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ABSTRACT

Most of the existing methods to assess the effect of weathering on wood surfaces have some drawbacks
that limit their use to specific tasks. The amount of surface erosion is often used as a measure for the
weathering action. The application of a laser scanning system to reproduce surface profiles and to
measure weathering erosion was tested on various samples and was found to be a very useful and
superior alternative to existing methods. Further improvements of the system used can be made by
refinements of the calibration procedures and by more comprehensive profile analyses.
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INTRODUCTION

Quantification of the effect of weathering on
wood surfaces has been the subject of study
for a long time. The usefulness of weathering
studies depends to a high degree on the ac-
curacy and ease of measurement of the surface
degradation due to the weathering. Most of the
methods used have some drawbacks and are
not applicable for general purpose studies, such
as the determination of the influence of ex-
posure, wood density, grain angle, etc. Thus,
when conducting weathering studies, the search
for more effective measuring methods is a pri-
mary objective.

The visual investigation of weathered wood
surfaces—also with the help of microscopes—
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Laser scanning, surface profiles, weathering, wood surface erosion.

is probably the earliest and still most widely
used method to study weathering effects on
wood and finishes (Sell and Leukens 1971). It
will give a good overall judgment of the surface
condition, but requires a lot of rating experi-
ence. It also does not give a measurable value
for the severity of surface degradation. Re-
cording the weight loss of samples during
weathering is occasionally used as a measure-
ment for the degradation of the wood (Arndt
and Willeitner 1969; Evans 1988; Williams
1988). However, maintaining a steady mois-
ture content of the samples at the time of the
measurements is difficult. The method is, also,
not suitable for normal-sized samples, where
the weight loss is only a small fraction of the
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weight of the samples. Another way to study
the effects of weathering is to ineasure the loss
of tensile strength of thin wood strips (Racz-
kowski 1980; Derbyshire and Miller 1981).
Again, this method is quite special and is lim-
ited to small sample sizes and therefore not
suitable for practical tests.

The amount of surface erosion, measured as
the depth of erosion on the earlywood and
latewood bands, has proven to be a very good
measure to assess the severity of weathering
effects on unfinished wood (Feist and Mraz
1978; Sell and Feist 1986; Arnold et al. 1990).
The rather laborious measurement (‘“‘Micro-
scope Focusing” method) by recording the stage
movement of a microscope between the fo-
cusing on the unweathered reference point and
then refocusing on an adjacent point on the
eroded part of the surface limits the number
of practical readings.

For process control, several methods were
developed to measure wood surface roughness
and to describe surface texture (Pahlitzsch and
Dziobek 1961; Peters and Cumming 1970;
Bonac 1979; Faust and Rice 1986). One prom-
ising method for an adaption to erosion mea-
surements was considered to be the stylus trac-
ing system. With such a technique, one could
obtain complete surface profiles and extract
the desired erosion data. However, the some-
times deep eroded profiles of weathered wood
surfaces make it difficult for the stylus tip to
follow. On weathered surfaces, sudden and
deep profile changes exist rather than just the
gradual waviness and shallow roughness that
are common in normal roughness measure-
ments. Besides the slow tracing speed, a stylus
will always give a somewhat distorted copy of
the real profile because of the difficulties in
following steep transitions and the effect of the
radius of the stylus tip.

At the University of California, Forest Prod-
ucts Laboratory (UCB, FPL), a laser scanning
system (LSS) has been used for several process
control projects (Lemaster and Dornfeld 1982;
Jouaneh et al. 1987; Yoo et al. 1988) and has
been applied already to surface quality mea-
surements. The particular objective of this
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study was to look into the possibilities and
limitations of using a laser scanning system to
reproduce and measure surface profiles of
weathered wood.

MATERIAL AND METHODS

The laser scanning system (Lemaster and
Dornfeld 1982) used consists of a 2mW He-
lium-Neon laser and a single lateral effect pho-
todiode mounted on a milling machine. The
milling machine allows for accurate move-
ment of the samples in the x and y direction
using the table feed. The positional change of
the reflected laser beam (from the sample sur-
face) on a receiving photodiode is proportional
to the vertical changes on the sample surface.
The changes in the signal from the photodiode
are collected digitally and stored in a com-
puter. The speed of the milling table was set
to 3.127 mm/s. With a sampling rate of 62.5
Hz, profile readings were taken every 0.05 mm
of movement in the x direction. Because of the
short time allowed for the study, the existing
laser scanning system was used in the current
setup and no further refinements were consid-
ered. Particularly the angles of incidence and
reflectance of the laser beam remained at 45
and 70 degrees respectively, which was found
to be optimum for surface roughness studies,
but might be improved for special applica-
tions.

