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VIBRATION AND PROPAGATION CHARACTERISTICS OF WOOD 
POLES SUBJECTED TO SONIC EXCITATION 

I. INTRODUCTION 

Vibration techniques have been successfully employed as a 

non -destructive test for such materials as metals, concrete, plastics, 

glass, and ceramics (11). Only in recent years has interest devel- 

oped in vibrational testing of wood. Pellerin discusses a vibrational 

method for determining the modulus of elasticity and the modulus of 

rupture of construction lumber (13). More vibration tests will 

undoubtedly be developed to predict other mechanical properties of 

construction lumber. 

Another area of non -destructive testing is concerned with 

evaluating the condition of in- service wood poles, such as those used 

by the telephone and electric power industries. Internal decay of 

wood poles is a major problem confronting these industries. Con- 

siderable time and money would be saved if in- service poles could 

be tested quickly and reliably for internal decay. The often hazard- 

ous problem of not replacing defective poles could then be eliminated. 

Vibrational testing of wood poles is satisfactory for detecting internal 

decay and certain defects. 

The research described in this report involves vibrational 

testing of sound and decayed Douglas -fir poles as well as beams with 
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various defects. Forced vibrations and free vibrations were 

employed in exciting the samples. Forced vibrations from 5000 to 

0 hertz were used to determine the resonant frequencies of the 

samples occurring in this range. Free vibrations enabled the veloci- 

ties of the longitudinal and circumferential transverse waves to be 

evaluated. By comparing the test results of sound poles to those of 

defective poles a method is suggested for detecting internal decay 

and pitch pockets. 

It was decided to perform extensive tests on a limited number 

of samples because of the previous research by Professor L. C. 

Jensen (10). Jensen conducted tests on a large number of poles, and 

found close agreement in the responses of sound poles in the labora- 

tory and under varying conditions in the field. 

The primary goal of this report is to present the results ob- 

tained using both methods of excitation. Some mechanical models 

will be presented which could possibly explain the experimental results. 

However, detailed mathematical analyses of these models will be 

avoided in favor of emphasizing the experimental results and their 

application to non -destructive testing. 
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II. CHARACTERISTICS OF WOOD 

The three major planes of wood are the cross section, tangen- 

tial section, and radial section (1). These are illustrated in Figure 

1. The five physical features labeled 1 through 5 in Figure 1 are, 

respectively, the pith, heartwood, sapwood, living inner bark, and 

the dead outer bark. 

The pith is usually located in the center of the tree if growth 

is normal. It is small and soft, being composed of nonwoody sub- 

stance. The pith comprises the core of the tree, about which the 

annual growth rings are formed. Heartwood is the dead layer sur- 

rounding the pith. Its only function is to provide mechanical support 

for the tree. On close inspection it appears relatively dark - colored 

as compared with the sapwood. Sapwood surrounds the heartwood 

layer. It provides the conduction of moisture and mineral nutrients 

between the roots and the leaves. Both layers of bark serve as 

protective layers for the tree. 

Microscopically, wood is composed of elongated cells called 

fibers (12). Fibers are usually considerably longer than they are 

wide. The cell wall encloses the lumen, which is the cavity of the 

cell. In dead wood the lumen is usually an empty air pocket. The 

cross sections of several fibers are illustrated in Figure 2. The 

cross sections are approximately square with rounded corners. 
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Figure 1. Gross anatomy of wood. 
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Figure 2. Cross section of several wood fibers. 
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The cell wall thickness of fibers varies considerably in the 

radial direction as shown in Figure 2. This variation is due to 

different rates of growth. Early wood is formed during the spring. 

This wood grows rapidly and is characterized by relatively low 

density. The lumina of early wood are large and the cell wall 

thickness is small. Wood which grows during the later part of the 

summer is called late wood. Late wood grows slower than early 

wood and is more dense. The lumina are small and the cell wall 

thickness large as compared with early wood. The transition from 

early wood to late wood can be gradual or abrupt, depending on 

species and climate. 

Wood is an anisotropic material in that its physical properties 

are different in all three dimensions. Usually wood is assumed to 

be orthotropic, meaning that it possesses three mutually perpendic- 

ular planes of elastic symmetry (6). The three principal axes are 

shown in Figure 1. These axes coincide with the longitudinal, 

radial, and tangential directions of wood, labeled 1, 2, and 3, 

respectively. The longitudinal axis is parallel to the grain of the 

wood, which is the direction of alignment of wood fibers. The radial 

axis extends radially out from the pith and the tangential axis is 

tangent to the growth rings. 
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III. DOUGLAS -FIR 

Characteristics of Douglas -fir 

There are two major types of Douglas -fir, the Pacific Coast 

type grown along the Pacific Coast of North America, and the Rocky 

Mountain type grown in the Rocky Mountains. This research involved 

the Pacific Coast type and consequently only this variety will be dis- 

cussed. 

Douglas -fir of the Pacific Coast variety is characterized by 

sapwood whose color varies from white to pale yellow or reddish 

white (12). Its sapwood is relatively wide, averaging several inches 

in width. It is moderately hard, has distinct growth rings, and no 

characteristic taste. The early wood band is usually several times 

as wide as the late wood band. In the green condition the coast 

variety has an average specific gravity of 0.45. The early wood has 

an average specific gravity of 0. 3 and the late wood of 0. 6 (12). 

Usually the transition between early wood and late wood is relatively 

abrupt. 

Typical values for some strength properties of the coast 

variety are 2.28 (106) psi for the modulus of elasticity in longitudinal 

compression, 1.55 (106) psi for the modulus of elasticity in bending, 
3 and 7. 6 (10 ) psi for the modulus of rupture in bending (19). 
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Deterioration in wood is caused by low forms of plant life 

called fungi (19). Wood - inhabiting fungi fall into one of two groups. 

The first group is composed of wood- destroying fungi and the second 

group of wood- staining fungi and true molds. Organisms of the first 

group thrive on the nourishment of the cell walls. They disintegrate 

the walls causing complete breakdown in wood, or decay. Members 

of the second group derive their food from the nutrients in the cell 

lumina. As a result they have very little disintegrating effect on 

wood itself (12). Either heartwood or sapwood may be attacked by 

the wood -destroying fungi depending on the factors that affect their 

growth. The four major factors are temperature, oxygen supply, 

moisture content, and food supply. The color of decayed wood is 

either brown or white, called brown rot or white rot, respectively. 

The extent to which the mechanical properties of wood are 

affected depends upon the type of decay present. Wood which is 

affected by the incipient (or initial) stages of brown rot loses some 

of its toughness and also becomes brash (brittle) (12). However, 

wood suffers little weakening from white rot until the decay becomes 

more advanced. The various strength properties of wood are affected 

at different stages of decay. Toughness, which is resistance to 
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impact, is affected first. Other strength properties, in the order of 

their susceptibility to decay, are bending strength, compression 

strength, hardness, and bending elasticity (12). 

Pitch Pockets 

Pitch pockets are cavities between the growth rings of wood. 

These cavities contain resin (or pitch) in either solid or liquid form. 

The shape of their cross section is planoconvex and averages less 

than one -half inch in radial thickness. Their dimension parallel to 

the growth rings averages about two inches and longitudinally from 

two to eight inches. However, considerable variation does occur in 

their size. Some investigators have reported that single pockets in 

Douglas -fir may contain several gallons of resin (12). 

Pitch pockets affect the strength of wood depending on their 

abundance, size, and location in the sample. If pitch pockets are 

located in or near the central plane of wood samples subjected to 

bending, they may reduce the resistance to horizontal shear. How- 

ever, they are seldom large enough to cause shear failure directly 

(19). If they are located near the middle of either end of the sample 

they may reduce the resistance to compression or tension. 

Knots 

Knots are the most common defect occurring in wood (19). 
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They are branch bases which are embedded in the trunk of the tree. 

A tangential section of a knot shows that the grain orientation is 

laterally distorted around the knot and passes in a wide sweep on 

either side. This distortion is known as cross grain and its size 

is directly proportional to the size of the knot (12). 

