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T IS GENERALLY BELIEVED that creo-

sote and oil borne preservative solu-
tions are effective in retarding surface
checks and end splits in weathering
railway crossties. The bleeding of the
preservative is presumed to create a
film having vapor barrier character-
istics, and this film limits moisture
content changes. Studies to determine
significant performance differences
among creosote, creosote solutions, and
pentachlorophenol solutions in terms
of railway crosstie replacement would
be costly and lengthy.

The present experiment consisted of
specimens of northern red oak treated
with various creosote and pentachloro-
phenol solutions and exposed to vary-
ing conditions that created moisture re-
gain and drying gradients. Untreated
specimens were used as controls.

Design of the Experiment

Treating Preservatives: Specimens
of northern red oak were treated with
the following preservative solutions:

! The work here reported was done in
cooperation with the Dow Chemical Co.,
Midland, Mich. Presented at the 1961 An-
nual Meeting of the Forest Products Re-
search Society, Louisville, Ky., Session 2
(Division 7, Treatments and Coatings),
June 19, 1961.

*Maintained at Madison, Wis., in coop-
eration with the University of Wisconsin.

Treated With Various Preservatives

Used to Treat Crossties’

This report contains results of an experiment made at
the U. S. Forest Products Laboratory to determine if a lab-
oratory method of accelerated weathering would indicate
differences in surface checking of treated red oak speci-
mens after the wood had been treated with various oil-

type preservatives.

Treatment
No. Preservative solution

Controls—untreated

Creosote-petroleum (50-50
percent)

Creosote-coal tar (70-30 per-

1

2

3

cent)

4 Creosote (100 percent)

5 Penta® (2.5 Percent)—Medi-

um gas oil

6 Penta (2.5 percent)—Residual

fuel oil

7 Penta (2.5 percent) Heavy

slurry oil

8 Penta (2.5 percent)—Heavy

cycle oil

3The four pentachlorophenol solutions
were furnished by the Chapman Chemical
Company, Memphis, Tenn. The firm re-
ported that each solution contained 2.5
percent of pentachlorophenol. The sup-
pliers and the properties of the petroleum
oils they furnished are tabulated in Table
1. The coal-tar creosote and creosote
solutions were furnished by the Forest
Products Laboratory, and an analysis of
their properties is given in Table 2. The
70-30 creosote-coal-tar solution was pur-
chased in August 1956 from another com-
mercial firm under AWPA Standard P2.
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Species, Specimen Size, and Speci-
men Preparation: The species se-
lected for this study was commercial
northern red oak. The specimens were
nominally 2 by 8 inches in cross sec-
tion and 24 inches long. The 2- by 8-
inch stock from which the specimens
were cut was flat sawn and all heart-
wood. To provide specimens free of
surface checks for treatment and ex-
posure, green rough-sawn boards were
purchased and kiln dried green from
the saw. To provide the needed num-
ber of specimens free of surface checks
at a moisture content of about 20 per-
cent for treatment with the preserva-
tives, it was necessary to procure three
lots of 8-foot boards. These boards
were kiln dried from the green condi-

“Torgeson, O. W. 1957. Schedules for the

kiln drying of wood. U.S. Forest Products
Laboratory Report No. 1791. (Revised).
’1954. Use of kiln samples in operating
a lumber dry kiln. U. S. Forest Products
Laboratory Report No. 1607. (Revised).
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Fig. 1.—Spray chamber showing specimen rack

and spray head arrangement.

tion according to schedule T3-D1 for
red oak.* The kiln-sample techniques
was used to determine the average
moisture content of the lot during the
drying process. The boards were in-
spected for surface checking at an av-
erage moisture content of about 40
percent. Surface-check-free areas were
marked on the boards for later inspec-
tion and acceptance as specimens. The
first two kiln charges did not produce
enough clear specimens free of surface
checks for the experiment. A third lot
was kiln dried by the same schedule,
but the green rough-sawn boards were
jointed on both sides to produce sur-
faced faces. Little surface checking
occurred during kiln drying of these
surfaced boards. Half the specimens
needed in the experiment were ob-
tained from the rough-sawn boards,
and half were obtained from the
"blanked" or surfaced boards.

When kiln dried to about 20 per-
cent, the boards were removed from
the kiln, and the 2- by 8- by 24-inch
specimens were cut. A 1-inch mois-
ture content section was cut from the
adjacent ends of each specimen. These
data provided a means of computing
the calculated oven-dry weight of each
specimen. The specimens were all
stored in a room maintained at 80° F.
and 90 percent relative humidity until
needed for the preservative treatments.
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The control or untreated specimens
were end coated with roofing cement
when taken out of the humidity room.
The others were end coated with the
same material after the preservative
treatments were made.

A few of the dried boards produced
three specimens for the experiment.
Fifty-four rough boards and 55
dressed boards were used. No attempt
was made at the mill to identify the
boards as to the tree from which they
were sawn. As the boards became
mixed during handling at the sawmill
and at the Laboratory, the influence of
tree effects is believed to be generally
scattered throughout the experimental
material. The boards were numbered
and then cut into specimens. The spe-
cimens were also numbered, and they
were randomly assigned to the eight
treatments, one of wh*ch was the un-
treated controls, using a table of ran-
dom numbers.