A change in the scanning mode, however,
was necessary: Adopting the scanning mode of
a stylus system, the samples were normally
moved towards the incident laser beam, and
thus were scanned perpendicular to the profile
of interest. With strong structured surfaces to
detect, this method will result in “shadowed”
areas, where the laser beam cannot reach into
every corner of the profile (Fig. 1a). Weathered
boards offer a more or less uniform profile in
the longitudinal (y) direction. By moving the
samples with the profile of interest in front of
the laser beam across, the scanning system is
able to follow the rough profile in full (Fig. 1b).
The scanning line is not a straight line any
more, but because of the uniformity in the
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Fic. 1.
scanning perpendicular to the profile of interest, b) im-
proved method with scanning along the profile of interest.
The tracing path of the laser beam is given with dashed-
dotted and dashed lines respectively.

Scanning methods: a) ordinary method with

longitudinal direction, the surface profile is still
reproduced exactly (Fig. 2).

The work with the LSS was subdivided into
three parts. First, the behavior of the system
with respect to some wood characteristics was
evaluated rather superficially. Also a calibra-
tion procedure was set up to translate the de-
tector output to vertical profile changes in mil-
limeters. Further, a set of geometric profiles
cut into wood samples was scanned and the
resulting profiles were compared with the orig-
inal profiles. Second, a set of weathered wood
samples for an earlier study (Arnold et al. 1990)
was measured, and the calculated erosion pa-
rameters were compared with the readings by
the “Microscope Focusing” method. Third, in
an applied weathering study on redwood siding
of different age and exposure, a casting method
was used to take imprints of eroded boards.
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Fic. 2. Reproduction of three geometric profiles
(Round, Triangle, Square).

Measurements were made on these casts and
analyzed further. Only earlywood erosion was
analyzed. This was because the fragile eroded
latewood bands were breaking away mechan-
ically with increasing earlywood erosion and
are of no use for the calculation of erosion rates
any more. A detailed description of this study
1s published as a Technical Report at the UCB,
FPL (Arnold and Dost 1990).

The profile analysis was done by either com-
paring two profiles point by point or by com-
paring extracted and calculated parameters. In
the case of weathered wood profiles, three pa-
rameters are commonly used (Fig. 3), with ear-
lywood erosion (EER) and latewood erosion
(LER) best known. For this study the Peak-
Valley-Distance (PVD), the distance between
the highest point on the latewood and the
deepest point on the earlywood of an individ-
ual growth ring, was chosen as the parameter
for the comparison. This was mainly because
of the ease in which the parameter could be
reliably measured with the alternative ‘“Mi-
croscope Focusing” method. Compared to the
earlywood or latewood erosion, the PVD does
not depend on a sometimes uncertain refer-
ence point on the unweathered part of the sam-
ple. The PVD can also be extracted easily from
the data of the scanned profile by searching for
the maximum and minimum within the se-
lected growth rings. Twenty PVD’s on five
growth rings per sample were compared on
four species with two replications each. The
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Fi1G. 3. Scanned surface profiles of wood after 2400 h

of accelerated weathering with usual erosion parameters.

The different characteristic of the wood species is apparent.

results are given in figures and tables and show
the deviation from the alternatively measured
profiles and values. Mainly, the results are in-
tended to give an idea of the accuracy of the
existing system.

RESULTS AND DISCUSSION

While working on the calibration procedure,
it soon became obvious that the calibration
had to be done for each species individually.
There is a linear relationship between the de-
tector readings and a vertical displacement on
the sample surface within a range of 3—4 mm.
The slope of this curve, however, changes with
the sample material. The differences of the spe-
cies are due mainly to the different colors. They
affect the reflectance of the laser light the most
of all the factors investigated. The darker the
sample surface, the less light that is reflected
into the detector device. There is also some
influence of the grain direction. This is some-
times combined with color effects: There is a
considerable difference in output between the
earlywood and the latewood bands on end-
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grained wood, while this difference fortunately
can be neglected on the vertical-grained wood
on our weathering samples. Cracks on the sam-
ple surface and sharp edges (eroded latewood
on some species) also affect the reflectance. If
the incident laser beam is being trapped (cracks)
or completely dispersed (sharp edges), not
enough light is reflected into the detector to
give a reliable reading. These effects can be
monitored by not only recording the position
of the reflected laser beam on the photodiode
but by also measuring the intensity of the re-
flected light.

The laser scanned geometric profiles show a
very good reproduction of the original profiles
(Fig. 2). The average vertical deviations from
the original profiles are small (Table 1) and are
in the range of the possible resolution of the
entire system. The largest deviations are around
the steep transitions of the profiles, especially
on the square profile. This is due to the di-
mension of the laser light spot on the sample
surface, which is about 1 mm in diameter. With
its center on the edge of the square-shaped
groove, half of the light is still reflected from
the top surface, while the other half is reaching
the bottom of the groove. This results in a
smoothing of the transition. Still the repro-
duction of the square profile is quite good and
took only 10 seconds to scan with the given
feed speed. The reproducibility of the scanning
system can be shown with two repeated scans
on a weathered surface of western redcedar
(Fig. 3) in reverse direction. The deviations
never exceed 5/100 of a millimeter (Table 2).

