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METHOD AND APPARATUS FOR IN SITU
EVALUATION OF WOODEN MEMBERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to the nondestructive evalua-
tion of a wooden member accessible from a single end,
and having particular utility for evaluating wooden
members having one end embedded in the soil, fresh or
marine water, or the like, or otherwise inaccessible. It
also has particular utility for test methods for monitor-
ing biological or chemical degradation of wood prod-
ucts.

2. Background Art

Wooden members find a variety of applications in
pilings for foundations, utility poles, and supports for
guard rails. In these applications a portion of the
wooden member is embedded in the soil to provide
support for loads directed against the free end. Such
wooden members provide an inexpensive but sturdy
construction solution. For example, wooden pilings
may carry 15 to 20 tons per piling.

Despite their strength and low costs, wooden mem-
bers are subject to weakening from decay, insect infesta-
tion, and chemical attack. White and brown rot fungi
may attack wood in contact with the soil, soft rot fungi
and bacteria may attack woods maintained in even a
low oxygen environment such as when submerged in
fresh water. Wooden members embedded in the soil
may also be attacked by subterranean termites, wood
boring beetles, carpenter ants, and carpenter bees. Ma-
rine borers may attack wood used in marine waters.
Chemicals, including those used to protect wood from
biological attack or fire, may also weaken wooden
members.

The destructive mechanisms of decay, and insect and
chemical attack frequently cause internal damage or a
weakening of the wood on a microscopic level not
visible to the eye. Further, much of the damage may
occur out of sight. For this reason, in most applications,
it is critical that wooden members in contact with the
soil or other medium, be inspected periodically to insure
their integrity.

A variety of non-destructive tests are available to
evaluate the integrity of a wooden member that is free
from surrounding soil, water, other medium, or contact
with other members. However, it is not practical to
extract the wooden members for testing because of the
disproportionate cost of such removal and reinsertion.
Typically such wooden members are providing ongo-
ing support for a structure, further complicating their
removal.

Current testing procedures for wooden members in
situ, that is embedded in the soil or other medium, are
difficult and ineffective. Sample borings may be taken
into the wooden member to evaluate its internal state if
the area of possible damage may be localized. Alterna-
tively, non-destructive x-ray and acoustic techniques
may be employed to examine the internal structure of
the wooden member. These latter techniques are effec-
tive only above the soil line, or a very small amount
below the soil line, because of interference from the
physical presence of the soil in which the wooden mem-
ber is embedded and because both sides of the wooden
member must be accessible.
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SUMMARY OF THE INVENTION

The present invention provides a means for evaluat-
ing, from one end, the integrity of a wooden member,
along the entire length of the wooden member. This
includes those portions beneath soil line or otherwise
not easily accessible. The need to have access to both
ends of the wooden member is avoided by using an
acoustic wave directed from the free end, longitudinally
along the wooden member, so as to reflect off the em-
bedded end of the wooden member, to be measured at
the free end. The reflection occurs because of the dis-
continuity between the wooden member and its sur-
rounding matrix.

Specifically, an acoustic wave is directed longitudi-
nally from the first end of the wooden member to the
second end embedded in a medium. A first time of pas-
sage of the acoustic wave toward the second end past a
measurement point is detected as is a second time of the
passage of the acoustic wave past the measurement
point reflected from the second end toward the first
end. The distance traveled by the acoustic wave be-
tween the first and second times is estimated and the
longitudinal sound speed through the wooden member
is calculated from the first and second times and the
distance. This sound speed is compared to a reference
speed to determine the integrity of the wood type.

Additionally, the attenuation of the acoustic wave
over the reflected path may be evaluated, and the rela-
tionship between the sound speed and the attenuation
may be evaluated by empirical studies to provide fur-
ther indication of the strength of the wooden member.

