
COLLAPSE AND HONEYCOMB IN WESTERN RED CEDAR
IN RELATION TO GREEN-WOOD LIQUID PERMEABILITY*

David P. Thomas
and

Harvey D. Erickson

A study of the liquid permeability of western red cedar wood under green moisture-content condi-
tions was undertaken to explore the relationship of permeability to collapse. At this meeting last year,
it was reported that a simple method had been devised to predict collapse in green test material by
taking wafers from specimen boards and drying them rapidly in a forced draft oven at 105° C. Wafers
that withstand these drastic conditions without deformation are deemed collapse resistant; those that
crinkle, washboard, or deform are considered collapse susceptible. The deformation in the wafer fore-
casts zones of potential collapse in the green parent material.

In this work, the permeable nature of green western red cedar wood was studied by selecting
material on the basis of this collapse prediction test. Permeability was measured in terms of the rate

* This research was supported in part by the U. S. Forest Service under terms of a cooperative agree-
ment with the University of Washington.
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of water flow through wood with the application of hydrostatic pressure. Longitudinal measurements
were made across the grain and along the grain at irregular intervals. Specific gravity and moisture
content were appraised for each permeability test zone by sampling identical annual growth increments
immediately in contact with the test zone.

EXPERIMENTAL APPARATUS 

Minor modifications were made to the basic apparatus used by Erickson and Estep for the measure-
ment of pressure permeability of Douglas-fir heartwood (Forest Products Journal, Vol. XII, No. 7,
July 1962, p. 314). In their apparatus, test blocks were held between rubber gasketed, matched brass
couplings with circular openings. For the cedar project, the lower coupling was modified by cutting a
rectangular opening of 0.806 sq. cm. (1/4" x '/2") cross-sectional area. The area of circular opening
in the top coupling remained 2.04 sq. cm. (about 5/8" diameter).

The rectangular opening was chosen to better observe the influence of a particular ring or group
of rings on the rate of flow. The rectangular area was purposely reduced in area to minimize misalign-
ment between top and bottom couplings.

Otherwise, except for the incorporation of a compressed air cylinder in the supply line in place
of direct delivery from an accumulator, the experimental apparatus coincides with that described by
Erickson and Estep.

Specimen boards were cut into test blocks about one inch in length along the grain and the end
grain surfaces were shaved on a microtome preparatory to testing. The permeability test was made by
clamping a block in the pressure apparatus with the annual rings oriented parallel to the long axis of
the rectangular opening in the lower coupling. Distilled water was then admitted to the reservoir and
air pressure applied. The initial reading of water level in the graduated pipette was taken one minute
after development of full pressure and at two-minute intervals thereafter until flow stabilized at a max-
imum rate, or dropped for two consecutive intervals. The maximum flow at 160 p. s. i. pressure was
taken as the index value of test-block permeability.

TEST MATERIAL

Short sections of 5/4" x 10" vertical grain boards were obtained from the green chain at Seattle
Cedar Lumber Manufacturing Company. The geographical origin of the material was the Grays Harbor
area of southwest Washington.

Prediction tests were made on over 300 boards to establish the frequency and patterns of collapse.
Six representative boards were selected from this group for intensive study, and they serve as the basis
of this report.

The boards are pictured in cross section in Figures 1 to 4 and identified by letter, Numerical
subscripts refer to different test areas within the board. In Figures 1 to 3, the pictures portray the in-
ternal patterns of honeycomb and collapse which ensue from the severe drying conditions encountered
during the prediction test. In these illustrations, the prediction-test pieces have been bisected in a
transverse plane. Figure 4 shows the end grain that was exposed in the oven during drying, thus re-
flecting the external evidence of deformation resulting from the test conditions. The subscripts of the
"F-" and "G-series" can be matched to compare the internal and external effects of the several test
variations in temperature and pressure that were used in arriving at the 105° C. standard test temper-
ature.

Description and comment on each board is as follows:
A.	 Satisfactory material; deformation, honeycomb, and collapse are lacking.
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Figure 1. Transections of Prediction-Test Specimens;
"A" through "F" internal views of bisected test
pieces; "G" views_of end-grain surfaces exposed
during oven drying.

