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EFFECT OF HYDRAULIC-EQUIPMENT OILS ON THE BENDING AND

COI,TRESSITE STRENGTH OF SITKA SPRUCE-

By

JOHN T, DROW, Engineer

Summary

This report presents the results of static bending and compression
tests of Sitka spruce soaked in petroleum-base and castor-oil-base hydraulic
fluids at normal temperatures. Comparison of results from unsoaked controls
and specimens soaked in petrolgumbase fluid shows that the petroleum-oil
exposure does not significantly affect the compressive or bending strength
of Sitka spruce. Soaking of Sitka spruce by castor-oil-base fluid, however,
does reduce these strength properties. The amount of such reduction for
either property depends upon the degree of impregnation, which is affected
by the soaking period in relation to the size of the section. In compres-
sion tests, the amount of reduction in strength depends upon whether end
soaking as well as radial and tangential soaking takes place.

Introduction

Parts of wood aircraft are at times soaked by oils or other fluids
that leak from containers or machinery, or are spilled. Such soaking com-
monly occurs in the vicinity of the hydraulic shock absorbers or the hy-
draulic brake system. Few data are available on the effect of such fluids
on the strength properties of wood. The Army-Navy•Civil Committee on Air-
craft Design Criteria recommended a brief preliminary investigation of this
subject by the Forest Products Laboratory, The object'of this preliminary
study was to determine the effect of petroleum- and castor-oil-base fluids
on the bending strength of Sitka spruce. The study has been expanded•to
include the effect of these fluids on the compressive strength parallel to.
grain.

-This mimeograph is one of a series of progress reports prepared by the
Forest Products Laboratory to further the Nation's war effort. Results
here reported are preliminary and may be revised as additional data be-
come available,
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Material

Fluids: Two types of oil for these tests, to represent fluids com-
monly used in hydraulic equipment on aircraft, were obtained from the Army
Air Forces Materiel Command. The first was a petroleum base, grade L
(light), conforming to Specification No. 3580-C, and the second was a
castor oil base, grade C (light), conforming to Specification No. 3586-B.

Wood: Veneer and solid wood were cut at the Forest Products Labora-

tory from a single Sitka spruce log received from Hoquiam, Washington, in
October 1942. The veneer was run through a steam-heated drier; the solid
wood was kiln-dried under an aircraft schedule.

Matching

Veneer specimens, 1 by 5 inches, for static-bending'tests were cut
from a single sheet of 1/8-inch veneer as shown in figure 1. The arrange-
ment provided. 11 specimens for each fluid, and 39 control specimens matched
on groups of . 4 controls for each oil-soaked specimen.

Solid wood static-bending specimens 1 by 1 by 16 inches were cut
from five 2-1/2- by 2-1/2•inch sticks and from two 3- by 8-inch sticks as
shown in figure 2. These sticks and the veneer were taken from the same
annual ring area of the log. From the smaller sticks, five specimens were
designated for each type of oil, each specimen having one ring-matched
control. The two larger sticks provided six additional specimens for each
type of oil, each specimen lying between two ring-matched controls.

Compression specimens were cut from the solid wood static-bending
specimens after test. One 1- by 1- by 4-inch compression specimen and a
moisture section were cut from each control. Two 1- by 1- by 4-inch com-
pression specimens were cut from each oil-soaked specimen and designated as
series 1 and 2 for different soaking periods.

Exposure

The specimens were conditioned at 80° F, and 65 percent relative
humidity for about 18 days until they reached constant weight. The un-
treated control specimens were then tested, and the specimens to be oil-
soaked were completely submerged in the designated fluid in covered con-
tainers which were stored in the 80° F., 65 percent relative humidity room.

The compression specimens, which were cut from the bending controls
immediately after the bending tests, were reconditioned for several days
before being tested in compression parallel to grain.
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Series-1 compression specimens from the oil-soaked bending specimens
were replaced in the proper fluid after being cut, and were resoaked for

about 14 days before test.

Series-2 specimens were similarly placed in the fluid after being
cut, and were resoaked for about 25 days before test.