The mechanical properties of wood are affected by the presence 

of knots. The knot itself is harder than the normal wood. Compres- 

sion strength, hardness, and shear characteristics are actually 

increased if only sound, tight knots are present. The major reduc- 

tion in the strength properties of wood is caused by the grain distor- 

tion in the wood around the knot. Cross grain reduces the tensile, 

compressive, and bending strengths of wood, with bending strength 

suffering the greatest reduction (19). Cross grain also reduces 

stiffness, increases the tendency toward checking, and can cause 

serious twisting in wooden poles (12). 

Checks 

Checks are cracks in the wood running along the grain. They 

are caused by unequal shrinkage in the radial and tangential direc- 

tions. The presence of checks considerably decreases the strength 

of wood, especially in shear. This is primarily due to the reduction 

in surface area which offers resistance to shear. Checks have little 

affect on the tension properties of wood if the load is applied in the 
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direction of the fibers. However, if the load is applied perpendic- 

ular to the fibers the strength in tension will be reduced. This 

reduction in tension strength is also due to the decrease in surface 

area. Compression strength is reduced as a result of the unequal 

distribution of stresses caused by the presence of checks. Since 

the stresses are not of uniform intensity failures, occur at lower 

average loads than in samples free of checks (19). 
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IV. VIBRATIONS OF WOOD 

This research employed both forced and free vibrations. 

Forced vibrations are defined as those produced by external periodic 

forces. Free vibrations occur when an elastic material (such as 

wood) is displaced from its equilibrium position and released, 

allowing it to vibrate freely (13). 

Under forced vibrations the amplitude of vibration of a wood 

sample depends on the frequency of the vibrating force. This 

assumes that the force is constant for all frequencies. There are 

certain frequencies at which the sample responds with maximum 

amplitude of vibration, called resonant frequencies. The resonant 

frequencies occurring under forced vibrations are the same fre- 

quencies at which the sample would vibrate under free vibrations (1). 

There are at least three different kinds of vibrations which can 

occur in wood, longitudinal, transverse, and torsional. In Figure 3 

these three types of vibrations are illustrated. Longitudinal vibra- 

tions take place when the motion of the particles is back and forth 

along the direction of propagation. If the motions of the particles 

are perpendicular to the direction of propagation then transverse 

vibrations are present. Torsional vibrations result when the motions 

of the particles are circular about the long axis of the sample (14). 

In each of the three types of vibrations there are certain resonant 
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(a) 
Longitudinal Vibrations 

1 

(b) 
Transverse Vibrations 

(c) 
Torsional Vibrations 

Figure 3. Three types of vibrations in wood. 
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frequencies. These frequencies depend on the dimensions of the 

sample, its density, and its modulus of elasticity (1). In addition 

to these vibrations there appear to be localized vibrations occurring 

in the wood which are not functions of its gross dimensions. These 

vibrations will be discussed in Chapter VII. 
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V. EXPERIMENTAL PROCEDURES 

Description of Sample Material and Testing 

Douglas -fir poles and beams of the Pacific Coast variety were 

investigated. The poles were treated with the usual creosote com- 

pound used for preservation by the telephone and electric power 

industries. They were collected about two years prior to this re- 

search and stored inside at room conditions during the interim. 

Several defective beams were collected approximately five months 

before this research and stored along with the poles. It will be 

assumed that the samples were at a room temperature of 70 degrees 

Fahrenheit and an air -dry condition of 12 percent moisture content. 

One sound pole and four defective poles with varying degrees of 

brown rot were tested. These poles had diameters ranging from ten 

to twelve inches. The sound pole was eight feet long and the decayed 

poles had lengths between one and three feet. Eight defective beams 

were also tested, having defects of white rot, pitch pockets, knots, 

and checks. The end views of these beams are illustrated in Figure 

4, and the defects are itemized in Appendix Table IX. All of the 

beams had lengths in the range of twenty -five to fifty inches and 

approximate cross -section dimensions of two and one -half by six 

inches. 

In all cases the samples were positioned standing on a concrete 
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#1 

#2 

#3 

#4 

#5 

#6 

Checks 

Numbers correspond to sample numbers. 

#8 

Figure 4. End views of defective beams. 
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floor. Excitations were initiated in the horizontal plane, perpendic- 

ular to the longitudinal axis of the sample. 

Forced Vibrations 

Equipment 

Forced vibrations were excited by using a vibration generator 

as illustrated in the circuit of Figure 5. The vibration generator 

was driven by a synchro -sweep generator which produces a signal of 

constant amplitude but varying in frequency from 5000 to 0 hertz. 

Vibrations were detected by a piezoelectric accelerometer. 

This device produces a voltage at its terminals proportional to its 

acceleration in a single direction. The output from the accelerom- 

eter was displayed on an oscilloscope by using a spectrum analyzer. 

The oscilloscope displayed the vibrations and their amplitudes as 

experienced by the accelerometer. Synchronization of the equipment 

insured that the frequency displayed on the oscilloscope was identical 

to that of the vibration generator. 

A plastic plunger approximately one - eighth of an inch in 

diameter transmitted the vibrations from the vibrator (vibration 

generator) to the sample. This plunger rested on the surface of the 

pole due to the pressure of four springs arranged around the vibra- 

tor. To secure the vibrator a mounting device with four rubber feet 
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Figure 5. Circuit used for forced vibration tests. 
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was strapped to the sample with a belt. No significant vibrations 

were transmitted to the pole by the rubber feet or belt configuration. 

Two mounting pins were used to mount the accelerometer. These pins 

were one and five inches in length. The pins tapered to a point and 

were driven about one -eighth of an inch into the sample. 

Tests on the Sound Pole 

Three series of forced vibration tests were performed on the 

sound pole. The first two tests measured the vibration response on 

the surface of the pole at various positions directly below the 

vibrator. The only difference in the two tests was in the use of the 

short mounting pin in the first test and the long mounting pin in the 

second test. The second test was performed to determine if the long 

pin had any affect on the response. The third series of tests 

measured the vibration response of the pole at various positions 

directly below the vibrator, and for each of these positions for four 

depths into the pole. Measurements were made on the surface and 

at depths of one, two, three, and four inches. To obtain the readings 

inside the pole it was necessary to drill a hole one -quarter of an 

inch in diameter at each of the positions below the vibrator. This 

required that the accelerometer be used with the long mounting pin. 
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Tests on Defective Samples 

Forced vibrations were measured in two classes of defective 

samples, decayed poles and beams with various defects. Two series 

of tests were performed on the decayed poles. In both tests the 

vibrator was mounted on the side of the pole in the position where 

the decay pocket was nearest the surface. The layer of sound wood 

over the decay pocket was approximately one inch thick for all of the 

samples. The first test measured the vibrations at several positions 

below the level of the vibrator on the same side of the pole and on the 

opposite side of the pole. A pole with a decay pocket comprising 

approximately thirty percent of the cross -sectional area was used 

for this test. In the second test vibrations were measured at six 

inches directly below the vibrator for poles with internal decay 

pockets comprising about ten, twenty, and thirty percent of the cross - 

sectional area. Vibrations were measured on two sides of each of 

the eight beams. The vibrator and accelerometer positions are 

indicated by S and F in Figure 4, corresponding to a two and one -half 

inch side and a six inch side, respectively. In each case the acceler- 

ometer was located six inches directly below the vibrator. 

Recording of Data 

The data were photographically recorded with a Polaroid 

camera. A typical series of oscillograms is shown in Figures 6a 
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through 6e. These oscillograms are the vibration frequency response 

of the sound pole at a distance of eight inches below the vibrator for 

several depths into the pole. In these Figures L is the spacing 

of the accelerometer down the pole from the vibrator, and d is 

the depth into the pole. The frequency is scaled along the horizontal 

axis from 5000 hertz on the left side of the oscillogram to 0 hertz on 

the right side. The vertical scale represents the amplitude of 

acceleration of the sample at different frequencies. The amplitudes 

were recorded in percentages of 0.33 volts, which represents an 

acceleration of 6.13 times that of the earth's gravity (or 6.13 g's). 

