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Shozo Havasui* and Tsuneo Kisuima*: Study of the Transverse Penetration
of water into Softwood
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Penetration weight of AKAMATSU sapwood, Fig. 4, is much larger
than the others, and moisture-saturated specimens show lower penetra-

bility than ari-dry specimens.
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Table 1. Properties of the specimens.

. . Specific gravity | Annual ring Moisture content
Specimen 1 Condition | ;7 dry | width (mm} (%)
\ 1
. TB* 0.34 2.7 15.9
SUGI ‘
TFE* 0.33 3.0 15.9
sapwood Co
R* 0.36 3.2 16.0
TB 0.38 3.2 14.9
SUGI
TF 0.40 3.2 - 14.9
heartwood ,
R 0.38 2.8 14.9
_ N .1 Air day
TB 0.48 3.4 14.3
HINOKI
. TF | 0.48 3.0 14.4
sapwood
R 0.49 3.7 14.5
TB 0.50 2.0 16.4
AKAMATSU
TF 0.50 2.6 16.2
sapwood
R 0.51 2.3 16.3
SUGI TB | 0.35 3.0 22.8
sapwood | TF ' 0.34 2.8 23.5
SUGI TF 0.40 | 3.2 22.6
heartwood | R 0.38 3.0 23.2
B Moisture \
HINOKI ' TF 0.45 | 2.6 | 22.5
, saturated
sapwood | R 0.49 2.6 22,1
TB | 0.51 2.4 22.8
AKAMATSU
TF 0.50 2.5 23,2
sapwood
R 0.50 3.4 22.8
|

* TB: Penetrated into flatsawn surface of the specimen from back side
TEF: Penetrated into flatsawn surface of the specimen from face side
R: Penetrated into quartersawn surface of the specimen
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Table 2. The value of average slope of penetration weight-time curve.

. Average Penetrated from
Species moisture
content (%) TB* TF* R*
15.9 0.56 0.56 0.60
SUGI sapwood

23.2 0.74 0.66 —
14.9 0.58 0.57 0.56

SUGI heartwood
23.9 0.64 — 0.63
14.4 0.61 0,61 0.62

HINOKI sapwood
22.3 0,61 — 0,71
16.3 \ 0.40 0.45 0.58

AKAMATSU sapwood ‘ \

22,9 - ‘ 0,47 0.50 0,51

* . TB, TF, and R are the same as those of Table 1.
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~Summary

Study of liquid penetrability into wood is interesting to the applied industry of
wood. Previously the authers reported the microscopical courses of water penetration
into wood!, and, recently, the influence of moisture content of softwood on longitudi-
nal liquid penetration®. In this report, transverse water penetrability, that of radial
direction from face side to back side and from back side to face side of flatsawn sur-
face and that of tangential direction from quartersawn surface, and the influence of
moisture content of wood specimens on transverse penetration were investigated, and
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the microscopic observation of water penetration courses of the transverse direction
was carried out.

Three species, sucl (Japanese Cryptomeria) sapwood and heartwood, HINOKI
(Japanese cypress) sapwood, and axkamaTsu (Japanese red pine) sapwood were used.
Moisture content of the test specimens were prepared at two stages, air dry and
moisture saturated conditi:n. Average properties of these specimens are shown in
Table 1. Surfaces of specimens except penetration one were coated with vaseline as
thin as possible for preventing liquid creeps along them, and the penetration surface
was dipped in 1% aqueous solution of acid fuchsin. The specimens were weighed at
0.2, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 10, 12, 15, and 24 hrs respectively. Testing room
has been kept at 26°C during experiment.

The relations between penetration weight obtained from weighing penetrated dye
solution, and corresponding time expended are shown in Figs. 1-4. Value of average
inclination of penetration weight-time curve ,v, was derived and shown in Table 2.
After the above penetration test was carried out, tangential and radial sections of
25¢¢ thickness were cut off from the specimens under air dry condition, and were
observed under light microscope (Photos. 1-6).