Because of difficulties encountered in testing those specimens of
series 1 and 2 which had been soaked in castor-oil-base fluid, they were
resoaked in the oil for 1 to 3 days, after which they were reduced to 2
inches in length by cutting off the damaged ends, and tested immediately.
Those cut from series-1 specimens were designated as series 3, and those
from series 2, as series 4.

All oil-soaked specimens were allowed to drain for about 1 hour be-
fore test. Any surplus oil remaining on the surface was removed with a
cloth at the time the specimens were taken from the conditioning room to
the test floor.

Methods of Test 

Load-deflection measurements were made on each specimen in accord-
ance with standard Laboratory procedure. Veneer specimens were tested on a
3-inch span, solid wood static-bending specimens on a 14-inch span.

Moisture sections were cut from all control specimens. Since it was
impossible to obtain moisture content or specific gravity values for treated
specimens by any usual procedure, no attempt was made to secure such data.
Tables 1, 2, and 3 present moisture content and specific gravity data for
veneer and solid wood control specimens. These tables indicate the approx-
imate basic moisture content at which oil absorption took place.

Results of Tests

The test data are presented in tables 4 to 7. Table 4 gives the
values of fiber stress at proportional limit, the modulus of rupture, and
the modulus of elasticity for each soaked veneer static-bending specimen,
together with the average of the matched control specimens and the ratio of
the strengths of the oil-soaked specimens to the average control strengths.
In table 5 similar data are presented for the 1- by 1- by 16-inch static-
bending specimens. Table 6 gives the values of fiber stress at propor-
tional limit, the maximum crushing strength, and the modulus of elasticity
for each soaked compression specimen, together with the average of the cor-
responding controls and the ratio of the strength of the oil-soaked speci-
mens to the average control strength. Table 7 is a summary showing the
average soaking period and the increase or decrease in the strength of each
group of oil-soaked specimens compared with the strength of the correspond-
ing group of control specimens.

Mimeo. No. 1520	 -3-



Discussion of Results

Moisture Content

As previously discussed, the moisture content of soaked. specimens is
unknown. Since all specimens were conditioned to equilibrium under the
same temperature and relative humidity, however, the results for soaked
specimens may be compared with those for the unsoaked specimens to show the
effect of the two types of fluid upon material at the moisture content ex-
isting at the time of soaking.

Tables 1 and 2 show that the average moisture content of the veneer
specimens was 8.4 percent, while the average for the solid wood specimens
was 10.55 percent. A disagreement in the equilibrium value is to be ex-
pected as a result of differences in the drying temperatures of . the veneer
and solid wood, and as a result of the manner in which they approached the
equilibrium condition.

Static-bending Tests on Veneer 

The results of static-bending tests on the veneer are summarized in
lines 1 and 2 of table 7. In line 1 the average strength of the specimens
soaked in petroleum-base-fluid is greater, for all strength properties,
than that of the unsoaked control specimens, While this may be signifi-
cant, the indicated gains ranging from 12.0 to 20.2 percent, an examination
of table 4 shows that the strengths of individual specimens were in some
instances less than the strength of the matched control specimens.

Line 2 shows that the average strength of the specimens soaked in
castor-oil-base fluid is decidedly loss than that of the corresponding un-
soaked controls. For the castor-oil-base fluid the effect is significant,
for the reduction in strength values range from 30,8 to 48.8 percent.
urthermore, the strength values for individual specimens (table 4) are, in

all tests, less than those of the corresponding controls.

Examination of the treated veneer specimens showed that the oil had
penetrated at least 80 percent of the volume in all specimens, and that the
penetration was complete in about one-third of them. There was no apparent
difference in the amount of penetration by the two fluids used.

Static-bending Tests on Solid Wood

The results from statio-bending tests on the solid wood specimens
are less significant than those from the veneer. Line 3 in table 7 shows
that the average strength of the specimens soaked in petroleum-base fluid
is slightly greater for modulus of rupture, and slightly less for fiber
stress at proportional limit and for modulus of elasticity than that of the
control specimens. These average deviations of about 3.5 percent cannot be
considered significant for an examination of table 5 shows that, for all
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properties, the strengths of some individual specimens are higher and some
are lower than those of the matched controls.