This value was chosen because it was the largest voltage readable on 

the scales of the spectrum analyzer which was used in this experi- 

ment. In Figure 6b the peak marked B has an amplitude of 0.04 volts, 

representing an acceleration of 0.86 g's. In recording this peak the 

amplitude has been converted to percent. The resulting tabulated 

value for the peak marked B is 14 percent (refer to Appendix Table 

III, frequency 1600 hertz). Figure 7 illustrates the response from 

a pole with a decay pocket comprising about twenty percent of the 

cross - sectional area. The accelerometer was six inches directly 

below the vibrator. 

Interpretation of Data 

Several problems were encountered in determining which 
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5000 hertz (a) 
L 8" 
d = 0" 

0 hertz 

5000 hertz (b) 
L 8" 

d = 1" 

0 hertz 

Figure 6. Forced vibration response of sound pole. 
L = spacing between vibrator and accelerometer 
d = depth into pole 
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5000 hertz (c) 
L 8" 

d=2" 

5000 hertz (d) 

L = 8" 
d =3" 

0 hertz 

0 hertz 

Figure 6 (continued). Forced vibration response of sound pole. 

L = spacing between vibrator and accelerometer 
d = depth into pole 
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5000 hertz (e) 0 hertz 
L = 8" 

d = 4" 

24 

Figure 6 (continued). Forced vibration response of sound pole. 
L = spacing between vibrator and accelerometer 
d = depth into pole 

5000 hertz 0 hertz 
A low frequency of greatest amplitude 
B high frequency of greatest amplitude 
C 1100 hertz frequency component, separation 

of low and high frequency bands 

Figure 7. Vibration of decayed pole with decay pocket comprising 
about 20 percent of cross -sectional area. 
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frequency components were actually present in a given oscillogram. 

Consider the series of oscillograms shown in Figure 6. Only four 

distinct peaks are indicated in Figure 6a, corresponding to those 

marked A, B, C, and D. However, the waveform from E to F is 

not as easily interpreted because there are no significant peaks 

present. As an example, only those vibrations in this range which 

appeared as distinct peaks in the majority of the other oscillograms 

were recorded. 

Another difficulty is illustrated by comparing the peak marked 

B in Figures 6a and 6b. This peak is shifted to the right about one - 

tenth of a centimeter in Figure 6b. However, examination of the 

following Figures shows that this peak continues to fluctuate between 

these two positions. The peaks marked A, C and D remained in 

approximately the same positions throughout the sequence of five 

Figures, so drifting of the equipment was not the problem. In this 

case, and in others involving a similar problem, the peak marked B 

was considered to be one resonant frequency, having the same value 

in all of the oscillograms. If the position of a peak varied more than 

two - tenths of a centimeter it was considered as two different resonant 

frequencies. 

Sometimes a frequency component would appear as a distinct 

peak in one oscillogram and be obscured in the other oscillograms. 

This is illustrated by the peak G shown in Figure 6c. In Figures 6a, 
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6b, 6d, and 6e this frequency component does not appear as a sharp 

peak. In situations like this it is assumed that this particular 

component is the result of some internal interference associated 

with the adjacent frequency component at this particular depth. Con- 

sequently the amplitude of peak G is not recorded. 

Free Vibrations 

Only the sound pole was tested using free vibrations. These 

vibrations were excited by using the circuit shown in Figure 8. A 

sharp blow produced by the impacter caused a transverse wave to 

travel over the surface of the pole. Two different positions were 

used for the accelerometers. These positions are shown in Figure 

9. The spacing between the accelerometers is referred to as L. 

Shown in Figure 10 is a typical oscillogram taken using the configura- 

tion of Figure 9b with L equal to eight inches. 

A dual trace preamplifier was used in conjunction with the 

oscilloscope. The upper trace of the oscilloscope was the output 

from accelerometer A and the lower trace was the output from 

accelerometer B. When the transverse wave arrived at accelerom- 

eter A the oscilloscope trace was triggered. 

The horizontal separation between the outputs of the two 

accelerometers, as shown in Figure 10, is proportional to the time 

required for the wave -front to travel between the accelerometers. 
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Figure 8. Circuit used for free vibration tests. 
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(a) 

Side view of pole 

(b) 

Impacter 

Accelerometer A 

Accelerometer B 

Accelerometer B 

Accelerometer A 

Figure 9. Configurations for measuring transverse 
velocity of propagation in longitudinal and 
circumferential directions. 



4- time delay -3 

Configuration of Figure 9(b) with L ï 8" 

Figure 10. Free vibration response of sound pole. 
Sweep rate of oscilloscope = 0. 1 ms /cm. 
The upper waveform is the output from 
accelerometer A, and the lower waveform 
is the output from accelerometer B. 
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Measurements of this time delay were made for various values of L 

for both of the configurations of Figure 9. In all cases accelerometer 

A was used as a reference. The time delay between accelerometers 

A and B due to the displacement of accelerometer B enabled the 

velocity of the wave -front to be determined. 

Figure 10 shows the initial pulse of accelerometer A to be 

positive and that of accelerometer B to be negative. The initial 

pulse of accelerometer A is actually negative and appears similar 

to that of accelerometer B. This negative pulse of accelerometer A 

is not shown in Figure 10, however, since the oscilloscope was 

adjusted to trigger on the first positive slope of the output of 

accelerometer A. If there had been a smaller separation between 

accelerometers A and B, part of the initial negative pulse of 

accelerometer B might also have been eliminated. To obtain the 

time delay between accelerometers A and B the distance between the 

first positive peaks of each waveform was measured. This distance 

is converted to time by using the horizontal sensitivity setting on 

the oscilloscope. 
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The amplitudes of the different frequency components at which 

the sample vibrated can be determined from the photographs. These 

data are given in Appendix Tables I through IX for the experiments 

using forced vibrations. 

Appendix Tables I t h r o u g h III give the data for the three 

series of tests on the sound pole, The sound pole has only four sig- 

nificant resonant frequencies. They are 1300, 1600, 1800, and 2000 

hertz. The data taken at depths of three and four inches indicate the 

presence of several vibrations in addition to these four. However, 

the mean values of all of these additional vibrations are very insig- 

nificant. Almost no vibrations are present in the range 0 to 1100 

hertz. If a component does occur in this range its value is one of 

the two lowest values detectable, 0. 1 or 0.2 percent in amplitude. 

These vibrations are therefore observable only when maximum gain 

is used in the equipment due to a relatively large spacing between the 

vibrator and the accelerometer. They could be attributed to noise 

present in the equipment. At smaller spacings these vibrations have 

zero amplitude. 
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Detailed data were taken to determine the variations in 

amplitude of the frequency components as a function of spacing from 

the vibrator. These data were taken on only the sound pole. Figures 

11 through 28 show the amplitudes of the frequency components at 

various distances below the vibrator and at several depths into 

the sound pole. 

Some conclusions can be made concerning the amplitudes of 

the frequency components as a function of distance from the vibrator 

and depth into the pole. Examination of Figures 13, 16, 19, and 22 

shows that on the surface of the pole the amplitudes of ail the 

frequencies except 1600 hertz decrease as the distance from the 

vibrator is increased. These frequencies appear to decay as an 

exponential function. The 1600 hertz component is a standing wave, 

with peaks occurring between ten and twelve inches and between 

twenty and twenty -four inches. These distances correspond to one 

and two times the diameter of the pole, Perhaps the propagation of 

the stress wave inside the pole is a function of the frequency at which 

it vibrates and its diameter. 