Results of this experiment are as follows :

As to transverse penetrability of wood species, that of AxAmMATSU sapwood 1is
much larger than those of sapwoods of suct and Hinok! (Figs. 1-4). Penetration
weight, of akamatsu wood, for example, was 500-700 mg/cm?, for 24 hrs, but was 20-
40mg/cm?, for suct and HINOKI woods. The reason for this may lie in the facts that
the penetrability of ray tissue of akamaTsu is larger than that of the other species
and water penetration from ray cells to longitudinal tracheids through the window
like pits is much larger than the others (Photos. 3, 4, and 5). It is noticeable that
the transverse penetration weight of AkaAMATSU wood is as large as the longitudinal
penetration weight of suct and HiNoKI wood.

Penetrability of sapwood was only about 1.5 times of that of heartwood on the
transverse penetration, as compared with the ratio of 3-4 times on the longitudinal
penetration?. The reason for this may lie in the difference of features ray tissues
and longitudinal tracheids, that is, longitudinal penetrability of heartwood is lower
than that of sapwood because of having more pit-closures between tracheids, it seems
that the difference of ray tissues or pit closures of ray sells between sap- and heart-
wood are not so distinct.

As to penetrability, there was no difference between from face side and back side
for every species examined. Penetrability from flatsawn surface was larger than that
from quartersawn surface in axamaTsu, on the other hand, such a difference was
indistinct in suci and HINOKI.

The weight of penetrated water of air dry specimens was larger than that of
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Photo. 1. SUGI sapwood : penetrated from face
side (bark side)of flatsawn surface. Acid fuch-
sin solution penetrates to ray parenchyma cells
and intercellular spaces between ray and longi-
tudinal tracheids. (x70)

Photo. 3. SUGI sapwood : penetrated from face
side. Acid fuchsin solution penetrated into
several layers of tracheids according to direct
longitudinal penetration or indirect one from
ray tissues. Three tracheids, especially dark
coloured, among the penetrated part show the
result in accordance with the dye solution
dammed at the tips of them. (x30)

AKAMATSU sapwood: penetrated
from face side. Penetrability of ray tissue is
much larger than the other species, and penet-
ration from rays to longitudinal tracheids is
observed only in latewood. (¢30)

Photo. 4.

Phot. 6.

Photo. 2. SUGI sapwood : penetrated from quai‘-

tersawn grain surface. Some rays near the
penetration surface are dyed. (x30)

HINOKI sawpood: penetrated from
back side (pith side) of flatsawn surface. Only
two tracheids apart from penetration surface
are dyed with acid fuchsin. Ray parenchyma

cells in the right hand ray are scarcely dyed,
showing penetration from adjacent tracheids.
But major dark coloured portion means merely
comtents. (x30)

AKAMATSU sapwood_: penetrated
from face side in early wood. Only ray tissues
were dyed with acid fuchein. (<30)
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moisture saturated ones for every measuring point (Figs. 1-4), but average slope
values of penetration weight-time curves, », were larger in moisture saturated speci-
mens (Table 2). In view of this fact, it will be presumed that the penetration
weight of the air dry specimens will be exceeded by that of the moisture saturated
specimens as far this condition continued. The values of » were nearly 0.5, and
this shows a proportional relation between the penetration weight and the square
root of time elapsed.

From the microscopic observation, it was obvious that the leading portion of
transvéi‘sé penetration was ray tissues. The penetration occured between rays and
tracheids in AKAMATSU was especially conspicuous comparing with the others, and
this was observed mainly into its latewood tracheids (Photo 5). There are some
reports!?®912 on the difference of penetrability between ray tracheids and ray paren-
chyma cells, but from the result of this experiment there was no difference between
both tissues on the penetrability.

Intércellular space is also a path of dye solution. Photo. 1 is an example of

penetration from ray to intercellular space of longitudinal tracheids.
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