N exerted on the nail can then be found by
integrating equation 3.2 around the circumference of the nail and
along its penetration depth:

2n L
N =prR [ [ dedL (3.3)

o] o
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N - WOOD MEDIUM

Figure 3.1: The forces resisting withdrawal of a nail embedded in a

wood medium.
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Flgure 3.2a: Cross-gection of a nail embedded in a wood medium showing
normal forces acting upon it.

-

/
AL

Figure 3.2b: Differential slice of a nail showing the forces acting
upon it.
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where

L = penetration depth of the nail shank (inches)

Knowing N and the coefficient of static friction between the nail

and wood surfaces we can calculate the frictional load preventing

withdrawal of the nail when a load W is applied:

Fs = ugN (3.4)
where

coefficient of static friction (dimensionless); and

]

Ug

Fs = W
Because of equilibrium PFs is equal to the maximum withdrawal load
necessary to initiate slip between wood and nail (Fig. 3.1).

PMAX is related to static friction only. 8Sliding friction, which
is activated after the nail begins to move relative to the wood
fibers, is therefore associated with a withdrawal load less than PMAX.
Thus, the force necessary to initiate withdrawal is more than enough

to continue the extraction process of the nail.
3.2 Determining the Static Coefficient of Friction pg

When a ioad P is applied to two bodies in contact as shown in
Figure 3.3a, the bodies will not slip until angle gq is of certain
magnitude (11). This magnitude is a function of the surface charac-
teristics of the two bodies in contact.

In Figure 3.3a the resultant force R lies along the line of

~action of the applied load P. It is resolved into its two rectangular
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/

Figure 3.3a: Free body diagram showing forces used in evaluating pg

R

W

NAIL PLACED IN HALF
NAIL HOLE

WOOD BLOCK

Figure 3.3b: Free body diagram showing the forces used to evaluate
Ug in this study.
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components: N, a normal force and Fs, the static frictional force. Fs

acts in the plane of the contacting surfaces. The sliding starts when

(12):

Fs Ntana (3.5)

Since Fs also equals ugN

g = tana (3.6)

No motion will result as long as Fs is less than ugN. A state of
impending motion is reached as Fs approaches the value of ugN.
Evaluation of pg between the nail and wood surfaces can be
experimentally accomplished in the following manner. A force H with
known magnitude can be applied normal to the nail and wood surfaces
(Fig. 3.3b) and then the nail can be extracted with a known vertical
force W. The magnitude of W is the maximum load that occurs just

before the nail starts to slip on the wood. pg may then be evaluated

by:

(3.7)

i
) =

Hg = tana

3.3 Distribution of Stresses in the Wood Around the Nail Hole

Wood is composed of fibers held together by lignin, When a nail
penetrates this material three distinct zones of deflection are
recognized (Fig. 3.4a). The first zone is composed of collapsed

fibers that provide no resistance to nail withdrawal but serve as a
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Figure‘B.hai Three zones of wood deformation due to nail embeddment in
wood. ‘

Figure 3.4b: Dissipation of normal stresses in the wood medium as a
function of the distance from the nail hole.
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packing around the nail. As the nail penetrates into the wood, the
point rips the fibers as it clears a path for the nail shank. The
resemblance of this zone to pilot holes (PH) drilled in the wood will
be developed in the experimental procedure.

In the second zone the fibers are pushed beyond their elastic
range resulting in permanent set. This set is the result of nonlinear
behavior of the wood medium in which the deformation is only partially
restored after the load is removed. These fibers provide some of the
pressure and packing around the nail.

The remaining fibers within the nail diameter, zone three, are
elastically compressed and are the most important in providing the
normal pressure on the nail.

Exact stress distribution in the wood around the nail is dif-
ficult to predict, but the assumption of a linear variation of
stresses and strains with respect to the distance from the nail
center, p, is considered reasonable. Close inspection of Figure 3.4b
reveals that the area supporting the total pressure p in segment 0-1-2
keeps increasing proportionately to p. Therefore, as p gets larger
and the area increases, the stress decreases until a point is reached

when the stresses become negligible.

3.4 Determining the Pressure and Force on the Nail

Figure 3.5 shows a length of nail and the pressure exerted by the

wood medium on a single segment. The pressure on the nail equals:

p = koy (3.8)



WOOD
MEDIUM

Figure 3.5:

Pressure exerted by the surrounding wood medium on a single segment
i with arc length Dj

61
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where

~
e}
]

foundation modulus (psi per inch of penetration); and

deformation which may be expressed as the difference

R4
]

between the nail radius R, and the radius of a

predrilled PH, r (in).

An analogy can be made between the pressure exerted on the nail
by the wood medium and a spring. Figure 3.6a shows the cross-section
of a nail divided into n equal segments, each segment subject to an
external pressure pjy. The external pressure on segment i can be
replaced by an equivalent spring which exerts a normal force Nj on the

nail (Fig 3.6b):

where

K; = spring constant on segment i (lbs/in).

The spring constant, K, can then be expressed in terms of the foun-

dation modulus, kg:

Ky = kgiA = KRgiD4L {3.10)
where
A = area over which k,i acts (in2); and

Di = arc length of segment i (in)

The total normal force on the nail can then be found by summing all
the equivalent spring forces over the n segments along the entire

penetration depth (L) of the nail:
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Figure 3.6a: Cross-section of a nail divided into n segments under the
influence of an external pressure per unit length p;

7 Dl
T .

Figure -3.6b: Segment i isolated with the external pressure pj replaced
with an equivalent spring of force Xjy = Nj
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n n

N=1L) Ny =Ly ) Dikey (3.11)
i=1 i=1

With n equal to 32 segments, the maximum withdrawal load (W) can
therefore be predicted according to the following model:

32
W = ugly }: Dikoi (3.12)
i=1

where all terms are as previously defined.
The maximum withdrawal resistance (WR) is then given by the

following model where each side of equation 3.12 is divided by L:

32
WR = usy'i Dikoi (3.13)

i=1
The maximum withdrawal stiffness (WK) is found by dividing

equation 3.12 by the withdrawal deformation (WD):

32
W = B T Dikog (3.14)
i=1

WK has units of pounds per inch. The withdrawal deformation is

explained in more detail in chapter 5.1.2.
3.5 The Foundation Modulus
The foundation modulus (k,) is the force exterted by a unit

deflection of wood medium, expressed in pounds per square inch per

inch of deflection. It is evaluated for wood by testing, by applying
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a known load over a bearing surface (Fig. 3.7) and then measuring the
deformation of the bearing surface into the wood medium. The ratio of
the deformation and force is the spring modulus k. When k is divided
by the bearing area it is identical to the foundation modulus of the
wood medium.

Figure 3.7 shows a possible testing arrangement for determining
koe The stresses under the test block dissipate at angle B, which in
similar conditions is usually assumed to be 45 degrees. Thus, k, is
a function of the deformation of wood columns HIJK (Fig. 3.7). The
modulus of elasticity (E) of a short column, based on the conventional

expression for column deformation, is (27):

(3.15)

SJe

where
P = axial load (lbs);
L = column length (in);
A = column deformation (in); and

A = cross-sectional area of the column (inz)

Equation 3.15 applies to the column in Figure 3.7 if A is assumed to

vary along the column length. Bearing area at depth Z is (Fig. 3.7):

Az = CEEE +a)w

L

E for the column in Figure 3.7 is then obtained by substituting

Az into equation 3.15 and integrating over L:



1A X
= bZ
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Figure 3.7: Dissipation of stresses at 45 degrees to the direction of loading while

testing for the foundation modulus,
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p L dz
=t
Solving equation 3.16 gives:
£ = 2L [10(2b + a)-lna] (3.17)
2 Awb

The definition for the spring modulus under the loading block is:

which for the column JKMN in Figure 3.7 equals (according to equation

3.15):

k = o2 (3.18)

where
A = area under the bearing plate (A=aw)
Substituting equation 3.17 into equation 3.18 gives:

Pa

k =57

[In(2b + a) ~ 1lna] (3.19)

The conventional foundation modulus corresponding to k equals:

[In(2b + a) - 1lnal (3.20)
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3.6 Relation Between Foundation Modulus and Grain Angle

The effective modulus of elasticity at angle 6 to the grain

direction of the wood medium may be obtained from the following

equationl:
1 cos#p sin%o
— = + l L - ZYlZ_) sin26cos29 (3.21)
E K E2 G2 E1
where
E] = modulus of elasticity in the longitudinal direction;
E9 = modulus of elasticity in the radial direction;
G119 = modulus of rigidity in the longitudinal-radial plane; and
Vio = Poisson's ratio in the longitudinal-radial plane

and since k, equals a constant multiplied by E (32), ky in any grain

direction may be expressed in terms of k, in two perpendicular

directions:
1 _cos% | sin%s 1 V1 2 (3.22)
= = + + (g - ) sin?8cos28 .
ko ko1 ko2 Gl2 ko1
where
ky1 = foundation modulus in the longitudinal direction; and
koo = foundation modulus in the radial direction.

lPolensek, Anton. April 1979. Class Lecture: Advanced Wood Physics.
Forest Products Dept., School of Forestry, Oregon State

University, Corvallis.
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IV. Materials and Methods

The research techniques used in this study somewhat deviate from
those of other investigators. While studies in the past have been
confined mainly to the statistical regression between PMAX and the
material properties of the wood and nail, the actual forces respon-
sible for holding the nail in the wood member and the associated
material mechanics have been ignored. A design procedure based on
accepted formulations from mechanics of materials should include a
normal force to the nail due to the elastically compressed wood around
the nail and the resulting friction between the wood and nail sur~
faces. This chapter covers the experimental procedures needed to

apply and verify the theoretical procedure outlined in chapter III.

4.1 Experimental Design

Four types of tests were conducted to evaluate the forces holding
the nail in a wooden member. Specimens consisted of clear stud sections
of nominal size 2 x 4 inch. Each section had six testing sites for
nails. The first two tests were a nail-push test and nail withdrawal
test which were conducted to determine the withdrawal stiffness and
the amount of collapsed wood fibers due to nail penetration. The
third test was a friction test aimed at determining the coefficient of
static friction between the nail and wood surfaces. The fourth test,

a foundation modulus test, enabled the evaluation of the pressure

exerted on the nail by the wood medium. A flow diagram of the
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complete testing procedure complete with objectives of each step is
shown in Figure 4.1. After the completion of testing, specimens were
cut into small pieces which were tested to determine the material pro-

perties of wood.

4,2 Materials

4.2.1 Wood Selection

Thirty Douglas-fir (DF) studs of 2—- by 4~ inch nominal size were
selected from a sample coming from several local mills in the
Willamette Valley. Before testing the studs had been stored for six
months at an equilibrium moisture content (EMC) of approximately nine
percent. A resistance~type electric meter was used to determine the
initial MC.

Thirty Engelmann-spruce (ES) studs, also of 2- by &4-inch nominal
size, were obtained from an unused portion of samples left from a recent
research project (17). The studs had been kiln-~dried and stored in a
covered shed for six years at an EMC of about 12 percent. The same
resistance~type electric meter was used to determine their initial MC.

One specimen, twelve-inch in length, was cut from each DF and ES
stud. Cut sections were free of any visual defects including knots,
splits, checks, and pitch pockets. Next the specimens were con-
ditioned in a kiln at 150°F for five days until an approximate 12 per-~
cent MC was reached., After conditioning the samples were stickered

and allowed to equalize for two months in a conditioning room at 70°F
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and 65 percent relative humidity. Finally, the samples were cut to
the cross-sections of 1.5 by 3 inches of 6-inch lengths.

Thirty southern-yellow-pine (SP) stud sections twelve inches in
length and of 2- by 4-inch nominal size were cut from an unused
portion of samples left over from a previous project (10). They had
originally been obtained from the Forest Products Laboratory in
Madison, Wisconsin at a MC of about eight percent. They were con—
ditioned in a kiln for two weeks at 150°F and then allowed to equalize
to 12 percent in a conditioning room where they remained for about 16
months. Before testing they were cut to cross sections of 1.5 by 3
inches of 6-inch lengths.

All tests were conducted on a machine in another conditioning
room maintained at a constant temperature of 73°F and constant 50 per-
cent relative humidity. These conditions correspond to an EMC of
approximately nine percent. Since the specimens were predrilled and
tested within a few hours after being taken from the first con-
ditioning room it is assumed that the EMC of the specimens had

experienced a negligible change.

4.2.2. Nails

Two nail factors, length and diameter of shank, are incorporated
in the model for predicting nail withdrawal load and stiffness.
Therefore, to fully establish the accuracy of the theoretical model a
wide vafiety of nail sizes would have been chosen for this study.

However, to keep the testing to a manageable scope, only one nail type
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was chosen, i.e. 6d common bright nail obtained from local shops.
They had an average shank diameter of 0.113 inches and an overall
length of two inches. Before testing all nails were wiped clean with
a dry cloth and inspected for uniformity and smoothness of surface.

Each nail was used only once.

4,3 Testing Procedure

4.3.1. Nail~Push and Nail-Withdrawal Test

The objective of these two tests was to determine the amount of
collapsed wood fibers caused by the nail as it was driven into the
wood member.
Four pilot holes (treatments) were predrilled to a depth of
approximately 0.80 inches into the wide face of DF specimens before
nailing (Fig. 4.2). The pilot hole sizes included diameters of zero
(control), 0.0700, 0.0465 and 0.0400 inches.,

Nails were machine driven into four pilot holes on the wide face of
each specimen (Fig. 4.3) to a depth of approximately (.75 inches at a
constant rate of penetration of five centimeters per minute. The chosen
speed was the fastest speed available on the testing machine, which more
closely simulated hammer driving than the lower available speeds. A
steel guide was used to assist in pushing the nails perpendicularly to
the specimen faces. Machine driving was employed to reduce the
variability associated with conventional hammering and to enhance the

statistical reliability of the results.



/é 6.0 in. ,},’
o PH1 PH2 PH3 PH4
o —~~ -0 O— O
& & : 2 ' L

7sin. . 15in. 15in.  1.5in. .75in.
c PH3 PH2 PHI1
o + 0 o
l —1.5in. —k—1.5in. —sk— 1.5in. —3k—1.5in. —> PH1 =0.0000 in. dio.

PH2 =0.0700 in.dio.

PH3 =0.0465 in. dia.
PH4 = 0.0400in. dio.

Figure 4.2: Location of predrilled pilot holes on the wide and narrow faces of a
test specimen

[AS






34

After assembly, the nails were withdrawn (Fig. 4.4) at a constant
rate of 0.2 centimeters per minute which approximately complies with
the rate of 0.075 inches per minute specified by Standard D143 of the
American Society of Testing and Materials (ASTM) (2). The nails were
considered withdrawn when a small relative displacement or slip be-
tween the nail and wood surface was realized and the withdrawal load
decreased sharply (Fig. 4.5). Preliminary testing showed that for
additional withdrawal the load decreased because the nail penetration
depth also decreased. The objective of this investigation was maximum
withdrawal load which occurred at the initial point of slip. The
force needed to initiate slip, PMAX, which is associated with the sta-
tic friction, is larger than that of sliding friction which is present
during the withdrawal process of the nail.

