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SUMMARY 

Research began in July 1961 under direction of a Technical Committee of 

representatives from each of four participating utilities and the Forest Research 

Laboratory. A survey of literature relating to decay of wood, detection of decay, 

and treatments for poles in service was published. In the meantime, work was 

initiated on identification of fungi responsible for deterioration of poles, patterns 

of decay, properties of wood from poles in service, methods for detecting decay, 

and treatments for poles in service. When possible, the utilities participated in 

various phases of the research. Results of these investigations were: 

o The literature search pointed up the lack of information on fungi 

responsible for deterioration of wood products in the Northwest 

and emphasized the need for research on wood -fungi relationships to 

provide a basis for improved detection and control of decay of poles 

in service. The survey demonstrated close relationships between the 

many disciplines involved in problems of pole deterioration. 

o Poria carbonica, a brown -rot fungus, was of major importance in 

deterioration of Douglas fir poles. Poria monticola was second 

in importance. Fungi attacking western red cedar poles were difficult 

to isolate for identification. Identifications were made through 

cooperation of the U. S. Forest Products Laboratory. 

o No evidence was found of external decay of the treated zone of 

butt - treated western red cedar or pressure- treated Douglas fir poles. 

o Seasoning checks that developed after treatment were the principal 

points of entry for internal decay in the ground -line zone of cedar 

and Douglas fir poles. Bolt holes and cuts made after treatment, 

rather than checks, were the principal areas associated with internal 

decay in that portion of poles located well above ground. 

o Decay patterns in cedar poles were characterized by definite areas 

of advanced decay or voids at base of seasoning checks with abrupt 

transition from decayed to sound wood. 

o Decay patterns in Douglas fir poles consisted of areas of advanced 

decay surrounded by poorly defined areas in various stages of decay. 

Once decay became well established, most of the remaining untreated 

wood had been infected. 

o The untreated central portion of sound pressure- treated Douglas fir 

poles in service or stored in water attained a relatively uniform 

moisture content of about 30 percent near and below ground or water 

level. Untreated wood of poles with early and advanced decay 

attained much higher moisture contents at and below ground. 
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Exposure to rain or storage in water of treated pole sections caused 

a marked change in moisture content of the wood for a varying, but 

not great, distance from the ends. 

o Moisture content of untreated wood in sound poles in service was 

lower than that of poles with early decay and much lower than that 

of poles with advanced decay. 

o Toughness of wood decreased rapidly with depth in decaying poles 

both above ground near the upper limits of visible decay, and especially, 

at ground level. Changes in toughness of a sound pole were much less 

marked. Individual toughness values varied greatly. 

o Specific gravity values of wood from decaying .poles were only slightly 

different than those from a sound pole; both showed normal trends 

of decreasing specific gravity with height and with radial distance 

from the surface. 

o Radiographic inspection methods provided a permanent visual record 

of the internal condition of poles with advanced decay caused by 

brown -rot fungi. Experience in use of radiographic techniques, 

especially interpretation of details of the radiograph, could increase 

greatly the usefulness of this inspection method. 

o Sonic equipment was capable of detecting presence of advanced decay. 

Means of developing equipment for field use were proposed. 

o Electrical resistance measurements made with a moisture meter showed 

a significant difference in moisture gradients between sound and 

decaying poles. A moisture meter showed considerable promise for 

detecting early decay that could not be detected by visual examination 

of borings. 

o Some poles that appeared sound by all other inspection methods were 

found to,be infected with decay fungi when examined by cultural 

techniques. 

o Chemical color tests that might be applied to borings showed only 

limited usefulness for distinguishing between sound and decayed wood, 

o Exploratory tests indicated that fúmigants may prove useful for 

arresting internal decay in poles. 

Stimulation of the interest of scientists; sales and research personnel 

in many fields in inspection and treatment of poles in service was an important 

byproduct of this research program. Their interest and research undoubtedly will 

continue long after this project is completed. 

o 
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RESEARCH ON INSPECTION AND TREATMENT OF 
WESTERN RED CEDAR AND DOUGLAS FIR POLES IN SERVICE 

INTRODUCTION 

Steady increase in number and age of poles in service and in cost of 
replacing poles focused attention on need for improved methods to inspect and 
treat poles in service. As a result, research was initiated July, 1961 on 

deterioration of poles in service under direction of a Technical Committee 
composed of a representative from each of 4 cooperating northwest utilities 
and the Forest Research Laboratory. Research was restricted to problems 
associated with detection and control of deterioration in western red cedar 
and Douglas fir poles with advanced decay. Semiannual reports were submitted 
to the Technical Committee during 1962 and 1963; annual reports were submitted 
during 1964 and 1965. These and other reports resulting from the research 
program are listed in Appendix A. 

During the course of this work, the Technical Committee recommended 
that additional research be initiated in specific areas. Accordingly, research 
was begun in sonics for detection of decay and, upon the suggestion of a 
combined meeting of scientists and industry members, in microbiological aspects 
of pole deterioration. Sonics research was undertaken by Prof. L. C. Jensen, 
Electrical Engineering. Mr. J. L. Ricard, a graduate student in the Department 
of Microbiology and Hygiene, reported on the role of microbiology and is 
preparing a doctoral dissertation on detection, identification and control of 
Poria carbonica and other fungi in Douglas fir poles. 
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SURVEY OF LITERATURE 

A review of literature was undertaken to provide a basis for research to 

develop improved methods for inspecting and treating poles that were deteriorating 
in service. A Survey, Inspection and Treatment of Poles in Service which resulted 
from this review of the literature, was published in 1962 (8) *; additional 
references compiled since then are listed in Appendix B. 

Previous inspections of poles in service had indicated that fungi were 
the principal cause of deterioration although insects, such as termites, 

carpenter ants, and buprestrids frequently were found in decaying poles. Decay 

appeared to be related to exposure of untreated wood by checks that developed in 
poles after treatment. Decay in the ground -line zone of butt- treated cedar and 

pressure- treated Douglas fir poles appeared to be virtually all internal with no 

evidence of external decay of the treated zone. 

Although much is known about fungi and decay of wood in general, little 
information was found on fungi attacking wood products in the Pacific Northwest, 
especially poles. During the latter stages of decay, wood changes color and 
heat conductivity; loses luster, dry weight, and strength; and increases in 
waterholding capacity and shrinkage. These changes make advanced decay readily 
visible and relatively easy to detect. Several authors cautioned that early 

stage of decay, which is "next to impossible" to detect, may cause a serious 
reduction in strength of wood. Boyce warned, "Incipient decay is dangerous 
since it is easily overlooked and, in some cases, notably brown rot, the wood 
is seriously weakened in the incipient stage and should not be used where 
strength is required." Douglas fir, cedar, and other conifers usually are 
decayed by brown -rot fungi. One of these fungi, Poria monticola, causes rapid 
loss in strength during early stages of decay and commonly destroys both wood 
in standing trees and wood in service. Changes in chemical composition, 
permeability, and certain strength properties do occur during the incipient 
stage. Hartley considered changes in toughness and hardness most promising 
for detecting early decay in laboratory tests. 