For any distance from the vibrator the amplitudes decrease as 

the depth into the pole increases (refer to Figures 27 and 28, and 

Appendix Table 1V) The amplitudes decrease because the stress 

wave is attenuated while t_raveliii i through the pole. Not enough 

depths were investigated to verity if this relationship is exponential. 
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Figure 11. Amplitude of vibration of 1300 hertz 
component versus spacing down the 
sound pole with a short mounting pin. 
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Figure 12. Amplitude of vibration of 1300 hertz 
component versus spacing down the 
sound pole with a long mounting pin. 
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Figure 13. Amplitude of vibration of 1300 hertz 
component versus spacing down the 
sound pole with a long mounting pin 
in the presence of holes. 
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Figure 14, Amplitude of vibration of 1600 hertz 
component versus spacing down the 
sound pole with a short mounting pin. 
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Figure 15. Amplitude of vibration of 1600 hertz 
component versus spacing down the 
sound pole with a long mounting pin. 
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Figure 16. Amplitude of vibration of 1600 hertz 
component versus spacing down the 
sound pole with a long mounting pin 
in the presence of holes. 
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Figure 17, Amplitude of vibration of 1800 hertz 
component versus spacing down the 
sound pole with a short mounting pin, 

G 

U 

000 O 0 
o 

o 

0 O O 

I I I i 

0 



40 

50.0 

40.0 

10.0 

0 

0 10 20 30 40 

Spacing from Vibrator - Inches 

50 

Figure 18. Amplitude of vibration of 1800 hertz 
component versus spacing down the 
sound pole with a long mounting pin. 
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Figure 19. Amplitude of vibration of 1800 hertz 
component versus spacing down the 
sound pole with a long mounting pin 
in the presence of holes. 
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Figure 20, Amplitude of vibration of 2000 hertz 
component versus spacing down the 
sound pole with a short mounting pin. 
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Spacing from Vibrator Inches 

Figure 21. Amplitude of vibration of 2000 hertz 
component versus spacing down the 
sound pole with a long mounting pin. 
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Figure 22. Amplitude of vibration of 2000 hertz 
component versus spacing down the 
sound pole with a long mounting pin 
in the presence of holes. 



45 

15.0 

0 

0 
0 

Co 
o 0 

i i i i i 

0 10 20 30 40 50 

0 

Spacing from Vibrator - Inches 

Figure 23. Amplitude of vibration of 1600 hertz 
component versus spacing down the 
sound pole at a depth of one inch, 
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Figure 24, Amplitude of vibration of 1600 hertz 
component versus spacing down the 
sound pole at a depth of two inches. 
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Figure 25. Amplitude of vibration of 1600 hertz 
component versus spacing down the 
sound pole at a depth of three inches. 
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Figure 26. Amplitude of vibration of 1600 hertz 
component versus spacing down the 
sound pole at a depth of four inches. 
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Figure 27. Amplitudes of vibration of the sound 
pole versus depth into pole at three 
inches below vibrator. 
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Figure 28. Amplitudes of vibration of the sound 
pole versus depth into pole at twenty - 
four inches below vibrator. 
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Appendix Table IV gives the average value of the amplitudes of 

vibration for a given depth. The means indicate that the amplitudes 

decrease differently for each of the frequency components. The 

mean of the 1300 hertz component decreases from a value of 2.0 per- 

cent on the surface to 1.0 percent at a depth of four inches, 1600 

hertz from 5.5 percent to 1.4 percent, 1800 hertz from 13.7 percent 

to 0.9 percent, and 2000 hertz from 2. 7 percent to 0. 9 percent. 

Tests on Defective Samples 

The amplitudes of the vibrations of the sound pole are normal- 

ized to a common value. Comparisons of amplitudes can therefore 

be made among Appendix Tables I, II, and III. However, the data 

for the defective poles and beams are not scaled. For these data it 

is necessary to use a different method for comparison than ampli- 

tudes. One method is to compute the amplitude ratio of the largest 

amplitude of vibration in the low frequency range, 0 to 1100 hertz, 

and the largest amplitude of vibration in the high frequency range, 

1200 to 5000 hertz, for each oscillogram. These ranges were sug- 

gested by the data. In tests on the sound pole there were almost no 

vibrations present in the low frequency range. However, in defec- 

tive samples vibrations occurred quite often in this range. The 

amplitude ratio is zero for 77 of the 99 oscillograms from the sound 

pole. Only four of these oscillograms have ratios greater than 0. 1. 
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Appendix Tables V through IX give the data for the vibration 

tests on defective specimens. Appendix Tables V and VI show the 

significant vibrations present when the vibrator is mounted over a 

decay pocket comprising approximately thirty percent of the cross - 

sectional area. Data were taken with the accelerometer mounted on 

the same side of the pole as the vibrator and on the opposite side. 

The amplitude ratios for these data varied from O. 18 to 1. 00 

In Appendix Table VII data are given for the vibration response 

of poles with decay pockets comprising approximately ten, twenty, 

and thirty percent of the cross - sectional area. The vibrator was 

mounted over the decay pocket with the accelerometer six inches 

directly below the vibrator. The amplitude ratios for these data 

are 0. 28 for the pole with a ten percent decay pocket, 0. 61 for the 

pole with a twenty percent decay pocket, and 0.86 for the pole with a 

decay pocket of thirty percent. These amplitude ratios are approxi- 

mately proportional to the size of the decay pockets. 

Appendix Table VIII gives the data recorded from the vibration 

response of several defective beams. Greater fluctuations in the 

amplitude ratios were observed. They ranged from 0 to 1. 31, with 

an average value of 0. 30. These variations will be explained in 

Chapter VII. 
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Discussion of Effects of Experimental Procedures 
on Data for the Sound Pole 

Any differences between the first and second tests performed 

on the sound pole could be attributed to the two different lengths of 

mounting pins used for the accelerometer. In the first test a short 

mounting pin was used and in the second test a long pin was used. 

Comparison of the results of these two tests can be made by 

referring to Figures 11 and 12 for the 1300 hertz component, Figures 

14 and 15 for 1600 hertz, Figures 17 and 18 for 1800 hertz, and 

Figures 20 and 21 for the 2000 hertz component. The responses 

of the 1300, 1800, and 2000 hertz components are similar for both of 

the tests. Some variation does occur in the amplitude of the 1600 

hertz frequency component. In Figure 14 only one peak in amplitude 

is indicated. This peak occurs at a distance of twelve inches below 

the vibrator. However, in Figure 15 two peaks occur, one at ten 

inches and the other at twenty inches. The peak in Figure 14 occurs 

two inches below the corresponding peak in Figure 15. If a second 

peak had been present in Figure 14 it would be reasonable to assume 

that this peak would also be shifted down the pole two inches. This 

peak would then have occurred at approximately twenty -two inches. 

However, data were taken only at twenty and twenty -four inches. 

Since all of these peaks are very sharp it is possible that one at 

twenty -two inches in Figure 14 would not have been detected. 
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Because of this possibility, and the fact that the results of the other 

frequency components were similar in both tests, it is concluded that 

the length of the mounting pin does not affect the results. 

Data were taken on the surface of the pole in both the second 

and third tests. The only difference in the two tests was due to the 

presence of the one -quarter inch diameter holes in the third test. The 

holes were drilled an inch at a time so that data could be obtained at 

intervals of one inch into the pole. Data were taken starting near the 

vibrator, and consequently a test might have been affected by the holes 

between the accelerometer and the vibrator. Comparison of the re- 

sults of these two tests can be made by referring to Figures 12 and 

13 for the 1300 hertz component, Figures 15 and 16 for 1600 hertz, 

Figures 18 and 19 for 1800 hertz, and Figures 21 and 22 for the 2000 

hertz component. The responses of all the frequency components are 

similar for both of the tests. There is a difference in the 1600 hertz 

component. It has peaks at ten and twenty inches in the second test 

(Figure 15), and at ten and twenty -four inches in the third test (Figure 

16). However, these differences are not significant. It is concluded 

that the holes have no appreciable affect on the results. 

Free Vibrations 

The main reason for using free vibrations was to determine 

the velocity of the transverse wave -front in two directions, down the 

length of the pole and around the circumference of the pole. These 
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two velocities can be determined using the configurations of Figures 

9a and 9b, respectively. 

The time lapse between accelerometers A and B, for several 

values of spacing L, is recorded in Appendix Table X for the con- 

figuration of Figure 9a. In Figure 29 time lapse is plotted as a 

function of spacing. This relationship is linear in the longitudinal 

direction and has the following equation: 

t = 23.4L 

In this equation t is the time lapse in microseconds and L is 

the spacing in inches. The slope is 23.4 microseconds /inch. The 

reciprocal of the slope gives the velocity of the transverse longitu- 

dinal wave as 42, 700 inches/ second, or 3560 feet/ second. 