After completion of tests on the wide face of the DF specimens the
process was repeated on the narrow face, but with only three pilot
holes. The largest pilot hole was omitted on the narrow face because
the results from the tests on the wide face indicated that, for the 30
DF specimens the volume of collapsed wood fibers was approximated more
closely by one of the two smaller pilot holes. Thus, the total number
of tests on DF specimens was 210.

Specimens with ES and SP had only three pilot holes on each face,
thich called for 180 tests for each species. The remaining construction

features and testing procedure were the same as those of DF specimens,






140

| ] | |

— 132 1bs,
120
100
~ 80
12}
E /\
0 60
<[
O
-J
40
20
4 ! | | ! L
O 0.004 0.012 0.02 0.028 0.036 0.044
| I
a b SLIP (inches)
Figure 4.5: Typical withdrawal curve showing maximum withdrawal load and the relative

displacement or slip between the nail and wood surface. The Zone between
a & b is the withdrawal deformation.

9¢



37

4,3.2., Friction Tests

The objective of this test was to determine the static coef~-
ficient of friction between the nail and the wood surface in the nail
hole, As demonstrated in chapter III two loads are needed to evaluate
the friction coefficient: horizontal load (H) pushing evenly over the
length of the nail that is supported by the wood and withdrawal load
(W) acting perpendicularly to H.

After withdrawal tests the nails were fully withdrawn and each
specimen was cut into five pieces as shown in Figure 4.6, The saw cuts
were made through nail holes of two wide and two narrow face sites. The
cuts exposed one half the original nail hole along its entire length.
The surface in the exposed nail holes were assumed to be almost the same
as that introducing frictional forces during withdrawal tests.
Therefore this surface should represent actual conditions more closely
than the wood surface manufactured by other means such as sawing and
planing.

A vise, constructed out of metals, provided H by closing the
vise. This pushed the nail into the half-hole left on the wood blocks
(Figs. 4.7 and 4.8). A load cell was inserted into the vise to con-
tinuously monitor the change in H. Two steel plates, separated by
rollers, bore against the load cell and the full embedded length of
the nail (Fig., 4.9). The rollers reduced the friction between the
outer steel plate and the nail to a negligible level.

Before testing, the wood blocks containing the half-holes were

clamped securely into the vise. Nails were placed back into the
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Figure 4.8: Close-up of apparatus used to apply
the H needed in evaluating the
friction coefficients.
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half-holes with their ends 0.75 inches deep in the half-holes. The
vise was closed until H reached 40 pounds and then the base of the
vise was fastened to the cross-beam of the testing machine. The nail
head was connected to the machine head which applied W at the rate of
0.2 cm per minute as in the original withdrawal tests. The nails were
withdrawn until a slip occurred between the nail and the wood surface
and the W exceeded the force of the static friction. For design pur-
poses, only the maximum ccefficient of static friction is needed,
because if W continues to pull on the nail a complete withdrawal
occurs,

To test the minimum but adequate number of specimens, testing was
conducted as follows. Initially, 56 tests were run on 14 DF speci-
mens, two tests on the wide face and two on the narrow face. Two
half-hole sites were selected at random from each face on which the
tests were to be run. A paired t-test was then performed on the 14
pairs of wide face friction coefficients to determine if they were
statistically equal. The same test was then performed on the 14 pairs
of narrow face friction coefficients. Results (Chpt. 5.2.2) indicated
that the maximum static friction coefficients on both faces were sta-
tistically the same., Next, one friction coefficient value was
selected, at random, from the wide face and one from the narrow face.
A paired t-test was then run to determine if the wide face friction
coefficients differed from the narrow face friction coefficients.
Again, the results {(Chpt. 5.2.2) indicated that the wide and narrow
face friction coefficients were statistically the same. Therefore,

only one half-~hole on the wide face of each of the 16 remaining DF



43
specimens and one half-hole on each of the 30 ES and 30 SP specimens
needed to be tested. Thus, the number of tests for the remaining speci-

mens was reduced to 76.

4.3.3. Foundation Modulus Tests

The objective of this test was to determine the pressure and nor-
mal force exerted on the nail shanks due to the elastic nature of the
wood. Because the values for the modulus of elasticity indicated that
the foundation modulus (ky) for the end grain of wood is considerably
greater than that for the radial direction, test data was obtained to
evaluate ky for both directions.

After the completion of all friction tests, one specimen was
selected from each of the 30 specimens in each of the three species
groups, providing 90 samples for the evaluation of ky. The testing
apparatus used was based on Figure 3.7. A 1/4-inch thick steel plate
measuring 1.320 in. x 0.182 in. was first placed on the end grain with
its length parallel to the direction of penetration of the wide—face
nail site (Fig. 4.10). The specimen was then loaded in compression
(Fig. 4.11) by lowering the machine cross—-head at the rate of 0.2 cen-
timeters per minute, the identical rate used for both withdrawal and
friction tests. This machine cross-head motion indicated compression
deformation under the metal plate. Load vs. compression deformation
curves were recorded continuously throughout the load application.

The test was conducted on four locations, on each specimen, identified

in Figure 4.10.
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After testing, B and L (Figure 4.10) were recorded for each speci-

men in order to have them available for later analyses.

4,4.4, Evaluation of Specific Gravity and Moisture Content

The SG and MC of each specimen was determined by ASTM Standard D
2395 (2). Sections of wood left after cutting specimens for friction
tests (Figure 4.6) were cut into 1- by 1= by 2-inch blocks. Each
block was weighed to the nearest hundredth of a gram to determine its
initial or green-weight (GW). A measuring device equipped with two
linear variable differential tranducers (LVDT) was used to determine
the green dimensions of the blocks. After measuring, the blocks were
dried in an oven for 48 hours and reweighed to obtain the oven-dry

weight (ODW). MC and SG were calculated by the well-known formulas

(2):

(GW - ODW)

MC(%) = 100 T

27.68 (0DW)
MCZ

100

SG

1+( ) LWH

4,4.5, Measuring of the Angle between Nail and Growth Rings

This angle was measured to determine its potential effect on the

nail withdrawal stiffness. For each specimen, a xXerox copy of one nail
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site on the wide face and narrow face was made. The angles were then
measured from the copies to within one degree of accuracy with a

protractor,
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V. Results and Discussion

This chapter covers the data analysis procedure, presents the

reduced data, and discusses the test results,.

5,1 Reduction of Experimental Data

5.1,1 Nail-Push Curves

A typical curve is shown in Figure 5.1. Obtained from these cur-
ves were the maximum penetration depth of the nail shank and point,
and the maximum load necessary to drive the nail to its maximum depth.
The peaks on the curve indicate where the nail shank passes through
the dense summerwood while the valleys indicate where the nail shank
passes through the less dense springwcod. Due to irregular widths of
the denser summerwood cell layers, the maximum load did not always
occur at the maximum penetration depth, as illustrated in Figure 5,2.

Nails were not always pushed to the same depths of penetration,
since the block depths varied slightly. The pushing action could not

always be stopped exactly at the target depth.

5.1.2 Nail Withdrawal Curves

A typical curve is shown in Figure 4.5. The results obtained
from these curves were the maximum withdrawal load and withdrawal

deformation (WD). Because of slippage in the testing apparatus at ini-
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tial loads (point 1) and possibly at points where the force of static
friction between wood and nail was broken (point 2), the curves were
corrected as shown in Figure 4.5: A tangent was drawn to the linear
portion of the curve so that a straight line represents the load-to-
slip relation between zero load and the first peak on the curve. The
projection of the tangent line on the x-axis is the WD prior to nail
slip and the load needed to initiate this is the maximum withdrawal
load. The actual withdrawal slip of the nail begins to the right of
the vertical line. The WD prior to slip is caused by wood deformation

around the nail.
5.1.3. Friction Test Curves

In order to evaluate the coefficient of static friction, two loads
were needed: 1) a normal, and 2) a withdrawal which as noted before
has to be large enough to overcome the initial slip between the nail
and wood surfaces. These loads were scaled from friction test curves

such as the one shown in Figure 5.3.

5.1.4. Foundation Modulus Curves

These curves look much like a conventional stress—strain curve
(Fig. 5.4). Because some minimum load is needed before a close con-
tact is’reached between bearing plate and wood, the curves initially
display an increasing rate of stiffness. Therefore, correction was

made by drawing a tangent from the linear portion of the curve to the



52

FRICTIONAL LOAD {Ibs.)

B T T T .
POINT AT WHICH STATIC FRICTION IS
| OVERCOME AND SLIDING
| FRICTION BEGINS
“““““ 10.3 ibs.

10.0— —

%
SLIDING FRICTION

; | T
|

7.5 | -]
|
1
|
I
|

7.0— [ —_
l

\953TATIC FRICTION

l
|

2.5 g -
!
!
|
i
| 1 l 1

O_\I\ 40 35.0 30.0 25.0

NORMAL LOAD (ibs.)

Figure 5.3: A typical curve caused by initial normal load of 40 1lbs
and gradual "withdrawal” of a nail under constant rate.



53

1 { B H i 14
300k -
2501 -
200} -

7
s
2
o 190 145 Ibs. "
—

100

50

W — — — — A AL — A — m—

. I |
0.02 | 0.028 0.036 0.044

l
b

DEFLECTION (inches)

Figure 5.4: Typical load-deflection curve generated while testing for
' the foundation modulus. The slope of the tangent line t
was used to evaluate the foundation modulus. Total
deflection is measured between a & b.



54
X~axis. The slope of this line was then used to evaluate the foun-
dation modulus. The deflection of the bearing plate into the wood is

measured between a & b (Fig. 5.4).

5.2 Data Analysis, Results and Discussion

5.2.1. Effect of Pilot Hole Size on Nail Withdrawal Resistance

The maximum penetration depth and maximum withdrawal load were the
input variables for the Fortran IV program "WR” (Appendix A) in order
to evalvuate the withdrawal resistance (WR) for each nail site.
Withdrawal resistance is the force per unit length needed to withdraw
the nail. Then the WR data were analysed by a computer library package

known as the Statistical Interactive Programming System (SIPS) (22).

The objective of predrilling pilot holes (PH) and the nail withdrawal
test was to determine the amount of collapsed wood fibers. This infor-
mation was used to evaluate the deflection y (equation 3,8). Since
comparisons were being made within groups of similar experimental
units, the technique statistically known as blocking was used. Block-
ing removes a source of variation which tends to inflate the variance
(12, 15).

Since nail pushing and the nail withdrawal test were both tedious
and time consuming, an initial study using a randomized block design
(task file "A" in Appendix A) was performed on the wide face WR results
of the DF specimens with the hope of eliminating at least one of the
PH's used. The resulting analysis of variance table (AVTABLE) is shown

in Table B~1 {Appendix B).
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To determine if the mean WR for the four PH's (treatments) are
equal, the variability due to differences among the sample (treatment)
means (MST) was compared with the variability due to within-sample
differences among the experimental units (MSE) using the F-statistic
(12, 15). To test if differences exist among the block means a com-
parison was made between the variation among blocks (MSBL) to the
variation due to error (MSE) using another F-statistie (12, 15), This
test determined whether blocking was an effective means in reducing
the experimental error. Thus, the randomized block design allowed the
removal of the variation between blocks from the within-sample
variation which decreases the MSE. The smaller the value of the MSE,
which appears in the denominator of the F-statistic, the more likely a
difference between treatment means is detected, if such a difference
exists.

Table B-1 shows that the mean WR values differ among the 30
blocks at the five percent significance level, therefore the use of a
randomized block design was helpful in reducing the MSE and increasing
the amount of information in the experiment. The treatment differen-—
ces were also significant at the five percent level. To examine the
nature of the differences between the control, case of nailing with no
hole (PHl in Figure 4.2), with the predrilled holes (PH2, PH3, PH4),
the Tukey method of multiple comparisons was employed (15). Table B-2
(Appendix B) summarizes the Tukey procedure and the three pairwise
comparisons.

The pairwise comparisons indicated that all but one of the dif-

ferences (PHl and PH2) were statistically significant (confidence
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interval did not include zero). A graphical interpretation of the
results is shown in Figure 5.5. Since the mean of the control nailing
(PH1) is contained within the Tukey pairwise confidence interval of
PHI and PH2, there is no clear evidence to indicate that there is a
difference between these two mean WR values. The multiple comparison
procedure allows the inference, with a 90 percent family confidence
coefficient, that the mean WR of PH3 (0.0400 inch diameter) is closest
to that of the control (PH1) followed by PH3, and then PH4.

With the knowledge of the preceeding results, the PH with the
largest diameter, PH4 (0.0700 inch diameter), was not included in
testing narrow faces of DF specimens. Since the SP specimens had a
higher average SG than the DF specimens, the largest diameter pilot
hole was eliminated when testing SP specimens. The ES specimens,
however, had a lower SG than the DF specimens. Therefore, the smallest
PH (0.0400 inch diameter) was eliminated from testing ES specimens.

At the conclusion of all nail-push and nail withdrawal testing, a
paired t-test (12) (taskfile "B" in Appendix A) was conducted between
the wide face and narrow face for the nails without the PH (PH1).

This test was to determine if the mean WR between the controls (PH1),
or more specifically, if the change in angle between the axis of the
nail and the growth rings within a species, was significant or not.
Table B-3 (Appendix B) summarizes the results.

The results in Table B~3 indicate that, on the average, there is
no difference in WR whether the nail is withdrawn from the wide face
or the narrow face of the specimens. In other words the average angle

between the axis of the nail and the growth rings has no effect on WR.
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However, differences may exist among individual observations, which is
of lesser importance because the application of WR calls for using the
means and not individual values.

Next, a two-factor randomized complete block design (15)
(taskfile "C" in Appendix A) was employed to evaluate the amount of
collapsed fibers due to nail penetration, The resulting AVTABLES for
each species are shown in Table B-4 (Appendix B).

Table B~4 illustrates that the mean WR values of the three spe-
cies differ among the 30 blocks at the five percent level of signifi-
cance, Therefore, use of the randomized block design did reduce
the MSE thereby increasing the amount of information in the experi-
ment. A test for interaction effects was made using an F-statistic
(15) which reflects the variability of the estimated interactions
(MSAB) to the variability due to error (MSE). Table B~4 indicates
that at the five percent level PH and face do not interact in their
effects on WR, which is also shown graphically in Figures 5.6, 5.7,
and 5.8.

The differences in WR between the control nail (no PH) and nails
driven into the other two PH sizes used (factor A main effects) are
significant at the five percent level for DF and ES specimens, and at
the 16 percent level for SP specimens. The Tukey procedure (15) was
again used to examine the pairwise differences between the control,
case of nailing with no hole, (PH1l) and PH2, and PHl1 and PH3 for DF,
ES, and SP specimens. Table B-5 (Appendix B) and Figures 5.9, 5.10 and
5.11 summarize the Tukey procedure and all pairwise comparisons for the

three species,
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The pairwise comparisons indicate that for DF there was no signi-
ficant difference in WR between the control, no hole (PH1) and PH2
(0.0400 inch diameter). For ES there was no significant difference
between PHl1 and PH3 (0.0700 inch diameter) and for SP there was no
significant difference between PHI and PH2 (0.0400 inch diameter).

The final test conducted was to determine if nailing in either
the wide or narrow face (factor B main effects) had an effect on WR,
The test was made using an F-statistic (15) which compared the
variability of the WR among the faces (MSB) to the variability due to
error (MSE) (15). This test indicated whether WR was independent
of face, and/or the angle between the axis of the nail and the growth
ring. The face differences were found to be significant at the five
percent level for all species tested (Table B-4, Appendix B).

