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team of forest scientists is investigating problems in forestry
of growing and protecting the crop, while wood scientists engaged in forest products research endeavor to make the most of the timber produced.
A

research

The current report stems from studies of forest products.

Purpose

.

.

.

Fully utilize the resource by:
developing more by-products from mill and logging residues to use
the material burned or left in the woods.

expanding markets for forest products through advanced treatments,
improved drying, and new designs.

directing the prospective user's attention to available wood and bark
supplies, and to species as yet not fully utilized.
creating new jobs and additional dollar returns by suggesting an increased variety of salable products. New products and growing
values can offset rising costs.

Further the interests
the State.

Program

.

.

of

forestry and forest products industries within

.

Identify and develop uses for chemicals in wood and bark to provide markets for residues.

Improve pulping of residue materials.
Develop manufacturing techniques to improve products of wood industries.
Extend service life of wood products by improved preserving methods.
Develop and improve methods of seasoning wood to raise quality of wood

products.
Create new uses and products for wood.
Evaluate mechanical properties of wood and wood -based materials and
structures to increase and improve use of wood.
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INSPECTION AND TREATMENT OF
POLES IN SERVICE

A SURVEY

John S. Mothershead
Robert D. Graham

INTRODUCTION

Steady increase in number and age of poles has focused attention
on need for improved methods to inspect and treat poles in service.
This survey and discussion of existing literature is intended to show re-

lationships that exist between the many disciplines involved and to provide a basis for research necessary to develop improved methods.
Wood poles have been used by utilities to support conductors
from the beginning of transmission of electrical energy. The Timber
Resources Review, U. S. Department of Agriculture, 1955, estimated
that about 86,300,000 poles were in service in 1949 and predicted that
120 million poles will be installed by 1975.
When poles and labor were low in cost, untreated poles of durable heartwood species such as cedars and chestnut were used. As
costs of supports and labor mounted, emphasis was placed on serviceability obtained by butt treatments of these durable- heartwood poles.
Concern for decreasing supplies of durable- heartwood species led to
full -length pressure treatment of woods that were not naturally durable
and, recently, to full- length treatment of durable- heartwood poles as
well.

Preservative treatments by pressure and thermal processes
have enhanced greatly the life expectancy of poles. Improvements in
these processes can be expected to provide wood poles to meet stringent
requirements of the future. In the meantime, increasing attention is
being given to maintenance of these supporting structures in an attempt
to extend their service life.
Since the key to good maintenance is good inspection, the authors
hope that this report will assist in developing reliable programs for inspection and stimulate further research essential to inspecting and treating of poles in line.
3

WOOD -POLE DETERIORATION IN GENERAL

Wood in service is subject to deterioration from weathering, fire,
insects, and fungi or other microorganisms. Study of deterioration in
wood is not limited to knowledge of the complex nature of deteriorating

agents, but must include knowledge of the wood species involved, of the
response of wood to changes in its environment, and of preservatives
that might control deterioration. Excellent texts are available on wood
in general (34) *, wood technology (3), wood chemistry (32), forest pathology (1), fungus physiology (6), and wood preservation (2,17). Of particular importance is a comprehensive review of literature dealing with
decay of timber and its prevention, by Cartwright and Findlay (5); a
supplemental survey of recent work on timber decay was published by
Findlay in 1956 (12). Useful lists of publications have been compiled on
wood preservation (22), wood -moisture relationships (18), thermal
properties of wood (21), and decay in pulpwood (15).
Decay fungi are believed to be the primary cause for deterioration of wood in use (266) and are the major cause for deterioration and
failure of poles in the northeastern United States (121). Insects, such
as termites and carpenter ants, frequently are associated with decay
fungi in deterioration of poles (121,266) and other wood structures (5).
Decay is the primary cause of failure in service tests of treated and untreated posts and poles (138, 169, 185). Graham and Miller (169) reported that during an 11 -year period in which 338 test posts failed, cause of
failure was 74 per cent from decay, 22 per cent from decay and insects,
and 4 per cent from termites. Because decay is such an important factor in serviceability of wood products in contact with the ground, this
survey will deal solely with deterioration of wood by decay fungi.
Increasing awareness of the problem of pole deterioration and of
need for improved maintenance procedures is evidenced by the recent
series of wood pole conferences (25,26,27,35). These conferences
likely will continue until reasonable solutions can be found through research (9,23,29,121,259)
Numbers in parentheses refer to similarly numbered references.
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PROPERTIES OF WOOD RELATED TO DECAY
A knowledge of wood is basic to an understanding of wood -decay
relationships and to methods that might be adopted to detect, prevent, or
control decay.