Experimental Design: Two hun-
dred specimens were prepared, and 25
were randomly assigned to each of the
8 treatments. Five specimens of each
of the 8 treatments were randomly as-
signed to an outdoor-exposure test,
and the remaining 20 specimens of
each treatment group were randomly
assigned to cycling groups. Because of
limitations of equipment, all of the

Fig. 2.—Infrared lamp bank for heating surfaces of specimens.

160 specimens could not be handled at
one time through the exposure cycle.
Ten cycle groups were therefore made
up of 16 specimens each. Each pre-
servative treatment and the controls
were represented in each cycle group
by 2 specimens. Ten replications of the
cycle-exposure test were thus available
to average out any differences that
might exist in the operation of the
equipment used for the accelerated
weathering exposure conditions. The
assignment of specimens to treatments,
to cycle-exposure groups, and to out-
door- expo sure groups was done
through use of random numbers.

The experiment was designed so
that the analysis of variance could be
used to test the significance of surface-
check-rating means of the treatment
groups. Each treatment was repre-
sented by 20 specimens in the cycle-
exposure tests, and the specimens were
allocated irrespective of whether they
were rough or dressed. As a result of
this random allocation of specimens to
treatments, a disproportionality
was created in the number of rough
and dressed specimens in the various
treatment groups. This lack of pro-
portionality between rough and dressed
specimens in the treatment groups
made the analysis between the treat-
ment groups for either the rough or
dressed classification less reliable than
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the analysis among treatment groups
with the rough and dressed classifica-
tions pooled. The analysis will show,
however, that the treatment effects in
both the rough and dressed specimens
are substantially the same as for the
overall analysis.

Cycle Exposure Conditions: To
accelerate the influence of changing-
outdoor-climatic conditions on the de-
velopment of surface checking, it was
necessary to alternate the moisture
content gradient between sorption and
desorption phases. Any number of
variations in temperature, relative hu-
midity, water spray, and duration of
exposure to create a moisture-content-
regain gradient and a drying gradient
could have been established as a cyclic
exposure test procedure. The follow-
ing exposure conditions were used in
this test:

to stand for a few minutes so as to
"drip dry."After weighing and inspec-
tion, the 'specimens then were placed
in the drying chamber on stickers.
Forced-air circulation in the drying
chamber provided good air movement
of the high-temperature, low-relative-
humidity air through. the layers of
specimens.

After the specimens were exposed 1
week to these rather drastic drying
conditions, step 3 began. They were
weighed, inspected, and then placed
in another drying chamber operating
at 140° F. dry-bulb temperature and
136° F. wet-bulb temperature, which
produced a relative humidity of about
90 percent. As in the other drying
chamber, the wet- and dry-bulb tem-
peratures were thermostatically
controlled. The wet-bulb wicks had to
be changed quite often in both drying

Cumulated
Step Exposure Time time
1 Waterspray -----------c-cmommmmo oo 1 day 1 day
2 Low relative humiditlSuppliedmperature ------ 1 week 8 days
3 High relative humidity—low temperature - - - - - - - 2 weeks 22 days
4 Infgrared heating - - - - - ----c--moii i 6 hours 22A days
5 Low relative humidity—high temperature - - - - - - - 18 hours 23 days

One of the larger Laboratory dry
kilns was operated as a "wet room"
for the storage of pole stubs. The pole
sections were kept wet by means of a
water spray. A rack was built and in-
stalled in this kiln to hold the 16
specimens, consisting of a single-cycle
group. A special water line with a ser-
ies of water spray heads was installed
to provide the water-spray-exposure
step of the cycle. The rack designed to
hold these specimens provided a slight
pitch to the specimens, which were
resting on one end. The spray heads
were adjusted so that the surfaces of
all 16 specimens were wetted. The flat-
sawn specimens were placed on the
rack so that the face toward the bark
was exposed to direct wetting from the
spray heads. Figure 1 shows the ar-
rangement of the spray rack, the water
spray lines, and atomizing nozzles or
spray heads inside the dry kiln. When
the cycles were repeated, the placement
of the specimens on the spray rack was
random, so it was not likely that any
specimen was placed in the same posi-
tion in respect to the spray heads. A
programmed order of placement on
the spray rack was not deemed
necessary.

Step 2 of the cycle-exposure test
condition was conducted in a small
drying chamber. The dry-bulb temper-
ature was thermostatically controlled at
180° F. and, the wet-bulb temperature
thermostatically maintained at 123° F.
to produce a relative humidity of about
20 percent. The specimens when taken
out of the spray chamber were allowed

chambers, because the vapors from the
treated specimens caused fouling of
the wicks and errors in the wet-bulb

temperature control. The specimens
were placed on stickers in the drying
chamber used for this step of the cycle
exposure test.

Step 4 of the cycle exposure test
consisted of 6 hours of exposure to
infrared radiation to produce a drastic
surface drying condition. The speci-
mens were again weighed, inspected,
and then placed on a rack, as shown in
Figure 2. The bank of infrared lamps
was positioned so that the distance
between the lamps and the specimens
was 36 inches. The specimens were
placed on the rack with the side
toward the bark exposed to infrared
radiation. For step 5 of the exposure
cycle, the specimens were again
weighed, inspected, and then placed
in the drying chamber operating at
180° F. and 20 percent relative hu-
midity. After an additional 18 hours
of drying, the cycle was completed,
and the final weights and inspection
data were obtained.

Each of the 10 cycle groups was
subjected to this cyclic exposure test,
which was repeated 6 times.

