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Various investigations at the Forest Products Laboratory have
revealed unusually high dimensional changes along the grain with changes
in moisture content of certain pieces of wood of very low specific gravity.
The greater shrinkage of springwood when dried separately from summerwood
in the Southern yellow pines and redwood is an example of this. 	 A fur-
ther illustration in the Southern yellow pines is the high longitudinal
shrinkage of wood of relatively low specific gravity comprising wide annual
rings preponderantly springwood from near the pith of trees.

The results of these investigations and a reported distortion
accompanying changes in humidity conditions surrounding fabricated air-
craft parts containing balsa wood suggested the need of information
concerning longitudinal shrinkage of balsa in order to ascertain how great
its longitudinal shrinkage values may be and to what extent the variation
is related to the specific gravity range of the. species.

Test Methods

Sections 9-1/2 inches long having a range in s p ecific gravity from
0.08 to 0.20 were cut from 9 balsa planks and ripped lengthwise into 238
specimens 1/4 inch thick and 5/8 inch wide. They were weighed in an air-
dry condition (the planks were originally kiln dried some months previous),
and the length was carefully measured to 1/1000 of an inch. The specimens
were then submerged in cold water for 2 weeks and again weighed, and the
length of each was measured. Next the s p ecimens were allowed to dry slowly
until again air dry when they were placed in an oven at 100° to 105 0 C.
until entirely free of moic,ture. The weight of each secimen and its
length when oven dry were then recorded.
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Moisture Content 

The moisture content of the balsa specimens in their initial air-
dry condition ranged from 6.5 to 13.8 percent based on their weight when
oven dry and averaged 8.3 percent. On the same basis, the moisture content
in the soaked condition ranged from a minimum of 141 percent to a maximum
ef 792 percent and averaged 400 percent. The moisture content of green,
freshly cut balsa may be estimated at 200 to 400 percent based upon state-
ments that green logs float with 1/3 to 1/2 of their volume above the level
of the water surface.

Longitudinal Shrinkage 

The average shrinkage of all the balsa specimens in both an air-dry
and oven-dry condition based upon the soaked length is shown in figure 1.
The average longitudinal shrinkage of the air-dry s pecimens was 0.197 per-
cent, that of the moisture-free specimens was 0.285 percent. The dotted line
indicates the theoretical shrinkage trend from the soaked to an air-dry
condition. Beth values are given in percentage of the length of the speci-
mens when. soaked. The soaked dimensions of wood specimens have been e'ltab-
lished to be practically the equivalent of their dimensions in the green
condition, which is the standard basis used for computing shrinkage values.

Relation of Lon • itudinal Shrink	 ecific Gravit7-

Figure 2 shows the longitudinal shrinkage of each specimen plotted
in relation to its specific gravity based on weight and volume when oven dry.
The maximum shrinkage of a single specimen is 0.633 percent for a specimen
having a specific gravity of 0.050, and minimum shrinkage is 0.105 for a
specimen with a specific gravity of0.212. With one exce ption all specimens
that shrank more than 0.30 percent were below 0.10 in srecific gravity. The
data in figure 2 indicate a tendency toward lower longitudinal shrinkage
with increase above 0.20 in the specific gravity of the wood, but fewer
samples in the higher density classes may be resp onsible for the apparent
differences in that portion of the material. The data show that longitudinal
shrinkage up to 0.25 percent may be expected for balsa with a specific grav-
ity if 0,20.

Relation of Longitudinal  Shrinkage to e ijht per_6UbicFoot 

Since purchase orders frequently call for balsa within definite
weight limits at a given moisture content, figure 3 has been prepared to
present the data from figure 2 on a basis of pounds per cubic foot at a
moisture content of 12 percent, Weight classes per cubic foot are shown in
the figure by 3-pound intervals up to 15 pounds per cubic foot. Bars rep-
resenting four weight classes show the maximum,minimum, and average shrinkage
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for each class. The shaded length of each bar indicates the total range of
shrinkage within that class as read from the shrinkage scale on the left
margin. The horizontal line near the middle of the shaded area on each bar
indicates the average longitudinal shrinkage for that class. Average longi-
tudinal shrinkage values for the four classes reading from left to right in
the figure are, res-ectively, 0.370, 0.238, 0.209, and 0.180 percent of the
green length. Longitudinal shrinkage much beyond 0.25 percent is considered
undesirable for fabricated parts that are to be subjected to considerable
moisture fluctuations in use.

Figure 4 shows how a piece of balsa of greatly unequal density on its
edges has opened up cross breaks as a result of higher longitudinal shrink-
age in the portion of the wood of very low specific gravity. There is no
proof that high shrinkage actually produced the cross breaks in this speci-
men, but at least it caused them to opeh. Longitudinal shrinkage specimens
cut from this board, however, gave progressively higher shrinkage values
from the heavier portion to the lighter portion of the board where the
failures occurred as is indicated in the figure. It is noteworthy that both
specific gravity and longitudinal shrinkage nearly doubled from one edge of
the board to the other, but in reverse order of magnitude. Some of the
longitudinal shrinkage values from this board were higher than any shown in
figure 2.

This is an example of unsatisfactory results from the use of balsa
wood having widely varying specific gravity. Careful segregation of balsa
on a weight basis and the elimination of the material considered likely to
shrink excessively or fail in service is strongly recommended.
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