Virtually all references to inspections of poles in the field were 
limited to detection of advanced decay by sounding with a hammer, removal of 
cores, or visual examination of shavings. X -rays, sonic or ultrasonic impulses, 
and other measurable physical forces that might be used to detect density 
differences in wood appeared to hold promise for detecting advanced decay, 
but were still in the early stages of development. Cultural examination, in 

which wood samples from poles are placed on artificial media favorable to 

growth of fungi, could be used to detect early decay, but required considerable 
laboratory time and skill and left some room for doubt when results were negative. 

* Figures in parenthesis refer to references cited in Appendix A 
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Treatments of poles in service have attempted to replace preservative lost 

from the originally treated zone. Such groundline treatments appeared to be of some 

value in providing protection for poles having insufficient preservative in the 
outer circumference of poles. Research on treatment of poles with internal decay 

and on evaluation of these treatments was notably lacking. However, all evidence 

indicated that control of internal decay would be difficult. 

areas: 
Review of the literature showed that research was needed in the following 

1. Identification of fungi responsible for decay of cedar and Douglas 

fir poles and the nature of such decay. 

2. Improvement of methods for detecting advanced decay to increase 
accuracy of inspection. 

3. Detection of incipient decay to determine earliest stage at which 
poles are infected and the extent of the infection. 

4. Evaluation of properties of wood from poles with internal decay to 

facilitate development of improved methods for detection of decay 

and to permit reasonable estimates to be made of the residual strength 
of poles. 

5e Development of methods for arresting decay and preventing further 
deterioration. 

The survey also illustrated close relationships between numerous dis- 
ciplines involved and demonstrated need for application of techniques from 
other rapidly developing fields of technology. 
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WOOD AND FUNGI 

Wood, a plant material, is an interlocking cellular matrix containing 
about 95 percent of cells that are elongated in the vertical direction in the 
standing tree (Figure 1); these cells are about 100 times longer than they are 
wide. The remaining 5 percent of cells, though quite short, are elongated in a 
horizontal plane; they extend from within the bark into the wood towards the 
center of the tree much like rays from which they derive their name. Chemically, 
wood is composed of cellulose (about 65 percent), lignin (30 percent), and 
extraneous materials such as resins (about 5 percent). Wood derives its 
strength from the long crystalline chains of cellulose "cemented" together by 
amorphous lignin. 

Fungi also are plants, but usually do not manufacture their own food. 
They develop from "seeds," microscopic in size, to form extensive "root -like" 
systems of unicellular strands within moist wood. Wood -destroying fungi feed 
on cell walls of wood (Figure 1)by excreting enzymes that convert wood sub- 
stance to products they can utilize. Cell walls of wood may be riddled with 
holes when decay is well advanced (Figure 1). Fungi that utilize mostly 
cellulose are called brown rots and the brown residue is largely modified 
lignin. Those that utilize wood leaving a white residue are called white 
rots. 



 

IDENTIFICATION OF DECAY FUNGI 

Knowledge of fungi responsible for deterioration of poles was considered 

essential both to decisions affecting poles in service and to determination of 

the nature of research to be undertaken. Such knowledge would facilitate 

selection of appropriate procedures for inspection of poles, would provide a 

sound basis for timing initial and subsequent inspections, and would afford a 

starting point from which to develop scientifically founded investigations of 

possible methods for controlling internal decay. 

To fill this gap in our knowledge, samples of wood from decaying poles 

were shipped periodically during the course of this work to the U.S. Forest 

Products Laboratory for isolation and identification of causal organisms. Later, 

fungi were isolated from poles and isolates were shipped in place of wood samples. 

A total of 137 samples or isolates were submitted for pathological examination. 

These included 37 samples from untreated tops of cedar poles and 100 samples and 

isolates from various locations, though most were from the ground -line zone of 

pressure- treated Douglas fir poles. 

To date no identifications have been received of fungi attacking western 

red cedar poles. These fungi appear to be difficult both to isolate and to identify. 

The following brown -rot fungi were isolated from 37 Douglas fir poles: 

Poria carbonica 

Poria monticola 

Poria xantha 

Forres pinicola 

30 poles 

7 poles 

1 pole 

1 pole 

Two white -rot fungi were isolated from 2 poles but were not identified. Two 

species of decay fungi were isolated from some poles. Previous to this study, 

Poría carbonica and Poria monticola were isolated by the U.S. Forest Products 

Laboratory from sections of 10 -year old Douglas fir spar crossarms that contained 

internal decay. 

Poria carbonica has not been recognized as an important destroyer of wood 

poles though it was included in a list of the more important fungi attacking 

wooden boats. Occasionally, it has been isolated from Douglas fir in the United 

States, Canada, and Europe. Although there is little information on this fungus, 

the nature of its attack on poles and meager physiological descriptions suggest 

that Poria carbonica is similar to the better known and widely used test fungus, 

Poria monticola. Poria monticola develops rapidly and causes serious reductions 

in strength during early stages of decay. 

-5- 
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PATTERNS OF DECAY 

Internal decay in the ground -line zone of poles nearly always was associated 

with seasoning checks (Figure 2) that developed after treatment and extended beyond 

the depth of preservative penetration to expose untreated wood to infection. In 

the aerial portion of poles, however, internal decay was usually associated with 

cutting or drilling practices that exposed untreated wood rather than with 
seasoning checks. This may be due to natural drainage of water from checks while 

holes and cuts may provide collection points for water in contact with untreated 

wood. 

There was no evidence of external decay of the treated zone of either 

butt - treated cedar or pressure- treated Douglas fir poles. Internal decay frequently 

extended out to, and possibly into, the treated shell. Many of the decaying 
Douglas fir poles that were removed from service and examined during the course 

of this study had shallow or erratic preservative penetration that provided little 

residual strength. Some poles with internal decay were well treated. 

Western red cedar 

Internal decay in the ground -line zone of cedar poles occurred as distinct 

pockets at the base of checks in which wood either was completely destroyed or was 

reduced to an easily crumbled brown mass (Figure 3). The decayed zone usually 
extended from several feet below to slightly above ground level with most extensive 

decay just below ground. Transition from advanced decay to sound wood appeared 

abrupt. Sapwood of untreated tops of cedar poles varied from sound to decayed on 

the same pole. Advanced decay was visible in some cases or occurred at the sapwood - 

heartwood boundary as "shell rot ". In some instances, decay extended for as much 
as an inch or more into the heartwood, especially around checks or fastenings where 

moisture could collect. Internal decay occurred in the crossarm area of some 

poles (Figure 4). 

Age (20 to 40 years) and condition of butt - treated cedar poles examined 
indicated that decay progresses slowly and probably causes little loss of strength 
for many years after infection. Full- length treatment would prevent deterioration 

of the above - ground portion of cedar poles. 

Douglas fir 

Interior decay in Douglas fir poles consisted of poorly defined areas of 

advanced decay surrounded by varying volumes of wood in all stages of decay 

(Figures 5, 6, 7). Evidence to date indicates that once decay is visible in the 

ground -line zone of Douglas fir poles, most if not all of the untreated wood in 

that section of the pole is infected with the decay organism (Figure 8). The 

zone of advanced decay frequently extended well above ground, particularly in 

the larger poles, and, in one case, extended into the treated zone at the butt - 

end of the pole (Figure 7). 