Anatomy of wood
Wood consists of an interlocking cellular matrix composed of
cellulose (about 65 per cent), lignin (about 30 per cent), and other materials (about 5 per cent) (40,52, 60). Wood derives its strength from
long crystalline cellulosic chains that are "cemented" together by amorphous lignin. Much of the volume of wood consists of void areas within
cells which help give wood a high strength- weight ratio (42).
About 95 per cent of the cells in wood are elongated in the vertical direction in standing trees; their length is roughly 100 times their
diameter (3). The remaining 5 per cent of cells are elongated in a horizontal plane and extend from within the bark into the wood towards the
pith, much like rays from which they derive their name. Number, size,
shape, and distribution of ray cells vary between tree species, as do
other characteristics of wood. Void spaces within cells are connected
by apertures in the cell walls called pits. Pits are important in distributing liquid preservatives in wood.
In temperate climates, wood is characterized by growth rings
that are composed of alternating bands of light springwood and dense
summerwood, commonly called "grain" (3). These alternating layers
appear in the living tree as concentric nested cones and are the typical
bands seen in a "ring count ". Within the outer few inches or less of
most trees, the water- saturated white sapwood changes into heartwood
of lower moisture content and, in many species, of darker color (330,
337). These changes, which are not well understood, usually are accompanied by decrease in permeability of the wood to liquids (36,71,392).
Wood - liquid relationships
Amount, distribution, and movement of liquids and gases through
wood are of prime importance both to activities of wood- destroying organisms and to movement and deposition of preservative chemicals with-

in wood (41, 323, 346).

Movement of water in wood is not simply a single -phase flow
process; rather, it is a complex physical system in which liquid moves
between and within cells of the wood by a series of phase changes from

liquid to vapor and back to liquid (3). During movement, liquid or gas is
subjected to forces resulting from capillarity, differences in water -vapor
pressures, inequalities in concentration of liquid and vapor, and chemical
5

bonding forces exerted by wood cellulose (70,314,317). Differences in
composition and structure of wood species result in differences in amount of water present (332,350) and in the rate of moisture movement
(393). Environmental conditions, particularly rainfall and temperature,
also influence moisture content of wood in service (34).

Dimensions of wood change in response to movement of moisture
into and out of the wood (3,34). Magnitude of dimensional changes depends on wood species, state and amount of water in wood (50), and upon
the portion (i.e., springwood- summerwood, high -low density, heartwood sapwood, radial -tangential- longitudinal direction) of the wood under observation (46, 364). Shrinking and swelling occur only at conditions below the "fiber- saturation point" (48), which is that moisture content at
which the cell walls are saturated, but no free water exists in the cell
cavities (about 30 per cent based on oven -dry weight of wood for most
species). The fiber -saturation point has been shown to vary inversely
with increase in temperature (395).

Resultant physical forces exerted in wood by differential shrinking and swelling often exceed the cohesive forces holding the cells together and cause wood to check (crack) (390). Checks are of particular
concern to preservative treatment of wood, for checks occurring after
treatment can break through the protective envelope of treated wood and
expose unprotected wood beneath (33,38). MacLean (56) made an intensive study of factors involved in checking of wood before and after treat-

ment.
Attempts have been made to control or to prevent checking by introducing various chemicals into wood (339, 353, 394) and to induce
changes within wood to control dimensional changes (397). Effectiveness
and status of chemical seasoning for control of checking have been summarized by Loughborough (53). Nayer (59) studied the swelling of wood
in various organic solvents.

Efforts have been directed toward improved understanding of
movement and distribution of preservatives in wood (17, 60, 134, 135).
Influence of temperature on rate of heat transfer in wood and on permeability of wood to liquids are important considerations in preservative
treatment of wood (57,331,365,366). Wetting agents apparently are of
no value in increasing rate of uptake of aqueous preservative solutions
applied by soaking wood (396), but may have some value in pressure

treatment of wood (311).
Chemical considerations
Chemical constituents of wood have been studied intensively (32),
usually by analytical procedures of the Technical Association of the Pulp
and Paper Industry. Campbell and Bryant (324) have studied procedures
6

