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ABSTRACT

Honeycomb and closed surface checks are types of lumber drying defects that can
goundetected and result in considerable losses during further processing of the lumber
into high-quality products. This paper summarizes the results of an experiment that
investigatedthe use of ultrasonic nondestructiveevaluation (NDE)techniquesto detect
honeycomb and surface checks in red oak lumber. Dried 1-1/4-inch- (30-mm-)thick
red oak specimenswere analyzedusing ultrasonicthroughtransmission NDE. A strong
relationship was observed between the occurrence of honeycomband surface checks
and excessively long sound transmission times. Hence, this technique shows strong

TecHNICAL NOTE

promise to detect honeycomb and surface checks in lumber.

Lumberdrying is acritical step in
manufacturing hardwood lumber, espe-
ciallywhen consideringopportunitiesto
improve recovery and reduce both de-
grade and unnecessary expense. De-
grade in the form of surface checks and
honeycomb is especially severe in oak
lumber and a major source of value loss
and waste. Such drying defects are
caused by internal stresses that develop
from differential shrinkage patterns
within pieces of lumber. Preventingdry-
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ing defects requires close control of the
movement of moisture through and out
of the lumber. More specifically, main-
taining proper limits on temperatureand
humidity in lumber dry kilns is neces-
sary.

To minimize loss and excessive sec-
ondary manufacturingcosts, it isimpor-
tant to minimize degrade during drying.
When drying degrade exists, a strategy
of inspection may be useful to identify
and remove lumber containing drying
degrade before additional processing
costs are incurred. Of particular interest
are honeycomb and closed surface
checks. These defects are hidden yet
result in significantdowngrade. For ex-
ample, it would be advantageousto de-
tect end-related honeycomb in a rough
mill. X-ray nondestructive evaluation

NONDESTRUCTIVE EVALUATION
OF HONEYCOMB AND SURFACE
CHECKS IN RED OAK LUMBER

techniques have been shownto be useful
for identifying defects." However, cost
constraints limit the use of these x-ray
techniques.

UltrasonicNDE techniquesmay pro-
vide anecessarytooltoaidinthe lumber
inspection process. These techniques
have been researched and are used ex-
tensively to grade wood veneer and in-
spect wood structures2 The underlying
premise for ultrasonic NDE is that
speed-of-sound transmission is sensi-
tive to various factors that determinethe
quality of wood products. For example,
recent research results showed that ul-
trasonic NDE techniquesare sensitiveto
the presence of wetwood in undried oak
lumber.3+ However, use ofthese tech-
niques to detect honeycomb and surface
checks in dried lumber has not been
investigated. We hypothesized that the
presence of honeycomb and surface
checks would significantly increase
soundtransmissiontime in red oak lum-
ber.

The objective of this study was to
determine if speed-of-sound transmis-
sion perpendicular to the grain is sensi-
tive to the presence of honeycomb and
closed surface checks in red oak lumber.

MATERIALS AND METHODS

Eighteen kiln-dried, 1-1/4-inch-(30-
mm-) thick red oak lumber specimens
were obtained from the Webster Lumber
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TABLE1. — Width of specimens

Board width Total no. of specimens
(in)
6.0
7.0
8.0
8.5
9.0
2 1 inch = 0.0254 m.

4
10
1
2
1

Co., Bangor, Wis. Special care was
takeninthe selectionof the specimensto
ensure that some contained honeycomb
and surface checks. Specimens were se-
lected by mill personnel based on visual
criteria. The width of the specimens var-
ied (Table 1).

Speed-of-sound transmission across
the width of the specimens was meas-
ured using the experimental setup
shown in Figure 1. The setup consisted
of two 84-kHz rolling transducers cou-
pled to an ultrasonic transmitter and re-
ceiving unit. "Transmission times were
displayed by the unit and recorded
manually. Transmission times were
measured at regular increments along
the length of the specimens. Transit cut-
off times of 250 and 300 psec./ft. (820
and 984 psec./m) were chosen based on
results reported by Armstrong and oth-
erss They measured sound transmission
time perpendicular to the grain for a
variety of hardwoods and reported val-
uesthatrangedfrom 197to 174 psec./ft.
(646 to 570 psec./m) for clear red oak
containing no defects. Armstrong and
others® used a relatively small sample
size. To account for natural variability,
we chose a low cutoff value of 250
psec./ft. (820 psec./m). We chose an
upper cutoff of 300 psec./ft. (984
psec./m) because most clear materials
would fall below this level.

After sound transmission times were
recorded, 1/4-inch (6-mm) cross sec-
tions were removed from the specimens
at each point where the NDE tests were
performed. These cross sections were
then visually inspected to determine if
honeycomb and surface checks were
present.

RESULTS AND DISCUSSION

A summary of sound transmission
times, computed on a per foot (meter)
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Figure 1. —Test setup.
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Figure 2.- Sound transmission time as a function of position; specimen showing
(a) internal and (b) surface characteristics.
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TABLE 2. — Data summary comparing sound transmission times and the presence ofhoneycomb or
surface checks.

Number of cross sections

Containing Free of
Sound transmission time  honeycomb/surface honeycomb/surface
(usec./ft.) (psec./m) checks checks total tested
<250 (< 820) 7(3.5) 192 (96.5) 199 (100)
250 io 300 (820 to 984) 27 (31.8) 58 (68.2) 85 (100)
> 300 (> 984) 247 (98.0) 5 (2.0) 252(100)
= Values in parentheses are the percentage of cross sections.
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Figure 3 - Sound transmission time as a function of position; specimen contains
no honeycomb or surface checks but does contain several knots.
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basis, and results of visual inspection of
the corresponding cross sections for all
specimens are listed in Table 2. Note
that 98 percent of the cross sections
having sound transmission times in ex-
cess 0f300 pisec./ft. (984 psec./m) con-
tained honeycomb or surface checks;
96.5 percent of the sectionshaving times
less than 250 psec./ft. (820 psec./m)
contained no defects; 68.2 percent hav-
ing times between 250 to 300 psec./ft.
(820 to 984 ps/m) contained no defects.

It is also beneficial to display transit
times and corresponding cross sections
within an individual board to further
highlight the relationship between tran-
sittime and the presence of honeycomb
orsurface checks. Figures 2 and 3 show
transit times and corresponding cross
sections for three specimens. As illus-
trated, large increases intransittimesarc
directly associated with sections con-
taining honeycomb and surface checks.
A naturally occurring defect, such as a
knot, resulted inasmall increase in tran-
sit time, and these defects tended to re-
sult in a localized increase in transit
time. Whereas, honeycomb and surface
checks tended to have a large increase in
transit time over a greater area of the
board.

CONCLUSIONS
Based onour results, we concludethe
following:

1. Sound transmission time perpen-
dicular to the grain is significantly in-
creased by the presence of honeycomb
and surface checks in red oak lumber.

2. As a result of the nondestructive
nature ofthis test, ultrasonic NDE tech-
niques show promise as an on-line in-
spection to detect honeycomb and sur-
face checks in dried lumber.

For confirmation, we recommend
that a wverification study be conducted
using larger sample sizes of mill-run
material.
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