Examination of occasional tops of Douglas fir poles that were sent to the 

Laboratory during this study indicated that internal decay could develop as a 

result of cuts (Figure 4) and holes (Figure 9) made in service. Penetration of 
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*preservative from tops and from pre -drilled bolt holes usually extended considerable 
distance along the grain providing excellent protection to these areas of the pole 
(Figure 4). 

Availability of nine 13 -year old poles removed from service in the 
Willamette Valley because of internal decay at ground level made possible a 
detailed examination of both checks and bolt holes. One of these poles had 
15 holes, only 2 of which had been drilled prior to treatment. Condition of 
wood around the 61 bolt holes examined in all nine poles was as follows: 

Description 
Number 

of holes 

Bored prior to treatment, wood sound 22 

Bored after treatment 39 

Wood stained but apparently sound 25 

Wood stained and soft 7 

Wood badly decayed 7 

Three of the 9 poles contained wood in advanced stages of decay around 
bolt holes that ranged in volume from very limited to very extensive (Figure 10). 

Wood directly below and above bolt holes usually was stained; some of the staining 
was accompanied by softening of the wood. Only one check contained decay which 
was restricted to the immediate vicinity of the check. 

Age (7 to 15 years) and condition of Douglas fir poles indicate that once 
decay organisms become established, decay extends rapidly, especially below ground 
and sometimes above ground under favorable moisture conditions. Patterns of decay 
in wood below ground are similar in poles located both east and west of the Cascades. 

Decaying Douglas fir poles made available for this study usually were 
characterized by irregular or poor penetratibn of preservative (Figures 5,6,8), 
although some poles had uniformly deep penetration of sapwood. (9). These early 
removals emphasize the importance of inspection to insure a high quality of 
treatment. Equally important, specifications should relate minimum penetration of 
preservative to size of pole to provide a shell of treated wood with sufficient 
residual strength to support the pole should the entire untreated portion decay. 



 

-8- 

PROPERTIES OF WOOD FROM SOUND AND DECAYING POLES 

Poles with detectable internal decay contain wood that varies greatly 
in specific gravity, moisture content, and strength. In sound poles, on the 
other hand, specific gravity and strength would decrease gradually both with 
height and with radial distance from the surface. Moisture content of sound 
poles in service for about 9 years, when measured about 2 feet above ground, 
increases gradually with radial depth. Knowledge about properties of wood in 
sound and decaying poles should provide clues to improved methods for detection 
of decay as well as a basis for estimating residual strength of poles with decay. 

Studies were undertaken of moisture changes in sound treated pole sections 
stored with the large end immersed in water, of moisture distribution of sound 
and decaying poles in service, and of specific gravity and strength of wood of 
poles removed from service because of decay in the ground -line zone. Toughness 
was the strength property selected for study because it is known to be sensitive 
to fungal activity and because specimens required are relatively small which would 
facilitate cutting of material from poles containing seasoning checks. 

Moisture Distribution in Poles 

Information on moisture distribution, which could be expected to differ 
in sound and decaying poles, was considered important because it might provide 
clues to improved detection methods and to methods that might be used to treat 
poles in service. -Research was undertaken both in the laboratory and on poles 
in service. 

. 

Laboratory Studies: Thirty 6 -foot long sections of new, pressure - 
treated poles donated by J. H. Baxter & Company were placed with the large end 
down in 55 gallon drums both indoors and outdoors. Water levels were maintained 
at 6 and 30 inches to represent varying levels that might exist in service. 

° Initially, all moisture measurements were made with a moisture meter. 
As sections were removed periodically for study, they were cross cut at different 
heights and moisture content was determined radially with a meter and by oven 
drying plugs of untreated wood. Later, sections were sawed longitudinally through 
the center and the flat face was surfaced to provide a rapid means of studying 
moisture distribution. Moisture meter readings were taken first, then plugs 
were cut between the electrode holes in untreated wood. For the last series of 
measurements, concentric rings were cut at 1 -inch intervals from the surface for 
determination of moisture content by the oven -dry method. 

Changes in moisture distribution measured with a moisture meter on sections 
stored in 32 inches of water are shown in Figure 11. Similar results were 
obtained in 6 inches of water. Meter readings tended to be lower than oven dry 
measurements of moisture content (Table 1) but not enough to influence greatly the 
presentation of moisture distribution shown in Figure 11. This study showed that 
(1) moisture content of the wood was influenced for only a short distance above 
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Table 1. Moisture content range of untreated wood in pressure- treated Douglas 
fir pole sections stored with large end down in water to a depth of about 
32 inches for 15 months.* 

Indoors Outdoors 

Height Meter Oven Meter Oven 
(In.) (%) 

... 

(%) (%) (%) 

70 8 -9 - 17 -22 

60 8-10 12-14 12-17 18-22 

36 12-17 16-19 18-25 22-31 

30 20-22 22-23 20-22 26-29 

24 23-27 27-30 21-22 24-32 

12 23-34 29-30 21-24 25-30 

6 23-32 31-39 22-27 31-39 

2 30-40 -- 26-30 

* Resistance -type moisture meter readings were made at depths of 1, 2, and 3 

inches and at center of section. Oven moisture contents were determined 
on concentric rings taken at approximately same depths. 

- 
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water level, (2) most of the wood submerged in water remained at a moisture content 
of about 25 to 30 percent, and (3) the zone of high moisture content near the 
butt end moved very slowly up the pole if at all. Moisture distribution in tops 
of sections stored outdoors reflects the continuous water spray used during the 
first months of storage and drying out and subsequent rewetting during winter 
months when meter measurements were made. 

Field Studies: Forty nine Douglas fir poles in a transmission line near 
Corvallis were inspected for decay in 1964 by examining borings and by culturing 
borings on agar. These 60- foot -long poles had been in service 10 and 14 years 
respectively for each of two age groups. Poles were classified as sound (no 

evidence of decay fungi), as having early decay (detectable by culturing only) 
and as having advanced decay (visible deterioration of wood). In the spring of 
1965, these poles were bored 2 feet above ground, at ground level, and one foot 
below ground. Cores were broken into inch -long sections for determination of 
moisture content by oven drying. Moisture meter readings were obtained at the 
same sample levels. Equipment used for obtaining cores and moisture readings 
is shown in Figure 12. 

Although moisture meter readings tended to be lower than moisture content 
measurements determined by oven drying, both methods showed that moisture content 
varied directly with distance below ground and with extent of decay (Table 2). 
Sound poles had a very uniform moisture content at depths of from 1 to 6 inches 
at each of the levels sampled. Their moisture content was slightly higher than 
that of sections of poles stored in water for 15 months (Table 1). Moisture 
distribution in decaying poles was less uniform. The rather abrupt radial change 
in moisture meter readings will be discussed under the section on inspection of 
poles in service. 

Wide variation in moisture content and its generally low level in the 
ground -line zone of Douglas fir poles indicate that diffusion of water soluble 
chemicals may be difficult to achieve, particularly in heartwood. Unfortunately, 
virtually all information on diffusion of chemicals into wood concerns sapwood 
at high moisture contents, usually well above 100 percent. No information was 
found on diffusion of chemicals into wood at moisture contents near the fiber 
saturation point (about 30 percent). 