for determination of pH of wood. The chemical nature of extractives,
which are factors in natural durability of wood, have been investigated
(37, 340).
Campbell (77) and Cowling (83) investigated the chemistry of biological decomposition of wood by decay fungi. Some changes appear
necessary in standard analytical procedures if they are to be used for
decayed wood (223,231). Iron stains, as from metal fastenings, have
been reported to accelerate decay of some untreated woods (357).
Heat, which may alter chemical properties of wood (58, 76), has
been examined as a means of killing fungi and of increasing resistance
of wood to decay (76). Effects of radiation on physical and chemical
properties of wood (351, 354) and as a means of sterilizing wood (91) are
receiving increasing attention.
Natural durability of wood
Sapwood of trees grown in temperate climates is not naturally
durable when exposed to moist conditions (86). Heartwood of some trees
used for poles, such as the cedars and redwood, is very durable, but
heartwood of many pole species, such as pine and Douglas fir, is only
moderately durable (7,43,66). Natural durability varies not only between species of wood (45, 67, 328), but within species (406), and within
a tree (39,45). As a rule, extractive content and durability of heartwood vary inversely with height in the tree and directly with distance
from the center of the tree (39,54, 65).
Durability of heartwood is related to both amount and type of extractive it contains (86). Durability of western red cedar heartwood is
attributed to thujaplicins and other water -soluble extractives (39,54,61,
62, 64). Southam and Ehrlich (69) found that extreme dilutions of water soluble extractives from cedar can be stimulatory to fungi grown on
cultures containing varying concentrations of the extract. They also determined that fungi can become accustomed to the extract and develop
strains on previously lethal dosages. Rings of "included sapwood" in
target -pattern cedar heartwood were found to be deficient in fungicidal

extractives (55).
MacLean and Gardner (54) found that where typical variations in
color occur in western red cedar heartwood, a change from lighter to
darker color coincided with a reduction in natural preservative content.
Western red cedar heartwood posts from the same source selected for
light and dark color had an average service life of 23 and 22 years respectively (169). Findlay and Pettifor (49) concluded that lower specific
gravity and reduced strength properties of dark wood in heartwood of
western red cedar were brought about by fungal attack. Earlier, Eades
and Alexander (44) decided that coloration was not an indicator for decay
in western red cedar.
7

Richards (63) found that neither position within the sapwood of
the log nor original specific gravity had any consistent effect on decay
resistance of the wood. Southam and Ehrlich (68) found that for a single
species of wood, there may be a tendency toward greater initial decay
resistance in wood of high specific gravity, but this may be nullified or
even reversed as decay progresses; ring frequency was of no value as
an indicator of decay resistance. Schmitz (67) concluded that specific
gravity and rings to an inch are not necessarily indications of durability,
since durability is influenced also by the species of fungi prevalent in a

locality.

WOOD- DESTROYING FUNGI

Decay in wood is caused by simple forms of plant life called fungi
which, lacking chlorophyll, are unable to manufacture their own food.
Fungi develop from seed -like spores that germinate under suitable conditions to produce unicellular strands of hyphae. Hyphae spread throughout wood to establish an extensive root -like system called a mycelium.
Extending hyphae secrete enzymes that are capable of breaking cellulose,
lignin, and other constituents of cell walls of wood into simple organic
substances that can be utilized by the fungus as food. Eventually, aerial
structures are formed in which microscopic -size spores are produced
in millions. Processes of wood decay have been described thoroughly
by Findlay (12,13,14,87) and others (8,16,31,73,121). Hatfield (51) has
discussed structure of wood as it relates to wood- destroying fungi.

Identification and classification

Literature on taxonomy and morphology of fungi responsible for
deterioration of wood, primarily in living trees, has been assembled by
Boyce (1). Available information on different types of decay of wood
products and methods for preventing decay has been summarized by
Cartwright and Findlay (5). Both publications are excellent sources for
references on all aspects of wood decay.
Most wood -destroying fungi belong to the botanical class called
Basidiomycetes,which are characterized by distinctive fruiting bodies
varying from insignificant structures to elaborate fruitifications such as
mushrooms, toadstools, and conks (1). Fruiting bodies usually do not
occur until the fungus has achieved a high degree of development (1, 5,
349). Identification of a particular wood -destroying fungus requires extensive technical knowledge and frequently is difficult, particularly if no
fruiting body is present.
Problems of classification and identification of fungi are under
constant study and revision by mycologists (319, 326). Users of wood
8

products can be of valuable assistance to mycologists by collecting samples of wood containing decay from which the causal organism can be
isolated and identified (120).
Wood -destroying fungi usually are divided into two broad groups,
brown rots and white rots, based on their destructive action in wood
(1,5, 17, 83). "Brown rots" utilize primarily cellulose and leave lignin
relatively untouched, which gives the remaining wood a brown, crumbly
appearance. "White rots" destroy both cellulose and lignin in about
equal proportions and often leave wood with a bleached appearance, or
with white pockets of cellulosic material. These groups can be separated in cultures by their reactions to tannic acid and gallic acid media
(84). As a rule, white rots are associated with hardwoods, while brown
rots are associated with softwoods, but there are notable exceptions to
this generalization (83). Identification of specific fungi growing in cultures have been based on color (97), odor (220), and anatomical features
(105).