Line 4 in table 7 shows that the average strength of specimens
soaked in castor-oil-base fluid is less, for all properties, than that of
the corresponding controls. The indicated reductions range from 2.9 to
11.8 percent for the three properties considered. Although these reduc-
tions are not large, they are probably significant when considered in con-
nection with the greater effect noted on the veneer, which was more fully
impregnated. In table 5, the values of fiber stress at proportional limit
and of modulus of elasticity for the individual specimens treated with
castor oil fluid are lower than for the corresponding controls in all but
one specimen, whereas the values of modulus of rupture show no conclusive
difference.

Examination of the treated specimens after test showed that both
types of oil had penetrated approximately 1/16 inch into radial and tangen-
tial faces, and 3/16 inch into the ends.

Compression

Petroleum-base fluid, end-soaked (series 1 and 2).--Line 5 in table
7 shows that the average strength of series-1 specimens soaked in petroleum-
base fluid is greater for fiber stress at proportional limit and for maximum
crushing strength, and less for modulus of elasticity than the matching con-
trol specimens, Columns 5, 14, and 23 in table 6 show the strength ratios
for individual specimens.

Line 7 in table 7 shows that the average strength of series-2 speci-
mens is greater for fiber stress at proportional limit, and less for maximum
crushing strength and modulus of elasticity than the matching controls. The
values for individual specimens are given in columns 7, 16, and 25 in table
6.

Comparison of the results for these two groups of end-matched speci-
mens shows that the average' strength values of series-2 specimens for each
property, after 11 days of additional soaking in the petroleum-base fluid,
were less than those of series 1. These reductions are small and cannot be
considered significant for the fiber stress at proportional limit and the
modulus of elasticity of a number of the individual specimens of series 2
are higher than the values for the corresponding specimens of series 1.
For maximum crushing strength, however, the individual values for specimens
of series 2 are lower than those of series 1.

The results obtained from these two series of tests indicate that
the soaking of specimens in petroleum-base fluid does not have a signifi-
cant effect on compressive properties. In appearance, the failure of the
specimens was similar to that of the controls.

Castor-oil-base fluid, end-soaked (series 1 and 2).--Line 6 in table
7 shows that the average strength of series-1 specimens soaked in
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castor-oil-base fluid is reduced 32.5 percent for fiber stress at elastic
limit and 40.1 percent for maximum crushing strength, from the average of
the controls. This reduction is significant, especially since the strength
ratios for individual specimens (columns 5 and 14 in table 6) all indicate
a decrease from the corresponding control values. The average for modulus
of elasticity is 0.9 percent higher than that for the controls, but the
values for individual specimens (column 23, table 6) were sometimes less
than those for the matched control specimens.

The average values for series-2 specimens, shown in line 8 of table
7, are less for all properties than those for the unsoaked controls. These
reductions, ranging from 12.9 to 44 percent, are undoubtedly significant.
The strength ratios for individual specimens, moreover, (columns 7, 16, and
25 in, table 6) show a decrease for the soaked specimens compared to the
matched controls, with one exception.

These two series of compression specimens were end-matched, and
since the Laboratory procedure resulted in 12 days additional soaking for
series 2, some information regarding the effect of time of soaking is
available. The average values for sories-2 specimens and the results from
individual specimens in 28 of 31 cases are somewhat lower than those for
series 1. No data regarding the amount of penetration in the two cases
being available, the results arc not conclusive, although a reduction of
strength properties with longer soaking is indicated.

In these compression tests of specimens soaked with castor-oil-base
fluid, failure occurred by crushing of the oil-soaked ends. This probably
caused the large reductions obtained for maximum crushing strength and
fiber stress at proportional limit. A smaller effect is to be expected for
modulus of elasticity values, since the apparatus for measuring deformation
was attached to the central portion of the specimen having relatively
slight impregnation.