Strength Properties of Wood from Poles in Service 

Estimation of residual strength of poles in service that contain internal 
decay is, at present, a rough approximation at best and necessitates considerable 
allowance for safety. Aside from inherent variation in strength to be found in 
sound poles, those with internal decay present additional problems in that extent 
and degree of decay are difficult to assess and that so little is known of the 
effects of early stages of decay on overall strength of the pole. Literature 
indicated that toughness was affected most by early stages of decay. Static 
bending tests, however, would be more indicative of the residual strength in 
cantilever loading applied to poles in line. References also indicated that 
considerable decrease in strength properties might be experienced before a 
perceptible loss in specific gravity was noted. With full recognition of the 
conflicting and overlapping nature of the many variables involved, a series of 
physical tests on wood from poles with known internal decay pockets was planned. 



Table 2. Average Moisture Distribution in Sound and Decaying Douglas fir 

Poles as Determined by a Resistance -Type Moisture Meter and 

by Oven Drying. 

Moisture content in percent at depths shown 

Decay Moisture meter Oven -dry method 
class' 1/2" 1" 2" 2 1/2" 172" 2 -3" 3 -4" 4 -5" 5 -6" 

Two feet above ground 

None 15 16 18 18 22 22 22 23 23 

Early 14 15 17 19 20 21 29 26 28 

Advanced 16 19 34 37 23 27 29 35 36 

At ground level 

None 20 21 23 25 30 31 34 32 32 

Early 21 23 35 41 36 45 65 40 33 

Advanced 26 28 53 59 60 108 97 74 51 

One foot below ground 

None 24 24 27 28 38 38 39 38 35 

Early 30 35 48 54 47 51 55 52 35 

Advanced 32 37 59 62 52 60 62 64 99 

1 

Based on single boring taken at ground level. Advanced -visible decay; early - 
development of fungi in culture; and none - no evidence of decay. 

e 
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Test material was obtained from a group of transmission poles removed from 

line in Albany, Oregon after thirteen years of service because of extensive internal 

decay at ground level. Defective poles were replaced in the fall of 1964 and 

delivered to the Forest Research Laboratory. One of the poles that was sound in the 

groundline area was removed for other causes and delivered with the defective poles. 

Two -foot long sections were cut from an area of severe decay (ground level), 

the upper limit of visible decay, and well above visible decay in each pole. 
Additional sections were selected in some poles for study of variation in properties 

at varying distances from ground level. Sections were split along a principal 
diameter and reduced to 1 1/4 -inch square beams as shown in Figure 13. Kerf 

allowance and variation in cutting line placed centers of adjacent pieces 
approximately 1 1/2- inches apart with centers of the outside pair of samples 
approximately 1 1/2- inches from the pole surface. 

The study plan called for a static bending sample (1 -xl -x 16- inches) from 

one piece and two toughness samples (5/8- x 5/8- x l0- inches) from the other of 

each set of paired pieces. Test specimens were cut to obtain the best possible 
(highest strength) sample or samples from each piece by avoiding defects or 
placing the defect in a non -critical region of the specimen. No specimens were 
discarded unless it was impossible to obtain a specimen of approximate test size 
from the piece. If a static bending sample could not be obtained from either of 
the pair of pieces, both were used for toughness. 

Toughness tests were conducted according to procedures given in Forest 
Products Laboratory Report No. 1308 describing use of the FPL Toughness Machine. 
Specimens were conditioned to uniform moisture content, measured, weighed, and 

characterized prior to test. Toughness values, in inch -pounds, were obtained 
from conversion tables for machine readings presented in the FPL report. After 
test, a specific gravity sample was cut from the specimen on one side of the break, 
and a sample for culture purposes was taken from the other side of the break. 
Average moisture content of the pieces at time of test was found to be 7% based 
on oven samples from 10% of all specimens tested. 

Data were organized and compiled through the IBM 1410 Computor which 
calculated average values for all of the toughness samples for each level in . 

each pole and for radial distance from the pole surface at each level. Toughness 
values were expressed on a pounds per square inch basis (although this would not 
be valid for any other sample size). 

Results were consistent with the literature with regard to the variability 
and utility of toughness values. Individual test results showed considerable 
variation, not only between sound and decayed pieces, but between comparable 
sound pieces. Selection of techniques designed to reduce this variability 
helped considerably. Average values for radial position and level in the pole 
showed a definite trend that indicated appreciable loss in toughness at all stages 
of decay as shown in Figure 14. While these average toughness values were decreasing 
rapidly in the decayed portion of the pole (Table 3.), there was no significant 
change in specific gravity (Table 4.). Although indicative of the impact strength 
of the pole, toughness is not, unfortunately, directly related to strength in 
.bending. Nevertheless, these tests show that toughness is a critical indicator 
of the extent of decay and that serious reductions in impact strength do occur 
in wood well beyond that which is visibly decayed. 

. 



Table 3. Toughness values of specimens cut at various heights above ground from 
one sound and 

four decaying poles removed from servicel 

Number Height 

of above 

poles Condition ground 
ft 

Ground level 
1 Sound 0 -2 

4 Decaying 0 -2 

Near top of visible decay 
1 Sound 4 

4 Decaying 3 -12 

Well above visible decay 
1 Sound 8 

4 Decaying 10 -22 

1 

Toughness at depths from surface 
in pounds per square inch 

shown 

Not adjusted2 Adjusted2 

1 1/2" 3" 4 1/2" 6" 1 1/2" 3" 4 1/2" 6" 

520 477 490 367 

419 198 324 21 348 142 120 16 

593 419 440 338 -- 

496 376 286 99 496 333 198 99 

457 492 386 401 -- 

470 413 413 444 470 413 413 444 

Decay was internal and extended as high as 12 feet above ground. Each toughness value may 

represent as many as 8 specimens, 2 from each cardinal direction, from each pole. 

Adjusted values include zero values for specimens too decayed to test. Unadjusted values are 

for specimens actually tested. 

2 

-- -- -- - 

t 

I. 

-- -- -- 

-- -- 
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Table 4. Specific gravity of toughness specimens cut from one sound pole and 

four poles removed because of decay near ground level. 

Number of 
poles Condition 

Height 
above 
ground 

Average specific gravity at 

depth from surface shown 

ft 1 1/2" 3" 4 1/2" 6" 

Ground level 
0 -2 .53 .51 ,49 .44 

1 Sound 
4 Decayed 0 -2 ,55 .49 ,48 .39 

Near top of visible decay 
4 052 ,46 ,44 .42 

1 Sound 
4 Decayed 3 -12 052 .49 ,46 .40 

Well above visible decay 
8 .50 .48 .45 .44 

1 Sound 
4 Decayed 10 -22 .52 .47 .44 .44 
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INSPECTION OF POLES IN SERVICE 

Procedures currently in use for detection of internal decay usually include 
sounding the pole with a hammer, then drilling the pole in suspicious areas to 
determine if decay is present and estimating its extent. These methods are limited 
to detection of advanced decay which causes marked changes in certain characteristics. 
Sounding, for example, which has been used to detect gross decay in cedar poles, 
has not proven successful on Douglas fir poles. Reliability of this method depends 
largely on experience and judgment of the inspector. 