Physiology
Cochrane (6) has described many of the complex physiological
relationships of fungi as a general plant classification. Where knowledge
of particular physiological factors is lacking with regard to fungi, he
has attempted to make interpretations or suggestions of methods of study
from comparisons with more complete information available on physiology of yeasts and bacteria.

Fungi require for growth a source of food, sufficient but not excessive moisture, oxygen, and a suitable range in temperature (73, 86,
107) together with other specific environmental conditions that may be
vital for particular species or genera (6). Requirements vary with
species of fungus (90). Although certain wood -destroying fungi may prefer a single wood species or genera, fungi will develop rapidly in most
woods under the following conditions: (a) moisture content near the fiber- saturation point (20, 110, 115, 116) or when the relative humidity of
the surrounding environment is high enough to induce such a condition
(122), (b) an air content of about 20 per cent of the wood volume (115),
and (c) when temperatures range from 76 to 82 F (19,81,99,103,104).
Type of nitrogen present (89, 100, 101, 111) and pH (119) may be impor-

tant to growth of fungi.

Fungi are tolerant of extreme conditions for short periods of
time and, if changes are not rapid, some fungi can survive in a dormant
state for extended periods of very dry or very wet, abnormally hot or
cold, and other adverse conditions (85,88,108,110). Fungi vary greatly
in their tolerance to heat (114). For example, growth of some fungi is
inhibited at 110 F (103), yet Chidister (82) found that a temperature of
150 F for 75 minutes was necessary to kill other fungi. MacLean (365)
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found that it was impractical to attain a temperature of 150 F in large
size poles and timbers by steaming which he considered necessary to
kill fungi. Montgomery (104) and Snell (114) found that moist heat was
more effective than dry heat in killing fungi.

Fungi can be killed by ultraviolet light and by dielectric heating
(88), but ultraviolet light does not penetrate wood well,and dielectric
heating presents practical problems when applied to large pieces of
wood. Frejdin and Krapivina (91), from their study of the effects of radiation on 33 fungi, believed that a dosage of about 1.0 M rad would be
lethal to all fungal and insect pests, while damage to wood properties by
radiation would not start until doses of 50 M rad were reached (one rad
equals 100 ergs per gram of absorbed energy).

Chemistry
Complex systems of enzymes secreted by fungi (109, 113) fragmentize chemical components of wood (74,79,96), assimilate these fragments, and further dissociate the fragments into organic compounds of
low molecular weight (72, 93, 118) that can be utilized by fungi for growth.
The chemistry of decaying wood has been studied by Boswell (74),
Campbell (77,78,79), and Cowling (83). Chemical action of fungi were
studied by noting changes in solubility of wood in selected solvents,
changes in chemical composition, and degree of polymerization of cellulose. Other methods of study included isolation and identification of
enzymes associated with the fungus (109, 113) and identification of byproducts of fungal attack (72, 92).

Chemical studies have indicated differences in effect of white
rot and brown rot fungi on wood. In advanced stages of decay, the effect of white rot fungi is similar to action of acid -alcohol solutions on
wood (78),whereas effect of brown rot fungi is similar to acid hydrolysis (74, 80). Cowling (83) found that a white rot fungus caused a gradual
change in solubility, chemical composition, and degree of cellulose polymerization as decay progressed. On the other hand, a brown rot fungus
caused solubility to increase rapidly during early stages and decrease
during later stages of decay, rapid decrease in cellulose content with an
increase in proportion of beta -cellulose, rapid lowering of the degree of
cellulose polymerization, and but little decrease in lignin content based
on moisture -free weight of original wood. Differences in effect of these
fungi on wood were attributed by Cowling to the enzyme system present
in each fungus. White rots appeared to be able to utilize nearly all
wood components in proportion to amounts present. Brown rots appeared to be able to utilize beta -cellulose much more slowly than alpha and gamma -cellulose, and appeared unable to utilize lignin, although
lignin may be altered as necessary to gain access to cellulose (83).
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Both Cowling (83) and Campbell (79) reported that, in wood undergoing decay, solubility in one per cent alkali (based on oven -dry wood)
rises to a maximum and declines at a much earlier stage with white
rots (about 5 per cent weight loss) than with brown rots (about 20 per
cent weight loss). This relationship is important in view of common use
of solubility in one per cent alkali as a test for presence of decay (5, 227,

231,252).
Effect on physical properties of wood
During decay, wood changes color, odor, and conductivity; loses
luster, dry weight, and strength; and increases in water -holding capacity and shrinkage (1,3,5,34,45,107,121). Severely rotted wood may
become strongly luminescent (5).