It is thus one object of the invention to provide an
accurate assessment of the wooden member’s integrity
throughout its entire length without removing the
wooden member from the soil or other surrounding
medium. The use of the reflected acoustic wave elimi-
nates the need for a separate transmitter and receiver at
opposite sides of the wooden member as required by
typical acoustic evaluation techniques. Key to using this
reflected wave was the discovery that the coupling of
acoustic energy from the wooden member into its sur-
rounding medium of soil or water does not materially
affect the information contained in the acoustic wave
concerning the integrity of the wooden member.

It is yet another object of the invention to provide a
convenient apparatus for measuring the integrity of in
situ wooden members that may be conveniently used in
the field by a single individual. The ability to make
acoustic measurements from a single end of the wooden
member permits one transducer unit to be employed for
both transmitting and receiving the acoustic wave. This
single transducer unit may be placed on the wooden
member to be measured by an individual without assist-
ance and does not require laborious positioning required
by separate transducers. The single transducer unit may
be enclosed in a compact housing adding to the unit’s
reliability and ruggedness.

It is another object of the invention to provide a
robust measurement of the physical characteristics of an
in situ wooden member useful in detecting damage to
the wooden member from a broad variety of agents:
such as chemicals, decay fungi, and insects. For exam-
ple, degradation due to termite infestation previously
was undetectable by wave speed alone. Employing both
attenuation and speed of sound measurements elimi-
nates the shortcomings of either measurement alone. It
is believed that the combined measurements also serve
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to correct for inaccuracy in the estimate of the wooden
member’s length required for the calculation of sound
speed.

The transducer unit may employ an impacting means
for generating the acoustic wave and the wave may be
detected by a piezoelectric film held against the wooden
member’s end.

It is another object of the invention, therefore, to
provide a simple means for generating and detecting the
required acoustic signals. The mass and velocity of the
impacting means may be regulated to create an acoustic
wave of suitable characteristics without complex or
expensive electronic circuitry. The piezoelectric film
provides good coupling to the irregular surface of the
wooden member and has a damped response that elimi-
nates obscuring high frequency resonances, such as
those that would be encountered with more conven-
tional acoustic pickups.

Other objects and advantages besides those discussed
above shall be apparent to those experienced in the art
from the description of the preferred embodiment of the
invention which follows. In the description, reference is
made to the accompanying drawings, which form a part
hereof, and which illustrate one example of the inven-
tion. Such example, however, is not exhaustive of the
various alternative forms of the invention, and therefore
reference is made to the claims which follow the de-
scription for determining the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevational cross-section of a wooden
member embedded in the soil having an apparatus suit-
able for use with the method of the present invention
attached to the upper, exposed end;

FIG. 2 is an exploded perspective view of a trans-
ducer employed in the apparatus of FIG. 1;

FIG. 3 is a diagrammatic view of a wooden member
as evaluated by an apparatus according to the present
invention showing the elements of the present invention
in schematic form including the transducer of FIG. 2;

FIG. 4 is a graph showing simplified signals received
by the transducer of FIG. 2 during a test of a wooden
member;

FIG. 5 is a chart showing correlation between the
measurements achieved by the present invention on
wooden members not embedded in the soil versus mea-
surements achieved on wooden members touching or
embedded in the soil;

FIGS. 6(c) and (b) are graphs of actual signals re-
ceived by the transducer of FIG. 2 for normal and
weakened wooden members respectively; and

FIG. 7 is a chart showing correlation between the
wave travel time in wooden members embedded in the
soil versus the wave travel time in wooden members not
embedded in the soil.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIG. 1, a wooden member 10, having
diameter D extends vertically upward from the soil 12,
centered around longitudinal axis 26. A lower end 14 of
the wooden member 10 is embedded in the soil 12 such
as would be the case with a piling or guard rail wooden
member. An upper end 16 of the wooden member 10
projects out of the soil 12, to provide support for a
structure (not shown) and is readily accessible for mea-
surements as will be described.
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A C-collar 18 having downwardly extending arms 20
and 22 spaced apart by spine 24 is positioned over the
upper end 16 of the wooden member 10 so that arms 22
and 20 are diametrically opposed about the longitudinal
axis 26 with the spine 24 positioned above an upper face
17 of the upper end 16 of the wooden member 10.