This test appears to contradict the earlier paired t—-test made
for the same hypothesis (Table B~3). One explanation for this contra-
diction is that the F-test was based on a larger sample size, 90 pairs
kas opposed to the t-statistic which was based on 30 pairs. The F-test
contained the information of combinations involving all three PH's
while only the control (PHl) was used in the paired t~test.

Therefore, the F-test was a more powerful test. Also, larger experi-
mental error may have been present when all PH's were considered. The
control nails are driven into solid wood and, therefore, a possible
experimental deviation introduced by pushing nails into predrilled
pilot holes did not exist for the controls. The drill bits used for
pre—drilling the smallest two PH's were delicate and deflected away

from their straight line paths when they came in contact with the more
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dense summerwood. The nail was much stiffer than the drill bits and
was, therefore, more likely to pierce the denser summerwood without
deflecting. Naturally, WR was larger when the nail was bent in the
wood than when it was straight, The larger WR due to pre-drilled PH's
may therefore have influenced the results enough to cause a detection
of face differences with the F-test.

Table B-~6 (Appendix B) lists 95 and 99 percent paired t-test con-
fidence intervals for the difference in treatment means (wide and
narrow face controls) (12) for all three species. These tables show
that the mean WR for the narrow face of the DF specimens exceeds the
mean value for the wide face by 1.4 pounds per inch at the least or
26.7 poﬁnds per inch at the most with 95 percent confidence. For a
family confidence coefficient of 99 percent, the mean WR for the narrow
face is less than the mean value for the wide face by as much as 2.5
pounds per inch or more than the mean value by as much as 30.6 pounds
per inch. Inspection of the confidence intervals for the ES and SP
species show similar results. These results further indicate that WR
may be independent of the angle the axis of the nail makes with the
growth rings, or if a dependence is present it is a weak one.

There is also a practical consideration which works against
including into the prediction equations the angle between the axis of
the nail and the growth ring. Lumber used on the job site is made up
of a mixture of many growth-ring angles and it would be impractical

and expensive to sort the lumber according to growth-ring angles.
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5.2.,2 Coefficient of Static Friction

TQ determine if all the friction coefficients came from the same
population a paired t-test (12) (taskfile "D" in Appendix A) was per-—
formed on 14 pairs of randomly selected nail sites from the wide face
of DF specimens (Appendix C). The identical test was performed on 14
randomly selected pairs of nail sites from the narrow face. Table B-7
(Appendix B) summarizes the results.

The results in Table B-7 indicate with 95 percent confidence that
the friction coefficient values are statistically equal on the wide face.
The same is true for the friction coefficients on the narrow face.

One friction coefficient value was then chosen at random from
each of the 14 pairs of wide face values and one from each of the 14
pairs of narrow face values. The narrow and wide face values were
then paired together and compared by a t-test. The results presented
in Table B-~7 indicate that the friction coefficient values are inde-
pendent of face. It was therefore concluded that only one static

friction test need be run for each specimen.

5.2.3. Correction of Foundation Modulus for Grain Angle

Since the value of ks changes at any angle 6, the cross-—section
of the nail was subdivided into 32 identical slices (Fig. 5.12) each
with arc length Dj. Since the cross-section is symmetrical through
wood and nails with respect to two perpendicular axes, the main foun-

dation modulus need only be determined for one quarter of the cross-
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Figure 5,123

Nail cross—section subdivided into
32 slices. Fach slice has equal
arc 1ength Di-
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section or the seven full slices (slices 2 through 8) and the two half
slices (slices 1 and 9) cut at the angles presented in Figure 5.12.

The values of kg1 and kyp are experimentally determined as
described in Chapter 4.3.3 and then adjusted according to equation
3.17 by the Fortran IV program "FM" (Appendix A). The values for all
nail sites on the wide and narrow faces of all specimens are presented
in Appendix C. These values are then read into the Fortran 1V program
"WK" (Appendix A) which evaluates the total normal force on the nail

according to equation 3.11.

5.2.4., Regression

The Fortran IV program "WK" (Appendix A) calculates values of W,
WR, and WK by the various prediction models presented in this thesis.
These values are found in Table B~8 (Appendix B). In order to deter—
mine how well the predicition models developed in this thesis pre-
dicted values of W, WR and WK, comparisons were made between the
actual experimental results of W, WR and WK and the values obtained
using the prediction models. These comparisons were made using simple
linear regression (taskfile "E" in Appendix A) (13, 15), the straight-

line probabilistic model being:

y = Bo + B1X + ¢ (5.1)
where
y = dependent variable;
X = independent variable;
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€ = random error component;
Bo = vy — intercept of regression line; and
B1 = slope of regression line

Here the experimental result is the dependent variable and the pre-
dicted result the independent variable. Regression equations between
experimental and predicted values of W, WR and WK are given in Table
B-9 (Appendix B) along with their coefficients of determination (R2).
R2 is a measure of the independent variables' ability in reducing the
variation of the dependent variable (15). Therefore, the greater the
value of RZ, the greater is the relationship between the dependent and
independent variables.

RZ values listed in Table B-9 show that the experimental results
of W, WR and WK correlated well with the results obtained from the
prediction models developed in this thesis. Therefore, the models
adequately predict values of W, WR and WK for nails withdrawn from the

side grain of DF, ES and SP boards.

5.2.5. Comparisons Between Prediction Models and Emperical Formulas

Values of W and WR as predicted by the emperical formulas 2.2
(PMAX) and 2.1 (PALL) respectively are found in Table B-8, To deter-
mine how well these emperical formulas predicted values of W and WR,
comparisons were made between the actual experimental values of W and
WR and the values obtained from these two formulas. Comparisons were

made by the same method used in Chapter 5.2.4. Regression equations
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between experimental and predicted values of W and WR along with their
R% values are given in Table B~10 (Appendix B).

To determine whether the prediction models developed in this the-
sis or the widely used emperical formulas are a better predictor for W
and WR for nails withdrawn from the side grain of DF, ES and SP
boards, a comparison of the RZ values need only be made. For all spe-
cies tested, the correlation between the prediction model for W
(equation 3.12) and experimental results (R? values in Table B-9) are
higher than the correlation between the emperical formula for W
(equation 2.2) and the experimental results (RZ values in Table B-10).
Therefore, the prediction model given by equation 3.12 is a better
predictor of W. Also, for all species tested, the correlation between
the prediction model for WR (equation 3.13) and experimental results
(R2 values in Table B~9) are higher than the correlation between the
emperical formula for WR (equation 2.1) and the experimental results
(R2 values in Table B-10). Therefore, the prediction model given by
equation 3.13 is a better predictor of WR.

The poor correlations between experimental results and the wvalues
arrived at by the traditional emperical formulas for W and WR
(equations 2.2 and 2.1 respectively) are really not indicative of
their predictive powers. A partial explanation for their apparent
inferiority to the prediction equations developed in this thesis are

that they have constants based on the mean results of many tests. If

the average ug, ¥, ko1 and k o, are determined over hundreds of repli-
cations for any given species and used in conjunction with the models

presented in this thesis, it is expected that the correlations will
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not be as favorable. However, it is felt that the theoretical models
presented in this thesis are better predictors for W, WR, and WK since
they are based on the actual mechanisms involved and not just the
material properties (5G, nail diameter and length) as is the case with

the emperical formulas.
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VI. Conclusions and Recommendations

This study supports the following conclusions:
The amount of collapsed wood fibers due to a nail penetrating

the side grain of clearwood can be approximated by comparing the
withdrawal resistance of nails driven into predrilled pilot holes
against nails driven into solid wood. These collapsed wood fibers
serve primarily as a packing around the nail and have little or no
effect on nail withdrawal stiffness;

The amount of wood fiber that is elastically and plastically
compressed by the nail can be approximated by the difference bet~
ween the volume of the nail (volume of the nail shank imbedded
into the wood excluding the point) and the volume of collapsed
wood fibers. The volume of collapsed fibers is equal to the
volume of the pilot hole (depth of hole equal to the nail penetra-
tion depth excluding the point) described in conclusion 1;

The average static coefficient of friction between common bright
nails and the distorted wood surface due to nail penetration is
independent of grain angle;

Withdrawal stiffness of common bright nails from the side grain of
wood is independent of grain angle;

The foundation modulus greatly affects the pressure exerted by the
wood medium to the nail;

The following prediction models developed in this thesis predict

values of withdrawal load, withdrawal resistance and withdrawal
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stiffness which compare closely to experimental values as shown by

the high correlations between predicted and experimental results:

32
W= HgLy 2 Dikoi (3.12)
i=1
32
WR = ugy 2 Dikoi (3.13)
i=1
32
WK = l*sw%l J Dikoi (3.14)
i=1

The prediction models developed in this thesis predict values of
withdrawal load and withdrawal resistance more closely than the
accepted emperical formulas for Douglas-fir, Engelman-spruce and

southern-yellow pine.

The following are recommendations of this study:

The developed prediction models for the withdrawal of nails from
the side grain of wood may be used for the structural design of
nailed wood systems;

The amount of collapsed and elastically and plastically compressed
wood fibers should be determined over a larger sample size for the
most common nail diameters and wood species used for nailed wood
systems;

The coefficient of static friction between wood and nail should be
tested over larger sample sizes to determine mean values for the

commercially important structural species;
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The foundation modulus for the end and radial grains should be
determined for the commercially important structural species; and

Further studies should be conducted on the application of the

developed prediction procedure for other commercially important

stud species, composite boards and nail types.
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Fortran IV Program "WR"

PROGRAN UR (TAPET,TAFE2,DUTFUT)
100 FORMAT (12,14,13,F4.2,6%,F6.1)
110 FORAAT (12,14,13,F6.2,F3.2)

200 10 400 I=1,30
READ (1,100) ISP,IREF,IPH,PD,ul.
PO=PD/2.54-,1
YDR=UL/PD
VRITE (2,110) ISP, IREP,IPH,PD,UDR
400 CONTINUE
END FILEZ
sTOP
END

Task File "A"

VAR, 10
LOG, 44 -

TTYON

FORMAT, (2%,F4.0,F3.0,4X,F8.2)
READ, JONDFUN, (-3
HAME,1,REP,2,PH,3,UR
NAMELIST,1-3

N, 1-3 ,
ANOVA, PH, REP
DESIGN,REF,PH
AYTABLE, Uk

Fyol,3

F,2,3

INTERHEANS , PH

END

EXIT

80




Task File "B"

VAR, &
LOG, JA

TTYON

FORMAT, (15X,F8.2)
READ, JONDFCY, 1
READ, JONDFCN, 2
READ, JONESCY, 3
READ, JONESCN, 4
READ, JONSPCH,5
READ, JONSPCN, 6
TTUODEP, 1,24C
TTUODEP,3, 48
TTHODEP,S, 6$C
HEAN, 1-6

STDEV, 1-6

EXIT

Task File “C" -
VAR, 10
LO6,J4
TTYON .
FORMAT,(F2,0,F4.0,F3.0,8X,F8.2)
READ, JONSP,1-4
NAME,1,FACE,2,REF,3,PH,4,0R
HABELIST,1-4
N,1-4
ANDVA,FACE , FH,REP
DESIGH,REP,FACE,PH,FACE#PH
AVTABLE, UR
F,1,5
F,2,5
F,3,5
F,4,5 : .
INTERHEANS,FACE, FH,FACE+PH
END
EXIT

Task File D"

VAR, 10
LOG, J&

TTYON

FORHAT, (FA4.2,F6.2)
READ, JONFCUF, 1,2
READ, JOHFCNF, 3,4
QEAD, JONFCUN,S, 4
TTUDDEP,1,23C
TTHODER,3,43C
TTHODEP,5,48C
HEAN, 14
STDEV,1~4

EXIT

81
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Fortran IV Program "FM"

PROGRAM F¥ (TAPE1,TAPEZ2, TAPES,QUTPUT)

100 FORMAT (I2,I3,F8.1,F6.4,Fb.1,F56.4,Fb.1,F8.4,F6.1,F6.4)
105 FORHAT (5X,5F4.3)

110 FORKAT (12,13,4F12.4)

. 113 FORHAT (# WIDE FACE _ HARROW FACE=)
120 FORHAT (%8P RP KoE KORT KOE KORT#)
130 FORHAT (+ (PSI/ZIN) (PSI/IN} (PSI/1H) (PSI/INI®/)

PRINT (3,115)
PRINT (3,120
PRINT (3,130}

THIS PROGRAH READS FRON [=FND AND 2=FMMD AHD WRITES ON 3=TAPEZ.

THE HAIN PURPDSE OF THIS PROGRAHM IS TO CALCULATE THE

FOUNDATION HODULUS FOR BOTH EHD AND RADIAL-TANGENTIAL MIX GRAINS ON THE
BIDE AND HARROW FALES OF EACH SPECIHEN ACCORDING 7O THE FOLLOWING FORMULA:

KO = PLILN(28+A)-LN{A})/2YUBX

- BX = (B-M)/2 IF {2L+a} .LE. B
8 = L IF {(2L+4) BT, B
BX = STRAIN LENGTH (INCKIS)

INPUT YARIABLES ARE:

Sf - SFECIES

RP - REPITITIONS

F - LOAD (LBS)

Y - DEFORMATION ODUE TO F
B - SFECIHEH LENGTH FERP
L ~ SFECINEN LEHGTH PAR

(INCHES)
ENDICULAR TO LOADING (INCHES)
ALLEL T8 LOADING (INCHES)

QUTFUT VARTABLES ARE:

§p - SPECIES
RP ~ REPITITIONS
¥OE - FOUNDATION A0DULUS FOR THE ERD GRAIN
(LRS/IN PER INCH OF BEFLECTION)
KORT - FOUNDATIOR HODULUS FOR THE NHIXED RADIAL-TANGENTIAL GRAIN

(LBS/IN PER IHCH OF DEFLECTION)

nnnnmmnnnnmnmnmmnmﬁnnmomnnnnmnnﬂ

200 B0 460 I=1,30
READ (1,100) 1TF IR, EPY, C7u, 70U, BTV, EPU, 14 RIPH, TN

Pt My

READ {2,105) BEY,XLEW,BRTU,XLRTY, 2EN, (Ltn,s@rm,itrrw
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Fortran IV Program "FM" continued

IO

400

€=2.54

¥ ~ BEARING LEHGTH = 1.320 INCHES
A - BEARING WIDTH = 0.182 INCHES

U=1.32¢0

A4=0.182

X1=EYU/C

X2=RTYU/C

X3I=EYN/C

X4=RTYH/C

IF ((2.3XLEU+A)} LE. BEW) BXi1=(BEY-4A)/2.

IF {{2.*XLEV+A) .GT. BEU) BX1=XLEW

IF ({2.#XLRTU+A) .LE. BRTH) BXZ=(ERTU-A)/2.

IF €(2.#XLRTH+A) .GT. BRTU) BAZ=XLRTH

IF ((2.#XLEN+A) .LE. BEN} BXI=(BEN-4)/2,

IF ({2.#XLEN+A) .B6T. BEN) BXI=XLENW

IF ((2.#XLRTN+A) .LE. BRTN) BX4=(BRTN-A}/2.