Hartley (231) analyzed critically existing literature on amount
and consistency of the effects of fungi on different properties of wood in
an attempt to determine which property could best be measured to evaluate decay in laboratory tests of preservatives and of natural decay resistance of wood. Assessment of damage during early stages of decay
was a secondary objective of his search. From the standpoint of wood
in service, however, assessment of this damage is of primary importance, because losses in strength can be high during incipient stages of
decay (83,233).

Loss of weight is the most common criterion for evaluating extent of decay in wood blocks used for laboratory tests (231), but strength
tests, usually in correlation with loss of weight, have been investigated
to determine their usefulness (231,233,235,241,250). Of many strength
tests, Hartley (231) considered toughness and hardness most promising.
Toughness (250) and work -to- maximum -load (241), a measure of toughness, show greater reductions than do other strength properties.
Incipient decay may or may not seriously weaken wood, depending on the type of decay (1). At equivalent losses of weight, white rots
generally cause less loss in strength than do brown rots (83, 233).
Kennedy (233) reported that modulus of rupture and work-to- maximumload in static bending often were reduced drastically with little or no
loss of weight;'decay caused by the brown rot, Poria monticola, generally induced higher losses of strength than that caused by the white rot,
Polyporus versicolor. Mulholland (241) reported a highly significant
loss in strength after a loss of only about 2 per cent of the dry weight of
wood attacked by Poria monticola. He pointed up the danger of using too
broad a classification for durability when rating wood to be used in

places where strength is important.
Soft rots and other micro -organisms
Soft rots, which belong to simple forms of plant life called Ascomycetes and some Fungi imperfecti, may be more important in
11

deterioration of wood than has been recognized heretofore. Duncan (335)
reviewed information available on these micro -fungi which are able to
tolerate greater extremes in temperature and moisture conditions and
higher concentrations of wood preservatives than can the usual wood destroying fungi. Their action on wood is not so apparent nor so rapid
as that of Basidiomycetes, but together they may account for deteriora tion of wood under conditions where decay would not be expected to occur
(336, 358). Soft rots are associated with the phenomenon that has been
regarded as aging and ultimate deterioration of wood in service (384).
There are indications that bacteria (343), or incipient stages of
fungal attack prior to the time wood is cut (106), may contribute to the
subsequent decay of wood in service by other organisms. Common mold
fungi that attack only ray cells of wood have been used to infect freshly
cut posts and poles to improve treatability (359, 361, 362).
Research needs on deterioration of wood products
Cartwright and Findlay (5) pointed to lack of appropriate texts on
decay of wood products in contrast to voluminous information on decay
of living trees. Although their text has helped correct this situation,
their information on decay of poles is limited to slightly more than one
page and is limited primarily to conditions as they occur in Great Britain. Boyce (1) deals with decay of posts, poles, piling, mine timbers,
and ties in 4 pages. Zabel (121) emphasized need for " a great deal
more information on identity, sequences, and interactions of the many
micro -organisms which inhabit and decay wood products in use in various regions." He considered such information useful in forming realistic recommendations for control and in development of effective preservatives and treatments. A tentative proposal for a coordinated and
uniform program of collecting and identifying causal organisms in decay
of wood products in the northeastern United States was proposed by Zabel
(120).

Relationships between decay of living trees and continuation of
decay of this wood in service by the same fungi is far from clear.
Cartwright and Findlay (5) state, "It is an interesting and hitherto incompletely explained fact that comparatively few of the fungi which occur
in standing trees are important as causes of decay in felled timber."
Yet, in their discussion of principal decays of standing trees, they note
that a number of these fungi will continue to develop in felled trees if
adequate moisture conditions are maintained. Boyce (1) states, "Furthermore, certain decays continue to develop under favorable conditions
after the tree is converted, so that placing wood with incipient decay in
use where decay durability is essential can result in unusually rapid deterioration." Poria monticola, which causes rapid losses in strength
and weight during early stages of decay (233,241), commonly causes a
12