Appendix Table XI gives the data recorded for the configuration 

of Figure 9b. In Figure 30 time lapse is plotted as a function of 

spacing. The relationship is linear until a spacing of 13 inches is 

reached. This spacing is about half way around the pole from the 

impacter. At a spacing of 14 inches the accelerometer B is actually 

responding to the wave coming around the pole in the opposite direc- 

tion. If the 13 inch spacing had been exactly half way around the pole 

then the time lapse at spacings 12 and 14 inches would be the same. 

However, the time lapse at 12 inches is 610 microseconds and at 

14 inches is 510 microseconds. The equation for the circumferential 

time lapse at spacings up to 13 inches is 



56 

Spacing - Inches 

Figure 29. Time delay versus longitudinal 
spacing between accelerometers. 
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t = 52.1L 

The velocity of the transverse wave around the pole is 19,200 

inches /second, or 1600 feet /second. Comparison with the velocity 

of the longitudinal wave shows that the transverse wave travels 2.22 

times faster longitudinally than circumferentially. 
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VII. DISCUSSION OF MODELS 

Sound Pole 

Several models were investigated in an effort to explain the 

transverse vibrations in a sound pole of 1300, 1600, 1800, and 2000 

hertz. The first model assumed that the pole acted as a cantilever 

beam, with one end fixed to the floor and the other end free to 

vibrate. Another model consisted of a series of concentric rings 

separated by mechanical springs. The third model assumed that the 

walls of the fibers were free to vibrate in the lumina. A model pro- 

posed by Jayne was also evaluated (9). 

If the pole is assumed to be a cantilever beam then its resonant 

frequency would be about 1.5 hertz. The computation of this fre- 

quency is given in Appendix II. The symbols used in all of the com- 

putations are defined in Appendix I. This computation is not exact 

because of some assumptions made in the equation. These assump- 

tions are not of sufficient magnitude to give the frequencies of 1300, 

1600, 1800 or 2000 hertz. However, vibrations as a cantilever 

beam might still have occurred. The lowest frequency which the 

spectrum analyzer can observe is about 50 hertz so 1.5 hertz would 

not have been detected. 

The model of concentric rings is illustrated in Figure 31. The 
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late wood bands 

springs replacing early wood bands 

Figure 31. Cross- sectional view of model of wood 
pole assuming late wood bands separated 
by springs. 
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rings represent bands of late wood separated by springs replacing 

the early wood. This model was suggested by the two to one ratio 

of the density of late wood to that of early wood. The model is 

approximate because the early wood is not an ideal spring and the 

late wood is not an incompressible mass. Mathematical analysis of 

this model is complicated because of the number of rings and the 

three dimensional wave propagation. However, such a model would 

give rise to several resonant frequencies. 

The cell walls might vibrate as a thin plate within the lumina. 

Computations of the resonant frequencies are given in Appendix III. 

This frequency is about 720,000 hertz for early wood fibers and 

about 3,600,000 hertz for late wood fibers. Errors caused by 

approximations in these computations are not large enough to give 

the observed frequencies. However, vibrations of the cell walls may 

still have occurred. Since the spectrum analyzer was adjusted to 

observe only frequencies under 5000 hertz frequencies greater than 

this would not have been detected. If these vibrations had occurred 

they would have been quite small since they were not detected by the 

tests using free vibrations. 

Jayne discusses a model which appears similar to a cross - 

sectional view of the wood fibers (9). The cell walls are replaced 

with a parallel spring and damper arrangement. This model would 

give rise to several resonant frequencies depending on the 
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characteristics of the individual cell walls. There will be two 

differential equations for each cell wall, one for each direction of 

the cross section (radial and tangential). Analyses of these equations 

is very complex, mainly because of their large number. However, 

with the use of a computer the empirical data can be used to evaluate 

the spring constants and the damping factors of the model. These 

spring constants and damping factors will then give the resonant 

frequencies of 1300, 1600, 1800, and 2000 hertz. 

Defective Samples 

Vibrations in the range 0 to 1100 hertz were present only in the 

decayed poles and defective beams. In decayed poles these vibra- 

tions might be due to the vibration of the layer of sound wood over the 

decay pocket. The layer of sound wood can be assumed to be an 

infinitely long rectangular plate with two edges clamped tight. The 

computation of the resonant frequency is given in Appendix IV. For 

a layer of sound wood one inch thick and four inches wide this fre- 

quency is about 630 hertz. The frequency varies directly with thick- 

ness and inversely with the square of the width. Thus, for smaller 

decay pockets the frequency would increase and could be greater than 

1100 hertz. 

If the defective beams are assumed to vibrate as cantilever 

beams the vibration is about 6.8 hertz for the smaller beams and 
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2. 0 hertz for the larger ones, as given in Appendix V. Vibrations in 

this range would not have been detected by the spectrum analyzer, 

but they may still have occurred. The vibrations that were observed 

in the range 0 to 1100 hertz are probably localized resonances 

caused by the presence of defects. The defective areas have low 

values for the modulus of elasticity. Surrounding areas of sound 

wood have relatively large values, and consequently they might 

vibrate into the defective areas. 

The end views of the defective beams are illustrated in Figure 

4, and the defects are itemized in Appendix Table IX. The amplitude 

ratios obtained from the defective beams were affected by the type, 

size, and location of defects. The ratios were affected by the posi- 

tions of the vibrator and accelerometer with respect to the locations 

of the defects, and also the grain orientation of the samples. 

Sample 1 has relatively small amplitude ratios on both sides, 

F and S. This is reasonable since only minor brown rot and knots 

are present. The amplitude ratios of Samples 2 and 3 are similar. 

White rot is present throughout each beam in approximately the 

same proportions, and it is for this reason that the ratios have such 

close agreement. 

Sample 4 has small ratios on both sides because of minor pitch 

pockets. However, Sample 5 has a large amplitude ratio on side F 

and a zero amplitude ratio on side S. The difference in the two ratios 
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is due to the orientation of the pitch pockets between the growth rings. 

On side F the layer of sound wood over the pitch pocket can vibrate 

similarly to the layer of sound wood over a decay pocket, as dis- 

cussed previously. The dimensions of the layer of sound wood would 

give resonant frequencies around 600 hertz, resulting in a large 

amplitude ratio (refer to Appendix IV) . On side S the layer of sound 

wood extends through the sample, thus giving rise to vibrations in 

the order of five hertz (refer to Appendix V). Since this frequency 

could not be detected the amplitude ratio is zero. 

The amplitude ratios of Samples 6 and 7 are smaller than that 

of Sample 8. This is because Sample 8 has severe checks compared 

to Samples 6 and 7. The sound portions of the beams can vibrate in 

a manner similar to that of the layer of sound wood over decay or 

pitch pockets. 
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The sound pole has resonant transverse vibrations of 

approximately 1300, 1600, 1800, and 2000 hertz. These vibrations 

could be explained by a model composed of concentric rings of late 

wood separated by springs, or by Jayne's model where the fiber walls 

are replaced by springs and dampers. 

With the exception of 1600 hertz, the amplitudes of vibration 

decrease as the distance from the vibrator is increased. The ampli- 

tude of the 1600 hertz component peaks at distances from the vibrator 

corresponding to one and two times the diameter of the pole. The 

amplitudes also decrease as the depth is increased. At depths of 

three and four inches the amplitudes are only one -tenth to one -half 

of their values on the surface. 

The sound pole has no significant vibrations in the range 0 to 

1100 hertz. At large spacings from the vibrator some insignificant 

vibrations are present in this range. These vibrations could be 

attributed to noise in the equipment. Since there are no significant 

vibrations in the range 0 to 1100 hertz the amplitude ratio is very 

close to zero for the sound pole. 
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Defective Samples 

Decayed poles have vibrations throughout the range 0 to 5000 

hertz. The vibrations in the range 0 to 1100 hertz are probably those 

of the layer of sound wood over the decay pocket. The amplitude 

ratio appears to be directly related to the size of the decay pocket, 

and is greater than 0. 1 for decay pockets comprising more than ten 

percent of the cross -sectional area. 