Measuring Technique for Surface
Checking: A number of different
methods may be used to determine the
influence of the cycle-exposure condi-

Table 1.—SUPPLIERS AND PROPERTIES OF PETROLEUM OILS IN
PENTACHLOROPHENOL SOLUTIONS

FOREST PRODUCTS JOURNAL
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tions on surface checking. The total
lineal inches of surface checks for each
of the 24-inch specimens could have
been used, but the method fails to
assess the severity of wide and deep
surface checks. For example, a speci-
men could have a very few inches of
checks, but they might be quite wide
and deep. From the standpoint of this
experiment, this might be more serious
than if the specimen had a much
greater total inches of surface checks
that are narrow and shallow. A de-
scriptive surface-check grading system
could have been used, but conversion
of such a system into a numerical rat-
ing that would have been suitable for
statistical analysis was not considered
feasible.

It was therefore decided to use a
numerical rating system that provided
data that could be statistically analyzed.
After each step of the cyclic exposure
test, the total length of surface checks
on the face toward the bark was
measured and recorded to the nearest
half inch. The average width of the
checks and the average depth of the
checks were estimated. Surface check
depths were estimated by using a thin
feeler gage. A severity rating factor
was applied to the total length of

checks measured in accordance
with the following classification:

Severity

Total length of surface checks rating

Inches factor
(e e 0
0Oto 20----------- 1
225t0 6.0----------- 2
6.25t018.0------------- 3
1825t048.0 ------------- 4
48.25 0ormore ------------- 5

A numerical rating factor based on
the estimated average width and depth
of the surface checks was applied, us-
ing the following system:

Numerical rating factor

Checks Checks Checks

less from  more

Average than 0.05to than

widt 0.05 0.25 0.25

of checks inch inch inch

Inches deep deep deep
010 0.01 1 2 3
0.01 to 0.10 2 3 4
0.1 or more 3 4 4

The severity rating factor was mul-
tiplied by the numerical rating factor
to provide a surface-check rating of the
specimen. For example, if the total
length of surface checks

, thPERCENT)ty rating woul
tmoistureage width was more tfian
0.01 inch but less than 0.10 inch and
the average depth was 0.05 to 0.25
inch, the numerical rating was 3. The
surface-check rating was then 2 X 3
= 6. The maximum surface-check rat-
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MOISTURE CONT ENT (PERCENT)

VI/

Fig. 3,--Average momture content of the
20 specimens of the control group after
various steps and for six cycles.

ing that could be assessed against any
specimen would be 5 X 4 = 20.

In using this system of rating for
surface checks, the values assigned a
specimen were cumulative. That is, the
values were carried forward or in-
creased as indicated with the steps of
the cycle or the additional cycles. After
the first and third steps of the cycle
exposure test, the surface checks were
closed. The surface checks often were
then difficult to detect, so that the
previous surface-check rating would
still be assigned to the specimen. The
maximum surface checking for any
particular cycle was usually found after
step 4, infrared heating, although the
additional drying of step 5 of the
cycle occasionally caused more surface
checks to develop.

Collection of Data

Green Moisture Content: In order
to kiln dry the blanks from which the
specimens were eventually cut, it was
necessary to prepare kiln samples. The
moisture content sections cut from the
freshly sawn plank provided green
moisture-content data. In Kiln runs 1
and 2, six kiln samples were used, and
in kiln run 3, eight were used. In all
three kiln runs, kiln samples that were
representative of the stock were se-
lected. The average-green-moisture
content of the two moisture sections
cut for each kiln sample is given in
Table 3. The average for the kiln
samples of kiln run 1 was 86.7 per-
cent, for kiln run 2 it was 83.0 per-
cent, and for kiln run 3 it was 88.4
percent. The grand average-green-
moisture content was 86.3 percent.

Moisture Content When Speci-
mens Were Prepared: As previously

mentioned, all of the planks in the
kiln charge were examined for surface
checking when their moisture content
was about 40 percent. Surface-check-
free areas were marked for later speci-
men preparation. The stock was kiln
dried to about 20 percent, and the
specimens then were cut, numbered,
and assigned to treatments. Specimens
were cut to exactly 24 inches in length,
and a 1-inch moisture section was cut
adjacent to each end of the specimen.
Calculated oven-dry weights of the
specimens were computed from the
moisture values obtained.

The moisture content values after
each step were calculated for the con-
trol group of specimens, based upon
the known calculated oven-dry weight
of the specimens and weight data after
all steps of the six cycle exposures.
The average moisture content of each
of the 20 control specimens is given
in Table 4. The changes in moisture
content from step to step in a cycle,
and from cycle to cycle, are indicated.
The moisture regain in cycle 2 after
step 2 was not so great as in cycle 1
and subsequent cycles, because the wet-
bulb temperature in the drying cham-
ber was not maintained at the desired
level. After cycle 2 was completed,
the wet-bulb control was readjusted to
maintain the desired 90 percent rela-
tive humidity.

No attempt has been made to show
similar moisture content changes for
the treated specimens. With a chang-
ing tare weight of preservative, the
moisture content estimates at any time
during the cycle exposure tests would
be subject to errors. Moisture content
changes of the untreated controls in-
dicate the maximum and minimum
values that the treated specimens might
have attained. It is recognized, how-
ever, that the preservatives may have
retarded moisture changes in both the
sorption and desorption phases of the
cyclic exposure test.