heart rot of living trees as well as decaying wood in service (1). Richards (349) also notes that fungi which infect living trees may continue to
grow after the tree is cut. Fritz (92), in discussing current opinion
that as a rule rots initiated in standing trees do not continue under conditions of service, states, "This is doubtless true of many types of decay, but some fungi are known to remain active in felled timber and,
with regards to others, incomplete records leave us in doubt as to their
reactions to such changes in environment."
Difficulties encountered in detecting decay, particularly early
stages, have been emphasized by many investigators. Boyce (1) warns,
"Incipient decay is dangerous since it is easily overlooked and, in some
types of decay, notably brown rot, the wood is seriously weakened in the
incipient stage and should not be used where strength is required."
Richards (349), in discussing defects in cross ties caused by fungi, cautions, "The incipient stage of these rots is the important one to consider
since ties containing advanced decay will be culled anyway. Very frequently it is next to impossible to detect incipient decay."

PRESERVATIVES

Traditionally, attack on wood by fungi and insects has been prevented or controlled either by keeping wood dry (below a moisture content of 20 per cent based on oven -dry weight), or by depriving these organisms of a palatable source of food by introducing toxic or inhibitory
chemicals into wood (28, 30, 129, 186, 363). Since moisture content seldom is subject to control in poles, this section will deal with chemicals
that can be applied to poles either prior to, or during, service. Methods
of evaluating preservative value of chemicals are discussed in some detail, since these test procedures also might be followed to evaluate effectiveness of treatments applied to poles in line.
Type of preservative

Preservatives commonly are divided into 2 types; those that are
soluble in water, and those that are soluble in oil. Oil- soluble preservatives are used extensively where treated wood is subject to leaching
(141,205,218,322). However, some water -soluble preservatives are
used alone, or in combination with oil -type preservatives,in supplemental treatment of poles (283, 300, 306, 329).
Oil -type. Oil -type preservatives include a variety of products
that may be oily substances derived from natural products, natural or
manufactured chemicals that are soluble in á variety of organic carrier
solutions, or mixtures of compatible oil- soluble chemicals with desirable properties as preservatives.
13

Creosote, a high -boiling liquid obtained from distillation of coal
tar (17), has been used successfully for many years as a wood preservative and continues to give satisfactory results under test and use (138,
151). Creosote is a complex mixture of organic compounds, many of
which have varying degrees of preservative value (188). Although composition of creosote may vary depending on source of coal tar and distillation conditions, it must meet standards prescribed in the American
Wood -Preserver's Association (AWPA) Manual of Recommended Practices (AWPA Standard P1). Creosote may be diluted with petroleum
(AWPA Standards P3 and P4, or with coal tar (AWPA Standard P2), and
has been fortified with pentachlorophenol (156,207). Low- temperature
coal -tar creosotes (128, 161) and lignite- and oil -tar creosotes (158)
have been tested for preservative value.
Petroleum by- products containing naphthenic acids have been
combined with various metals, notably copper and mercury, to form
oil- soluble preservatives of the metallic naphthenates (17). Copper
naphthenate was found to be an effective preservative, with toxicity depending on quantity of metallic ion present (216). Naphthenates impart
some water repellency by forming a wax -like coating on wood (141).
Pentachlorophenol has found extensive use as a wood preservative in recent years (17). It is soluble in a wide range of solvents, particularly petroleum oils (170, 180). The petroleum carrier, which may
influence préservative value of the treating solution (155, 162), also may
affect the distribution (171, 172) and permanence (180) of the preservative. Properties of the solution, such as lightness of color and paint ability, can be controlled by suitable choice of solvent and selection of
additives such as anti -blooming agents (170). Tests conducted with pentachlorophenol indicate that it is an effective preservative for control of
most wood -destroying insects and fungi (205, 218).
Oil solutions of pentachlorophenol have been converted to emulsions (190) or greases (292) for applications where a heavy, viscous material is desirable to hold the preservative in place. Pentachlorophenol
can be converted to a water - soluble preservative by formation of the sodium salt (sodium pentachlorophenate) for application where solubility in
water may be advantageous (17).
Standards have been developed for use of pentachlorophenol and
copper naphthenate in petroleum solution (AWPA Standards P8 and P9).
Water- borne. Although resistance to leaching is often desirable
for preservatives, some water -soluble salts have been effective under
conditions where leaching is no problem, or where solubility in water
may be an advantage to migration and distribution of preservative (306).
Many water -soluble inorganic and organic salts are toxic to fungi.
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Among these are certain copper, zinc, mercury, and arsenic salts ( 131,
168,200,203); sodium, potassium, and ammonium fluorides and bifluorides (132, 199); boric acid and borates (143); dinitrophenol (17); and
others (206). These often are used in combinations to obtain desired