Figure 2. Transections of Prediction-Test Specimens;
"A" through "F" internal views of bisected test
pieces; "G" views of end-grain surfaces exposed
during oven drying.
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B. Slight to medium collapse indicated by deformation of radial surface (visible as change
of thickness) which persists radially across several annual rings; collapse accompanied by
scattered slight to medium honeycomb.

C. Medium collapse indicated by deformation of radial surface; more or less confined to local
zones of one or two annual rings; recurs at irregular intervals across the board; collapse ac-
companied by slight to medium honeycomb.

D.	 (Transections of Prediction-Test Specimens separated along the grain by 22 inches; D1
nearer to butt of tree).
D1. Heavy collapse indicated by deformation of radial surface and accompanied by

severe honeycomb.
D2. Slight collapse indicated by deformation of radial surface; slight undulating collapse

accompanied by medium honeycomb which recurs at frequent intervals.

E.	 (Transections of Prediction-Test Specimens separated along the grain by 22 inches; E1
nearer to butt of tree).
El . Medium collapse indicated by undulating deformation of radial surface or "washboard'
effect; undulations persistent along the grain; honeycomb is lacking.
E2 . Same as Er

F.	 (Consecutive series of two-inch long Prediction-Test Specimens showing internal effects of
different drying conditions during test).
F1. Prediction-test temperature - 105° C. Heavy collapse indicated by reduction in

tangential thickness; persistent across several annual rings and vertically along the
grain; collapse accompanied by heavy to medium honeycomb in severely deformed
areas.

F2. Prediction-test temperature - 80° C. Pattern similar to F 1 except that total defor-
mation in F2 in zone of maxiumum deformation is quantitatively less than in F1.

F3. Prediction-test temperature - 60° C. Heavy collapse indicated by surface deforma-
tion. Total deformation in zone of maximum deformation is quantitatively less than
in F2. Internal honeycomb less severe and occurs less frequently; right-hand portion
free of collapse.

F4. Vacuum oven at 100° C. Surface deformation lacking, no evidence of collapse.
Slight honeycomb; less severe, but more frequent than F3 and recurs periodically
across full width of transection.

G.	 Same as "F-series." Shows end-grain surfaces which were exposed in the drying oven
during test. Side surface deformation reveals severity of collapse but does not indicate
extent of internal honeycomb. Note lack of external deformation in the vacuum-dried G4.

RESULTS AND DISCUSSION

From 12 to 18 permeability tests were made across each transverse section, and these rate of flow
data are plotted in Figures 5 to 11 against the midpoints of each test area across the ten-inch width of
board. Moisture content and specific gravity data are incorporated into the graph to form a "profile"
of the three variables.

A profile of the "A-type" board is omitted from graphical presentation as it is not typical of the
collapse-honeycomb condition under investigation.

The permeability profiles of two transections cut serially from Board "B" are shown in Figure 5.
The general level of water flow rates is low. Only in test areas C 2 and C 3 do the profiles show per-
meability values approaching modest flow. These two relatively high permeability areas are free of
collapse and honeycomb. The visible defects evident in the picture (Figure 1) are centered in low-
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permeability portions of the transection at B 1 and A3 . Although these results suggest an intimate re-
lationship, it is noted that the right-hand third of the prediction test shows no deformation and has a
similarly low index of permeability. In this instance the zones of low permeability in which defects
develop are zones of above-average moisture content while the low-permeability, defect-free portion
to the right is characterized by below-average moisture content. Thus, in the right-hand portion, the
moisture content may be the limiting factor that prevents collapse. The influence of specific gravity
is not readily discernible.

The profiles indicate less variation per unit distance along the grain than radially across the
grain. It appears that the change in longitudinal permeability is more gradual vertically within given
annual increments than horizontally between different annual increments. Radial gradients of longi-
tudinal permeability tend to be steeper than the vertical permeability gradients in the stem.

Figure 6 is an extension of the along-the-grain and across-the-grain effects demonstrated in Board
"B" except that permeability profiles of four serial transections are depicted rather than two. As pre-
viously noted, collapse in "C" persisted for some distance along the grain in irregularly spaced zones
comprising but one or two annual rings.