Association of decay with checks and bolt holes should permit judicious use 
of an increment borer or drill by well- trained personnel to locate advanced decay 
with good reliability. The "feel" of the power drill and appearance of cores are 
subjective evaluations that leave much to be desired. Usually a number of holes 
must be made to determine the extent of decay which increases chance of infection 
of sound poles, especially if inspectors fail to flood holes with preservative and 
to insert treated plugs. 

Shortcomings of present inspection practices, rapidity with which decay 
develops, and difficulties encountered in determining extent of decay were 
decisive factors in the decision to restrict research on detection of decay to 
Douglas fir. Several methods of improving techniques for inspection by substituting 
physical or chemical measurements for human judgment were explored. Among these 
were radiographic examination, sonic methods, electrical resistance measurements, 
culturing fungi from borings, and chemical color reactions, 

Radiographic examination 

Radiographic inspection had been investigated previously by Detroit 
Edison Company and was being used by them to determine extent of decay in cedar 
poles. Their personnel made available radiographs for study and comments on the 
techniques used. Interest in x -ray inspection techniques was increased further 
by the development of portable equipment that could be used in the field for 
inspection of any part of a pole or its attachments. 

An exploratory series of radiographs of sections of Douglas fir poles 
with various types of decay was made by Field Emission Company, McMinnville, 
Oregon, in 1961. Two radiographs taken 90 degrees apart located and established 
extent of defects (Figure 15). These films showed clearly the location of knots, 
seasoning checks, growth rings, and advanced decay caused by brown -rot fungi 
(Figure 16). Characteristics that showed no marked differences in density, such 
as advanced decay caused apparently by a white -rot fungus and early stages of decay 
by brown -rot fungi, were difficult or impossible to detect. 

Later, General Aniline & Film Corporation cooperated in the radiographic 
inspection of poles. Their reports of laboratory and field applications (19, 21) 
provided valuable data on the parameters involved and a sound basis for inspection 
of poles by this method. 
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These studies indicate that radiographic inspection holds considerable 
promise for detecting the presence and extent of internal advanced decay caused 
by brown -rot fungi. Equipment now being manufactured is portable and relatively 
simple to use, but adequate precautions must be taken to protect personnel. 
Development of X -ray film in the field has been accomplished and would permit 
inspecting personnel to quickly and easily detect poles with extensive decay. 
On the other hand, development of x -ray film under controlled laboratory conditions 
and their interpretation by a trained radiologist seems desirable if maximum 
information is to be obtained from this inspection method. 

Even at this early stage of technology, however, radiographs provide a 
surprisingly good visual record of the internal condition of poles that can be 
obtained in no other way. As experience is gained in interpretation of radio- 
graphs, the full benefits of this inspection procedure will be realized. 
Availability of this permanent record will be of important diagnostic value 
when poles are reinspected. 

Sonic inspection 

Sounding with a hammer is a simple sonic inspection method in which the 
inspector relies upon the "ring" of the pole to detect abnormalities within the 
pole. In modern sonic or ultrasonic flaw detection systems, sensitive equipment 
replaces the inspector's hammer and ear so that controlled sound waves can be 
generated, transmitted through the material to be tested, converted to electrical 
energy, then viewed or measured to detect defects in metals or concrete. An 
ultra -sonic device is in use for determining internal condition of the under- 
water portion of piling, but this method which uses water to transmit sound waves 
to and from the pile is not directly applicable to poles. 

Equipment, commercially available for detection of defects in metals, 
was used with limited success to detect decay and other defects in sections of 
treated cedar and Douglas fir poles. When further cooperation with suppliers 
of this type of equipment failed to materialize, the Committee recommended that 
research be sponsored at the Department of Electrical Engineering, Oregon State 
University, to evaluate sonic or ultrasonic methods for inspecting poles. This 
work was financed by Bonneville Power Administration, Pacific Power & Light 
Company, and Portland General Electric Company. 

The report of this study (15) showed that internal decay in poles could 
be detected by analysis of the waveform obtained from vibration of the pole 
when struck with a mechanical device. Since the equipment used (Figure 17) was not 
intended for field use, an additional study was financed by Bonneville Power 
Administration to determine the type of equipment most suitable for detection 
of decay in poles in service. Results of this study (18), based on both 
laboratory and field tests, confirmed the usefulness of sonics for detection 
of decay and defined equipment requirements for field testing of poles. 

Since completion of the above work, personnel of Detroit Edison Company 
have reported on a sonic testing device for cedar poles that "may replace hammer 
sounding completely, and eliminate approximately 70 percent of the present x -ray 
testing." (Miller, et al, 1965).. This equipment has not been available for 
testing on Douglas fir poles. 
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Electrical resistance measurements 

The literature survey indicated that resistance -type moisture meters 

might be used to detect decay by indicating moisture conditions suitable for 

growth of fungi. Such moisture meters (Figure 12) measure electrical 

resistance between two electrodes driven into the wood; resistance is shown 

on a scale as moisture content in percent. Measurements of poles in 

service and of sections of poles removed from service showed that high meter 

readings (above 60 percent) were typical of wood in advanced stages of 

decay near or below ground. Above ground, meter readings in both sound and 

decayed wood were usually low, but moisture content in this portion of the 

pole would be influenced to a great extent by the time of year at which the 

measurements were made. 

Moisture meter readings were made to a depth to 2.5 inches in poles 

in various conditions of decay as a part of the study on properties of wood 

in poles in service. Results (Figure 18) indicate that there is a marked 

difference in moisture gradients as determined with a moisture meter between 

sound poles and poles with internal decay, especially at and below ground 

level. Moisture meter readings in sound wood increased gradually with depth 

from surface whereas, with infected wood, there was a sharp increase in 

meter readings at depths from 1/2 to 2 -1/2 inches as shown below: 

Number Meter Maximum difference in moisture meter 
Decay of reading readings between 1/2 and 2 1/2 in. from 

condition poles at 1/2 inch surface as measured at ground level 
Average Range 

None 20 21 5 1 - 13 

Early 14 22 20 3 46 

Advanced 15 26 34 10 - 42 

These average values reflect quite accurately changes in meter readings that 
occur with depth in individual poles. The abrupt change in meter readings 
suggests that resistance -type meters may prove to be a useful inspection tool 
for detecting early stages of decay in the critical outer shell of poles 
in service. 

Culturing fungi from borings 

Culturing techniques take advantage of the well known ability of 

fungi to develop rapidly under suitable environmental conditions. The 

technique consists of removal of a core and its insertion in a suitable 
container under aseptic conditions to avoid contamination. The core is then 

transfered to a plate containing an appropriate growth medium, usually malt 
agar, then incubated under optimum conditions for growth of decay fungi for 
about 2 weeks. 

% 

7 % 

- 
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This technique, though exacting and time consuming, provides valuable 

information about each pole; presence of decay fungi even though visual 

evidence may be absent; an indication of extent, although not the degree, of 

decay; and isolates for identification of fungi present. 

Inspection of the 49 poles in service, used in study of wood properties, 

by visual examination of borings and by culturing borings removed aseptically 

from the same poles produced the following results: 

Poles free of decay 20 

Poles with decay visible in borings 15 

Poles without decay visible in borings 
but with decay fungi present in 
culture 14 

The culturing technique warrants consideration as an important phase of the 
inspection process because of its ability to detect decaying poles which 
otherwise would be reported as sound. 