properties (134,135,136,206).
Test results indicate there is more variability between specific
fungi in tolerance to certain water -soluble salts than with oil -type preservatives (152,199,200). With copper salts, the particular salt used
appears to determine effectiveness of the copper ion as a preservative
(168, 193). Effectiveness of fluoride compounds may depend on species
and condition of the wood (132), or environment, particularly the presence of soluble calcium salts (183). Mercuric and arsenic salts are effective preservatives, but must be used with care because of high toxicity to humans and livestock (289). Boron has proved an effective and
economical preservative for use where leaching is not a hazard (143).
Preservative salts of low solubility can be deposited in wood by
sequential treatment with different water - soluble chemicals. In the
"double diffusion" process (125), a water - soluble salt is allowed to diffuse into the wood to be treated. A second salt then is diffused into the
same area and reacts with the first salt to form a precipitate that is toxic to fungi and termites. Preservative salts formed in this method are
leached more slowly than are soluble salts (127).
Other chemicals. Various chemicals with certain desirable
properties as preservatives have been explored (345). Effectiveness of
water repellents (321,404) and preservative value of fire -retardants
have been investigated(386). Methyl bromide and chloropicrin have been
used as fumigants to kill fungi in infected timber (327, 375). Such gases
have greater penetrability in wood than do most liquid solutions, but do
not provide residual preservative action. Other compounds suggested as
preservatives include colloidal solutions (348), combinations of nitro phenols and alpha - sulfonates (356), dyes (402,403), odoriferous chemicals and essential oils (369), and various extracts from wood (388,400).
Evaluation of preservatives
When treated wood gives many years of satisfactory service under conditions imposed upon it, the preservative may be assumed to be
serving its function well. Evidence of preservative value from service
records and close observation of test poles, however, takes many years.
Expedient methods are followed to screen chemicals for their preservative value and to study other properties, such as resistance to leaching
and tendency to bleed.

Several accelerated tests in laboratory and field have been developed to evaluate wood preservatives (137, 142,201, 205). Methods of
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improving (159, 164) and accelerating such tests through weathering devices (160, 166), and methods of mathematical analysis (192) have been
devised. Correlations have been obtained between rapid, small -scale
laboratory tests, field tests on stakes, and post and pole -sized field exposure tests (148,150,379).
Chemical methods have been useful in studying penetration (153,
195,322,380,392), retention (126,165, 173, 363), distribution (125, 133,
146, 172), and permanence (171, 180, 189, 347) of common preservatives.
Special techniques have been devised for analysis of components of oil type (154,177,215) and water -borne (147, 196,204,214) preservatives.
Laboratory tests. Tests of preservatives under laboratory conditions provide fairly rapid methods for screening preservatives (197).
Two basic techniques employed for laboratory evaluation of preservatives are agar -plate and soil -block tests (210).
In the agar -plate method, one, or more, common wood- destroying fungus is grown in culture on agar gel under ideal growing conditions.
This procedure is identical with conditions used to study growth characteristics for identification of fungus species (105). A small amount of
this actively growing fungus is placed in the center of a plate containing
a definite concentration of the preservative to be tested in agar. Effect
on growth of the fungus is observed for several weeks and compared with
a control culture containing no preservative.
The agar -plate method commonly is used to test the toxicity of
preservatives to specific fungi (or conversely, tolerance of specific
fungi for particular preservatives) (152,199,200,217). From these
tests are established "threshold values" (the concentration of preservative necessary to inhibit all fungus growth) of various preservatives.
Fungi that are particularly tolerant of certain preservatives serve for
comparison (178, 198). Comparative toxicities of various fractions of
preservative solutions also are determined in this manner (128, 167, 174,
179).

A modification of the agar -plate technique, called the agar -block
method, has been developed to test preservatives in the presence of
wood (201,210). A small block of sapwood is treated carefully with a
certain concentration of preservative and then placed in the center of an
actively growing fungus culture. Value of the preservative in preventing
infection is determined by observing change in weight of the block over a
period of several weeks.