The permeability profiles indicate a low order of flow. Uniformly low permeability is noted in
all four profiles at C 1, E1 , B2, and B3 -- all of which are centered on collapse rings. At C 3, the test

is similarly centered on collapse rings, but the vertical variation in permeability is appreciable and deg
creases progressively from butt to tip for nearly five inches along the grain. The largest internal check
is also centered at C 3 which suggests that permeability gradients are involved in "triggering" honey-
comb within collapse zones.

At D3, E3, and A4,°the variation in longitudinal permeability along the grain is perceptible with
the highest values occurring in the profile marked "C 2 ." The profile lines cross over each other through
this zone indicating that longitudinal permeability vertically in particular annual-growth increments is
a vacillating property. Since the D 3 -E3-A4 portion of the test block dried satisfactorily, perhaps the
broader and larger expanse of high permeability wood was a contributing factor. However, the inter-
relationship of the three variables is not clear in the light of the low moisture contents and relatively
uniform specific gravities.

The profiles corroborate the contention that the longitudinal permeability variation per unit dis-
tance vertically along-the-grain is of much lower order than the variation per unit distance radially.
That is, the magnitude of permeability variation within given annual rings is more consistent than
radially between adjacent sets of annual rings at the same height in the stem.

Even though the entire board is characterized by relatively low rates of flow, it is noteworthy
that the zones of higher permeability are consistently outside of collapse zones. B 2 has the highest
permeability among the five collapse zones and also has flow rates that exceed those found in zones
free of collapse. From point F 1 , to the left of B2, the permeability gradient is gradual and relatively
flat; to the right, the gradient rises relatively steeply toward C 2 . In this case, an across-the-grain
permeability gradient is in evidence in a zone that has nearly uniform permeability along the grain.
Again, permeability gradient is suggested as a factor contributing to collapse. Conceivably, the lack
of an appreciable vertical gradient is related to the development of collapse without honeycomb.

Figures 7 and 8 illustrate the change in longitudinal permeability within particular annual in-
crements of Board "D" over a distance of 22 inches along the grain.

In the D 1 Profile, Figure 7, extremely low permeability persists through the zone of severest
collapse deformation and honeycomb. The point of highest permeability, noted in the picture,
immediately to the left of the severely deformed zone has suffered the least loss in dimension through
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drying. However, a pinhole-size honeycomb opening is visible in this portion near Point C 2 suggesting
that the vertical permeability gradient along the grain may be quite steep.

The parallelism of the saw-toothed profiles of permeability and specific gravity in the left-hand
portion of Figure 7, while moisture content remains quite stable at a high level, is denoted on the
prediction-test piece, Figure 2 - D i , by extensive internal honeycomb with mild deformation of the
radial surface. Again the relatively high permeability levels in this area offer the possibility for
steep within-ring, vertical permeability gradients sufficiently great to 'trigger" honeycomb. Such
points are C1' D1, and A2 which are centered in the honeycombed zone. Similarly, the steep per-
meability gradient radially from D i to A2 may be in part the explanation for the undulating deforma-
tion of the surface at this point. The low specific gravity of the wood throughout the left-hand portion
of the profile forecasts a low order of strength in compression perpendicular to the grain, so again the
interrelationship of permeability, specific gravity, and moisture content to collapse and honeycomb is
not clear.

In the D2 Profile, Figure 8, the moisture content is perceptibly lower than in the D i Profile, but
much less uniform, with but one point remaining at the 200 per cent level. Interestingly, the perme-
ability at this point, in conjunction with a high specific gravity, is a relatively high 1.85 ml. /2 min.
The specific gravity variation for the D2 Profile is considerably less, but the average is noticeably
higher. The permeability profiles of the two transections are of the same order between B 1 and B2,
but there the similarity stops as the D 2 Profile approaches "average" permeability for the species as
ascertained by information to date.

The deformation in the prediction test pieces has changed markedly as the distance between
them has been lengthened. Mild, undulating surface deformation and medium internal honeycomb
prevail in the place of severe internal and external deformation. Honeycomb occurs in zones of both
relatively high and low permeability, neither of which shows any relationship to high or low moisture
content.