Castor-oil-base  fluid, no end soaking (series 3 and 4).--The results
of tests made to evaluate the effect of castor-oil-base fluid on compres-
sion properties without end soaking are summarized in lines 9 and 10 of
table 7, Line 9 shows reduction of the average values, ranging from 5.3 to
10.3 percent, for the soaked specimens compared with the matched controls.
The reductions from unsoaked controls do not appear to be significant, al-
though the ratios for individual specimens in columns 9, 18, and 27 indi-
cate a decrease in strength over the corresponding controls in all but four
cases, However, the lesser reduction in strength as compared to specimens
tested with-soaked ends is noteworthy.

The strength values for soaked specimens of series 3 and 4 might
appear to be not directly comparable to control values because these soaked
specimens were 1 by 1 by 2 inches at time of test, whereas the controls
were 1 by 1 by 4 inches. However, the best information available indicates
that this difference in the height-width ratio for these specimens is neg-
ligible. It would therefore appear that any difference in strength as com-
pared to the series-1 and -2 specimens resulted from elimination of the
saturated specimen ends.
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The change of height ratio and of end conditions had little effect
on the average modulus of elasticity according to these comparisons, which
appears reasonable since the strains were measured over the middle half of
the length of test specimens in all cases,

The results for the specimens of series 4, which were soaked an ad-
ditional 10 days, did not confirm the general decrease in properties noted
from the results of series 3. Line 10 of table 7 indicates an actual in-
crease of two strength properties and decrease of the third property for
soaked specimens of series 4. The individual strength ratios in columns
11, 20, and 29 of table 6 likewise disagree with the comparable results
from series 3. The reasons for this are not apparent.

Discussion of Factors Influencing Results 

Effect of type of fluid.• -Army Air Corps Specification 3580 for
petroleum-base fluid requires that "the oil shall consist of hydro-carbon
'compounds similar to those naturally occurring in petroleum." Specifica-
tion 3586-B for the castor-oil-base fluid used in these tests states that
"the ingredientsshall consist of bodied castor oil, propylene glycol, alco-
hol, hydroxy-ethyl butyl ether, diamylamine, phosphoric acid and cresylic
acid," and that "the fluid shall contain not more than 1.0 percent of water
by volume."

It is evident that the two fluids are of radically differing compo-
sition, which undoubtedly explains the marked difference in effect on the
strength properties investigated. Although the percentage of water in the
castor-oil-base fluid is very low, continued sele.ctive absorption by the
wood might increase its moisture content by a substantial amount, sufficient
to influence strength. It is more probable, however, that the presence of
alcohol and other ingredients is a more important factor in causing a re-
duction of strength.

Studies at the Forest Products Laboratory have indicated a definite •
change in strength properties as a result of treatment of wood with various

organic compounds, including alcohol. Erickson and Rees have investigated

the effect of several chemicals on the swelling and the crushing strength
of wood. The summary of their conclusions states in part:

"A definite inverse relationship was found between the
swelling of wood and its maximum crushing strength when
the swelling agents were organic liquids, chiefly alco-
hols. For the same degree of swelling, the blocks in
organic liquids were stronger than those swollen with
water vapor or liquid. ... The degree of swelling does
not appear to be a dependable criterion of the change
in crushing strength of wood: specific effects of the
chemicals often dominate the results."

2-Journal of Agricultural Research, May 1, 1940, Vol. 60, No. 9, pp. 593-603.
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Specification 3586-B for composition of castor-oil-base fluid re-

quires 48 percent alcohol by volume. Evidently this quantity, together
with other ingredients, is sufficient to produce the substantial decrease
in strength noted in this series of tests.

The most recent specification for this fluid, No. 3586-0, substi-
tutes aliphatic amine for diamylamine, and presents alternative require-
ments as to composition, but it is believed these differences would act
modify the effect of the oil on strength properties.