With the weathered wood samples, the re-
sults of the comparison of twenty PVD read-
ings per sample with the two methods are dif-
ferent for the wood species (Table 3). Some
caution must be noted for this comparison be-

TABLE 1. Accuracy of reproduction of geometric profiles.
S(l::::til:lg Number of Vertical deviation from original profile (mm)
Profile (mm) data points X s Range
Round 20 400 0.09 0.127 —-0.09 — +0.54
Triangle 30 600 —0.01 0.096 -0.26 - +0.26
Square 30 600 0.01 0.299 -1.17 — +1.98
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TABLE 2. Reproducibility of measurements shown with two repeated scans in reverse feed direction.

Scanning Vertical deviation from original profile (mm)
length Number of
Profile (mm) data points X s Range
Weathered western redcedar 60 1,200 —0.004 0.014 —0.053 — +0.044
TABLE 3. Comparison of profiles measured with LSS and ‘“Microscope Focusing” method.
Comparison of Peak-Valley-Distance (PVD)
Number Vertical difference between LSS and
of ““Microscope Focusing” readings (mm)
measure-
Species Sample ments r X s Range
European Yew 1 20 0.67 —-0.018 0.016 —0.056 - +0.018
2 20 0.61 —0.010 0.022 —0.048 - +0.025
European Spruce 1 20 0.82 —-0.039 0.039 —-0.115 —_ +0.032
2 20 0.93 0.025 0.034 -0.029 - +0.084
Southern Pine 1 20 0.46 0.048 0.084 —-0.112 — +0.178
2 20 0.81 0.184 0.077 +0.062 - +0.335
Western Redcedar 1 20 0.91 —0.051 0.073 —-0.204 — +0.035
2 20 0.96 —-0.070 0.050 —0.163 - +0.034
Western Redcedar 2 Southern Pine 1
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FiG. 4. Comparison of the erosion parameter PYD (Peak-Valley-Distance) measured with the laser scanning system
and the conventional ““Microscope Focusing” method (See also Table 3). Two examples: western redcedar shows good
correlation (r = 0.96), while with southern pine the parameters are correlated rather loose (r = 0.46). The dashed line
indicates the line of perfect match.
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Fic. 5. Erosion rates on redwood siding for different
exposure directions at the University of California, Forest
Products Laboratory, Richmond, CA.

cause the readings from the “Microscope Fo-
cusing” method are also not free of error. The
general results appear clear. With European
yew the absolute differences are small. The co-
efficients of correlation (r) are rather low be-
cause with this dense wood species even the
small errors are substantial compared to the
small erosion values. European spruce can be
measured reliably, whereas southern pine ex-
hibits possible errors up to 1/10 of a milli-
meter. High coefficients of correlation and av-
erage absolute differences were found with
western redcedar. Figure 4 shows two extreme
examples: western redcedar has a close rela-
tionship between the readings of the two meth-
ods due to its uniform structure and color. The
deviations from the indicated line of perfect
match are indicative of problems related to the
calibration. Southern pine shows a rather loose
relationship. The heavily cracked surface and
the different characteristics of the earlywood
and latewood bands (color) may account for
this problem.

The practical application of this new mea-
suring technique on the weathered redwood
siding of buildings at the UCB, FPL confirms
the important influence of exposure conditions
in the erosion of the wood (Fig. 5). Boards on
walls facing south and west are generally most
exposed to sunshine and rain and therefore
have the deepest surface erosion. The erosion
rate for the SW exposure (0.117 mm/year) is
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almost as high as an often used rule of thumb
(Feist and Mraz 1978), which expects 0.5 inches
erosion within 100 years (0.127 mm/year) for
western redcedar. Compared with other known
erosion data, these erosion rates indicate a
rather high weathering stress in the climate of
the San Francisco Bay Area.

CONCLUSIONS

The application of the laser scanning system
is certainly a good alternative to other avail-
able methods to assess the erosion of wood
due to weathering. With its ability to collect
significantly more erosion data in a shorter
period of time than is practical with other
methods, this new approach can give better
average erosion values, in spite of some small
errors in the individual readings. With the re-
production of entire surface profiles, this
method gives very comprehensive informa-
tion about surface conditions. Commercial la-
ser-based scanning equipment and computer-
based x-y feed systems are available that could
be used to assemble a system similar to the
one used in this study. The sampling method
with casted replicas of the eroded wood surface
offers the possibility of collecting large amounts
ofinformation contained in the siding and roof-
ing of countless buildings concerning the
weathering of wood.

The calibration should be improved, es-
pecially with regard to the differences of the
wood species and anatomical changes within
the samples. The best method so far is to pro-
vide a calibration curve for each sample at the
time of the measurement. Another area of fu-
ture work should be the analysis of the re-
corded surface profiles. New erosion parame-
ters besides the depth of erosion may lead to
a better use of the information contained in
the profile data and may show new evidence
for weathering processes.
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