It became apparent in testing wood of the D Profile characteristic that the 1/4" x 1/2" opening2
for the application of hydrostatic pressure on the transverse surface of test blocks tended to average out
steep radial permeability gradients even over a distance of 1/4-inch. Based on the "super-saturated"
appearance of portions of the exit faces of test blocks, it was quite apparent that the total wood mass
under hydrostatic pressure was not contributing equally to the passage of water. By the method of test,
it was impossible to evaluate either the percentage of cells participating or the effectiveness of the
different channels, large or small, which passed water through the test zone. Thus it is quite difficult
to interpret the occurrence of honeycomb in both high and low permeability areas in the light of perme-
ability gradients. Some areas of pinhead size are suspected of contributing unusually large volumes of
water in proportion to the total volume of wood exposed to test. When the flows reach the 0.50 - 1. 00
ml, /2 min. -level, it is possible that very steep gradients can exist over very short distances. If so, it
is possible that the permeability gradient in conjunction with moisture content variation can induce
critical stresses during drying while localized zones are still at a high moisture content.

Figures 9 and 10 again illustrate the change in-permeability profiles with distance along the
grain for Board "F". Selected sets of annual rings are evaluated at two different heights in the stem
separated by 22 inches. The related prediction tests are pictured in Figures 2 - E l and 2 - E2.

The serrated moisture content and specific gravity profiles of both transections are similar in
shape and magnitude. The graphic permeability profiles are among the most serrated found in the
entire study, the butt-end profile being of a slightly lower order.

The lack of steep permeability gradients vertically over the, intervening distance separating the
profile is suggested by the point-by-point comparison of the permeability profiles. Except in the B2



and C4 test areas, the differences are not great. The average of the vertical permeability differences
between identical test areas at the two levels is 0.57 ml. /2 min. In contrast, the average difference

for Board "D" between D 1 and D2 was 0.81 ml. /2 min.

The alternating high and low permeability radially in conjunction with uniformly moderate
specific gravity and variable, high range of moisture content is consistent with the development of
undulating deformation noted previously as indicative of collapse.

Figure 11 is a composite of 70 permeability measurements taken on five transections of a board
at several levels. The data are plotted for the "Perm. Tests" Fa, Fb, Fc, Fd, and Fe. Fa and Fb are
serial transections, the midpoint of which is separated from Fc by about six inches. Fd and Fc are
serial transections, the midpoint of which is separated from the plane of division between Fa and Fb
by about eighteen inches. Board "F" was characterized by the persistent deformation noted in Figure

3-F 1 , for several feet along the grain. Therefore, F 1 was used as the prediction-test piece for locating

the test annual rings. By virtue of the normal manner of tree growth, the test-ring spacing from butt
to tip tends to diverge. Only the mid-points of test areas for Profile Fa are indicated. Where Fb, Fc,
Fd, or Fe points are not in vertical alignment with Fa points, a shift in ring position across the 10-inch

width of the board must be assumed.

Over the 22-inch length of test, the board is consistent with the hypothesis that collapse accom-
panied by honeycomb gives maximum decrease in thickness in the regions of low permeability in which
it is impossible to develop vertical gradients of any appreciable steepness. This occurs in the central

third of the width.

Severe honeycomb develops where vertical gradients are excessively steep. Mild undulating de-
formation of the radial surface develops with severe honeycomb when steep radial permeability gradi-
ents are coexistent. This effect is illustrated by the plot of permeabilities for the left-hand third of

the composite of profiles.

The right-hand third is similar to the left-hand third in that thickness deformation is slight. How-
ever, the severity of honeycombing is appreciably less. Reference to the composite profile of the left-
third reveals that excessively steep vertical gradients are restrictively limited by the inherently low
range of permeability within the test rings.

Figure 3-F2 and 3-F 3 illustrate the influence of test temperature on collapse and honeycomb
development. From pictorial evidence, it would appear that low-temperature prediction-test speci-
mens might be used to localize and define the zones most susceptible to development of defect.