IF ({2.sXLRTH+#A) .GT. BRTN) BX4=XLRTHN
XKOEW=C(EPYU+XLEN)*(ALOG (2, #BX1+R) -ALOG{A) ) /(2. X1 sU=BX 1)
XKORTU=(RTPW*XLRTU) » (ALOG(2.#BX2+4)~ALOG(A) )/ (2, #X24Y=BX2)
XKOEN=(EPN*XLEH) ${ALOG (2, *BX3I+A)-ALOGIAY ) /(2. #X3ul+54T)
XKORTN=(RTPN+RLRTH) * (ALOG{2.+BX4+a) -ALOG (A} ) /{2 kX 3x2EX4)
URITE (3,110) ISF,IRP, XKOEQ,XKORTH, XKDEH, XKIRTH
CONTINUE

END FILE 3

STOP

ERD
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Fortran IV Program "WK"

FROGRAN UK ( TAPE!,TAPE2,TAPE3,TAPE4,OUTPUT ) .
100 FORMAT (I12,14,3X,F8.2,8X,Fb.1,F6.4,F4.2,2F4.2,3F7.4,13)
110 FORKAT (9%,F6.2,12X,F6.4) ‘
120 FORMAT (SX,2F12.4)
130 FORMAT (12,14,F7.1,F8.2,F9.2,F7.1,F8.2,F9.2,
1F6.1,F5.2,F7.1,F8.2,14)

PROGRAN WK READS FRON TAPE!=CONTROL NAIL SITE DATA, TAPE2=STATISTICALLY
DETERNINED HAIL SUTE DATA, TAPE3I=FOUKDATION MODULUS DATA, AND URITES ON

TAFE4.

INPUT VARIABLES ARE:

16F
IREF
FBE
PBT
bLEe
Wee
HET
SFC
Gy
X0V
XL

U

D
IAGL
XKOE

XKORT

SPECIES (1=DOUGLAS-FIR, 2=ENGELKANN-SFRUCE,AND 3=SOUTHERN PINE)
REPITITION

FENETRATION BEPTH OF CONTROL RAIL (CH)

PERETRATION DEPTH OF TEST NAIL (CK)

WITHDRAUAL LOAD CF CONTROL NAIL (LES)

HITHDRAUAL CREEP OF CONTROL HAIL (CH)

WITHBRAUAL CREEF OF TEST HAIL (CH#)

STATIC FRICTION COEFFICIENWT

GREEN UEIGHT (G)

QUEN-DRY BEIBHT ()

SPECIMEN LENGTH (1)

SPECIHEN UIDTH (IH)

SPECIMEH DEFTH (I{)

ANGLE HEASURED BETUEEN THE AXIS OF THE NAIL AND GROUTH RING (DEGREES)
FOUNDATION HODULUS DETERMINED FOR THE END GRAIN

(LES/IN PER INCH OF BEFLECTION)

FOUNDATION MODULUS DETERMINED FOR THE HIX RAUIAL-TANGENTIAL GRAIN
(LBES/IN FER INCH OF BEFLECTION)

Y8



Fortran IV Program "WK" continued

¢

L]

159
IREP
UL
URC
VKC
uLp
URpP
UKP
XK
56
PHAX
PALL
1aGL

‘DUTFUT VARIABLES ARE:

SPECIES

REPITITION

UWITHDRAUAL LOAD OF CONTROL NAIL (LES)

VITHORAUAL RESISTANCE OF CONTROILL NAIL (LBS/IN)
UWITHDRAUAL STIFFNESS OF CONTROL NAIL (PSD)

PREDICTED WITHDRAUAL LOAD (LBS)

PREDICTED WITHDRAUAL RESISTAHCE (LBS/IN)

FREDICTED WITHBRAUAL STIFFNESS (FST)

HOISTURE CONTERT (X3

SPECIFIC GRAVITY BASED ON OVEN-DBRY UEIGHT ANU VOLUNE AT TEST HC
AVERAGE MAXINMUM WITHDRAUAL LGAD (LBS)

ALLOUABLE PHAX PER IWNCH OF NAIL PENETRATION#S (LES/IN)

THE NAIL CROSS-SECTION 1S SUBDIVIDED INTO 32 EQUAL SLICES WITH ARC
LENGTH DI (IN). SINCE A CIRCLE HAS 4-FOLD SYMMETRY, THE HEAN FOUNDATION
HODULUS IS DETERHINED FOR THE 7 FULL SLICES (XK2 TO XK8) ARD 2 HALF
SLICES (XK1 & XK9) BY EQUATION 3.  I¥ THE TEXT. THE 32 SLICES ARE
THEN HADE UF OF 4#(THE 7 FULL SLICES) + 8%(THE 2 HALF SLICES).THE
174 CIRCLE IS SUBDIVIDED BY THE FOLLOWING ANGLES: 0, 11.23, 22. 5, 33,75,
45, 36.25, 47.5, 7B.75, ARD 90 {ALL IR DEGREES). NOTE THAT SINE IT.EJ

= COSIHE 78.79, AHD CﬂSIﬂE 1

= SINE 78.73, ECT.

CB=3.141467180,

Fi=CO#11.25
F2=C0%22.3
F3=00%33.735

C1=C05(F1)%44
CI=8IH(F1)s+4
CI=GIN{F1) el C08(F ] 1642
CA=COS(F2eng

S8
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Fortran IV Program "WK" continued

CO=0IN(F2) %4
CO=SIN(F2)¥+24COS(F2)#42
C7=C08(F3)4%4

CO8=BIN(FI)#u4
CO=SIN(FI)+%2+LO5(FI) w42
C1O=CO5(CO#45. ) %44

Y ~ BEFLECTION (IN)
DY - THE ARC LENGHT OF 1/32 OF 4 CIRCLE WITH RADIUS

XHD=, 113
KHR=XHD/2.
DI=(3.1416%XND) /32,
200 DO 400 I=1,30
READ (1,100) ISP,IREP,PLC,ULC,ULC,SFC,GU,X00Y,
1XL,4,DE, TAGL
READ (2,110) POT,UCT
READ (3,120) XKOE,XKORT
IF ((ISP .EQ. 1) .OFK. (ISP .EQ. 3)) PH=.0400
IF (ISF .EQ. 2) FH=.0700
Y=XNR-FH/2.
POC=PLIC/2.54-.1
WCL=HCC/2.54
URC=ULC/PDC
UKC=ULL*FDC/UCE

6 ~ HODULUS OF RIGIDITY (FSI)
¥ - FOISSON-S RATIO

IF ({ISF LEB. 1) .OR. (IBF .EG. 3)) G=,071#XKOE
IF (ISF .EO0. 2) G=.063+XKOE

IF ((ISF .EQ. 1) .OR. (ISP .EQ. 3)) V¥=.371

IF (18P LER. 2) V=.420

L3 IN (IH)
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Fortran IV Program "WK" continued

LK1=XKOE

XK9=XKORT

A=XKOE*XKORT#D

B=XKDRT#G

C=XKOE+G

B=XH{OE+XKORT

E=2,#VzB

XK2=A/ (L1 B L24E+0T4U-C32E)
KK3=A7{CA+B+LECHCA#D-CoHE)
XK4=A/ (L7 B+C+C+CI+U-LTHED
XKE=A/{C10+B+C10xC+C10#D-C10+E)
XKe=A/(CB+B+C74C+CT#D-CI+E)
R7=A/{CO$B+C4+C+Co%D-CE3E)
XRG=A/(C24B+L1+C+C3%0-L3%E)

XN - THE TOTAL NORMAL FORCE ON THE NAIL (LBS)

XH=POC4Y+DI#2, 4 (RK1+XKO+2 4 XK2+4 2, ¢ XK3+2. 4 XK 4
TH2,EXHG+2, #XHE+2 . 4 XK7+2, #XKB) :
VLP=XH*5FC

URP=ULP/FDC

PUT=POT/2.54~ .1

UET=ULT/2.54

UKF=ULF$FBT/UCT
XHRC=((0U-X0DU AXODY 100,

C11=2.594#%%3

VO=XL#UsDESCIY

S5=X00U/NG

XL12 -~ SPECIMEN LENGTH CORRECTED TO 12% HC (I®}

12 - SPECIHEN UIDTH CORRECTED T0 2% HC (IN}
D12 - SPECIMEN DEPTH CORRECTED 70 12% HC (It)
Vi2 - SPECINEN VOLUKME AT 12% HC (CUBIC CENTIHKETERS)

L8
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Portran IV Program "WK" continued

5612 -
AT 127 ML
XLOD - SPECIMEN LENGTH CORRECTED TO 0% HEC (IN)
oD - SPECIMEN UIDTH CORRECTED T8 01 HC (IK)

DOD - SPECIMEN DEPTH CORRECTED TO OX HC (IN)

VOD - SPECIMEN VOLUHE AT OX HC (CUBIC CENTIMETERS)

8600 - SPECIFIC GRAVITY BASED ON ODVEN-IRY UEIGHT AND VOLUKE
C12=.002
£13=.098
C14=.046
C15=XiC-12.
C1é=XuC
C17=XHC-30,
G18=5./2.

KLP2=4L - (C12%C19) /€30, 3012404 7)
WE2=U-(C13+C15Y/7¢30, 4013201 7)
BI2=DE~(C14+C18)/(30.4C14%L17)
Y12=XL12%U1 20124011
8G12=X0nU/V12
FRAX=7850.3861 2%+ C18XNDsPDL
XLOD=XL-(C12+0146) 730, +0124017)
BOD=U~-(C13+C14) /(3040134017
DOU=RE-(C1440163 /(30 +L1 440173
VOD=XLOD+Q0D+D0D+C 1
SGOD=X0DY/VOD
FALL=13B0.+500D% 018+ XND#5,
URITE (4,130} ISF,IREP,WLC,URC,UHC,WLP URP,UKF,
TXHC, 56, PHAX,PALL, TAGL

400 CORTINUE
ENp FILES
s5T0F
END

SPECIFIC GRAVITY BASED ON DVEN-DRY WEIGHT AND VOLUME
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Task File "E"

VAR, 20
LOG, JA
TTYON ' ,
FORNAT, (6X,F7.1,F8.2,F9.2,F7.1,F8.2,F9.2,F6.1,F5.2,§7.1,F8.2,F4.0)
READ, JONDFR,1-11
NAHE,1,NLC,2,URC,3,UKE, 4,ULP,5,URP, 6,WKP,7,HC,8,56,9, PHAX,10.FALL, 1 1,ABL
NAHELIST,1-11 -
N, 1-11
NEAN, 1-11
SCATTER, 4,1
REBRESS,1,4
ADD, 45F
AVTABLE
RCOEFSEST
RESIDUAL,12
SCATTER, 4,12
END
SCATTER,S,2
REGRESS.2,5
ADD,53F
AYTABLE
RCOEFSEST
RESIDUAL,13
SCATTER,5,13
END
SCATTER,4,3
REGRESS,3,4
ADD, 83F
AVTABLE
RCOEFSEST
RESIDUAL,14
SCATTER, 4,14

END
SCATTER,9,1
REGRESS,1,9
ADD,9%F
AVTABLE
RCOEFSEST
RESIDUAL,15
SCATTER, 9,15
END
SCATTER,10,2
REGRESS, 2,10
ADD, 10$F
AVTABLE
RCOEFSEST
RESIDUAL, 16
SCATTER, 10,14
END
EXIT
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Table B-~1: Analysis of Variance Table for
WR of Nails Pulled from the Wide
Faces of DF Blocks.

Source of

Variation df MS F-ratio
Blocks 29 3153.68 5.972 *=%
PH 3 4080.88 7.728 **
Error 87 528.06
Total 119

%% Significant at the 57 level.
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Table B-2: Tukey Pairwise Confidence Intervals for the Comparison of
the WR of the Control (PH1) Against All Other Treatment
Means (PH2, PH3, PH4) of Nails Pulled from the Wide Faces
of DF Blocks Using a 90 Percent Family Confidence
Coefficient.

Basic Results for Computing Intervals

3 PH nj Xj

1 0.0000 30 164.86

2 0.0400 30 174.69

3 0.0465 30 179.81

4 0.0700 30 192.87
MSE = 528.06

Formula For Computing Intervals
D - Ts(D) __<_uj - uj' <D+ Ts(D)
q(.90; 4,116) = 3.28
T =1/Y 2 q (1-a; r, np-r)

D =% - X'

s(D) = (ZMSE)I/z = 5,93
n

Ts(D) = 13.77

Confidence Intervals
1.18 < ug - u3 < 28.72

14,24 < py - w3 < 41.78




Table B~3:
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Paired T-Test Results (Two Tailed Test) on the WR for Nails

Without the PH (PH1) Pulled from the Wide and Narrow Faces

of DF Blocks.

Null Hypothes

Alternate Hypothes

is : Mean of Difference = 0

is : Mean of Difference # 0

FACE SPECIES X

Xp ASD

T-VALUE

Wide DF 164.86

Narrow DF 146.71

Wide ES 91.49

Narrow ES 87.55

Wide SP 150.87

Narrow 5P 149.69

32.37

30 18.15 7.06

25.01

16.83

30 3.93  3.55

15.61

37.76

30 1.78  4.51

36.07

2.57 *%*

1.11 =#%

.26 *

CONFIDENCE

CONFIDENCE

CONFIDENCE

CONFIDENCE

CONFIDENCE

CONFIDENCE

DF
INTERVAL (3.711 to 32.587)

INTERVAL (~1.310 to 37.608)
ES
INTERVAL

(-3.318 to 11.181)

INTERVAL (-5.840 to 13.702)
SP
INTERVAL (-8.048 to 10.398)

INTERVAL (-11.255 to 13.606)

* Non-significant at the 1%
%% Non-significant at the 5%

level.
level.
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Table B-4: Analysis of Variance Tables for WR of Nails Pulled from the
Wide and Narrow Faces of DF, ES and SP Blocks.

DF
Source of
Variation 4af MS F
Blocks 29 3052.33 4,914 %%
PH 2 5407.94 8.706 **
Face 1 8871.31 14.281 **
Face * PH 2 216.14 0.348
Error 145 621.19
Total 179

ES
Source of
Variation df MS F
Blocks 29 801.31 5.146 **
PH 2 1161.03 7.457 %%
Face 1 1031.24 6.623 **
Face * PH 2 9.67 0.062
Error 145 155.70

Total 179




- Table B~4 Continued

5P
Source of
Variation df MS F
Blocks 29 7131.10 8.698 **
PH 2 2184.96 2.665 *
Face 1 9863.76 12.031 **
Face * PH 2 2468.54 3.011 *
Error 145 819.88
Total 179

* Significant at the 107 level.
*% Significant at the 5% level.



Table B-5:
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Tukey Pairwise Confidence Intervals for the Comparison of
the WR of the Control (PH1) Against All Other Treatment
Means (PH2, PH3) of Nails Pulled from the Wide and
Narrow Faces of DF, ES and SP Blocks.