Defective beams also have vibrations throughout the range 0 to 

5000 hertz. The vibrations in the range 0 to 1100 hertz are caused 

by the presence of defects. The defective areas have low values for 

the modulus of elasticity. Surrounding areas of sound wood have 

relatively large values, and consequently they vibrate within the 

defective areas. 

Applications of Forced Vibrations 

Brown rot in wood poles can be detected by the forced vibration 

technique. For decay pockets comprising at least ten percent of the 

cross- sectional area a device capable of measuring amplitude ratios 

as low as O. 1 is necessary. Intermediate stages of white rot, as 

well as pitch pockets moderately close to the surface, cause amplitude 

ratios greater than 0. 1. Thus, forced vibrations can also be used to 

detect these defects. 
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Free Vibrations 

When a sound pole is given a sharp blow a transverse stress 

wave travels in all directions over the surface of the pole. The wave 

travels circumferentially around the pole in both directions at a 

velocity of 1600 feet /second. The velocity of the wave in the longi- 

tudinal direction is 3560 feet /second. 
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APPENDIX I 

Definition of the symbols used in Appendices II through V. 

a = width in the tangential direction 

D. = flexural rigidity in the ith direction (i equals 1, 2, and 3 in 
the tangential, longitudinal, and radial directions, respec- 
tively) 

E = modulus of elasticity 

f = resonant frequency 

h = width in the radial direction 

k = radius of gyration 

L = length 

m = constant dependent on the support of the sample and the mode 
of vibration 

= density 

r = radius 

P 
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APPENDIX II 

Calculation of the resonant frequency of a wood pole supported as a 

cantilever beam. 

km2 
2 

^-E 

--p 

1/2 
(4) 

2TrL 

E = 1.6(106) lbs /in2 (19) 

L 

m 

= 96 inches 

= 1.9 (4) 

p 

r 

= 1.6(10-2) lbs /in3 (19) 

= 5.2 inches 

k = r/2 = 2.6 inches (7) 

1/2 
(2. 6) (1. 9)2 1. 6(106) 

= 1.5 hertz 
2) 2 Tr (96)2 1. 6(10 

f 

f 

= 



APPENDIX III 

Calculation of the resonant frequency of cell walls vibrating as thin 

rectangular plates clamped on all four edges. 

1/2 
f = 2L2 

{126 
[ D1L4 + D2a4 + 4D3a2L2/7 ] 

P 

Early wood 

a = 1.2(10-3) inches (16) 

D1 = 4. 7(10 -7) lbs /in2 

D2 = 5.7(10 -7) lbs /in2 

D3 = 2.1(10-7) lbs /in2 
-4 

h = 1.1(10 ) inches (16) 

L = 0. 18 inches (12) 

p = 5.4(10 lbs /in3 (18) 

1 126 

1r[ 1. 2(10-3)]2 [0.1832 [5.4(10-2)] [ 1. 1(10 -4)] 

[ [4.7(10-7)] [0.1834 + [5.7(10-7)] [1.2(10-3)]4 + 

4[2. 1(10 -7)] [1.2(10-3)32 [o. 
2 /7] 1/2 

= 720, 000 hertz (early wood) 

Late wood 

a = 7.9(10 -4) inches (16) 

D1 = 5.4(10 6) lbs /in2 

D2 = 6. 5(10 6) lbs /in2 

D3 = 2.4(10-6) lbs /in2 

72 

(5) 

-2) 

f 
1 

1l 



h = 2.5(10-4) inches (16) 

L = 0.2 inches (12) 

p = 5.4(10 2) 
lbs /in3 (18) 

1 
= 

Tr [7. 9(10-4)] 2 [ 0.2] 2 

[[54(10-6] [0.2] 4 

126 

[5.4(10-2)] [2.5(104)] 

[6. 5(10-6)] [7. 9(10 
4)] 4 

4 [2.4(10-6)] [7.9(l0 4)] 2 [0.2] 2/7 

= 3,600,000 hertz (late wood) 

1 /2 

73 

+ -F 
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APPENDIX IV 

Calculation of the resonant frequency of the layer of sound wood over 

a decay pocket. 

a = 4 inches 

1 
f 

126D 
1/2 

(5) 
Trat ph 

D1 

h 

= 1.3(105) lbs /in2 

= 1 inch 

L = co 

p = 1.6(10-2) lbs/in3 (19) 

f 
1 126 1.3(105)] - 1/2 

= 630 hertz 
7(4)2 [1. 6(10 2)] [1] 
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APPENDIX V 

Calculation of the resonant frequency of rectangular beams supported 

as cantilever beams. 

Short beams 

km2 [71.1/2 
4 (4) f = 2 

27L 

E 

L 

= 1.6(106) lbs /in2 

= 27 inches 

m = 1.9 (4) 

p = 1.6(10 2) lbs /in3 (19) 

h = 3 inches 

k = h/ [12] 1/2 = 0.87 inches (4) 

f 
(0.87) (1.9)2 1.6(106) 1/2 

= 6.8 hertz (short beams) 
27(27)2 1.6(10-2) 

Long beams 

E = 1.6(106) lbs /in2 (19) 

L = 48 inches 

m = 1.9 (4) 

= 1.6(10 -2) lbs /in3 (19) 

h = 3 inches 

k = 0.87 inches (4) 

p J 

p 



(0.87) (1. 9)2 

2Tr(48)2 

1.6(106) 

1.6(10-2) 

1/2 
= 2.0 hertz (long beams) 
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APPENDIX VI 

TABLES 

Table I. Amplitudes of vibration of the sound pole 
detected on the surface by using a short 
mounting pin. 

Vibration (hertz) 
L (inches) 1300 1600 1800 2000 

2 2.0 2.5 14.0 15.0 

3 1.5 1.8 7.8 8.8 
4 1.0 2.0 19.5 5.0 

6 0.7 1.3 3.5 4.7 
8 0.3 1.8 3.3 7.0 

10 0.5 3.2 3.4 3.9 
12 0 12.3 1.7 1.0 

14 0.3 8.3 2.0 0.8 
16 0.6 1.8 3.2 1.3 
18 0.7 1.6 2.9 1.5 
20 0.6 1.4 2.4 3.7 
24 0.3 1.3 3.2 4.2 
36 0.2 1.4 3.2 1.1 

48 0.1 0.8 2.1 1.1 

L is the spacing of the accelerometer down the pole from 
the vibrator. 
Entries in the table are percent of 6.13 g's. 
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Table II. Amplitudes of vibration of the sound pole 
detected on the surface by using a long 
mounting pin. 

Vibration (hertz) 
L (inches) 1300 1600 1800 2000 

2 10.0 23.4 43.4 13.3 

3 11.3 14.7 26.7 5.3 

4 8.7 8.0 12.3 9.0 

6 6.7 13.0 11.0 4.7 

8 4.0 12.3 8.0 3.7 

10 2.0 41.0 3.0 1.0 

12 3.3 26.0 2.7 2.0 

14 3.0 7.5 3.5 2.5 
16 3.7 11.0 1.7 1.0 

18 3.5 17.0 2.5 0 

20 4.0 34.0 4.0 0 

24 2.3 11.3 6.3 1.7 

30 3.3 5.9 1.7 0.7 
36 1.7 6.2 3.3 3.5 

48 4.0 19.0 0.5 0 

L is the spacing of the accelerometer down the pole 
from the vibrator. 
Entries in the table are percent of 6.13 g's. 
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Table III. Amplitudes of vibration of the sound pole 
detected at various depths using a long 
mounting pin. 