Spine 24 is spaced away from the upper face 17 of the
wooden member 10 by a spacing finger 28 extending
downward from the lower side of the spine 24 to abut
the top of the upper face 17 when the C-collar 18 is
properly positioned on the upper end 16.

The purpose of the spacing finger 28 is to create a
space between the spine 24 of the collar 18 and the
upper face 17 of the wooden member 10 sufficient for
movement of an impacting means 30 between the lower
surface of the spine 24 and the upper face 17 to strike
the upper face 17 as will be described below. The im-
pacting means 30 is a steel sphere suspended on a shaft
32 extending upward from the impacting means 30,
parallel to the longitudinal axis 26, and passing through
a hole in the spine 24 to emerge from the upper surface
thereof. It will be understood to those of ordinary skill
in the art that the impacting means 30 may have a vari-
ety of different shapes, preferably, however, it is shaped
to concentrate its impact against upper face 17 about a
point on the upper face 17. It will also be understood to
those of ordinary skill in the art that the impacting
means may be manufactured of substances other than
steel, or that the impacting means could be mounted
such that it strikes a location on wooden member 10
other than the upper face 17.

The shaft 32 above the spine 24 terminates in a T-han-
dle 34 which may be employed to raise the shaft 32 and
the impacting means 30 in preparation to its striking the
upper face 17 of the wooden member 10.

A compression spring 36 is positioned about the shaft
32 between the upper surface of the spine 24 and the
T-handle 34 and held by a pin (not shown) to the shaft
32 at its upper end. The spring 36 insures that after the
impacting means 30 first strikes the upper face 17 it
comes to rest at a position removed from the upper face
17 without repeatedly striking or resting on upper face
17.

A second spring 38 is positioned about shaft 32 be-
tween the lower face of spine 24 and the impacting
means 30 to provide an initial acceleration of the im-
pacting means 30 downward after it has been pulled up
against the lower face of the spine 24 to fully compress
spring 38. Spring 38 thus avoids the need to rely totally
on the acceleration of gravity to generate the impacting
means’ momentum in striking the upper face 17.

Arm 22 of the C-collar 18 extends downward on one
side of the upper end 16 of the wooden member 19,
parallel to the longitudinal axis 26, to sandwich a trans-
ducer assembly 40 between it and the outer circumfer-
ence of wooden member 10 at the upper end 16.

A spring loaded track 42 spans the gap between the
lower end of arms 20 and 22, offset to the side of the
upper end 16 of wooden member 10, and is clamped
rigidly to the arms 20 and 22. A shoe 44, is carried by
the spring loaded track 42 so as to oppose arm 22 dia-
metrically about the wooden member 10. The spring
loaded track 42 urges the shoe 44 inward toward the
center of wooden member 10 sandwiching a foam pad
46 between the shoe 44 and the outer circumference of
the wooden member 10. In urging the shoe 44 against
the wooden member 10, the spring loaded track 42
exerts an opposite force on arms 20 and 22 thereby also
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serving to compress arm 22 against the outer circumfer-
ence of wooden member 10 in an opposite direction to
the force produced by the shoe 44 against the wooden
member 10. Thus, the spring loaded track 42 and shoe
44 serve to clamp the upper end 16 of the wooden mem-
ber 10 between arm 22 and shoe 44.

Referring now to FIG. 2, the transducer assembly 40
held by arm 22 against the wooden member 10 consists
of a foam pad 48 substantially identical to foam pad 46,
previously described, having an outer planar face af-
fixed to arm 22 and an inner cylindrically concave face
conforming to the outer circumference of the wooden
member 10 at its upper end 16. Attached to the inner
face of the foam pad 48, facing the wooden member 10,
is a piezoelectric transducer 50.