Basic Results for Computing Intervals

DF
j PH nj X5
1 0.0000 60  155.79
2 0.0400 60  168.04
3 0.0465 60  174.48
MSE = 621.19
ES
j PH ns i%
1 0.0000 60  89.52
2 0.0465 60  98.31
3 0.0700 60  93.52
MSE = 155.70
Sp
i PH nj Xj
1 0.0000 60  150.23
2 0.0400 60 158,47
3 0.0465 60  162.05

MSE = 819.88




Table B~5 Continued

DF

q(.99; 3, 177) = 4.20
T=1/Y2 q (1-a; r, np-r) = 2.97
s(D) = 2usE,1/2 = 4.55

n
Ts(D) = 13,51
Confidence Intervals
-1.26 < up =~ 1 £ 25.76

5.18 < u3 - up < 32.20

ES
q(.95; 3, 177) = 3.36
T=1//2q (1-a; r, np-r) = 2.38

s(D) = (ZMSE>1/2 = 2.28
n

Ts(D) = 5.41
Confidence Intervals
3.3?_3 g = yup £ 14,20

-1.41 < u3 =~y £ 9.41

Sp

2.93

1R

q(.90; 3, 177)
T=1/V2 q (1-a; r, np-r) = 2.072

5.228

s(D) = (21458)1/2
i8]

Ts(D) = 10.831
Confidence Intervals
-2.64 L ug =y £ 19.03

0.94 < u3 - up < 22.60
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Table B-6: Confidence Intervals for the Difference in Mean WR
Between the Wide and Narrow Faces of DF, ES and SP
Blocks

Basic Results for Computing Intervals

Species Face X *b MSE = S82p Sp

DF Wide 173.12

30 621.19 24,92
DF Narrow 159.08
ES Wide 96.18

30 155.70 12.48
ES Narrow 91.39
SP Wide 164,34

30 819.88 28.63
SP Narrow 149.53

Formula for Computing Intervals

X - Xj + to/p, n-k-b+l S(2/b)1/2

i

t,05/2> 90-3-30+1 = 1.960

it

t,01/2, 90-3-30+1 = 2,576

Confidence Intervals
DF
95% CONFIDENCE INTERVAL: 1.427 < uy - uy £ 26.653
997 CONFIDENCE INTERVAL: -2.537 uy - “N.S 30.617
ES
95% CONFIDENCE INTERVAL: -1.528 < py - py < 11.102
997% CONFIDENCE INTERVAL: -3.512 < uy - pN'S‘l3.O68
Sp
95% CONFIDENCE INTERVAL: 0.314 < uy - uy < 29.296

99% CONFIDENCE INTERVAL: -4.240 < py — uy < 33.850
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Table B-7: Paired T-Test Results (Two-Tailed Test) on the Coefficient
of Static Friction of Nails Pulled from Wide and Narrow Face
Half-~holes of DF Blocks.

Null Hypothesis : Mean of Difference = 0
Alternate Hypothesis : Mean of Difference # 0
Face X s np Xp Sp  T-VALUE
Wide .380 .047
14 -.009 .012 -.785 **
Wide .389 .025
Narrow .389 .032
14 012 .013 .968 **
Narrow .376 .035
Wide .391 .037
14 -.001 .010 -, 145 **
Narrow .392 .029

95% Confidence Intervals
Wide Face (-.349 to .163)
Narrow Face (-.150 to .392)

Wide and Narrow Faces (-.228 to .199)

*% Non-significant at the 57 level.



Table B~8: Experimental and Predicted Values of W, WR and WK

KEY TO OUTPUT FROH FROGRAN UK

§P ~ SPECIES ( 1=DOUGLAS-FIR, 2=ENGELWANN-SFRUCE, 3=SOUTHERN FINE )

REP
ULg
URE
Wie
ULp
URF
HKP
He
86
PHAX
PALL
AGL

REPITITIONS

UITHBRAVAL LOAD OF THE CONTROL NAIL (LES)

UITHBRAUAL RESISTANCE OF THE CONTROL HAIL {LBS/IN)

UITHIRAWAL STIFFNESS OF THE CONTROL NAIL {LBE-IN/IN)

FREDICTED WITHDRAUAL LOAD (LES)

FREDICTED UITHERAWVAL RESISTANCE {LBS/IN)

FREDICTED VITHDRAVAL STIFFNESS (LBS-IN/IN)

HOISTURE CONTENT (X)

EFECIFIC GRAVITY BASED ON OVEN-DRY UEIGHT AND VOLUNE AT TEST HE
AVERAGE MAXIHUN WITHDRAUAL LOAD (LBS)

ALLOWABLE PHAX PER INCH OF NAIL FENETRATION MULTIPLIED BY 5 (LBS/IN)
THE ANGLE MEASURED BETUWEEN THE AXIS OF THE NAIL AND GROUTH RING (DEGREES)

66



Table B-8: " Experimental and Predicted Values of W, WR and WK éontiﬁued

56 PMAX  FALL  aBL

S§P REP ULC URC UKC ULF URP WKP NC
1 116.0 205.18 4870.44 108.3 191.56 35179.30 1 45 45.2 118.68 33
2 B9.5 164.02 4771.04 86.2 158,03 4597.19 A0 .47 78,3 149.47 37
I 111.5 167.98 4266.30 113.9 171.58 4237.14 6,42 85.5 101,40 57
4 78.5 127.32 §100.87 81.0 131.41 4929.77 W37 44020 73040 82
§ 95.5 155.89 95364.55 95.4 1535.71 5133.49 A2 417 103,74 5%
6  B87.0 125.84 4418.9% 73.3 106.06 6120.39 .39 57.%5  85.46 78
7 80.0 129.74 5617.94 74.1 120.18 5568.2 .42 61.1 1ot.82 22
8 89.5 128.00 35577.26 84.6 120.95 5425.29 47 92.1 137,00 18
9 92,0 153.13 §801.32 83.7 139.26 35518.32 LA47 79,4 135,91 47

.47  B0.7 130.84 59
.48 83,1 137.4% 28
LA 735 117.20 44
.43 52.4 106,37 24
02 1.7 171,76 3
A7 76,6 134,34 16
A7 65,5 131,94 43
.52 85.9 1467.41 33
.52 92.0 172.87 9%¢
.48 84.2 139.98 47
L4600 67,9 122,45 22
A2 8401 100,23 45
A 72,0 117,60 30
AR 93,4 143,13 45

10 108.0 170.81 §980.97 100.2 138.55 3781.43
11 134,0 215.96 5631.57 125.1 201.55 35638.26
12 116.5 180.87 4148.19 99.4 154.40 5910.28
13 BB.S 174.80 4215.22 75.2 148.50 13952.44
14 104,5 154.68 5692,76 97.% 144,36 5307.11
15 104.0 177.77 44697.39  92.2 157.59 4227.24
16  78.0 152.87 4745.92  71.3 139.64 4409.32
17 82.0 153.40 4447.468 72.9 136.56 4273.05
18 73,5 132.78 4512,71  69.% 125.64 4304.83
19 114.5 183.37 6197.85 102.5 1644.09 05822.76
20 101,00 177.41 5197.37  97.9 172.03 5015.87
21 95.0 171.62 56B3.83 89.9 1462.45 46017.34
22 70,0 tt1.40 3T449.76 75.7 120.35 5274.84
23 133.5 199.94 53%2.62 133.2 199.51 5369.43

.= w e =
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24 160.5 181.54 4180.56 99.4 179.52 4179.2 7 W41 52040 97,02 24
25 120.0 188.61 6255.48 115.2 181.00 4407.82 L0 L5t 99,6 1462.01 58
26 68,0 108.22 56B2.09 70.4 112.40 5434.77 .2 .49 BB.Y 148,56 30
27 B&.0 131.91 5214,70 B87.% 134.84 G144.47 L0 .39 83,7 B4.30 54
28 146,35 203.78 4011.44 151.2 210.38 46334.02 0 .64 200,00 288.75 4%
29 149.5 249.44 5B74.44 151.3 222,71 6264.57 .8 .35 132.46 199.97 &5

- 30 104.5 147.36 5487.98 109.4 175.25 54%0.19 .41 84.%9 93.2% 2

001



‘Table B-8: Experimental and Predicted Values of W, WR and WK continued

P KEP WLC URC UK ULF URP UKF

KC 86 FHAX FAllL  aGL

11157 151,02 6992.30 110.2 143,82 6795.50 . .43 88.4 118.48 44
2 119.4 177.77 7488.84 114.1 169.84 7278.72 A0 47 94,3 149.467 4
3 127.4 187.40 5817.26 128.8 189.59 S921.2 . A2 67,1 101,60 A1
4 100.4 150.36 53582.90  94.4 141.43 5282.38 . 37 0 47.8  73.45 0
5 126.0 1467.91 46173.68 124.8 168.98 6093.09. . 42 7304 103,76 %6
& 77.3 114.42 5481.27  47.0 99.18 5174.82 . .39 56.2  BY.E6 9
7 B84.0 114,85 4338.18  93.0 129.33 4208.10 .42 71.2 101.82 58
8 B3I.7 122,46 5675.91 75.5 110.50 §337.09 » .47 90,0 137.00 71
¢ 105.1 142,30 5476.88B 103.2 13%2.75 G5404.48 .47 97,7 135.91 18
10 94.0 140.78 4324.35 BY.6 128.22 4140.17 47 85,2 130.86 25
11 107.7 144,60 4379.94 104.6 142.33 4293.73 A8 98,4 137,45 4S5
12 132.0 183.41 6479.33 121.9 149.38 5%40.13 .45 B2.t 117,20 5%
13 123.7 179.95 §5982.83 118.2 171.99 %5485.22 43 71.2 108,37 48

14 127.7 187.92 4919.87 117.4 172.80 4507.08
15 114.4 172,33 4024.69 117.1 176,46 4383.15
16 103,1 154,41 54464.30 103.8 155.45 5302.2
17 93.4 142,04 5812.359  91.9 136.85 05643.53
18 110.4 147,31 5573.20 144.1 157.70° 5173.4¢0
19 11,1 149,63 46330.35 1097.5 147.43 4330.51
20 101.8 134.25 5483.10  98.0 129.18 58464.49
21 91,7 1246017 G642.461  99.4 136.74 5340.34
2 88.4 130.09 2528.20 B81.% 120.56 5302.02
23 108.4 163,31 4450.44 104,13 157.20 4528.49
24 100.4 138.15 5148.2% 104.7 144,07 95012.53
28 92,7 124019 3254.80 0 %4.85 129.69 3276.20
26 B6.0 114.44 7014.61  Bé.4 117.04 6879.61
27 BB.O 111,43 7914,05 87.9 t11.38 7944.29
28 119.0 160,27 §754.72 127.3 171.434 46097.38
29 &6.5 91,50 3675.42 73,7 101,46 3847.79
30 120.0 130.44 8104.00 115.1 144,34 7806.22

a2 112.4 171.76 79
47 0 B7.0 134.34 80
A7 837 131,94 44
L52 108.1 147,41 51
52 109.7 1722.87 17
44 81.4 112,77 32
46 90.3 122,45 45
42 71,0 100.23 49
A5 77.9 112,60 83
48 92.8 14313 33
41 4B.B 97.02 G4
St 114.8 162,01 34
AP 104.3 144,96 3
37 83.1 8430 44
64 206.6 288,79 37
.53 141.8 199,97 9
A1 7206 93,23 87

=
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Table B-8:

REF MULC
1 29.0
2 73.%
3 56.5
4 80.0
3 93.3
6 &7.0
7 598.3
8 62.§
§  43.%

10 68.5
1 69,5

12 41,0

13 45.0

14 44,0

19 60.5

16 71.0

17 0 95.0

18 §1.0

19 3.5

20 72,0

21 49.5

22 66.%

23 61.5

24 67.0

25 64,0

26 48.90

27 46400

8 43.0

29 48.5

30 56.0

Experimental and Predicted

URC

45.38
111,75
89.92
123.435
83.12
94.76
84.11
21.98
78.59
102.59
100.33
94.13
88,99
96.99
92.80
106.33
87.83
78.70
44,35
114,59
76.39
102,42
93.76
97.47
?5.29
106.88
?1.02
71.43
70.56
88.02

UKC

2677.94
4011.08
4420,29
4207.03
4706.40
5231.83
4947.77
4649.78
461716
5751.29
5676.37
5516.81
4%04.07
4206.43
5357.45
4596.03
4571.88
4349.53
4714.50
5472.00
496811
4998.13
4855.88
46%8.07
4747.13
157,04
4991.44
5263.06

3714.08
5292.16

uLe

31.2
73.6
31.3
70.1
92.2
9.2
64.4
39.4
60.0
62.2
66.1
59.%
56.3
55.3
5B.0
49.4
42.4
49.0
3¢.1

59.8

32.4
63.1
0.6
3.3
b1.é
ab.b
67.3
8.1
43.8
57.2

uRP

49.08
109.01

81.62

108.20

78.14
83.74
97.64
87.44
93.14
93.14
95.58
92.43
77.08
83.76
69.04

104.27

67,43
75.61
42,681
§5.22
81.42
§7.31
22.32
77.80
91.73
89.30
25.49
84.54

£3.44"
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Valuesfof W, WR and WK'continued

UKP

2572.74
4166.80
4067.05
4082.17
4585.94
5077.49
5298.73
4435.03
4274.91
5954.59
5493.71
$477.01
4729.89
J9g5.02
5345.59%5
4453.54
4307.14
4350.67
4572,22
5226.28
5046.44
4822.76
4992.34
4463.97
5034.49
4636.40
147,69
4927.89
3576.36
270,16

He

10.2
10.3
10.4
10.3
10.0

79
10.0
10.1
10.3
10.4
10.2
10.6
10.3
10.3
10.5
10.1
10.2
10.1
10.1
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56

.30

.39
.43
.41
.38
.28
.46
34
«40
.46
<40
.43
.33
.40
.43
.35
.33
.36
.30
35
.39
» 33
+43
»39
.38
.38
.44
.35
<44
.43

PHAX

OO N e O 3 LN O~ O WY 83
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37.2
62.2
42.3
4.6
44.6
30.6
38,9
3.7
42.1
71.1
44.0
52.5
30.4
79.0
42.4
74.9
44.2

PaLL

44,84
85.48
109.41
94.41
80.59
34.28
126.21
bd.46
92.48
132.5%
90.00
167,90
53.83
89.94
105.91
44,79
97.12
70.42

44.19
62,22

LR 3y

g4.71
64,32
112.4¢0
43,42
80.01
80.94
114.43
63,37
112.93
1G7.55

AGL
Bé
87
20
88
89
90
89
85
90
8%
85
89
88
83
89
83
83
82
83
7§
84
70
89
88

88
49
70
88
83
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Table B-8:

SP REP ULC

B3 R IO RS PSR P OB

P ORI A BT R R R RS RN R B RS DRI R AT A R B RS T

1 51,0
2 61,0
3 9.3
4 38.0
3 463.0
& 63,0
7 800
8 42.5
g 46,0
10 60.9
1t 47.35
12 72.5
13 48.0
14 43.3
15 67.0
{6  53.0
17 0.3
4 47.0
19 38.0
20 52.5
21 70.0
22 62,0
23 68.0
24 64.0
25 60,3
26 74.%
27 73.%
28 42.5
29 43,0
30 48.5

Experimental and Predicted

URC

78.22
91.90
101.49
B5.85
94.35
91.13
117.05
93.40
30.81
90.41
67.18
100.83
47.68
§2.91
100.34
73.80
71.82
68.77
34,45
76.37
104.83
96,85
100.63
74.18
88.01
99.80
108.16
$0.78
62.5%
99.08