L 
(inches) 

d 
(inches) 1300 

Vibration (hertz) 
1600 1800 2000 

3 0 4.8 6.1 14.8 8.7 
1 5.0 10.0 20.5 4.5 
2 4.8 8.7 17.0 4.4 
3 3.7 3.7 5.0 11.3 
4 2.8 5.9 7.4 3.2 

4 0 6.0 5.7 7.4 12.7 
1 3.2 2.5 2.7 5.9 
2 3.8 3. 3 4.0 10.0 
3 3.2 2.0 1.6 2.6 
4 1.8 1.3 1.2 1.5 

6 0 2.8 5.9 7.4 3.2 
1 3.0 5.5 8.8 4.5 
2 2.0 2.3 2.3 6.0 
3 1.6 2.1 1.8 4.0 
4 1.4 1.7 1.1 0.9 

8 0 2.5 9.0 5.0 2.0 
1 3.6 14.0 1.6 1.2 
2 4.3 9.3 1.0 0.8 
3 1.7 3. 6 2.4 3.4 
4 1.3 2.0 0.9 0.7 

10 0 2.0 14.8 1.6 1.2 
1 1.2 4.5 2.2 3.3 
2 2.5 18.5 1.0 1.0 
3 1.2 2.9 0.8 3.6 
4 1.2 2.1 0.5 0.8 

12 0 1.3 5.3 1.8 1.7 
1 1.5 5.2 1.5 1.2 
2 1.5 9.8 1.3 1.3 
3 1.1 3.9 1.4 2.7 
4 0.8 1.8 0.5 0.6 

14 0 1.5 9.5 1.0 1.0 
1 1.4 3.3 1.6 2.3 
2 1.1 2.5 1.2 3.6 
3 0.7 1.3 0.6 1.3 
4 0.7 1.7 1.0 0.4 
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Table III. (Continued) 

L 
(inches) 

d 
(inches) 1300 

Vibration (hertz) 
1600 1800 2000 

16 0 1.5 4.1 1.1 0.7 
1 1.2 2.0 1.5 0.8 
2 0.9 1.4 2.0 0.8 
3 0.8 0.8 0.7 0.6 
4 0.7 0.7 0.7 0.3 

18 0 2.5 2.2 0.3 0 

1 0.8 1.2 0.7 0.5 
2 0.4 0.8 1.0 1.4 
3 0.3 0.7 1.5 0.6 
4 0.3 0.6 0.8 0.6 

20 0 0.4 1.9 1.8 1.0 
1 0.4 1.5 1.1 2.1 
2 0.3 1.9 1.2 0.3 
3 0.2 0.7 0.4 0.7 
4 0.2 0.3 0.6 0.8 

24 0 1.2 6.5 3.5 1.2 
1 1.3 10.0 3.3 0.5 
2 1.2 6.9 3.5 0.7 
3 0.5 1.9 0.9 0.5 
4 0.4 1.5 0.5 0.3 

30 0 0.8 2.0 4.0 2.1 
1 0.6 1.0 1.5 1.8 
2 0.6 1.1 1.7 2.1 
3 0.8 1.4 2.2 2.9 
4 0.7 0.7 0.9 0.5 

36 0 0.6 1.9 1.3 1.0 
1 0.7 2.2 1.6 1.4 
2 0.6 1.6 0.9 0.5 
3 0.7 1.8 1.1 0.7 
4 0.7 1.3 0.7 0.2 

48 0 0.7 1.7 0.9 1.7 
1 0.6 1.5 0.7 0.9 
2 0.6 1.2 0.4 0.8 
3 0.7 1.7 0.8 1.8 
4 0.4 1.4 0.9 1.4 

L is the spacing of the accelerometer down the pole from 
the vibrator. d is the depth into the pole (d = 0 on the 
surface). Entries in the table are percent of 6.13 g's. 
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Table IV. The average value of the amplitudes of 
vibration of the sound pole at various 
depths. 

Vibration d 

(hertz) (inches) 
Average Amplitude 
(percent of 6.13 g's) 

1300 0 2.0 
1 1.8 
2 1.8 
3 1.2 
4 1.0 

1600 0 5.5 
1 4.6 
2 5.0 
3 2.0 
4 1.4 

1800 0 13.7 
1 3.5 
2 2.8 
3 1.5 
4 0.9 

2000 0 2. 7 

1 2.2 
2 2.4 
3 2.6 
4 0.9 

d is the depth into the pole (d = 0 on the surface). 
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Table V. Amplitudes of vibration of the pole with a 
decay pocket comprising thirty percent of the 
cross -sectional area. 

L 
(inches) 

Vibration 
(hertz) Amplitudes 

Amplitude 
Ratio 

3 500 4.0 0.62 
1500 6.5 
4000 4.0 

6 500 3.0 0.60 
1500 5.0 
4000 3.0 

12 500 2.5 0.46 
800 2.5 

1800 5. 5 

4400 2.5 

24 500 1.0 0. 18 
1800 5. 5 

36 500 2.0 0.44 
1200 2.5 
1500 4.0 
2000 4. 5 

4000 2.0 

L is the spacing of the accelerometer down the pole from 
the vibrator. 

Entries in the table are relative amplitudes for this test 
only. 

Average amplitude ratio equals 0.46. 
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Table VI. Amplitudes of vibration of the pole with a 
decay pocket comprising thirty percent of 
the cross -sectional area. 

L 
(inches) 

Vibration 
(hertz) 

Amplitudes 
(percent) 

Amplitude 
Ratio 

0 500 4.0 0.80 
1700 5.0 
2 300 3.0 

3 500 3.5 1.00 
700 4.0 

1000 2.0 
1800 4.0 
2200 2.5 
3500 2.0 

6 500 3.0 1.00 
700 2.5 

1700 2.0 
2000 3.0 

12 500 2.5 0.63 
1700 4.0 
2000 2.0 

24 500 1.0 0. 30 
700 1.5 

1000 1 . 5 

1200 3.5 
1700 5.0 
2200 3.0 
3000 1.5 

36 750 2.0 0.44 
1000 1.5 
1200 2.0 
1700 4.5 

L is the spacing of the accelerometer down the pole on 
the opposite side from the vibrator. Entries in the table 
are relative amplitudes for this test only. Average 
amplitude ratio equals 0. 69. 
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Table VII. Amplitudes of vibration of decayed poles. 

Vibration Size of Decay Pocket 
(hertz) 10% 20% 30% 

0 0 0 0 
100 1.0 1.4 0 

200 1.6 1.2 0 
300 1.0 1.1 0.2 
400 1.0 0.9 0 
500 1.1 1.6 0.5 
600 1.6 1.9 0 
700 1.0 2.7 0.2 
800 0.6 2.4 0.6 
900 0.7 3.4 1.2 

1000 1.0 3.2 2.8 
1100 1.0 3.0 4.4 
1200 1.5 3.2 5.0 
1300 2.6 3.8 3.9 
1400 2.8 3.9 2.4 
1500 2.2 3.7 1.6 
1600 1.5 4.2 1.5 
1700 2.0 5.0 3.0 
1800 3.0 5.6 3.4 
1900 5.0 4.0 5.0 
2000 5.7 3.0 5.1 
2100 5.3 2.0 4.5 
2200 4.8 1.2 3.5 
2300 4.3 2.0 2.0 
2400 4.0 3.0 1.5 
2500 3.7 4.0 1.0 
2600 2.7 4.5 0 

2700 2.0 3.0 1.0 
2800 1.6 1.7 1.6 
2900 2.0 3.0 1.8 
3000 1.9 3.5 1.7 
3100 1.8 4.0 1.8 
3200 1.6 4.2 1.7 
3300 2.0 3.3 1.5 
3400 3.0 3.0 1.3 
3500 3.8 2.0 1.0 
3600 4.0 1.0 1.6 
3700 2.5 0.3 1.4 
3800 1.7 0.3 1.6 
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Table VII. (Continued) 

Vibration 
(hertz) 

Size of Decay Pocket 
10% 20% 30% 

3900 2.3 0.3 1.3 
4000 2.8 0.2 1.0 
4100 2.7 0.1 0.9 
4200 2.8 0.1 0.9 
4300 3.5 0.1 0.7 
4400 3.0 0.2 0.3 
4500 2.7 0.2 0 

4600 2.0 0.1 0 

4700 2.4 0.1 0 

4800 2.7 0.1 0 

4900 2.3 0.1 0 

5000 2.0 0.1 0 

Entries in the table are relative amplitudes for this 
test only. 

Average amplitude ratio equals 0.28 for pole with 10% 
decay pocket, 0.61 for pole with 20% decay pocket, 
and 0.86 for pole with 30% decay pocket. 
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Table VIII. Amplitudes of vibration of defective beams. 