Preservative Treatment: The cut
specimens were stored in a humidity
room maintained at 80° F. and 90 per-
cent relative humidity until they were
needed for the preservative treatments.
After the preservative treatments, the
specimens were stored in the Labora-
tory where they were allowed to drain.

After exploratory treatments of rep-
resentative red oak specimens to de-
termine proper initial air pressures, the
test specimens were treated by the
empty cell process, with the preserva-
tive temperature varying from 185° to
210° F., a treating pressure of 175
pounds per square inch for 3 hours,
and a final vacuum equivalent to 25
to 27 inches of mercury for 30 min-
utes. There was no initial air pressure
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used in the empty cell treatment of
pentachlorophenol solution with 101E
oil and the treatment 5 with aromatic
HB oil. The initial air pressure for the
other preservatives was applied for 15
minutes, as follows:
Air
. Pressure
Preservative Ps.1.

Coal tar creosote (treatment 4) 35
Creosote-coal tar solution

(treatment ?------_—---- 20
Creosote-petroleum solution

(treatment 2) - - --------- 28
Pentachlorophenol in 24 plus

burner oil (treatment 65) --- 25
Pentachlorophenol in decant

oil C (treatment 7) - - - - - - - 10

Each specimen was weighed before
and after treatment, and the preserva-
tive retentions obtained for the indi-
vidual specimens. Both the creosote
and the two creosote solutions were
later found to contain considerable
moisture. It was necessary therefore to
correct the retention values of these
specimens to a dry oil basis. Such a
correction was unnecessary for the
four pentachlorophenol solutions,
which were checked and found to con-
tain only from 0.1 to 0.2 percent of
moisture.

Cycle Exposure Tests: The cycle
exposure tests were started on Septem-
ber 1, 1957, and the six cycles were
completed on. April 12, 1958. After
each step of the cycle exposure test,
the specimens were weighed, and the
surface checks were measured and
recorded.

Analysis of Results

Moisture Content Changes During
Cyclic Exposure Tests: The mean
moisture content values of the un-
treated controls, as given in Table 4,
are plotted in Figure 3. The mean
values for the various cycles of ex-
posure and the steps of the cycle are
as shown in Table 5.

The moisture content increase dur-
ing step 2 of cycle 2 is not as great
as in the other cycles because of the
lower equilibrium moisture content
condition that prevailed in the drying
chamber. The moisture changes that
occurred during the last four cycles,
however, averaged as follows:

Step 1-water spray-increase 3.72
percent

Step 2 —ow relative humidity-de-
crease 7.70 percent

Step 3-high relative humidity-
increase 8.67 percent

Step 4-infrared heating-decrease
1.20 percent

Step 5-low relative humidity-de-
crease 2.87 percent

Fig. 4 -Surface checking rating
after various cycles.

The low relative humidity exposure
condition at a high temperature was
effective in creating a moisture loss,
and the 2-weeks' exposure to a high
relative humidity at a moderate tem-
perature resulted in appreciable mois-
ture regain. Although infrared heating
did not result in much overall mois-
ture loss, the surface heating appar-
ently created a very steep moisture
gradient. After 6 hours of such expo-
sure, the surface checks were open,
and the additional drying at low rela-
tive humidity occasionally increased
the severity of surface checking over
that observed after infrared heating.
The moisture changes of the controls
during the cycle exposure conditions
were sufficiently great to cause check-
ing to develop after one cycle. The
mean-moisture-content values show
that the final values were decreasing
as the cycles were repeated, suggesting
that a change in hygroscopicity due to
repeated heating was occurring.

Surface-Check Rating After Cycle
No. 1: The mean-surface-check rat-
ings for the various treatments after
one complete cycle of accelerated
weathering were found to be as
follows:

Mean-surface-

Treatment No. check rating

4.40
R 1.05
. 10
4ot 1.10
S e 1.95
G - 120
T e 135
8 s 1.75

To determine if significant differ-
ences in these means exist, an analysis
of variance was computed. The differ-
ences between treatment means are
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significant at the 1 percent level. The
least significant mean difference at the
1 percent level is 2.43. The mean for
treatment No. 1, the controls, is sig-
nificantly larger than all the other
treatment means. The least significant
mean difference at the 5 percent level
is 1.83. The treatment mean for treat-
ment No. 3, creosote and coal tar (70-
30), is smaller than the mean for
treatment No. 5, penta in medium gas
oil, and treatment No. 1. No other
significant differences between treat-
ment means are indicated.

The difference between the surface-
check-rating means of the rough and
dressed specimens is not significant.
The mean values are 1.64 for the
rough specimens and 1.59 for the
dressed specimens.

Surface-Check Rating After Cycle
No. 2: The mean-surface-check rat-
ings for the various treatments after
two complete cycles of accelerated
weathering were as follows:

Mean-surface-

Treatment No. check rating

6.80
D e 1.95
C J S .95
A 1.80
S e e e eemmeeooos 2.95
6o mmme oo 1.75
/R 2.25
oS 2.45

The differences between treatment
means are significant at the 1 percent
level, and the least significant mean
difference between treatments at the 1
percent level is 3.20. The mean for
treatment No. 1, the controls, is sig-
nificantly greater than all of the other
treatment means. No significant differ-
ences between the other treatment
means are indicated at the 1 percent
level. The least significant difference
between means at the 5 percent level
is 2.40. None of the treatment means,
other than treatment No. 1, is signifi-
cantly different. After cycle No. 1, the
mean for treatment No. 3 is smaller
than the mean for treatment No. 5 at
the 5 percent level, but after two
cycles of accelerated weathering, this
difference is no longer indicated.