HKC

3286.23
4550.71
5027.17
3104.00
5713.80
4478.87
6064.41
3247.52
3720.00
5130.490
4308.59
3381.92
3288.83
4792.87
54463.08
4347.25
4274.55
4627.93
432%.535
5392.04
3139.39
4710.84
4862.00
4700.40
3530.52
9841.08
3285.87
4574.55
4290.17
5543.13

ULF

L
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URP

70.7¢
101.09
$5.08
102.14
95.37
83.18
112.11
100.03
100.67
94.72
75.01
96.87
74.00
106,05
100.34
93.50
79.44
85.18
63.78
87.46
104,63
98.61
106.71
96.37
100,43
100.8%
99.98
74.63
72.%4
86.34

Values of W, WR and WK continued

WKP

1482.84
4722.33
4614.75
4892.83

96646.07

4063.80
5683.59
5126.78
3832.48
5047.77
4418.33
3729.90
3189.57
4938.24
3474.64
4602.40
4511.23
4863. 461
4170.88
91353.%9
30646.76
4723.65
4203.59
47069.76
5238.36
S801.12
5006.79
4642.73
4613.80
5217.54
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86

30
.39
43
.41
.38
.28
44
34
.40
.44
<40
.43
.33
+40
.43
.35
.33
.36
.30
.33
39
.38
<43
.35
.38
.38

‘ -44

.33
.44
.43

FHAX
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PaLL

44.85
78.50
109.41
§46.41
80.59
346,28
126,21
46,66
§2.48
132.55
70.00
107.99
53.83
g9.94
105.71
64.79
§7.12
7¢.42
44,19
42.22
84.71
46.52
112,40
65,42
80.01
80.94
114.43
43,37
112.93
107,55

AGL

19
11

12
15
13

3
14
32
17

14
44
12
20
23
17
23
12
11
14

15
10
11

14
13
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Table B-8: Experimental and Predicted Values of W, WR and WK ‘continued

REF WLC URC UKC ULF URP WKP HC 86 PHAX PALL  AGL
1 87.0 144.73 5283,15 82.4 138.98 5410.62 9.9 .42 08.9 101.33 &9
2 97.5 135.62 7296.52 105.6 146.B7 4911.46 10.0 .34 135.0 194.71 49
3 92,5 156.01 7409.84 97.0 164.90 7341.25 9.9 .38 128.4 224,37 50
4 82,0 127.31 G§684.41 79.1 122.83 35B13.39 9.7 .41  58.1  92.14 90
5 118.0 196.41 7089.29 128.8 214.37 6757.59 9.9 .98 132.4 228.47 30
6 111.5 168.98 4816.34 107.6 162.99 5035.55 9.8 .63 181.8 283.85 @88
7 45.5 98.10 5908.94 49.3 103.79 6141.48 9.8 .41 415 94,20 2
8 163.0 239.87 6102.78 165.3 243.32 4239.97 9.5 .62 178.4 272.07 43
9 100.5 156.03 5390.75 98.4 152.82 G5267.44 9.7 .56 127.4 202.87 76

10 110.0 160.94 4960.00 112,1 163.97 5065.69 9.4 .51 109.4 145.95 90

1 112.5 191,01 5685.81 119,64 203.11 5396.74 10.0 .48 80.2 139.10 80

12 104.5 147,79 4533.38 102.5 145,03 4419.97 9.9 .57 144.9 212.64 88

13 120,0 176,59 5178.00 118.,9 174.92 4870.86 7.6 .58 1i51.5 231.04 49

14  B4.0 130.42 5305.95 79.9 123.37 5284.89 9.7 .50  94.2 1352.56 48

15 91,0 144,82 §6287.27 68.7 141.2} 4250.08 9.8 .52 103.5 170.82 &7

16 119.0 194,25 5894.94 121.1 197.64 35B&4.12 9.8 .51 96,7 143.50 33

17 - 80.5 141.40 5061,00 §5.6 150.40 5157.90 10.0 .44 4&1.6 110.47 ¢
18 70.5 119.70 5247.16 73,2 124,29 5295.77 9.2 .34 106.8 183.40 72
19 68.0 101.24 4915.5% 78.3 (114.64 O5130.95 8.9 .46 82.3 126.99 82

30 71,0 114,43 $738.246  44.9 107.90 5627.82 - 9.3 .48 B3.§ 142,75 89

21 94,0 145.94 6774.43  B88.3 137.14 4587.2¢ 9.7 .57 137.0 217.55 88

22 BO.O 130.8% 4576.47  74.3 121,31 4348.58 7.8 .44 68.3 113.90 54

23 90.5 137.15 §617.70  80.4 121.89 5424.09 9.7 .43 79.2 124,28 89

24 42.5  91.98 5959.94 74.0 10B.B7 5469.646 9.7 .52 14,0 170.50 ¢

25 153.5  224.59 5693.93 170.7 249.80 6022,03 9.2 .57 145.9 218.28 40

26 82.5 128.09 S191.15  75.¢ 117.38 4975.47 9.8 .53 123.4 198.42 72

27 122,85 194.96 4109.4% 122.1 194.26 6125.40 9.6 .57 130.7 213.78 49

28 115.0 140.85 4961.33 113.4 1{5B.64 4880.77 9.8 .32 121.1 173.08 35§

29 124.5 182.14 4020.39 11%.7 1464.33 4241.62 9.8 .42 180.5 270.57 83

30 57.0 81.98 §592.33 81.3  73.78 S421.71 9.6 .39 58.3  B85.49 78
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Table B-8: Experimental and Predicted Values of W, WR and WK continued

REP WLC RC Wie CULP - URP UKP -

- NC S6  PHAX PALL  AGL
1 91,5 128.69 6143.09 89.9 128.46 6025.83 G 42 7006 101,35 42
2 114.0 158.58 &4424.81 112.2 156.12 4474.36 10.0 .54 135.0 194,71 3
I 140.5 198.70 6711.12 143.0 202.24 6791.7% .9 .58 153.2 224.37 28
4 8%.0 119.23 4347.70 B7.5 119.96 6447.43 70 A1 67,30 92.14 40
5 152.0 214.97 7035.88 137.5 222.69 4871.82 .9 .38 155.8 228.47 35
6 120.0 158.26 7431.51 124.0 163.57 7399.83 .8 .63 208.9 2835.85 23
7 80.0 107.74 G5B25.48  80.2 108.01 4036.28 LAl 48.4 94,20 88
8 147.0 196.93 7183.30 137.7 184.48 46870.61 62 195.9 272,07 39
9 92.5 127.28 46098.39 95.8 131.84 6204.33 7 W56 144.0 202.87 ¢
10 109.5 146,69 7414.71 110.7 148.33 7313.41 A4 W51 119,85 165,95 43
11 146.0 196.63 7094.80 144.7 197,59 7019.59 10.0 .48 101.0 139.10 52
12 103.0 137.99 §935.81 101.4 133.81 35881.73 L9 .97 1585.1 212.64 315
13 147.0 200.10 7927,.80 146.8 199.85 7883.12 .6 .38 163.8 231.04 O
14 90.0 119.94 6237.82 B1.46 108.74 O5805.23 70 .50 11201 152,56 1

.32 118.5 170,82 43
L1 117.8 143,30 74
.44 84.1 110.47 87
.54 125.3 183.40 4
A6 91,5 126,99 15
A8 100.7 142,75 49
W57 152.1 217.3% ¢
440 79,7 U395 12
.45 B6.7 124.28 128
.52 118.6 170.50 87
.57 147.46 218.28 ¢
L55 139.2 198.42 3
.37 138.5 212.78 73
32 123,101 173.08 42
,62  180.5 270.59 17
.39 §8.9  83.4% 27

15 108.5 150.93 4493.28 111.% 154.84 4819.50
16 96,5 129.28 6930.45 100.3 134.42 4749.27
17 12%.5 146,46 7801.589 120.4 155.00 7540.40
18 84.0 121,50 7564.31  88.1 127.44 7415.63
19 96.0 128.61 7913.74  91.1 122.01 7820.07
20 82.0 112.22 6087.68  88.8 121.351 4184.935
21 116.0 162,23 5137.95 118.6 143.87 35305.14
22 107.0 14%.466 7772.48 106.5 148.93 7718.60
23 80.0 110.48 3855.12 5.0 117.64 3933.27
24 80,0 113,14 4421.,20 65.5 120,96 46625.80
25 140.0 231.44 B85465.85 1464.%5 238.01 8491.83
26 90,0 123.84 6341.22  Bl1.1 111,65 6342.14
27 116,95 152.85 8026.48 100.3 131.61 7751.91
28 136.0 187.13 5422.38 142.4 196,00 3684.83
29 105.0 153.43 7543.49 t10.9 142.2§8 7757.32
30 40.0 85.33 3486.77 S7.2  B1.40 3293.21
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Table B~8 Continued

SP Statistic? WLC WRC WKC WLP WRP WKP MC 5G PMAX PALL AGL
1 X 102.7 155.8 5619 99%9.2 150.2 5508 9.2 246 85.0 132.0 43
1 3 20.2  30.1 907 19.6 27.5 902 6.5 +35 29.9 41.6 22
2 X 60.4 89.5 4845 60.0 88.8 4785 10.0 .38 54.6 83.5 50
2 S 10.7 16.2 642 9.8 14.1 610 0.8 .48 16.2 25.3 37
3 X 103.3 150.3 6198 103.6 150.7 6175 9.7 .52 117.9  176.1 50
3 S 26,1 36.6 1080 27.3 39.0 1054 0.3 .67 38.4 55.3 31

4Based on 60 observations.

901
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Table B-9: Regression Equations Relating Experimental Values of W, WR
and WK to the Values Obtained Using the Prediction Models.

Species Y =a+ bX R2
DF W8 = 5,743 + 0.977xP 0.90
ES W = 6.980 + 0.890X 0.66
SP W = 6.845 + 0.932X% 0.95
DF WRC =  0.148 + 1.036xd 0.90
ES WR = 6.718 + 0.932X 0.66
SP WR = 12.503 + 0.914X 0.95
DF WKE = 234.264 + 0.977xf 0.94
ES WK = 80.512 + 0,996X 0.90

3y = Experimental Withdrawal load (1bs)

bX = Predicted Withdrawal Load (1bs)

CWR = Experimental Withdrawal Resistance (1bs/in)
dX = Predicted Withdrawal Resistance (1bs/in)

€WK = Experimental Withdrawal Stiffness (lbs/cu. in.)

fX = Predicted Withdrawal Stiffness {(1bs/cu. in.)
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Table B~10: Regression Equations Relating Experimental Values of W and
WR to the Values Obtained Using the Empirical Formulas.

Species Y =a+ bX R2
DF Wa = 82.145 + 0.241%P 0.13
ES W = 46,974 + 0.245X 0.14
SP W = 52.804 + 0.428X 0.40
DF WLC = 132.67 + 0.175x4d 0.06
ES WL = 69.301 + 0.242X 0.14
Sp WL = 80.538 + 0.396X 0.36

8W = Experimental Withdrawal Load (1bs)
bX = Predicted Withdrawal Load (PMAX) (1lbs)

CWL = Experimental Withdrawal Resistance (lbs/in)

dX = Predicted Withdrawal Resistance (PALL) (1bs/in)
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£ OGRECInEN It
SPECIES (1 = DOUGLAS-FIR, 2 = EZAGELHAN SFEUGE, 3 = SOUIHERN PINE)
REPIYETIUON ' :
PILOT HOLE (INCH DIAMETERS)
FOR DF: 1=0,0000, 220,0445, 30,6400, 1=3,0700
FOR ES: 1=0,0000, 2=0,0700, 3=0.04s5
FOR 5P: 1=0.0000, 2=0.0445, 3=9.0400
PENETRATION DEPTH OF THE nall Suasd oM
HAXIRUR PENETRATION LOAD (LES?
AatInu® YITHBRAUAL LOAD (L83)
UITHDRAWAL CREER (Lm)
STATIC FRICTION COEFFIUIENT
GREEN MELIGHT UF #L SANPLE (GRax}
UVEH-DRY WEIGHT OF MC SARPLE (5R2&M)
GREEN LENGTH OF NG SAMPLE ¢ IHCH!
GREEN UIDTH OF HC SANFLE (INOM)
GREEH DEPTH OF WL SARFLE (INCH)
ANGLE BETHEEH THE aXIS OF THE mall and THE SROUTH RIn (BZUREES)
, BREEN GIACNSINNS
Py FL yL §go SFC 5y ouy L W 0 ANGL
(o) LLBSY (LES)  (0a) (5r LBY O LIMy O (IEY O oIdy ()
1,69 229.0 116.0 (0342 .45 15,45 14,45 2,0091  ,938¢ 2979 39
1462 192,00 110,90 0294
T.046 1/2.0 93,0 ,029a
120 1SS 10700 L02y2
Toad 191,50 89,95 L0280 L37 14,40 13,83 20008 L3915 L9343 57
1.85 220.9 140.9 .0388
1.80 191.0 108.0 0290
1.76 203.0 132.5 (0310
1.94 208.0 111,55 0300 .44 14,51 12,28 2,0002 9895 9892 57
1,77 198.5 197,35 ,0327
V.76 185.5  97.0 L0275
1.8 191.0 124.0 0339
1.22 160.0 78,3 L0241 L35 12,78 1Ti.u4 200077 L9dea 742 82
1.99 135.5 #9.5 .0280
1.83 160.0 91.0 .0259
T.78 143,08 98,0 0248
1L81 195,00 95.% (0277 .40 14087 TH0ID 0,008 9294 (P74l 8
1.90 183.9 107.35 L0320
2.03 214.0 144.0 03390
1.75 185.0 110.0 .0313
2,01 180,90 87,0 ,0272 10 13,52 172,32 27,0097 @281 9470 73
2.01 139.5 B82.0 .0233
1.84 147,08 77.5 0190
2.0 145.0 101.% 0310
1.82 163.6 80.0 .0223 .34 14.88 13.98 2.0137 9948 9798 22
1,97 211,09 179,09 ,0325 :
2.02 172.5 84,5 ,0235
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-
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Y
2,05
1.88
1.78
1.83
1.87
i1.78
1.86
2.09
1.84
1.8¢
1.83
1.71
t.85
1.71
1.8%
1.73
1.93
1.89
1.4
1.64
1.30
1.58
1.97
1.91
1.34
1.9
1.74
1.77
1.79
1.60
1,53
1.77
1.58
1.76
1.61
1.73
.86
1.76
1.66
1,46
1.82
1.35
1.54

1.48

1.78
LY -7
1.70
1.48
1.36
1.83

188.0
185.3
174.0
173.5
178.90
160.0
174.0
169.9
177.3
146.90
154.5
133.0
145.9
246.0
200.5
232.9
182.5%
224.5
213.5
252.0
210.3
191.3
181.¢
182.0

146.0

207.5
211.0
194.0
218.0

222,90
208.9
294.9
186.0
164.3
170.3
187.5
162.3
200.9
202.3
208.9
177.3
161.90
177.3
1920.0
135.9
208.0
176.0
179.0
i73.3
203.0
176,90
168.3
173.5