Attached to the face of the piezoelectric transducer
50 toward the wooden member 10 is a sandpaper strip
52. Sandpaper strip 52 is a conventional paper-backed
abrasive having on one side an adhesive to-attach it to
the piezoelectric transducer 50 and having on the other
side abrasive particles directed towards the outer cir-
cumference of wooden member 10. The abrasive parti-
cles provide a good mechanical coupling of the piezo-
electric transducer 50 to longitudinal strain, i.e., strain

parallel to the longitudinal axis 26 at the surface of 25

wooden member 10, such strain being caused by defor-
" mation waves along longitudinal axis 26 produced by
the impact of impacting means 30 against the upper face
17. The piezoelectric transducer 50 produces an electri-

cal signal in response to the longitudinal deformation of 30

wooden member 10 when the wooden member 10 is
struck by impacting means 30, the electrical signal pass-
ing through wire pair 54 for connection to measuring
circuitry to be described.

Referring to both FIG. 1 and FIG. 2, the only contact
between the C-collar 18, via arm 22 and shoe 44, is
through foam pads 46 and 48 which decouple the
wooden member 10, acoustically, from the C-collar 18,
with respect to high frequency vibration. The foam pad
48 serves additionally to compress the piezoelectric
transducer 50 as attached to sandpaper strip 52 against
the surface of wooden member 10, to couple it acousti-
cally to the wooden member 10 and to decouple it
acoustically from collar 18. Thus the foam pads 42 and
48 reduce interference to the acoustic waves in wooden
member 10 from the C-collar 18.

The foam pads 48 and 46 are preferably constructed
of an elastomeric foam such as polyurethane. The piezo-
electric transducer 50 may be any conventional motion
transducer, including accelerometers or strain gaunges,
but is preferably a piezoelectric organic film such as a
polar poly-vinylidene fluoride film sold commercially
under the name Kynar® piezoelectric film by the
Pennwalt Corporation, of Valley Forge, Pa.

Referring now to FIG. 3, longitudinal deformation of
the wooden member 10 creates an electrical signal in
the transducer assembly 40 which passes through leads
54 to an analog digital converter 58 (“A to D con-
verter”). The A to D converter 58 is triggered by a time
base 60 to sample the signal created by the transducer
assembly 40. A time value from the time base 60 and the
digitized information reflecting the signal from the
transducer assembly 40 from the A to D converter 58
are received by a processor unit 62 which may be a
conventional microprocessor based computer.

During an initial measuring stage, the impacting
means 30 (shown in FIG. 1) strikes the upper face 17 of
the wooden member 10 to produce a primary acoustic
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wave 56 passing from the upper end 16 of the wooden
member 10 toward the lower end 14. As this primary
acoustic wave 56 passes the transducer assembly 40, the
resultant deformation of the wooden member 10 under
the transducer assembly 40 produces a signal sampled
by the A to D converter 58 and stored by the processor
62. The processor 62 also stores corresponding time
values from time base 60. This storage is accomplished
in internal random access memory as will be understood
by those of ordinary skill in the art.

The primary acoustic wave 56 produced by the im-
pact of impacting means 30 against wooden member 10
progresses from the upper end 16 to the lower end 14 of
the wooden member 10 passing into the portion of the
wooden member 10 embedded in the soil 12. At the
lower end 14, there is some coupling of acoustic energy
from the primary wave 56 to the surrounding soil 12. It
has been determined, however, that this coupling does
not affect the acoustic measurements of the wooden
member 10 to be described.

The primary acoustic wave 56 soon strikes the lower
face 64 of the wooden member 10 at the lower end 14
and as a result of the mismatch of acoustic properties
between the wooden member 10 and the soil 12, the
primary acoustic wave 56 is reflected back onto itself to
create a secondary acoustic wave 66 progressing from
the lower end 14 of the wooden member 10 to its upper
end 16.

When this secondary acoustic wave 66 passes the
transducer assembly 40, its effect is again recorded by
the A to D converter 58 and the digitized waveform is
stored by processor 62 along with the times of the sam-
pling as created by time base 60.