The difference between the surface-
check-rating means of the rough and
dressed specimens is not significant.
The mean values are 2.64 for the
rough specimens and 2.59 for the
dressed specimens. It is interesting to
note that the increases over the re-
sults after cycle No. 1 are exactly the
same.

Surface-Check Rating After Cycle
No. 3: The mean-surface-check rat-
ings for the various treatments after
three complete cycles of the acceler-
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ated weather exposure conditions were
as follows:

Mean-surface-

Treatment No. check rating

11.80
2 e 3.90
SR 3.10
4o 4.05
§ e 435
6 - mm e 4.00
T e 4.75
- J 3.85

The analysis of variance of the
data collected after the third cycle ex-
posure test indicated significant differ-
ences at the 1 percent level. The least
significant difference between any two
treatment means at the 1 percent level
is 3.98. The mean for treatment No. 1,
the controls, remains highly signifi-
cantly greater than the means for the
other treatments. No significant differ-
ences between the other treatment
means are indicated, as was true after
cycle No. 2. The least significant
difference between treatment means at
the 5 percent level is 2.99. None of
the treatment means, except No. 1,
are significantly different at the 5 per-
cent level, as also was true after cycle
No. 2.

The difference between the surface-
check-rating means of the rough and
dressed specimens is not significant.
The mean values are 5.39 for the
rough specimens and 4.56 for the
dressed specimens. It is interesting to
note that the mean for the dressed

Table 3.-GREEN MOISTURE CON-
TENT OF 2- BY 8-INCH PLANK

Average

Moisture moisture
content content
Percent  Percent

Kiln run

R R EEEE 80.0
79.3
94.7
93.7
85.6
86.9

520.2 86.7
2 75.1
68.5
92.5
93.0
83.9
85.3

498.3 83.0

706.8  88.4
1,725.3  86.3
572

Table 2.-PROPERTIES OF COAL-TAR AND CREOSOTE SOLUTIONS

Property

Specific gravity at 38° C./15.5° C. = - oo o cceccm e oo oo o -
Benzol imsol - =-----ccmmm e
MOIStUIE = = = == === == e m e e e e
Coke residue --------cccmccmmmcccaaaa o

Distillation up to:

210° C. mmmm e e

Total ----mmmememe oo

Specific gravity fractions at 38° C./15.5° C
235°C.t0315°C. = - mmmm e
315°C.t0355°C.mmmmmmme e

specimens through all of the first three
cycles of exposure was consistently less
than the mean for the rough speci-
mens, although the difference is not
great enough to be of statistical sig-
nificance. The three sets of means are
as follows:

Mean-surface-check rating

Rough Dressed
Cycle speci- speci- Differ-
exposure MeENs Mens ence

| 1.64 159  0.05
D 264  2.59 .05
R 539 456 83

The difference between the means in-
creases considerably after cycle No. 3
as compared with the results after
cycles Nos. 1 and 2.

Surface-Check Rating After Cycle
No. 4: The mean-surface-check rat-
ings for the various treatments after
four complete cycles of the cycle ex-
posure conditions are as follows:

Mean-surface-

Treatment No. check rating

13.15
D e 5.65
3 e 490
A oL 5.90
S e 6.50
6w 5.30
T i 6.00
S 5.30

The analysis of variance of the data
after the fourth cycle indicates signifi-
cant differences at the 1 percent level.
The least significant mean difference
between treatments is 4.81. The mean
for treatment No. 1, the controls, re-
mains highly significantly greater than
the other treatment means. No signifi-
cant differences between any two of
the other treatment means are indi-
cated, as was true after cycles Nos. 2
and 3. The least significant difference
between treatment means at the 5 per-
cent level is 3.62. None of the treat-

Creosote

petroleum
Coal-tar 50-50

creosote solutions
1.082 1.0315
---- percent 1.03 0.44
---- percent 6.1 4.9
---- percent 264 - ----
.- percent 0 0
---- percent 4.4 1.0
---- percent 30.2 13.4
---- percent 52.5 37.0
---- percent 74.7 56.8
percent 24.8 43.2
---- percent 0.5 0
------------- 100.0 100.0
--------------- 1.0366 0.9995
——————————————— 1.1035 1.0275

ment means, except No. 1 are signifi-
cantly different at this 5 percent level
of testing, as was true after cycles
Nos. 2 and 3.

The difference between the surface-
check-rating means of the rough and
dressed specimens is now significant at
the 1 percent level. The mean values
are 7.58 for the rough specimens and
5.64 for the dressed specimens. The
means and differences between the
means for the rough and dressed speci-
mens for the four cycles are as follows:

Mean-surface-check rating

Rough Dressed
Cycle speci- speci- Differ-
exposure IMens mens ence

| [ 1.64 159  0.05
Do 264 259 .05
R 539  4.56 83
4o 758 564 194

With repeated cycle exposure test-
ing, the rough specimens after- four
cycles surface checked more than did
the specimens that were cut out of
boards that were surfaced before being
kiln dried.