109.3
89.%
102,35
85.0
104.5
92.0
192.90
7.0
134.0
108.0
123.3
120.9
125.0
134,90
119.3
124.9
12¢.0
116.5
128.3
169.0
148.0
88.9
100.0
88.3
91.3
104.5
156.5
117.0
145.0
104.9
t37.2
150.9
135.90
78.0
72.5
92.0
100.9
82.0
119.9
111.5
1140
73.3
107.3
121.0
84,5
114.5
?3.0
§9.3
107,90
191.0
76.3
5.0
113.0

0277
.0285
0270
0270
0299
.0242
.0295
<0245
L0327
0290
.0389
20273
L0303
0375
L0295
L0384
.0284
L0310
0379
0282
L0333
0270
L0280
L0237
20213
L0313
0450
»0249
0410
L0329
0375
.0135
0377
0213
L0284
L0205
L0274
Q259
0300
L0274
L0292
0229
L0239
L0233
0248
L0293
L0275
L0243
L0273

L0281
L0120
L0238

L0311

30

.38

«37

« 43

038

»40

«37

.~

» 41

+37

.33

.38

14.79 13.48 2.0128
14.80 15.37 2.0118
14.90 15.44 2.0133
17,19 15.74 2.0106
14.03 14,58 2,0180
19,35 14.11 2.0185
16,54 15,11 2,014

17.16 15,568 2,015

15,12 14,86 2.01435

14,43 2,011

-
wn
»

L3
[

15.41 14,09 2,017¢0

146,34 15,01 2.0124

»7034

A7

1.0038

1.6090

1.00464

1.0014

7148

1.0109

JI973

8997

9184

1.0065

L9379

#9927

L9983

7942

.7844

L7394

L9544

7949

#9724

9633

L3751

»7933

&7

28

44

14

43

33

76

47

o
22
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1.56

1.84

. 1.89

1.85
1.70
1.89
.87
1.95
1.89
2.10
1.99
1.66
1.71
1.89
1.63
1.87
2.03
1.94
2.00

- 1.85

1.87
1.87
1.79
1.91
1.92
.94

1,93

2.08
2.04
1.99
1.94
1.99
1.74
1.96
1.90
1.84
1.80
1.84
1.80
1.87
1.91
1.88
1.97
1.94
1,93
1.85
1.84
1.58
1.90
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- RAW DATA FILE CONTAINING THE FOLLOWING INFORMATION ( NARROU FACE OF SPECIHEN ):

SP - SPECIES ¢! = DOUGLAS-FIR, 2 = ENGELMAN SPRUCE, 3 = SOUTHERN PINE)
REP - REPITITION
FH - PILOT HOLE (INCH DIANETERS)
FOR DF: 1=0.0000, 2=0.0445, 3=0.0409
FOR ES: 1=0.0000, 2=0.0700, 3=0,0445
FOR SP: 1=0.0000, 2=0,0445, 3=0.0400
PD - PENETRATION DEPTH OF THE NAIL SHANK (CH)
PL - HAXINUN PENETRATION LOAD (LBS)
NL - HAXINUX WITHDRAMAL LOAD (LBS)
HC - UITHDRAWAL CREEP (CH)
SFC - STATIC FRICTION COEFFICIENT
BY - GREEN WEIGHT OF HC SARPLE (GRAN)
ODW - OVEN-DRY WEIGHT OF HC SAMPLE (GRAM)
L - GREEN LENGTH OF HC SANPLE (INCH)
W - GREEN WIDTH OF KC SAMPLE (INCH)
D - GREEN DEPTH OF MC SANPLE (INCH)
ANGL ~ ANGLE BETWEEN THE AXIS OF THE HAIL AND THE GROWTH RING (DEGREES)

GREEN DIHENSIONS

SP REP PH PR PL WL W SFC &H gpy L ) D ANEGL
' (CH) (LBS) (LES) (CH) {6y (6 (IN) I {IN)} (D5}

2.20 222.0 115.7 .0322 .45 15,45 14,35 2.0091 (9880 .98B23 &4
1.94 200.0 120.4 .0329
1.95 191,90 101,23 .0278
1.96 248.0 119.4 .0272 .37 14,45 13,43 2.0041 .8715 .9343 #H
1,97 246.0 129.3 L0343
1.90 182.0 109.3 .0258
1.98 227.0 127.4 .0379 .44 14.51 13.24 2.0022 .989%6 .9692 41
1.90 220.0 127.4 .0377 :
1.75 190.0 105.3 0349
1.95 191.0 100.4 L0303 .37 12.946 11.84 2.00%97 .79456 .9742 ¢

1,93 196.0 118,4 ,0341

2.10 167.0 B87.4 .0330 ‘

2.14 243.0 1246.0 .038% .40 4.6t 13.32 2.0088 .9796 9743 26
1.95 218.0 114,7 0329

2.08 219.0 128.0 .0380

1497 158.5 77.3 0242 .30 13.52 12,34 2,00%7 .9901 .9630 ¢
2.10 151.0 B7.4 .0240

2.20 167.5 91.7 .0252

2.08 143.0 84.0 0242 .34 13.88 13.54 2.0137 .9968 .9793 58
2,19 185.3 104.7 0310

.91 193.0 119.4 ,0243 :

1.99 186.0 83.7 0256 .30 14.79 13.48 2.0128 .9034 .9379 71
1.98 194.0 110.7 0311

1.95 174.0 94.4 .0240

2.13 163.3 105.1 .3360 .38 16.80 15.37 2.0118 .9917 .9927 1¢
2.12 180.9 133.1 .0349

1.94 168.5 1046.0¢ 0322
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1.94
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2.17
1.93
1.93

o 1.9%

1.96
2,15
2.01
1,93
1.94
1.95
2.14
2.00
1.74
2.18
2.10
1,96
2.10
1.94
1.98
1.98
2.14 1
2,15 2

1.94 2
2.22 2
1.99 2
2.10
1.98

1.92

1.93 2
1.98 2
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2.18
2.26
2.13

;-
Asla i

162.5
164.0
182.0
215.0
228.90
228.0
242.0
230.35
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224.0
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1.94
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1.97
1.99
1.92
1.92
1.97
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2,03

1.95
1.90
2.02
2.01
1.95
{.94
{.9%
1.9
2,00
1.93
1.98
2.01
2.10
1.94
2.02
1.95
1.93
1.93
2.03
1.97
2.00
2.08
2.00
2.01
2.08
1,93

[

1.99
1.93
1.9%
1.93

.
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143.0 87.0
213.5 119.0
237.0 120.0
270.5 122.0
240.0  484.3
214.0 37,0
218.0  40.5
194.0 1
145.5 1
187.90 1
103.90
101.5
89.0 -
102.0
100.0
106.¢
112.0 49,5
1.0
#8.5
25.0
120.0  40.9
106.0
79.0
106.5
101.5 64.¢
116.0  63.0
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113,80 73.0
§5.0
75.9
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121.0
118.5
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L0211
L0370
.0438
L0400
0334
L0349
L0371
L0300
L0268
L0290
0257
0204
L0198
L0225
L0241
0194
L0240
L0234
0240
L0195
L0233
L0246
0187
L0185
0212

0247

L0240
L0240

L0229 .

L0230
0229
L0202
0221
L0280
L0213
0214
L0200
L0200
0210
0234
L0198
0208
0209
L0393
L0326
L0314

0163 .
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39 2

.45
.40

<5

.43
LA
.44
A4

.49

L0208 .43

t4.12

13.30

14,42

10,31

14,17

13.17

13.01

18.74

18.59

13.84

12,04

11.40

13.11

7.38

t3.44

12.84

11.94

11.80

2.0129 0.9215 0.7442

2,0137

2.00%7

2,0094

2.01214

2.0034

2.0001

2.0070

1.9994

1.7938

2.0135

2.91490

2.0081

2.0128

2,0144

2.00353

1.9955

2.0027

1.0143
1.0171
1.0223
L9233
S

2145

1.0774
7187

1.0002

1.0014
1.01530
L7843

9748

1.0019
+ 9838
1.9044
}.?800

L9799

37

a7

18

i

13

LA

—
A

17

14

44
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1.93
1.97
1.90
1.88
1.98
1.98
1.99
2.00
1.93
1.94
2.15
1.95
1.93
1.98
1.8%
1.99
2.03
1.98
1.93
2.00
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106.5 72.5 .0210
112.0 59.5 .0190
104.5 53.0 .0207
116.0 $5.3 .0248
106.0 65.5 .0234
98.0 50.5 .0211
92.0 51.3 .0210
92.0 61.0 .0235
93.5 47.0 .0149
110.0 50.2 ,0209
104.5 55.5 .0183
0.0 38.0 .0155
81.5 39.5 .0175
83.0 46.0 .0190
98.5 52.5 .0170
89.5 54.5 .0192
101.0 54.5 .0204
98.0 70.0 .0231
98.5 69.5 .0227
100.0 65.5 .0230
104.0 42.0 .0214
115.5 73.4 .0224
107.0 75.0 .023%
98.5 43.0 .0240
89.0 61.0 0242
97.0 64.5 .0215

143.0 109.3 .0329
294.0 140.5 .037

.40

<3

.43

.43

+47

.44

.36

.43

.37

.41

» 36

11,

t4.

14,

13.

14,

13.

31

.33

)

44

.47

.59

12.09

?.93

12.48

10.33

12.83

.35 12,

14.49

16.08

2.0093

2.0083

2.00580

2.0035

2.0195

2.0193

2.9104

2.0074

2,0062

2.9038

2.0Q97

2,0049

1.0262

1.0249

1.0828

1.0238

1.0249

1.0249

9194

L9279

1.0249
.7843
1.0187

1.0144

1.0370 2

1.0107

L9789

1.0217

1.0229

.7787

L7910
.7885
1.0204

.2804

.7870
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181.0 116.0 L0270

222.0 121.5 6395

182.0 89.0 .0265 .34 15.41 13,05 2.0167 1.0303 1.0211 40
165.3 97.5 .0320 :

a1.5 98.0 .025%

232.0 152.0 .0388 .51 18.91 17.21 2.0052 .9243 .9734 5%
t91.5 115.0 .0238

236.0 151.5 .0348

238.3 120.0 .0311 .34 20.48 18.83 2.0100 .9174 .9830 23
280.3 183.0 .0392

210.5 104,53 .0298

127.0 80,0 0239 .30 15.64 14.24 2,0274 1.0285 1.0199 88
134.5 99.0 .0292
126.0 88,3 ,0228
233.0 147.0 .0328 .
238.0 181.5 .0341
2535.0 170.0 .0372
104.3 92.5 0280 .33 20.78 18.%4 2.0103 1.01146 1.0234 ¢
127.0 40.0 .0250
128.0 62.0 .0285
144.5 107.5 .0280 .
198.0 103.5 .0304
165.0 101.0 .0281
189.0 144.0 .£388 .
176.5 1534.0 .0400
1§6.0 134.0 .03%0
207.0 103.0 .0329 .45 21.27 19.35 2,00585 1.0149 1.0241 35
22.5 .0240

127.5 .0313

147.0 0330 .42 17,07 17.40 20020 L9253 9760 9
217.0 0342 ‘

51.0 .0340

L0275 .35 18.82 17015 2.0137 1.0514  .9968 1
85.5 .043%

90.0 .0244

108.5 .0294 .50 17.006 13.48 2.0110 .9207 .9886 43
3 .0270

72.0 .0285

76,5 L0264 .45 16,81 13,31 2.0117 9301 97841 74
175.0 117.53 0384 ’
157.5 99.0 .6284

208,53 129,53 0328 .35 156.75 13.23 2.0114 1.0310 1.029& 37
233.5 156.0 .0310

2i8.5 142.0 ,02%2

85.3 B4.0 0195 ,34 20.23 18.53 2.0043 1.,0279 1.0212 4
105.0 73.5 .0218
95.0 48.¢ .0211
160.9  78.0 L0330 .
122.9 83.% .0249
138.0 §7.5 .0215
145.% 82.0 0238 .40 13.84 14.44 2.0044 .7281 .9E80 4%
144,53 105.0 .0310

155.0 88.0 .0243
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21
21
21
22
22
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24
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23
25
26
26
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27
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27
28
28
28
29
29
29
30
30

1A
Vv

Gl Y e Lod B v S B3 = G B3 O DY = L RS e Ead B e Cad B Gl RS S el DD e

2.07
2.01
2.03
2.07
2.00
2.03
2.09
2,02
1.97
2,05
2.08
2.09
2.014
1.94
2.05
2.10
2,03
2.06
2.1%
2.12
2.07
2.10
2.00
2.01
{.99
1.99
2,01
2.04
2.00
2.09

134.0
17%9.0
155.0
148.0
143.0
1532.0
228.0
255.0
24%9.0
123.5
126.0
124.5
127.0
160.0
218.0
132.5
132.0
131.¢
189.5
188.5
171.0
211.0
210.3
223.0
131.0
251.0
197.0
119.0
144,90
15449

114.0

122,
$2.5
107.0
76.0
66.0
80.0
$7.9
103.5
80.0
?1.0
94.5
160.0
30.3
956,90
90.0
78.0
80.3
116.3
168.0
146.3
136.0
140.0
153.0
105.9
27.0
76,0
0.0
74.5
73.0

20410 .

0351
.0397
.025¢
L0224
.0245

L0381 .

0340
0371
»0217
0249
0237
.4328
. 0241
0340
~0262
0217
0224
0281
»0301
20235

L0463 .

0390
0449
0241
0410
L0231
L0310
L0311

SU303

«30

.31

5 21,40

16.32

15.14

20.93

21.59

18.22

21,20

17.8%

14.91

19.08
12.77
15.40
19.34
18.04
20.78

13,41

2.0077 1.0311
2.0208 1.0228
2.0172

2.0127 1.0945

2.0133 1.0332

2.6075 1.0238

2.0053 1.0300

2.0086 1.0221

2.0051 1.0278

1,0063

1.0176

1.0111

L7893

1.0137

1.0223

7914

1,022
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DF STATIC FRICTION COEFFICIENT RESULTS

WIDE FACE RESULTS

43 .40
.37 .41
.44 .39
.37 0 .34
40 .37
30 W36
.34 .39
S0 .49
.38 .37
37 W37
.45 .43
38 .40
40 .42

37 .40

HARROU FACE RESULTS

A0 .42
.34 .41
.43 .39
S S .1
32 .35
38 .40
L4239
40 37
»33 .40
g6 W30
.41 AT
A4 32
.37 .18
LA W37

WIDE AfdD NARROU FACE RESULTS

A5 .42
LA L34
39 .43
37 .38
.40 .35
36 .38
.39 .42
L0 .37
38 .40
3737
45 oM
A0 .44
.40 .18

40 .40



FILE FMD IS THE RAW DATA FILE CONTAINING THE FOLLOUING INFORHATION
TO DETERNINE THE FOUNDATION MODULUS FOR THE GIVEN SPECIES. THE
BEARING LENGTH AND WIDTH OF THE BAR USED WAS 1.320 AND 0.182 IHCHES

RESPECTIVELY,
SP - SPECIES
RP - REPITITIOH
EL - END GRAIN LOAD

w
vy
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e
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Cod 10 B 1D I B B BRI B0 B3 1) o e d e ke s
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O WY e Gl BY e

EY -
RTL
RTY

i

EL
(LES)

350.0
630.0
660.0
$%0.0
660.0
710.0
630.0
380.0
380.¢0
480.0
380.0
350.0
5%0.0
570.0
300.0
580.0
640.9
570.0
390.0
440.9
$30.9
700.0
360.0
380.0
6790.0
700.0
720.0
360.0
£50.9

580.0 .