The storing of data from the transducer assembly 40
by processor 62 is triggered by the first detection of the
signal of the primary acoustic wave 56 according to
methods well understood in the art. The storing of data
by processor 62 continues for a period of time sufficient
to ensure capture of the secondary acoustic wave 66 for
all wooden members 10.

Referring to FIG. 4, the primary acoustic wave 56 as
recorded by the processor 62 will generally consist of a
wave having a positive and negative going lobe reflect-
ing the initial deformation of the elastic material of the
wooden member 10, by impacting means 30, and its
recovery in the opposite direction. The actual wave 56
will include multiple frequencies but will have domi-
nant energies in a narrow band of frequencies dictated
by the momentum of the impacting means 30 and the
properties of the wood 10.

The momentum and energy of the impacting means
30 upon impact with upper face 17 is adjusted so that
the predominant frequency of the waves 56 and 66 has
a wave length which is long compared to D, the width
of the wooden member 10. Under this constraint, the
primary and secondary waves 56 and 66 will travel the
length of the wooden member 10 with essentially con-
stant velocity, cp as given by the follow formula:

(63

o = \| MCE
P
where MOE is the modulus of elasticity or Young’s
modulus and p is the density of the wood of

wooden member 10.

Referring again to FIG. 3, once the primary and
secondary acoustic waves 56 and 66 have been recorded
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by the processor 62, they may be transferred to storage
unit 68 such as a floppy disk drive for later access. The
processor 62 then analyzes the stored data to identify
the peaks 70 of waves 56 and 66 and determines the time
At indicating the elapsed time between the passage of
the primary wave 56 past the transducer assembly 40
and the return of the secondary acoustic wave 66 past
the transducer assembly 40 as reflected off of the end 64
of the wooden member 10.

Based on an estimation of the length L between the
end of the wooden member 64 and the center of the
transducer assembly 40, the wave velocity cg through
the wooden member 10, may be simply calculated as
follows:

L
Q= 5=~

Ar

@

The value of L may be determined from records of
the measurements of the wooden member 10 when first
installed, and is entered through a keyboard 71 attached
to the processor 62 as will be understood to those of
ordinary skill in the art. As will be described in more
detail below, the value of L need not be exact but the
measurement process accommodates some variation in
the estimate of L while still correctly evaluating the
integrity of the wooden member 10. This is because the
sound speed cpis significantly altered by certain types of
damage to wooden member 10 so that only a reasonable
estimate of L is required.

The processor 62 also compares the height of the
peaks 70 of waves 56 and 66, respectively, to gauge the
attenuation of the acoustic wave as it travels the length
L through the wooden member 10. This attenuation is
calculated from the peak amplitude of the primary
acoustic wave 56, A, and the peak amplitude of the
secondary acoustic wave 66, A as follows:

1 As
§==—1In (—)
x Ap

where x is a normalizing value equal to either Ator L
reflecting the fact that additional attenuation will
occur as the wave goes through additional material
of wooden member 10.

Referring again to FIG. 3, either of these quantities
co or At may be displayed on a display 72, or similar
output means, for direct evaluation by the user. Refer-
ring to equation (1), the modulus of elasticity, MOE,
may also be calculated and displayed, provided the
density p of the wood has been previously entered
through keyboard 71 into the processor 62.

EXAMPLE 1

An experiment was conducted employing 480
wooden members of various sizes ranging from 500 mm.
to 1000 mm. The present invention was employed to
measure the value of the modulus of elasticity, MOE,
for the wooden members under three conditions: 1)
with the wooden members completely removed from
the soil, 2) with the wooden members buried approxi-
mately halfway into the soil, and 3) with the wooden
members loosened from the soil by pulling them up-
ward by approximately one inch. These latter two con-
ditions provide variations in the degree of coupling
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8
between an embedded wooden member 10 and the soil
12.