Effect of impregnation.--The degree of impregnation, assumed to in-

crease with soaking period, affected the results of static-bending and com-
pression tests for both types of oil, but those from tests of specimens
impregnated with petroleum-base oil were erratic. The specimens soaked in
castor-oil-base fluid showed a consistent decrease in strength and elastic
properties with increase in impregnation except in the tests of series 4.

While the apparent decreased effect of castor-oil-base fluid on compressive
strength with no end soaking should be further investigated, it would ap-
pear that this does not materially affect the conclusions, inasmuch as an
equivalent impregnation could result from long continued soaking of the
radial or tangential faces.

Conclusions

The conclusions from this study, based on static-bending and com-
pression tests of Sitka spruce soaked in hydraulic-equipment fluids at
normal temperatures are as follows:

(1) Soaking of wood by petroleum-base fluid did not significantly
affect these strength properties.

(2) Soaking of wood by castor-oil-base fluid reduced the compres-
sive and bending strength. The amount of such reduction for either prop-
erty was dependent upon the impregnation. This was affected by the soaking
period in relation to the size of the section and, for compression tests,
was dependent upon whether end as well as radial and tangential soaking
took place.

(3) For tests in which an investigation of the effect of such fluid
on strength properties of wood is the principal objective, small thin spec-
imens afford more information than do larger specimens, because they permit
more complete penetration.
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Table l.--Moisture content and specific gravity of 1/8-inch
veneer control specimens

: Specific gravity

	

Specimen No. :	 Moisture content	 : (based on weight
: when oven dry and

volume at test)

Percent 

	

B1A-154-A3	 :	 8.3	 0.334

	

BlA,154-32	 7.5	 .361

	

B1A-154-B4	 •	 8.4	 .313

	

B1A-154-01	 :	 8.3	 .330

	

B1A-154-03	 8.2	 .328

	

B1A-154-05	 •

	

.	 8.0	 .320
B1A-154-D2 •. 7.5	 .338
B1A-154-E4 •. 7.7	 .310

	

31A-154-E1	 •. 8.4	 :	 .321

	

B1A-154-E3	 7.8	 :	 .328
B1A,154-E5 :

	

.	 7.8	 :	 .324

	

31A-154-F2	 :	 8.6	 :	 .334
31A-154-214 •. 8.0	 :	 .304

	

31A-154-G1	 •. 8.2	 :	 .322
B1A-154-03 •

	

.	 8.7	 :	 .308
B1A,154-G5 •. 8.3	 :	 .309

	

131A-154-H2	 •. 8.4	 :	 .324

	

31A-154-114	 8.5	 .306

	

B1A-154-J1	 8.5	 :	 .314

	

B1A-154-J3	 8.0	 .308

	

B1A-154-J5	 8.5	 .313

	

21A-154-K2	 8.6	 .314

	

B1A-154-K4	 8.5	 :	 .302

	

B1A.-154-L1	 8.4	 .313

	

B1A,154-L3	 8.7	 :	 .306
B1A-154-L5 •. 8.2	 .301

	

B1L-154-M2	 :	 8.8	 .306

	

B1A-154-M4	 :	 8.9	 .303

	

Bla-154-N1	 :	 8.6	 .307

	

B1A-154-N3	 :	 8.5	 .319

	

B1A-154-N5	 :	 8.7	 .302

	

21A-154-02	 :	 8.8	 .316

	

31A-154-04	 :	 8.6	 .302

	

B1A-154-P1	 :	 8.8	 .311

	

31A-154-P3	 ;	 9.0	 .326

	

B1A-154-P5	 :	 8.2	 .314
3111-154-0	 :	 9.0	 .328

	

B1A-154-Q4	 :	 8.8	 .327

	

B111,154-23	 :	 8.5	 .327

Average	 :	 8.4	 .317
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Table 2,--Moisture content and specific gravity of solid
wood static-bending control specimens

: Specific gravity
Specimen No,	 Moisture content	 : (based on weight

: when oven dry and
: volume at test)