Chemical color reactions 

A simple improvement in present procedures of inspection would be a 
method of making wood infected by wood -destroying fungi appear in marked 
contrast to sound wood. This has been accomplished in southern pine 
infected with a specific fungus by applying a chemical that colors infected 
wood a different hue than sound wood. Unfortunately, aside from this 
instance and known histological stains for microscopic examination, no 
chemicals are known to give satisfactory differentiation between sound and 
decayed wood. 

In an attempt to screen various types of chemicals that might be 
expected to give colored reactions with byproducts of fungal activity, 
37 tests solutions, were prepared and tested (Table 5). Solutions consisted 
of common pH indicators, oxidizing agents, diazo salts, indicators of 
sapwood and heartwood as outlined in U.S. Forest Products Laboratory Report 
No. 2246, and other reagents known to give colored reactions with wood. 

Test samples consisted of narrow strips of wood containing both 
decayed and sound wood. In the belief that colored effects might be masked 
by side reactions and that reactive byproducts of fungal activity would be 
likely to be soluble in common solvents, tests also were conducted by 
wetting wood samples with water or methyl alcohol and pressing the moist 
wood against chromatographic paper before applying test solution to the 

paper. One series of tests was conducted in which paper was treated with 
test solution before the moist block was pressed to it. All samples were 
viewed before and after tests under ultraviolet light. Results are 
summarized in Table 6. 
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Table '5 Chemicals Tested for Color on Sound and Decayed Douglas Fir Wood. 

1. Alizarine- iodine 
2. Alizarine Red S --0.75 percent, aqueous 

Ameroid Total Alkalinity Indicator 
Ammonia - -2 percent, aqueous 
Ammonium bichromate - -6 percent, aqueous 
Benedict's solution 
Benzidine 
Blancophor R --1 percent, methanol 
Bromcresol green -- 0.0413 percent, aqueous 
4- Diazo -N, N- dimethylaniline --1 percent, acidic methanol 
Fast Garnet Salt GBC --1 percent, methanol 
Fast Red Salt GG --1 percent, methanol 
Fast Red Salt GL --1 percent, methanol 
Fast Red Salt ItRN --1 percent, methanol 
Fast Red Salt RCN --1 percent, methanol 
Fast Scarlet Salt R --1 percent, methanol 
Fehling's solution 
Ferric chloride --10 percent, aqueous 
Ferrous ammonium sulfate -- 0.1N., aqueous 
Ferrous sulfate N, aqueous 
Fluorol 7GA --1 percent, methanol 
Harlco Universal Wide Range pH Indicator 
Hydrochloric -methanol 
Iodine-2-1/2 percent, ethanol 
Methyl orange --0.1 percent, aqueous 
B- Napthylamine hydrochloride - -1 percent, acidic methanol 
5- Nitroso- 8- quinolinol --1 percent, methanol 
Phenol -HC1- ethanol + UV light 
Phloroglucinol -HC1, ethanol 
Potassium iodide - iodine 
Silver nitrate --1 percent, ammoniacal 
Sodium hydroxide --1 percent, aqueous 
Sodium nitrite --10 percent, aqueous 
Triplex Soil Acidity Indicator 

,.Vanillin -HC1, ethanol 
Wood Treat A Penetration Dye --1 percent, methanol 
Zinc chloride- phloroglucinol -HCI 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17, 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
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Color of Chemicals Listed in Table 5 When Applied to Douglas Fir Wood, 

and Paper with Wood Extract. 

Wood 
Sound 

1. Yellow 
Orange 
Yellow 
Yellow 
Brown 
G reen-Brown 
Orange 
Yellow -tan 
Yellow -Green 
Yellow -tan 
Brown 
Yellow -tan 
Yellow -tan 
Light orange 
Yellow -tan 
Pink 
Green -Yellow 
Black 
Yellow -tan 
Pink 
Yellow 
Yellow -Pink 
Yellow -tan 
Yellow 
Pink -Red 
Orange 

2. 

3. 

4. 

5. 
6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

26A. 

Decayed 

Yellow 
Orange 
Light brown 
Light brown 
Brown 
Brown 
Brown 
Light brown 
Orange 
Light brown 
Brown 
Light brown 
Light brown 
Light orange 
Light brown 
Pink 
Brown 
Black 
Light brown 
Light brown 
Brown -Yellow 
Dark red 
Light brown 
Dark brown 
Dark red 
Orange -Brown 

(followed with application 
of 10% sodium carbonate) 

27. Gray Gray 
28. Light blue- Brown 

Pink 
29. Violet 
30. Yellow 
31. Light brown 
32. Light brown 
33. Yellow -tan 
34. Yellow -Green 
35. Lavender 
36. Red- Orange 
37. Violet 
38.3 

1 

Violet 
Yellow 
Dark brown 
Dark brown 
Brown 
Dark Brown 
Brown 
Red -Orange 
Violet 

Yellow -Tan Light brown 

Sound 
Paper' Effective 

ness2 

Yellow- Orange 
Orange 
Olive -Red 
Light brown 
Brown 
Brown 
Red -Brown 
White 
Light orange 
Pink 
Tan 
Yellow- Peach 
Peach 
Light orange 
Tan 
Rose 
Blue -Brown 
Yellow -Black 
Tan White 
Brown . F 
Yellow E 
Red A 
Tan -brown F 
Brown A 
Orange -Brown A. 
Orange -Brown D 
Brown C 

Yellow- Orange 
Orange 
Olive -Green 
Light tan 
Brown 
Light blue 
Green -Brown 
White 
Light orange 
Pink 
Tan 
Yellow- Peach 
Peach 
Light orange 
Tan 
Rose 
Light blue 
Yellow 

White 
Yellow 
Orange 
White 
Yellow -Tan 
Yellow -Orange 
Yellow -Green 
Pink 

Peach 
White 

Peach 
Light tan B 

Violet Violet 
Light brown Light brown 
Violet Dark brown 
White Tan 
Tan Tan 
Blue -Yellow Brown 
Gray Gray 
Rose Rose 
Tan Brown 
White Tan 

D 

Application of test reagent to paper after pressing methanol -moistened wood to 
paper. 

2 
- -Not effective. 
A Effective on wood or paper 
B Effective on wood only 
C Effective on paper only 

3Methanol only. 

D Fairly effective on wood or paper 
E Fairly effective on wood only 
F Fairly effective on paper only 

Chemi- 
cal 

l 
Decayed 

F 
F 

D 
D 
-- 
B. 

- -- 
D 
F 

C 

-- 

-- 

- -- 

- -- 
-- 
- 

-- 

-- 

-- 

- 

- -- 
- 

- - 

- -- 
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None of the solutions tested gave marked contrast between decayed and 
sound wood in all applications. Of solutions tested, Harlco Universal Wide 
Range pH Indicator, iodine solution, and methyl orange gave most contrast 
in color between sound and decayed wood when tested on wood or paper. 
Bromcresol green and phenol -hydrochloric acid -ethanol plus ultraviolet 
light also gave good, but not consistent results on wood. 