Vibration 
(hertz) 1 l' 

Sample Number 
2 2' 3 3' 4 4' 

o o o o o o o o o 
100 0 0 0 0 0.1 0.1 0 0 
200 0 0 0 0 0.1 0 0 0 
300 0.1 0 0.1 0 0.1 0 0 0 

400 0 0.1 0 0 0 0 0 0 
500 0 0 0 0.2 0 0 0 0 

600 0 0.1 0 0.5 0 0 0 0 
700 0 0 0.6 0.2 0.3 0 0 0 

800 0 0 0 0 1.0 0 0 0 

900 0 0 0.7 0 0 0.1 0 0 

1000 0.3 0 0 0 0 0.4 0.1 0 

1100 0.2 0 0.3 0 0 1.2 0 0 

1200 1.2 0 0.3 0.2 0 2.0 0.4 0 

1300 0 0 0.8 0 0.7 0 0.7 0 

1400 1.3 0.4 3.4 0.8 0 0 0 0 

1500 2.2 0.5 4.0 3.8 3.4 0 2.0 0.5 
1600 1.0 0.7 0.6 0.7 0.2 0.5 1.0 2.0 
1700 0 1.0 1.8 1.0 0.7 0.8 2.8 3.7 
1800 0.7 3.7 1.7 0.5 2.7 3.8 3.0 1.0 
1900 2.7 0 1.8 0.5 2.3 1.0 1.0 0.8 
2000 1.9 1.0 2.0 0.2 0.9 0.5 1.2 0 

2100 1.7 2.7 4.0 0 1.7 0.5 1.2 0.4 
2200 1.1 2.0 1.0 0 0.3 1.3 0 0 

2300 0.3 1.0 0.5 0 0.2 0 0 0 
2400 2.7 0.6 2.0 0.4 0.3 0 0 0 

2500 3.0 1.0 0.8 0 0 0 0 0 

2600 2.0 0 0 0 0.3 0 0 0 
2700 1.3 0.7 0 0 0.4 0 0 0 
2800 0.7 0.7 0 0 0.2 0 0 0 

2900 1.0 0.5 0 0 0 0 0 0 
3000 0.7 0 0 0.2 0 0 0 0 
3100 0.4 0 0.2 0.4 0.1 0.1 0 0 
3200 0.4 0.3 0 0.2 0 0 0 0 

3300 0.2 0 0 0 0 0 0 0 

3400 0 0 0 0 0 0 0 0 

3500 0 0 0 0 0 0 0 0 
3600 0 0 0 0 0 0 0 0 

3700 0 0 0 0 0 0 0 0 

3800 0 0 0 0 0 0 0 0 
3900 0 0 0 0 0 0 0 0 
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Table VIII. (Continued) 

Vibration 
(hertz) 1 1' 2 

Sample Number 
2' 3 3' 4 4 

4000 0 0 0 0 0 0 0 0 
4100 0 0 0 0 0 0 0 0 

4200 0 0 0 0 0 0 0 0 

4300 0 0.2 0 0 0 0 0 0 

4400 0 0 0 0 0 0 0 0 

4500 0 0 0 0 0 0 0 0 

4600 0 0 0 0 0 0 0 0 

4700 0 0 0 0 0 0 0 0 
4800 0 0 0 0 0 0 0 0 

4900 0 0 0 0 0 0 0 0 
5000 0 0 0 0 0 0 0 0 

Vibration Sample Number 
(hertz) 5 5' 6 6' 7 7' 8 8' 

0 0 0 0 0 0 0 0 0 
100 0.1 0 0 0 0 0 0 0 
200 0 0 0 0 0 0.2 1.4 0.3 
300 0 0 0.7 0 0 0 0 0 
400 0 0 0.6 0 0 0.2 0.7 0.3 
500 0 0 0.3 0 0 0.9 0.2 0 

600 0 0 0.3 0 0 0.5 1.0 0 

700 0 0 0.7 0 0 0.4 2.0 0.8 
800 0 0 1.0 0 0 0.4 3.2 2.0 
900 0 0 0 0 0.4 0.3 2.8 1.9 

1000 0 0 1.8 0 0.4 0.5 0.3 2.5 
1100 1.6 0 0.4 0 0.3 1.2 1.0 1.0 
1200 0.5 0.1 1.0 0 0.4 2.4 2.4 0.5 
1300 0 0.1 0.4 0.2 0.2 0 0.7 0.4 
1400 1.0 1.3 0.6 0 1.0 2.2 0 0.4 
1500 3.3 0 0 0.4 0.8 4.0 0.5 0.7 
1600 1.7 0.4 1.9 1.5 3.0 2.9 0.5 0.7 
1700 0 1.0 1.5 2.3 4.2 2.5 3.3 1.0 
1800 0.3 3.8 0.3 1.5 0.5 1.8 0.4 0.7 
1900 1.5 1.7 1.7 1.0 0.7 1.6 1.5 0.7 
2000 2.0 0.2 0.9 3.1 0.7 1.6 1.7 0.7 
2100 1.0 0.2 2.1 1.0 0.7 1.0 2.5 1.9 
2200 1.0 0.2 0.7 4.1 0.3 1.3 2.5 1.3 
2300 0.2 0.2 0.3 1.0 0 0 1.0 0.5 
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Table VIII. (Continued) 

Vibration 
(hertz) 5 5' 6 

Sample Number 
6' 7 7' 8 8' 

2400 0.2 0.2 0.3 0 0. 0.3 1.4 0 
2500 0.2 0.3 1.4 0.2 0 0.5 0.2 0.2 
2600 0 0.2 3.7 0.2 0 0.5 1.7 0.2 
2700 0 0.1 2.4 0.2 0 0 0.3 0 

2800 0 0 2.0 0 0 0 0.4 0 

2900 0 0 2.7 0.2 0 0 0.5 0 

3000 0 0 2.0 0 0 0 0 0 

3100 0 0 1.0 0.1 0 0 0 0 

3200 0 0 0.2 0 0 0 0.4 0 

3300 0 0 0.7 0 0 0 0.2 0 
3400 0 0 0.7 0 0 0 0 0 
3500 0 0 0.4 0 0 0 0 0 

3600 0 0 0.2 0 0 0 0.2 0 
3700 0 0 0 0 0 0 0 0 

3800 0 0 0 0 0 0 0 0 
3900 0 0 0 0 0 0 0 0 

4000 0 0 0 0 0 0 0 0 

4100 0 0 0 0 0 0 0 0 
4200 0 0 0 0 0 0 0 0 
4300 0 0 0.1 0 0 0 0.2 0 

4400 0 0 0 0 0 0 0 0 

4500 0 0 0 0 0 0 0 0 

4600 0 0 0 0 0 0 0.2 0 
4700 0 0 0 0 0 0 0 0 
4800 0 0 0 0 0 0 0 0 
4900 0 0 0 0 0 0 0 0 

5000 0 0 0 0 0 0 0 0 

The unprimed samples are tests on sife F and the primed samples 
are tests on side S (refer to Figure 4). 

Entries in the table are relative amplitudes for the particular test 
only. 
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Table IX. Description of defective beams. 

Sample Amplitude Ratio 
Number Description 

F, 
Side 

S 

1 minor brown rot and knots 
2 white rot 
3 white rot 
4 minor pitch pockets 
5 pitch pockets 
6 minor checks and knots 
7 checks 
8 severe checks 

0.1 0.03 
0.18 0.13 
0.29 0.32 
0.03 0 

0.49 0 

0.49 0 

0.1 0.3 
0.97 1.31 

Table X. Longitudinal time delay between accelerometers. 

L (inches) Time Delay (microseconds) 

1 45 

2 60 

3 85 

4 90 

5 120 

6 145 

7 175 

8 200 

9 240 

10 245 

11 265 

12 290 

13 315 

14 325 

15 365 

L is the spacing between the accelerometers. 
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Table XI. Circumferential time delay between 
accelerometers. 

L (inches) Time Delay (microseconds) 

1 50 

2 100 

3 120 

4 180 

5 240 

6 285 

7 340 

8 420 

9 490 

10 530 

11 580 

12 610 

13 630 

14 510 

L is the spacing between the accelerometers. 