Figure 3-F4 pictures a transection of Board "F" which was dried in a vacuum oven at 100
0
 C.

Figure 4-G4 shows the external appearance of the same specimen after drying. Its outward appearance
does not suggest the development of the honeycomb within, shown in F 4, as G4

 appears to be under-

formed and free of defect.

The comparison of F 3 and F4, on the basis of internal defects, shows that points of origin for
internal checks are essentially the same in the left half of both specimens even though collapse-
inducing forces of capillary tension are apparently minimized by vacuum treatment in F 4

. In the

right-half of the specimen, radially aligned honeycomb appears in F 4
 but is not found in F3

. If the

specific-gravity profile were incorporated into Figure 11, it would be apparent that the right-hand
portion approaches an average of 0.285 as against 0.265 for the left. Any attempt to explain this
phenomenon in terms of drying conditions, temperatures, moisture content, specific gravity and flow

rate would be pure speculation at this stage..

In concluding the discussion of results, it is necessary to comment briefly on raidal and tangential
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flow. Even though methods were used that had proven successful for the measurement of transverse
flow with other species, negligible rates of flow were achieved when the technique was applied to
western red cedar. A limited number of tests were made at 150 p. s. i. pressure on thin sections micro-
tomed to about 1.25 mm. thickness. Exposed end-grain portions of test specimens were sealed with
thermo-setting resins to prevent longitudinal leakage during test. Attempts to measure flow were con-
sistently of such low order that readings were estimations in the thousandths-of-milliliter range even
over extended periods of time.

The conclusion is that transverse permeability can have but negligible side effect on the measured
values of the longitudinal flow rates that are reported herein. With respect to permeability alone (as
distinct from the influence of moisture-content and specific-gravity conditions), the longitudinal per-
meability gradient, both vertically and radially, seems to be an important factor in the development
of collapse and honeycomb.

CONCLUSION

The development of collapse and honeycomb in western red cedar, either separately, indepen-
dently, or in combination, results from the complex interplay of the physically measurable variables
of (a) moisture content, (b) specific gravity, and (c) longitudinal permeability to the passage of water
under pressure. Each variable tends to form gradients along or across the grain and, in certain combi-
nations, may present minimal resistance to the forces of deformation. These latter forces are known
to vary as the temperature, rate of air circulation, and atmospheric conditions of humidity and pressure
are altered. The critical values for these variable factors and the forces that induce deformation were
not determinable from the data.

This study quantitatively establishes that longitudinal permeability gradients exist along the
grain within a particular annual ring, or group of annual rings. Similarly, gradients of longitudinal
permeability exist radially from annual ring to annual ring, and these often tend to be subject to
steep changes over short radial distances.

The intergradation of vertical and radial gradients of longitudinal permeability results in three
fairly well defined effects, assuming that moisture content and specific gravity are not the controlling
factors:

Severe honeycomb with little to no deformation of board thickness.
This condition prevails in wood characterized by vacillating flow-rates of appreciable

magnitude along the grain. The low flow-rate values in such zones tend to approach the
extremes for the species, but their occurrence is relatively infrequent as compared to high
flow-rate values. Steep radial gradients of longitudinal flow are also characteristic of
such zones.

(2) Severe collapse denoted by sharp "crinkling" of annual increments or extensive reduction
from original board thickness.

This condition prevails in wood characterized by uniformly low flow rate measurements
along the grain as well as radially across the grain. Severe deformation persists throughout
such wood until the level of flow is of such value that a permeability gradient of some mar-
ginal value is established, either vertically or radially, that alleviates the condition. In-
ternally, honeycomb often accompanies the collapse.

(3) "Washboard" or undulating collapse of radial surfaces without evidence of internal honey-
comb.

This is the "in-between condition" that develops when material is in the critical
collapse-permeability range but which has high enough flow rate to permit establishment
of low-order gradients. The radial gradients appear to be controlling. When appreciable

( 1 )
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longitudinal gradients develop, honeycomb is likely to occur.

There is nothing restrictive about the occurrence of these three effects. They intergrade longi-
tudinally and transversely; often within the confines of very limited zones.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