Results on chromatographic paper indicated that wood moistened with 
methyl alcohol gave more distinct "prints" than wood moistened with water, 
Solutions giving best results, in addition to those mentioned above, were 
b- napthylamine hydrochloride (somewhat improved when followed by 10 per cent 
sodium carbonate), and ammoniacal silver nitrate. Several other solutions 
showed some differentiation of color between sound and decayed wood, but 
lacked sufficient contrast or consistency to be of value under variable 
conditions in the field. 

Many improvements in technique were noted during these investigations. 
There was no distinct contrast between sound and decayed wood when samples 
were viewed under ultraviolet light. Aqueous test solutions did not diffuse 
readily into wood, particularly decayed wood. Addition of about 25 per cent 
by volume of methyl alcohol improved penetration and distribution of test 
solutions in wood. Pretreatment of chromatographic paper strips did not 
appear satisfactory. 

Research in this area has been continued by the U. S, Forest Products 
Laboratory using material supplied to them as part of this study. A general 
chemical color test for decay remains to be developed. 
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TREATMENT OF POLES IN SERVICE 

The literature survey, studies of decay patterns in poles, and 
discussions with interested individuals in both United States and Europe 
indicated that field treatments commonly used for poles with external decay 
offer little chance of successfully arresting internal decay once it is 
well established. An effective treatment must sterilize and protect the 
wood well beyond areas of visible decay. 

Research at the U. S. Forest Products Laboratory showed that diffusion 
of chemicals from the surface of poles usually was limited to the outer zone 
of previously treated wood. Research by Mr. O. F. Hand, Bonneville Power 
Administration, showed that diffusion of water soluble chemicals from holes 
drilled in sections of decaying poles was not uniform within or beyond 
obviously decayed wood. 

Later work by Mr. Hand, in which agricultural fumigants were placed 
in holes in decaying poles that were then plugged, indicated that some 
degree of sterilization was being achieved. Additional work at the Forest 
Research Laboratory showed that methyl bromide would kill Poria carbonica. 
Cooperative work with Ardee Pest Control Company in their fumigation chamber 
showed that methyl bromide penetrated wood to considerable depth and was 
retained by the wood for considerable period of time. 

The ground -line zone of a single pole heavily infected with a decay 
organism that appeared to be Poria carbonica was fumigated with methyl 
bromide using polyethylene film to hold gas around the pole. Cores removed 
one and five days after fumigation indicate that most of the cross section 
of the pole had been sterilized; the one organism that developed in culture 
did not have characteristics of a wood -destroying fungus. 

These results are encouraging but must be considered exploratory 
until more extensive investigations can be conducted. 
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EXPANDING INTEREST IN RESEARCH ON POLES IN SERVICE 

Recognizing its own limitations in this complex problem of pole decay, 

the Committee has actively sought to encourage the interest and participation 

of others. The U. S. Forest Products Laboratory ( USFPL) has cooperated whole 

heartedly with the Committee in identification of fungi responsible for decay 

and in discussing approaches that might be used to obtain useful information. 
The USFPL, in cooperation with the Department of the Navy, has initiated a 

study of decay in poles throughout the United States. The literature survey 

and progress reports developed during the course of our work provided the 
basis for their study. We, in turn, have adopted ideas and equipment they 
have developed. 

Scientists and specialists in many disciplines, both in the United 
States and Europe, were consulted during the course of this study. Of special 

significance was a meeting of the Committee and scientists in appropriate 
fields of study at Oregon State University in July, 1963. Purpose of this 

meeting was to inform these scientists of the nature of decay problems 
in poles and of the status of our work. Searching questions and discussion 
that occurred were indicative of their interest. Microbiology, of the many 
disciplines represented, seemed to offer the best potential source of valuable 
information. 

The Forest Research Laboratory, with financial support from Bonneville 
Power Administration, hired a microbiologist for the summer of 1964 to 
evaluate the role of microbiology in preventing and controlling decay in 
poles. His findings (17) suggested that a rapid technique for identification 
of the fungi involved was possible, that this technique, when perfected, 
might provide a rapid means for determining presence and extent of decay 
on borings from poles, and that biological control offered an as yet 
unexplored area for preventing deterioration of poles in service. The 
microbiologist is continuing this work as part of his doctoral program at 
Oregon State University with the help of a research assistantship made 
available by Bonneville Power Administration. 

Mr. A. T. Bode, Bode Inspection, Inc., and his staff have cooperated 
in development of procedures and in collection of cores using special 
techniques to avoid contamination of the cores.* Cores were collected from 
poles prior to treatment as well as from poles in service. Their success 
in obtaining and shipping cores to the Laboratory for culturing with 
virtually no contamination has prepared the way for large -scale collection 
of borings that can be used to determine whether or not poles are infected 
and for identification of fungi involved. 

* Ricard, J.L. and Mothershead J.S. "A Field Sampling Technique for 
Detecting Early Decay ". Submitted to Forest Products Journal for 
publication as a Technical Note. 
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Identification of Poria carbonica as an important destroyer of 

Douglas fir has led to considerable interest on the part of many scientists 

in this fungus. Perhaps study of the physiology of this and other important 

regional fungi and further studies of means for their identification and 

control will provide a basis for graduate research support in the near future. 

This stimulation of interest of others in the problems of deterioration 

of cedar and Douglas fir poles is an indirect but valuable by- product 

of the present research program. Research that has been stimulated will 

continue long after this project is completed. 
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RECOMMENDATIONS 

The Research Committee believes that the following recommendations 

as to field practices to be adopted and research to be undertaken will 

facilitate detection of decay, quite possibly lead to effective treatments 

to arrest decay in poles in service, and prevent similar situations in the 

future: 

Inspection practices 

o Estimates of residual strength of Douglas fir poles with 

advanced decay should be based on thickness of the treated 

shell until more complete information can be obtained on 

strength properties of wood in such poles. 

o Holes or cuts made through the treated zone of poles during 

installation and inspection should be treated with a 

preservative. 

o Results of this study and future improvements should be 

applied to development of well- trained personnel capable 

of determining the internal condition of poles by visual, 
physical and cultural methods without endangering the 
serviceability of sound poles. 

Detection of decay 

o Radiographic and sonic techniques warrant continued study 
and limited application as means of inspecting both cedar 

and Douglas fir poles for advanced decay. 

o Cultural techniques and the resistance -type moisture meter merit 
further investigation for detecting Douglas fir poles in 

early stages of decay. 