Referring to FIG. 5, the measured modulus of elastic-
ity for the wooden members embedded in the soil,
MOE;, were compared to the modulus of elasticity,
MOE,, of the wooden members removed from the soil.
The modulus of elasticity of the wooden members em-
bedded in the soil but prior to loosening is plotted as
bozxes in FIG. 5 and the modulus of elasticity of the
wooden members embedded in the soil but loosened by
raising them slightly is plotted as crosses in FIG. 5.

Despite unavoidable acoustic coupling between the
wooden members and the soil, for the wooden members
buried in the soil the value of MOE; and MOE;, are
similar for both the loosened and unloosened wooden
members, indicating that the acoustic coupling between
the soil and the wooden member 10 can be largely ig-
nored.

Referring again to FIG. 3, preferably, processor 62
not only displays the various measured quantities of cg,
MOE, and 8, but provides a direct evaluation of the
integrity of the wooden member. This evaluation may
be performed by establishing, through statistical tech-
niques such as regression analysis, an equation linking
the strength of the wooden member to the factors of
modulus of elasticity, MOE, and attenuation, 8, for a
particular wood type. The coefficients of this equation,
established, for example, through regression analysis,
may be entered into the processor 62 and along with the
measured values of MOE and 8 provide a direct reading
of wooden member strength or preferably a percentage
value based on the strength of a new wooden member
of comparable size.

It is believed that the redundancy in the measurement
of MOE and 6 provides a degree of correction to any
inaccuracy in the estimate of L, the length of the
wooden member 10, when the values of MOE and § are
combined through a regression derived formula as indi-
cated above.

EXAMPLE 2

Two twenty inch wooden members of Southern Pine
sapwood having one end embedded in the soil were
tested: the first wooden member was free from decay or
attack while the second wooden member had been at-
tacked by subterranean termites during its two months
of soil contact. FIGS. 6(a) and 6(b) show the wave-
forms from the acoustical excitation of the first and
second wooden members respectively.

The length of the wooden members and the sound
speed through the wood permit the measurement of the
waves from repeated reflections off the embedded ends
of the wooden members creating a clearly defined enve-
lope showing the progressive attenuation of each wave.
The difference in attenuation between attacked and
unattacked wood is apparent.

EXAMPLE 3

Nine wooden members of varying sizes were tested
under two conditions: 1) with the wooden members
buried approximately half-way into the soil, and 2) in
the laboratory with the wooden members completely
removed from the soil. FIG. 7 shows the wave travel
times for both the first and second conditions.

The wave travel time through a wooden member will
increase linearly as the length of the wooden member
increases. FIG. 7 shows the in-ground and in-lab travel
times plotted as boxes along such a linear increase. The
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similarity between wave travel times for the wooden
members in-ground and in-lab is apparent from FIG. 7.
This similarity indicates that the placing of wooden
members into the soil or other mediums has no practical
affect on the waves’ travel time through the wooden
members.

The above description has been that of a preferred
embodiment of the present invention. It will occur to
those who practice the art that many modifications may
be made without departing from the spirit and scope of
the invention. For example, although the wooden mem-
ber depicted is substantially cylindrical, the technique is
equally applicable to wooden members of other than
circular cross section. Also, the wooden member need
not have its upper face accessible but the acoustic wave
may be coupled into the wooden member at any point at
the upper exposed end, of known distance from the
lower face. Such coupling may be accomplished by, for
example, a collar affixed to the wooden member and
having an outwardly extending boss to be struck by the
impacting means. Also, clearly, other means of generat-

bt
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20

ing the acoustic wave may be used such as electrical

transducers, if the additional burden of electronic cir-
cuitry is acceptable. Although, as shown, the transducer
for receiving the wave is positioned between the wave
generator and the reflecting lower face of the wave, the
detecting transducer need not be so constrained in posi-
tion as long as the transition time of the acoustic wave
and its attenuation over a given path length may be
deduced. In order to apprise the public of the various
embodiment that may fall within the scope of the inven-
tion, the following claims are made.