350.0
820.0
620,0

500.0
810.0
§30.0

END GRAIN DEFLECTION
RADIAL-TANGENTIAL GRAIN
RADIAL-TANGENTIAL GRAIN

WIDE FACE
EY RTL

{CHY (LBS)

L0213 215,90
L0210 220.0
L0250 250.0
L0231 200.0
L0205 200.0
L0268 215.0
L0130 210.90
L0181 17500
0193 220.9
20244 240.0
L0213 21485.
L0310 7
+0209 2

L0183 740 0
L0190 200.0
L0224 170.0
L0225 180.0
L0240 233,90
L0211 175.0
L0225 300.0
0249 215,90
L0234 300.0
+0234 300.0
L0218 285.0
»0240 280.0
0290 220.0
L0337 300.0
.0249 350.0
L0202 320.0
0221 293.0
L0310 13509

LB229 122,53

0
0
0

‘J! (..‘\

RTY
(CH)

L0203
L0179
.032¢0
L0277
03035
.0258
L0224
0190
L0340
L0270
L0329
»0230
.0289
0320
0300
.0288
.02890
L0191
03830
L0397
L0290
.03%0
.0382
<0443
L0393
L0330
L0410
0328
. 0448
L0250
L4790

ke
P

LR S N e

.0251 137,55
L0221 136.0
L0240 155,90
L0285 1690.5

L0270
0240
.0293
L0250

EL
{LBS)

4350.9
560,90
480,00
640.0
710,90
410.90
420.0
620.0
540.
610,
400,
700,
474G,
72¢.
430,
420,
§30,
£%0.0
650.0
710.0
620.90
700.0
410,90
§40.90
420.0
700.0
710.0
750.90
§40. 0
720.0
430,y

MM
23,2

210.0
§00.90
§70.9
630.0

CH OO DO DO

LOAD
DEFLECTION

NARRGW FalE
EY RTL
(CH)  (LBS)

L0230 275.9
L0153 23009
L0184 360.0
L0211 245,90
L0200 300.0
0243 255,90

L0190 280.9

D175 245,90
L0140 285.9
L0188 270.9
»0213 230.9
0200 330.0
0170 230.¢

0188 310.9 . ¢

0187 320.0
L0210 289.0

L0219 2460.0 .

L3200 303.0

L0214 240,090 ,0

L0225 305.9
0240 225.0
L0218 310.0
.0204 285.0
0247 260.0
L0242 235.0
L0245 250.0
L0248 1435.90
L0210 250.9
L0239 200.0
0223 275.90
L0271 13703

o

LO280 12500

L0217 145.9
L0253 145.0
L0243 150.9
L0260 189.0

RTY
{C)
0347

G214
.0229

L0171,

0214
.0284
0253
L0228
»0333
L0329
.0284
20242
S217
2499
L0280
L0243
2230
0154
239
L0459
L0350

L0240

L0311
,0348
+0365
L0251
L0240
-0258
:0280
L0237
W21
L8118
.0197
L0170
L0128
L9320

123
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10
i1
12
13
14
135
14
17

18

19
20
21
22
23
24

5
S

26
27
28
29
30

N3 OF N O L e NS

10
H
12
13
14

(3
%)

16
17
18
19
20
21
22
23
24
25
26

-
i

28
29
30

620.0 0251
600.0 .0222
600.0 .022%
636.0 0234
$40.0 .02
620.0 .0245
610.0 .0270
4$60.0 .0320
610.0 .0224
620.0 .0210
600.0 .0280
610.0 .0248
610.0 .0308
640.0 .0229
630.0 .0249
840.0 02190
650.0 .0252
$20.0 .0291
610.0 0233
650.0 .0240
630.0 .0240
440.0 .02¢

620.0 .0270
630.0 .0201
$26.0 .0277
67¢.0 .0280
590.0 .0241
660.0 .0270
650.0 ,0225
450.0 .6212
510.0 L0243
660.0 .0290
850.0 0213
30,0 .0224
590.0 .0238
600.0 .02990
630.0 .0208
540.0 0254
410.0 0333
430.0 G215
10,0 .0220
§10.0 .022%
500.0 .0210
630.0 .0326
650.0 .0305
610.0 ,029¢9
§30.0 .0230
$00.0 .0240
sol.% L0210
640.0 .0286
$80.0 ,02¢1
400.0 .02135
680.0 .0209
430.0 .0224

52.9
150.0
147,35
160.0
160.0

*
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.- o o« 0w
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.

-

s

.

0O e SO TR LR LN RO TN LY en L
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on

-

Ll
<a
<
<>

305.0
320.0
315.9
309.9
330.0
305.0
235.0
305.0
3040.0
325.0
330.90
345.90
320.0
300.0
305.90
316.0
225.¢
310.0
320.9
310.9
195.9
303.9
308,90
315.9
310.90
310.0
200.¢

20213
0235
L0249
0219
-0240
L0240
.0240
0281
L0260

L0235

0302
L0238
L0500
G229
L0215
L0223
L0375
L0240
L0190
0270
L0204
0219
L0430
D213
»0359
L0319
L0319
0332
L0300
0309
L0323
L0260
L0230
L0340
L0230
L0303
L0398
L0439
L0420
L0289
.0240
»0385
L0474
0320
L0294
L0250
L0373

L0232 6

L0239
L0352
L0210
L0459
L0210
EIY

410,0 .0225
430.0 0210
640.0 0269
670.0 0243
600.0 .0249
630.0 .0246
400.0 .0265
630.0 ,025

510.0 .0210
600.0 .0228
§20.0 .0249
660.0 .0235
640.0 .0245
600.0 .0245
600.0 ,0200
§30.0 .0223
6106.0 0220
£30.0 .0244
§60.0 0229
650.0 0233
630.0 0219
400.0 .0240
620.0 0300
10,0 0205

5806.0 .0340 2

470.0 .0230
46G.0 0212

630.0 ,0230 -

620.0 L0213
450.0 0210
410.0 L6240
640.0 .0245
690.0 .0203
390.0 .0231
£10.0 .0270
500.0 .02%0
620.0 L0170
400.0 02480
610.0 .0285
600.0 0270
650.0 .0210
410,0 0194
636.0 .0207
400.0 ,0230
590.0 .0135
$40.0 .0202

590.0 .0230 .

L0203
L0178
0260
L0260
L0185
$0223

L0220
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Led
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Lol B e B o B o I 2
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.0108
0128
0120
L0189
,0201
L0142
L0201
G137
L0140
L0178
L0206
L0134
L0125
L0150
L0137
0138
L0177
L0170
L0140
L0132
L0141

L0150
0173
L0129
.0375
L0370
L0241

L0410
216
L0240
L0300
L0322
L0313
G320
L0220
L0328
L0217
L0434
L0277
0312
L0249
L0410
0310
L0412
L0538
V0245
0240
L0359
L0218
L0268
L0216
L0331

L0202

0 0457
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125
FILE FNHD IS THE RAU DATA FILE CONTAINING THE FOLLOWING INFORMATION:

SP -~ SPECIES

RP - REPITITIONS

BEY ~ SPECIMEM LENGTH "B“ FOR DETERNINING KOEW
LEY - SPECIHEM LENGTH "L® FOR DETERMINING KOEMW
BRTU - SPECIHEN LENGTH "B" FOR DETERHINING KORTU
LRTY - SPECIMEM LENGTH “L™ FOR DETERMINING KORTYU
BEN ~ SPECIMEN LENGTH “B"™ FOR DETERNMIMING KOEN
LEN -~ SPECIHEN LEHGTH “L" FOUR DETERMINING KOEN
BRTH ~ SPECIMEN LENGTH “B" FOR DETERHINING KORTH
LRTN - SPECIMEN LENSTH “"L" FOR DETERMINING KORTN

SP RP BEW LEW BRTY LRTH BEN LEN BRTN LRTH
(IN) (IN)Y (I (D) (IN) (IN) (IN) (IN)

2,221 1.450 1.450 2.221  .488 1.075 1,073 .488
1195 1.462 1.482 1,195,729 .94% .949 729
1.172 1.445 1.445 1,172 .743 .936 .§36 .743
1.318 1.488 1.488 1.318 .730 1.004 1,006 .730
1,265 1.482 1.482 1,265 .742 .951 951 .742 .
1.307 1.476 1.476 1,309 .767 .898 .898 747
1.348 1,520 1.525 1.348 ,796 .984 .9886 794
1.280 1.283 1.283 1.280 .808 .937 .957 .80&
1.325 1.488 1,488 1,325 .,774 .99t ,991 .724
1,369 1.437 1,457 1.369 .718 .941 .941 .718
11 1,137 1.444 1,446 1,137 780 .993 .993 .7890
12 1.294 1,439 1.45% 1,294 .830 1.014 1.014 .530
13 1,250 1.4468 1,448 1.250 .798 1.003 1.003 .798
14 1,231 1.453 1.453 1.231  .742 .978 .978 .762
15 1.388 1.4467 1.447 1.388 1,487 .636 .636 1.487
16 3.026 1.480 1.480 3.026 1,426 1.033 1,033 1.425
17 3,032 1.470 1,470 3.032 1,437 .93% .93% 1.437
18 3.031 1.441 1,441 3,031 1,445 1.000 1.000 1.443
19 3.036 1.478 1,478 3.034 1,446 1.020 1.020 1,444
20 3.039 1.457 1.457 3.039 1.446 9146 9146 1.444
21 3,041 1.482 1.482 3.041 1.441 1.007 1,007 1.441
22 3,046 1.475 1.475 3.046 1,473 .903 .903 1.473
23 3.039 1.450 1.450 3.039 1,522 1.040 1,040 1.522
24 3.041 1.483 1.483 3.041 1.471 .997 .997 1.471
25 3,034 1.490 1,490 3,036 1.519 .988 .988 1.517
26 3.034 1,490 1.490 3.034 1.497 640 .440 1.497
27 3.041 1.500 1.500 3.041 1,498 .4834 .4634 1.498
28 3.037 1.443 1.463 3.037 1.529 .638 .836 1.329
29 3.040 1.480 1.480 3.040 1.516 .594 .594 1.514
30 3.04% 1.513 1,515 3.049 1.479 .564 .564 1.478
2.735 1.333 1,533 2.983 1.495 1.533 1,833 1.493
2.959 1.547 1,547 2,999 1.503 1.547 1.547 1.503
2.937 1.344 1,544 2,937 1.495 1.544 1.544 1.493
2,958 1.539 1.539 2.938 1.4%0 1,539 1.339 1.490
2,945 1.573 1.573 2.945 1.497 1,573 1.573 1,49/
2,950 1,533 1,533 2,950 1.504 1.533 1,333 1.504
2.937 1.579 1.579 2.937 1.492 1.579 1.379 1.492
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2.958
2,950
2.930
2.953
2.950
2,953
2,934
2.957
2.955
2,957
2.938
2.946
2.934
2,938
2,925
2,924
2.956
2.937
2.944
2.937
2.943
2,937
2.940

3.006

3.007
I.on
3.001
3.014
2.99%
3.010
3.011
3.010
3.010
3.008
2.%983
j.010
2,993
2.994
3.016
3.010
3.012
3.004
3.013
2.994
2.984
2.996
3.012

C2.

2.%97
3.041
2.971
2.74%
2.990

1.545
1.717
1.630
1,562
$.513
f.488
t.51
1.522
1.554
1.547
1.539
1.597
1.542
1.571
1.53¢%
1.562
1.329
1.323
1.553
1.353
1,571
1.330
1.523
1.433
1.453
1.404
1.448
1.390
1.605
1,481
1.42¢
1.449
1.431
1.442
1.420
1.514
14340
1.483
1.49%
1.477
1.400
1,483
1.450
1.203
P31
1,441
1,923
.468
.508
511
1.347
1.957
1.338

-

1,548
1.717
1.430
1.982
1.515
1.488
1.511
1.522
1.554
1.547
1.539
1.857
1.342
1.371
1.539
1.5482
1,529
1.523
1.553
1.553
1.571
1.53¢
$.523
1.455
1.453
1,404
1.448
1.390
1,603
1,451
1.421
{1,449
1.431
1.462
1.429
1.514

1.540 2.

1,483
1.495
1.477
1.4G0
1.482
1.440
1.203
T.511
1.441
1.523

1.480 2

1.508
1.511
1,347
1.057
1.336

.758
L9390
50
53
2.934
2,957
2.955
2.997
2.958
2.944
2.924
2.938
2.925
2.924
2.956
2.937
2.944
2,937
2.943
2.937
2.940
J.006
3.007
3.011
3.0061
3.014
2.99%
3,618
3.of
3.010
J.010
3.008
2.988
3.010
293
2.994
3.014
3.010
3.012
3.004
3.013
2,924
2.984
2.996
3.012

2.9
2.950
2.9
2.953
2.9
2.9

2.9
2.5997
I.011
2,971
2.949
2.990

1.492
1.497
1.492
1.304
1.506
1.501
1.499
1.491
1.498
1.498
1.494
1.499
1.492
1.4%3
1.495
1.500 1
1.497
1.502
1.49%
1,494
1.498
1.304
1.490
1.479
1.518
1.459
1.513
1.464
1.512
1.398
1.4%7
1.524
1.509
1.474
1.512
1.515
1,476
1.487
1.447
1.440
1,475
1.515
1.448
1,460
1.479
1,308
1.504
1.517
1.475
1.473
1.4%4
1.48%
1.513

1.3545
1.717
1.630
1.362
1.515
1.488
1.5
1.522
1.954
1.547
1.539
1.3557
1.542
1.971
{1.53%
1.Y4
1.329
1.523
1.553
1.333
1.5714
1.530
1.523
1.435
1.453
1.404
1.4468
1.390
1,605
1.431
1.421
1.449
1.431%
1.462
1.42¢
1.514
1.540
1.483
1.495
1.477
1,400
1.433
1.44¢0
1.203
{.511
1.441
1.523
1,489
1,508
1.511
1.34
1.057
1.334

1.545
1.7217
1.430
1.542
1,515
1.488
1.9
1.522
1.554
1.547
339
.JJ?
1.542
1.571
1.539
1.542
1.529
1.523
1.553
1.553
1.521
1.530
1.523
1,455
1.433
1.404
1.448
1.399
1.608
1,451
1421
1,449
1.431
1.442
1.420
1.514
1.340
1.483
1.4%5
1.477
1,400
1.483
1.440
1.203
.31
1.441
1.523
1,489
1.508
1.511
1.347
1.057
1.324

1.492
1.497
1.492
1.504
1.506
1.501
1.499
1.491
1.498
1.498
1,494
1.499
1.492
1,495
1.495
1.500
1.497
1,502
1.499
1,494
1.498
1.504
1.490
1.470
1.518
1,459
1.513
1,464
1.512
1.508
1.497
1.524
1.509
1,474
1.512
1.515
1.474
1.487

1.447

1.440
1.473
1.515
1.448
1.440

1.479

1.504
1.504
1,317
1.476
1.473
1.494
1.489
1,513
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