Percent 

B1A-L4-1A
B1A-L4-213
B1A-L5-1A
B1A-L5-2B
B1A-L24-1A
B1A-L24-2B
B1$-L25-1A
BlA,L25-2B
B1A-M12-13
B1A-M12-2A
B1A-M24-1A
BlA,1424-1C
B1A-M24-1E
BlA,M24-1G
B1A-M24-2A
B1A-M24-20
B1Ar-M24-2E
B1. -M24-2G
B1A-N24-1A
B1A-N24-10-
B1A-N24-1E
B1A-N24-1G
B1A-N24-2A
B1A-N24-20
B1A-N24-2E
B1A-N24-2q-

Average

	

10.2	 :	 0.328

	

10.5	 ..	 .338

	

10.2	 .334

	

10.6	 .332

	

10.4	 .323

	

10.0	 .342

	

9,9	 ..	 .334

	

9.6	 .	 .344

	

10.2	 :	 .324

	

10.4	 :	 .316

	

10.1	 :	 .326

	

11.0	 :	 .322

	

11.4	 :	 .320

	

10.7	 :	 .331

	

10.4	 :	 .310

	

11.7	 :	 .306
	10.8	 :	 .313

	

10.9	 ..	 .309

	

10.8	 :	 .326
10.8 '	 :	 .320

	

10.5	 :	 .327

	

10.8	 :	 .329

	

10.9	 .	 .320

	

10.5	 :	 .324

	

10.7	 :	 .338

	

10.4	 :	 .334

	

10.55	 :	 .326
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Table 3.--Moisture  content and specific gravity of solid
wood compression control specimens •

Specimen No.
Specific gravity

Moisture content	 : (based on weight
: when oven dry and

volume at test)

Percent 

B1A-L4-1A(CP) .

	

.	 9.8	 :	 0.326
B1A,L4-2B(CP) .. 8.4	 :	 .340
B1A-16-1A(CP) .. 9.5	 :	 .330
B1A-L5-2B(CP) •. 8.4	 :	 .326

	

B1A-L24-1A(CP) :	 9.6	 :	 .319

	

B1A-L24-2B(CP) :	 9.4	 :	 .338

	

B1A-L25-1A(CP) : 	 10.9	 :	 .328

	

B1A-L25-23(CP) :	 10.5	 :	 .330

	

B1A-M12-1B(CP) : 	 9.6	 •.	 .326

	

B1A-M12-2A(CP) : 	 9.0	 :	 .316

	

B1&-M24-1A(CP) :	 9.5	 '.	 .326

	

B1A-M24-1C(CP) : 	 9.8	 ..	 .324

	

B1A-M24-1E(CP) • 	 11.1	 :	 .321

	

B1A,M24-1G(CP) : 	 9.9	 :	 .335

	

B1A,M24-2A(CP) :	 9.8	 .315

	

B1A-M24-2C(CP) :	 10.2	 :	 .306

	

B1A-1/124-2E(CP) :	 10.1	 :	 .317

	

B1A-M24-2G(CP) : 	 11.2	 :	 .310

	

B1A-N24-1A(CP) : 	 10.8	 :	 .326

	

21A-N24-1C(CP) :	 11.0	 :	 .319

	

B1A-N24-1E(CP) :	 9.7	 :	 .326

	

B1L-N24-1G(CP) : 	 9.5	 :	 .332

	

B1L-N24-2A(CP) : 	 11.0	 :	 .316

	

B1A,N24-2C(CP) :	 11.1	 :	 .319

	

B1A-N24-2E(CP) :	 10.8	 :	 .336

	

B1A-N24-2G(CP) :	 9.3	 :	 .341

Average	 10.1	 .325
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Figure 1.--Matching and cutting plan for veneer static-bending tests.
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#P"SPEe/MENS HAVE
2-4e COMPRESS/ON

SPECIMENS

SERIES /& 2

- PETROLEUM BASE

- CASTOR OIL BASE

NOTE: COMPRESS/ON
SPECIMENS AND

MOISTURE SECTIONS

ARE A5 SHOWN
ABOVE

•

STICKS M24, N24

Figure 2.--Matching and cutting plan for solid wood static-bending and
compression tests.
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