We claim:

1. A method for testing the integrity of in situ wooden
members of a wood type, the wooden members extend-
ing along a longitudinal axis from an exposed first end to
a second end embedded in 2 medium, comprising the
steps of:

a) inducing an acoustic wave into the wooden mem-
ber, the wave directed longitudinally from the first
end to the second end;

b) detecting a first time of a passage of the acoustic
wave past a measurement point along the length of
the wooden member during its travel to the second
end;

c) detecting a second time of a passage of the acoustic
wave past the measurement point when reflected
from the second end toward the first end;

d) estimating the distance traveled by the acoustic
wave between the first and second times;

e) calculating the longitudinal sound speed through
the wooden member from the first and second
times and the distance;

f) comparing the sound speed to a reference speed
indicating integrity of the wood type; and

g) outputting a value indicative of the integrity of the
wooden member.

2. The method recited in claim 1 including the addi-

tional steps of:

estimating the density of the wood type; and

calculating the modulus of elasticity from the sound
speed and density.

3. A method for testing the integrity of in situ wooden
members of a wood type, the wooden members extend-
ing along a longitudinal axis from a first exposed end to
a second end embedded in a conforming medium, com-
prising the steps of:
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a) coupling an acoustic wave into the wooden mem-
ber, the wave directed longitudinally from the first
end to the second end;

b) detecting a first amplitude of the acoustic wave at
a measurement point along the length of the
wooden member during its passage toward the
second end;

¢) detecting a second amplitude of the acoustic wave
at the measurement point after being reflected from
the second end toward the first end;

d) calculating the sound attenuation through the
wooden member from the first and second ampli-
tudes; and

e) comparing the sound attenuation to a reference
attenuation indicating the integrity of the wood
type.

4. The method recited in claim 3 including the steps

of:

estimating the distance between the measurement
point and the second end of the wooden member;

and wherein the calculated attenuation of step (d) is
proportional to the difference of the first and sec-
ond amplitudes and inversely proportional to the
distance.

5. The method recited in claim 3 including the addi-

tional steps of:

detecting at step (b) a first time when the first ampli-
tude is detected and detecting at step (c) a second
time when the second amplitude is detected:

and wherein the calculated attenuation of step (d) is
proportional to the difference of the first and sec-
ond amplitudes and inversely proportional to the
difference between the first and second times.

6. An apparatus for determining the integrity of in
situ wooden members extending along a longitudinal
axis from a first exposed end to a second end embedded
in a medium, comprising:

an excitation means attached to the wooden member
near the first end and a length from the second end
for generating in the wooden member a first acous-
tic wave, at a first time and of a first amplitude,
directed longitudinally from the first end to the
second end, and receiving a second acoustic wave,
at a second time and of a second amplitude, the
second acoustic wave resulting from the first
acoustic wave being reflected from the second end
of the wooden member;

measurement means communicating with the excita-
tion means for comparing the first and second
acoustic waves and the length to indicate the integ-
rity of the wooden member along its length be-
tween the excitation means and the second end;

output means for outputting a value indicative of the
integrity of the wooden member.

7. The apparatus as recited in claim 6 wherein the

excitation means comprises:

a wave generator for generating the first acoustic
wave; and

a wave detector for measuring the first acoustic wave
as the first acoustic wave proceeds to the second
end and the second acoustic wave as the second
acoustic wave is reflected back to the excitation
means and producing an electrical signal indicating
the time and amplitude of the first and second
acoustic waves.

8. The apparatus as recited in claim 6 wherein the

measurement means compares the first and second times
to evaluate the integrity of the wooden member.
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9. The apparatus as recited in claim 6 wherein the
measurement means compares the first and second am-
plitudes to evaluate the integrity of the wooden mem-
ber.
10. The apparatus as recited in claim 7 wherein the
wave detector means comprises a piezoelectric film
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attached to an outer circumference of the wooden mem-
ber.
11. The apparatus as recited in claim 6 wherein the
measurement means compares both the first and second
times and the first and second amplitudes to evaluate the

integrity of the wooden member.
* * * * *