Field treatments 

o Commercial fumigants and similar chemicals with the ability 

to diffuse rapidly into wood should be investigated as means 
of arresting decay. 

e 



 

Figure 1. Vertically elongated cells in wood (left) showing general dissolution 

of walls by enzymes secreted by decay fungus (X820). Cell walls being penetrated 

by hypha of decay fungus (right). Bore hole dissolved by enzymes secreted by 

fungus is larger than hypha and is formed in advance of tip (X2000). (Photographs 

are from Bulletin No. 47, Penetration of the Walls of Wood Cells by the Hyphae of 

Wood -Destroying Fungi, School of Forestry, Yale University, 1941.) 
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Figure 2. The base of a large seasoning check, as shown above, is the logical place 

to look for decay. In some cases, however, a narrow check that extends deep into the 

pole may be the source of infection. This pole is infected with Poria monticola. 
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Figure 3. Seasoning checks were the source of infection of western red cedar 

pole "A" but not of cedar pole "B ". Both poles were in service in the Willamette 

Valley about 20 years. Difference in resistance to infection undoubtedly reflects 

variation in natural durability of cedar heartwood. Central decay pocket in 

pole "A" tapers out before reaching butt -end of pole. Not abrupt transition from 

40 
decayed to apparently sound wood. 
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Figure 4. Internal decay in untreated tops of 2 butt - treated western red cedar poles 
(top) and in cut -off top of one pressure- treated Douglas fir pole (bottom). Presence 
of decay in some tops and not in others of these 20 to 30 -year old cedar poles is 
attributed to variation in natural durability of heartwood. Good penetration of 
preservative from tops and bolt holes of pressure- treated Douglas fir poles is a 
valid reason for drilling holes prior to treatment. 
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Figure 5. Decay patterns in Douglas fir poles showing typical diffuse distribution 
of brown rot (top) and normal - appearing wood in advanced stage of decay by what 
is believed to be a white -rot fungus (bottom). All untreated wood in bottom picture 
is decayed. 
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Figure 6. Cross sections of Douglas fir pole removed from service in Willamette Valley. Sections 
were cut at following inches from butt: A -10, B -30, C -48, D -67, E -85 (ground level), and F -99. 
"Green" and "dry" refer to same cut before and after drying to a moisture content of about 7 percent. 
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G -1002-A 

Figure 7. Cross sections of 14 -year old Douglas fir pole removed from service 
in central Washington. Sections were cut at following feet from butt: 
A -1, B -3, and C -4 1/2. Ground level was about 6 feet. Poria carbonica 
was cause of decay that extended into wood in section A. 
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Figure 8. White fungal growth of Poria carbonica from cross section of 

Douglas fir pole that was wrapped in polyethylene film and stored indoors 

for several weeks. Wet -appearing areas of advanced decay appear on cross 

section cut after storage. White -colored area is believed to represent 

growth of fungus from wood beneath, not over surface. 
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INCHES 

Figure 9. Decay below bolt hole (top) and below guy holes (bottom) drilled 

in treated Douglas fir poles. Holes for guys were 45 feet above ground in 

95 -foot pole that had been in service 10 years near Pacific Coast of Oregon. 

Sections in lower photograph were cut less than 2 feet apart. 
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Figure 10. Varying extents of decay by Poria xantha at bolt holes in same 

Douglas fir pole that had been in service in Willamette Valley for 13 years. 

Pole was removed because of decay near ground level by Poria monticola. 
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Figure 12. Increment borer (top) used to inspect poles for decay and to 

obtain cores for moisture content measurements (oven dry method). Resistance- 

type moisture meter with 3 -inch long electrodes (bottom) used to obtain 

moisture content readings to a depth of 2 1/2 inches. Pole has advanced 
decay internally caused by Poria carbonica. 
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NORTH 

Figure 13. Cross -sectional diagram of 2 -foot bolt from pole showing cutting 

pattern followed to obtain and identify blocks of wood from which 

toughness and bending specimens were cut. 
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Figure 14. Average toughness values for four internally decayed poles at ground 

level and at top of visible decay expressed as a percentage of average 
toughness values obtained well above visible decay. 
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Figure 15, Radiographs of Douglas fir 
pole above taken 90 degrees apart show 
growth rings and extent of advanced 
decay. Black indicates low density; 
white indicates high density (note 
thumb tacks). Absence of well- defined 
growth rings and horizontal checks 
(black lines) are indicative of decay 
caused by brown -rot fungi. 
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iConoy 

- - Decal 

Figure 16. Radiograph of decay pocket below woodpecker hole showing growth 
rings, vertical and horizontal cracks typical of brown rot, knots with checks, 
woodpecker hole, metal staple, and unidentified white mass immediately below 
hole. 
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Figure 17, Equipment used to apply uniform impact to and pick up sound 

from pole (top). Polaroid camera was used to photograph sound wave on 

oscilloscope (bottom). 
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Figure 18. Average moisture distribution as,measured by a moisture 
meter in Douglas fir poles with advanced decay, early decay as 

determined by cultured, and no detectable decay. 
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APPENDIX A 

LIST OF REPORTS RESULTING FROM RESEARCH PROGRAM 

1. *First Semiannual Report to Cooperators - - - December 1961 

2. *Comments on the Applicability of Certain Procedures for Detection 
of Internal Decay in Douglas Fir and Western Red Cedar Poles 
in Service - - - February, 1962 

3. *Graphical Representation of Progressive Changes in Solubility Properties 
and Chemical Composition of Decayed Wood - - - February, 1962 

4. *Procedures for Preparation of Cultures from Fungus -Infected 
Wood - March, 1962 

5. Research On Inspection and Treatment of Poles in Service, R. D. Graham - 
Presented at E & 0 Workshop, Pasco, Washington - - - March 21 -23, 1962 

6. The Structure of Wood Related to Preservation, J. S. Mothershead - 

Presented at Wood Pole Institute, Colorado State University-- - 
June 13, 1962 

7. *Second Semiannual Report to Cooperators - - 

8. Inspection and Treatment of Poles in Service 
J. S. Mothershead and R. D. Graham, OSU 
Report No. P -6 - December,'1962 

- June 1962 

- A Survey, 
Forest Research Laboratory, 

9. *Third Semiannual Report to Cooperators - - - January, 1963 

10. Research on Wood Poles in Service - R. D. Graham - Presented at Second 
Pacific Northwest Wood Pole Conference - - - October 11, 1963 

11. *Properties of Wood from Poles with Internal Decay, A Progress 
Report - - - March 1964 

12. *Nature of Moisture Changes in Poles in Service - Progress Report 1- - 

April, 1964 

*Unpublished reports submitted to Technical Committee 

- - 

- - 
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13. *Evaluation of a Hole -Flooder - - - May, 1964 

14. *An Evaluation of Two Resistance -Type Moisture Meters for Detecting 

Decay in Poles - - - May, 1964 

15. *An Investigation of Sonic Detection of Internal Decay in Wood 

Poles, L. C. Jensen - - - April 1964 

16. *Annual Report to Cooperators - - - July 1964 

17. *Role of Microbiology in Prevention and Control of Decay in 

Poles in Service, J. L. Ricard - - - October 1964 

18. *An Evaluation of Equipment for the Sonic Detection of Internal 
Decay in Wood Poles, L. C. Jensen - - - October 1964 

19. *The Applicability of Radiography to the Inspection of Douglas 
Fir Poles, S. S. Stacey, General Aniline & Film Corporation 

- - - January 1965 

20. Sonic Detection of Internal Decay in Wood Poles, L. C. Jensen - 

Presented at Second Symposium on Nondestructive Testing of Wood, 
Washington State University and the National Science Foundation 
- - - April 1965 

21. Applicability of Radiography to Inspection of Wood Products, 
J. S. Mothershead and S. S. Stacey - Presented at Second 
Symposium on Nondestructive Testing of Wood, Washington 
State University and the National Science Foundation - - - 

April 1965 
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