Surface-Check Rating After Cycle
No. 5: The mean-surface-check rat-
ings for the various treatments after
five complete cycles of accelerated
weathering exposure conditions are as
follows:

Mean-surface-

Treatment No. check rating

[ 15.05
D e 7.50
SR 5.50
4o 6.60
L S 7.15
6 <o 6.15
T e 6.75
8w 6.75

The analysis of variance indicates
that the difference between means is
significant at the 1 percent level. The
least significant mean difference be-
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tween treatments at the 1 percent level
is 4.87. The mean for treatment No. 1
the controls, remains highly signifi-
cantly greater than the other treatment
means. No significant differences be-
tween the means of other treatments
are indicated. The least significant dif-
ference between treatment means at
the 5 percent level is 3.67. The treat-
ment mean for No. 1 is greater than
all the others, and no difference be-
tween the other treatment means is in-
dicated at this 5 percent level of
testing.

The difference between the surface-
check-rating means of the rough
ressed specimens is significant at the
1 percent level. The mean values are
8.61 for the rough specimens and 6.75
for the dressed specimens. The means
and differences between the means for
the five cycles are as follows:

Surface-Check Rating After Cycle
No. 6: The mean-surface-check rat-
ings for the various treatments after
six complete cycles of accelerated
weathering exposure conditions are as
follows:

Mean-surface-check rating
Rough Dressed

Cycle speci- speci- Differ-
exposure Mens mens ence

1 ---- 164 1.59 0.05
2 - - - - 2.64 2.59 .05
3 ---- 539 4.56 .83
4 - - - - 7.58 5.64 1.94
5---- 8.61 6.75 1.86

The difference between the means
after the fifth cycle is somewhat less
than was found after the fourth cycle.

The analysis of variance of the sur-
face-checking data obtained after the

Fig. 5.-Mean surface checking rating for
various preservative treatments.

Mean-surface-

Treatment No. check rating

Lommmmm e 16.10
7 R 7.95
3-------- 5.75
4 - - - - - - - - 7.40
S oo 8.00
6 - ----- - - 7.10
7 - - - - == 8.05
8 - - - - — - - - 7.60

sixth cycle of exposure was completed
indicates that differences between treat-
ment means are significant at the 1
percent level, as was true after all of
the previous cycles. The least signifi-
cant mean difference at the 1 percent
level is 5.05. The mean for treatment
No. 1, the control group, is highly
significantly greater than the other
treatment means, and no other differ-
ences are indicated. The least signifi-
cant mean difference at the 5 percent
level is 3.80. The mean for treatment
No. 1 is significantly greater than all
the other means, and no other signifi-
cant differences exist at this level of
testing. The preservative treatments
were all equally effective in reducing
the extent of surface checking as com-
pared with the untreated controls.
None of the preservative treatments
appears to be superior to the others
in this respect.

The means for the various preserva-
tive treatments have been pooled to
provide a comparison with the means
for the controls or untreated speci-
mens. The data are plotted in Figure
4. The difference between the mean-
surface-check rating for the controls of
treatment No. 1 and the pooled mean
of the preservative treatments Nos. 2
to 8, inclusive, increases as the num-
ber of cycle exposures increases. The
exception to increasing differences with

FOREST PRODUCTS JOURNAL

additional cycle exposures is found
after cycle No. 4. The differences be-
tween means for the controls and for
the pooled treatments for the various
cycles are as follows:

Mean-surface-check rating

For all
Cycle For pressure  Differ-
No. controls treatments ence
1- - - - 4.40 1.21 3.19
2 - - - 6.8 2.01 4.79
3- - -- 11.80 4.00 7.80
4 - - - 13.30 5.65 7.65
5- - - 15.05 6.63 8.42
6- - --- 16.10 7.41 8.69

The treatment-mean-surface-check
ratings for the various preservative
treatments are plotted as a bar chart
in Figure 5. The means are in order of
the array, and the outstanding indica-
tion is that treatment No. 3 (creosote-
coal tar (70-30) ) consistently had
the lowest ranking for all cycles. The
difference between the surface-check-
rating mean for treatment No. 3 and
the means for treatment No. 7, the
maximum, after the sixth cycle is 2.30.
The difference is significant at about
the 25 percent level, indicating that in
three out of four trials in a similar
experiment, treatment No. 3 would
have a mean difference as great as 2.30
when compared with the maximum
surface-check-rating mean. Although
the 25 percent level is not considered
as being high enough to justify draw-
ing conclusions of significance, the
low value for treatment No. 3 and its
consistency for all cycles may be of
some practical importance.

To further test the significance of
the difference between the mean-
surface-check-ratings, an analysis of
variance was made involving the data

Fig. 6.-Mean surface checking rating after various cycles
for rough and dressed specimens.
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Table 4.-AVERAGE MOISTURE CONTENT OF "CONTROL" SPECIMENS
AFTER VARIOUS STEPS IN SIX CYCLES OF EXPOSURE TEST

After step No.

At

start 1 2 3 4 5
CYCLE 1

16.7 225 6.5 125 11.6 9.2
CYCLE 3

6.5 104 4.0 132 119 9.2
CYCLE 5

82 11.6 34 120 11.1 8.0

of all six cycle exposure tests. Two
analyses’of variance were computed. In
one, the controls (treatment No. 1)
were included, and in the other, they
were excluded. Here again, the mean
for the controls is highly significantly
different than the other treatment
means, while the means for the vari-
ous preservative treatments are not sig-
nificantly different.

It is concluded that the seven differ-
ent preservative treatments did not
effectively develop different responses,
as measured by surface checking, in
the accelerated weather exposure con-
ditions of this experiment. In other
words, the specimens containing pre-
servatives with pentachlorophenol did
not surface check more or less than
those containing the creosote or creo-
sote solutions.

The surface-check-rating means for
the cycle groups after the sixth cycle
are as follows:

Mean-surf ace-

Cycle group No. check rating
1o - 8.31
2o 9.75
Bom e 9.19
R 9.94
S 7.94
R E R R R 5.50
e 9.31
Bom 6.50
9 7.50

0----eeee - 11.00

An analysis of variance indicates
that significant differences are to be
found only at the 5 percent level. The
least significant difference between
these cycle-group means at the 5 per-
cent level is 3.22. The mean value for
cycle group No. 10 is the maximum
value, and it is significantly greater
than the means for cycle groups Nos.
6, 8, and 9.

After six complete cycles of expo-
sure conditions, cycle groups Nos. 6
and 10 have established their positions
in the array as consistently being in
the first and last positions. Cycle
groups Nos. 2 and 4 appear to have
established the eighth and ninth posi-
tions in the array. It is likely that these
four cycle groups were not greatly

574

After step Noanalyses of

At

start 2 3 4 5
CYCLE 2

9.2 131 4.6 8.1 7.7 64
CYCLE 4

8.1 11.6 3.6 126 114 8.4
CYCLE 6

79 113 31 11.0 9.6 6.9

affected by variations in the cycle ex-
posure conditions; the inherent charac-
teristics of the specimens to surface
check are more pronounced. The dif-
ferences between the means of these
groups are because of chance causes of
specimen assignment. The changes in
ranking of the other cycle-group means
from cycle to cycle presumably are be-
cause of variations in cycle exposure
test conditions which were associated
with experimental error.

The combined analysis of variance
shows that the differences between the
means of cycle groups are significant
at the 1 percent level, but that the in-
teraction between cycle groups and
cycles is not significant. This indicates
that the cycle exposure conditions be-
tween cycles did not significantly affect
the cycle-group means. In other words,
the variations in cycle exposure condi-
tions as between cycles were within
experimental error as measured by sur-
face checking effects. The interactions
between cycle groups and treatments,
however, are significant. This indicates
that some treatments influenced the
mean-surface-check rating more so
than others for some cycle groups. Be-
cause of the few specimens represent-
ing each treatment in each cycle group,
it was previously concluded that
chance causes of specimen assignment
to cycle groups were probably more 'in-
fluential than any other factor. Those
treatments causing differences between
the means of cycle groups were not
determined. The main conclusion that
can be drawn is that the necessity to
split up the total number of specimens
into cycle groups for processing
through the accelerated cycle exposure
test conditions did not introduce im-
portant effects into the experiment.

The analysis of variance after the
sixth cycle indicates that the means
for surface-check ratings between the
rough and dressed specimens are
highly significant. The mean values
are 9.66 for the rough specimens and
7.32 for the dressed specimens. The
means and differences between the
means for all six cycles are as follows:

Mean-surface-check rating

Rough Dressed
Cycle sped- sped- Differ-

éxposure memns memns ence

j I 1.64 159  0.05
2o 264 259 .05
3o 539 4.56 83
4o 758 5064 194
5o 8.61 675 186
Gommee e 9.66 732 234

The differences are significant after
the fourth, fifth, and sixth cycles. The
data are shown as bar charts in Fig-
ure 6. The combined analysis shows
that the difference in the two surface
conditions is highly significant. The
surface-check ratings of the rough' and
dressed specimens for the various treat-
ments after the sixth cycle show that
the means for the controls are the
same, so the differences in surface
checking between the treatments are
due to the effect of the preservatives.
The creosote-containing specimens all
show a marked reduction in surface
checking for the dressed specimens as
compared with the rough specimens.
The residual fuel oil with pentachloro-
phenol resulted in a reverse effect; the
rough specimens surface checked
slightly less than the dressed speci-
mens. The other pentachlorophenol so-
Iutions resulted in a reduction in sur-
face checking for the dressed speci-
mens. Treatment No. 8, heavy cycle
oil with pentachlorophenol, compared
favorably with the creosote preserva-
tives. The general indication is that
treated wood will surface check less
under conditions of exposure similar
to those of this experiment when it is
surfaced before the seasoning and the
preservative treatments.

Surface-Check Rating Based on
Rough or Dressed Specimens Only:
Analysis of surface-check-rating data
after each cycle and the combined
analysis of the data show that the
means differ significantly at the 1 per-
cent level. The controls surface
checked more than the treated speci-
mens, while no significant differences
were indicated among the means for
the treated specimens regardless of the
preservative used. Because of the dis-
proportionate distribution of rough
and dressed specimens to treatment
groups, surface condition may have in-
fluenced the general indication that the
treatment means, other than the con-
trols, did not significantly vary be-
tween themselves. Do the treatment
means in each of the two classifica-
tions (rough and dressed) have dif-
ferences of statistical significance? To
answer this question an independent
analysis of variance was made for the
two classifications. The analysis in
both cases shows that the controls sur-
face checked more than the treated
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specimens and, further, that no sig-
nificance in mean-surface-check rating
exists between the preservative-treated
groups.

Interpretation

The purpose of this study was to
determine if creosote- and pentachlor-
ophenol-containing preservative solu-
tions reacted differently in their tend-
ency to retard surface checking of oak
in an accelerated weathering test. The
data plotted in Figure 3, indicate that
the cyclic exposure test conditions
created desorption and sorption mois-
ture gradients which are believed es-
sential to create surface checking con-
ditions. The treated and untreated
specimens were exposed to six cycles
of accelerated weathering conditions.
The analysis of surface-check-rating
data indicates that significant differ-
ences in surface checking tendencies
between treatment groups are not pres-
ent. The pentachlorophenol-containing
solutions were just as effective as the
creosote solutions.

All preservatives effectively reduce
surface checking as compared with un-
treated controls. It is not likely that
the preservatives have antishrink prop-
erties. Thus the differences in surface
checking between the untreated con-
trols and the treated specimens must
be accounted for by a retardation of
moisture changes. The plot of the sur-
face-check data in Figure 5 suggests
that treatment No. 3, creosote-coal tar
(70:30 percent), probably is more
effective than the other preservative
solutions in this respect. The mean-
surface-check rating for this treatment
group is consistently less than the
others after each of the six cycle ex-
posure tests.

To extend the results of this sur-
face-check study to the performance of
preservative-treated railroad crossties
is not within the scope of this investi-
gation. The inference might be made
that railroad crossties treated with pre-
servatives containing pentachlorophe-
nol are not expected to surface check
and split any differently than crossties
treated with creosote solutions. As
crossties are dried before treatment,
surface checking has developed, and
whether the various preservative treat-
ments influence the extension and
penetration of old checks and splits
and the development of new checks
differently when some are already pres-
ent cannot be interpreted from the
data obtained in this experiment.

An interesting result of this investi-
gation was the establishment that
there was less surface checking in the
accelerated weathering test among
specimens cut from planks which were
surfaced before drying than there was

Table 5.-MEAN MOISTURE CONTENT OF CONTROLS (TREATMENT NO. 1)

Moisture content

After steps

Cycle No. Start 1
TR 167 225
R 9.2 13.1
I 6.5 10.4
4 mm e e e e o o 8.1 11.6
Y. 8.2 11.6
B - - - e - 7.9 11.3

among specimens cut from normal
sawmill rough-cut plank. If crossties
could be seasoned without surface
checking before treatment with a pre-
servative, the interpretation is that
surfaced ties would surface check and
split less in service than rough-sawn
ties. The shrinkage and checking
characteristics of boxed-heart cross-
ties are much different than flat-sawn
side-cut plank, and the application of
the results of this research to crosstie
seasoning, preservation, and use is
questionable. The finding, however,
does have applicability in the season-
ing of surface-check-prone species and
in the seasoning, preservative treat-
ment, and exposure of treated wood
in lumber and plank dimensions. Sur-
facing before seasoning and preserva-
tive treatment is believed to be effec-
tive in minimizing surface checking in
subsequent use exposure conditions.
The reduction, although significant in
this experiment, might not be of prac-
tical importance.

Conclusions

Three major conclusions are drawn
from this experiment in accelerated
weathering of treated and untreated
red oak specimens to determine the
effectiveness of preservative solutions
in reducing surface checking.

All preservatives included in the
experiment effectively reduced the
amount of surface checking that
occurred in accelerated weathering as
compared with untreated controls.

No significant differences were
found in the effectiveness of the differ-
ent preservative solutions used in the
experiment to minimize surface check-
ing in the accelerated weathering tests.

Surface-check-free specimens ob-
tained from plank that were planed
before drying and preservative treat-
ment, surface checked less in subse-
quent accelerated weathering than did
specimens cut from rough-sawn plank.

Two minor conclusions can also be
gained from the experiment.

In a species like red oak, surface
checking can be accelerated by an arti-
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3 4

2
Percent Percent Percent Percent Percent Percent

6.5 12.5 11.6 9.2
4.6 8.1 7.7 6.4
4.0 13.2 11.9 9.2
3.6 12.6 11.4 8.4
3.4 12.0 11.1 8.0
3.1 11.0 9.6 6.9

ficial weather exposure condition
creating moisture regain and drying
gradients.

The surface-check-rating technique
used in this study is satisfactory.

Recommendations

The experimental results of this ex-
periment indicate that oils containing
pentachlorophenol might be as effec-
tive as creosote preservatives in re-
tarding the development of surface
checks in a wood like oak when ex-
posed to weathering conditions. The
experimental results need to be verified
by long-term field tests under use con-
ditions. Because of the costs involved
in making such tests with railroad
crossties, it is recommended that the
accelerated weathering experiment be
replicated with fewer preservative so-
lutions and many more specimens.
Consideration also needs to be given
to the use of a specimen that is boxed
heart rather than side cut, and the
complication of differences in surface
roughness should be avoided. Should
the replicated experiment confirm the
indications of this experiment, a cross-
tie placement study should be consid-
ered. In the meantime, observations of
surface checking and splitting in cross-
ties treated with preservatives contain-
ing pentachlorophenol should be in-
tensified to obtain a confirmation of
the results of this experiment.

Although the effectiveness of ma-
chine surfacing or "blanking" of
green wood members on reducing sur-
face checking may be of more import-
ance in seasoning than in preservation,
the finding of this experiment needs
verification, particularly if checking of
treated lumber of dimension sizes is a
real problem.

The Author: R. C. Rietz,
Chief, Section of Wood-
Moisture Relations, Divi-
sion of Physics and Engi-
neering, U.S. Forest Prod-
ucts Laboratory, joined the
Laboratory in 1928. He
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‘Wood Drying Division of
FPRS for a number of
years.
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