In the soil -block method, an active culture of test fungus is introduced to an untreated, nondurable block of sapwood that has been
half- buried in special soil. When the culture is well -established in this
block, a second block treated with test preservative is positioned on top
.
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first, and measurements of amount and rate of decay are taken at
regular intervals. Duncan (155 -164) used this method to obtain threshold values for both weathered and unweathered blocks treated with a
wide variety of preservatives. The soil -block test has been studied, and
methods devised for close control of conditions (47,123,164,202,209),
and has been employed extensively in laboratory evaluations of preservatives (ASTM Standard D 1413) (130,184, 207). A series of soil -block
tests can be completed in about 6 months.
Cochrane (6) has detailed many of the refined techniques involved
in laboratory examinations of fungus physiology and has commented on
applicability of certain of these techniques and deficiencies in the methods for specific studies. He also has elaborated on the mechanisms of
toxicity of various types of chemicals toward fungi.
Field tests. Field tests provide information on preservatives in
a reasonable period of time under conditions approaching those encountered in outdoor use. Although laboratory tests are expedient and desirable for screening preservatives and determining certain properties,
laboratory -proved preservatives are subjected to various additional natural factors when tested in the field (187).
After satisfactory performance in laboratory tests, the preservative usually is tested in the field with small treated stakes ( "graveyard
tests ") half- buried in an upright position (201). After definite periods of
exposure, the stakes are removed and carefully examined and evaluated
for extent of damage from termites or fungi. These tests lend themselves to tests of large numbers of samples under varying conditions in
a comparatively small space (140, 142). Observations may be made frequently on replicate samples for rapid evaluation (218) in a single year,
or they may be extended over several years (194). Modifications of the
test have been devised to prevent tops of the stakes from drying and to
allow for easier study and return to the exposure plot, as well as acceleration of the test (181).
By the time a preservative has proved successful in laboratory
and stake tests, it usually is accepted for limited application in service.
Tests of preservatives do not stop here, however, but continue with
tests on larger wood products such as fence posts (138, 139, 169, 374), or
pole -size samples (185). These tests are conducted in uniformly spaced
field plots to facilitate frequent observations (201). Methods of evaluation and analysis of results have been devised (211).
Service tests and records. Further evaluation of preservatives
under conditions of actual use can be accomplished by complete and frequent inspections of test structures in service (309, 312) and by analyses
of service records maintained on treated poles (182, 212). Reports of the
of the
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Utilization and Service Records Committee published in the annual Proceedings, American Wood -Preservers' Association, represent one attempt to develop service data.
DETECTION OF WOOD DECAY

Cartwright and Findlay (5) described in detail procedures to be
followed for detection of decay in wood; they relied largely on cultural
techniques to determine extent of decay. Hartley (231) reviewed literature on laboratory techniques for determination of decay and attempted
to evaluate techniques that might be followed. Partch (244) described
and commented on equipment that might be used to detect defects in
wood.

Laboratory examination
Careful examination in laboratory of wood suspected to contain
decay is seldom dependent upon a single test. Evaluation of the nature,
degree, and extent of decay commonly depends on interpretation of macroscopic and microscopic evidences of decay, together with various
physical and chemical tests (121).
Wood in process of decay changes in character as decay progresses. Depending on species of wood and species of fungus involved,
the wood may change in color, odor, texture, resonance, and strength
(3,5,97,121). Few, if any, of these characteristics will be evident in
early (incipient) stages of decay. Presence of sporophores (fruiting
bodies), mycelial fans, or crumbly pockets of wood are indications that
the fungus has reached advanced development (5). Some fungi cause noticeable changes in color, commonly red, purple, brown, mottled white,
or dark narrow bands called zone lines during incipient stages of decay
(97, 121). When present, these discolorations are of considerable value
in diagnosing limits of infection, but many fungi cause only imperceptible changes in appearance of the wood during early stages of decay.
Other agencies such as heat or chemicals may cause discolorations similar to those caused by incipient decay (121).
Thin sections of wood suspected to contain decay can be examined
microscopically for presence of hyphae with clamp connections typical
of most wood -destroying fungi (121). Several histological stains have
been developed to aid in distinguishing fungal strands from surrounding
woody tissue (222,225,251). Other microscopic evidences of fungal activity such as bore holes, shrinkage cracks, thinning of cell walls, and
enlargement of pit openings (5,83,121), are valuable in establishing exy
tent of decay and may be useful in determining the type of fungus involved
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(83). Special techniques such as X -ray contact microradiography (133)
and use of the polarizing microscope (308) and the electron microscope
(83) have been of value to investigations of fungal infection. Microscopic examination has supplemented other investigations of fungi, as in
following anatomical changes in decaying wood for correlation with
strength tests (255).
Cultural examination (growth of fungi on artificial media), which
is one of the oldest and most positive methods for detecting presence
and extent of fungal activity, has been described in detail by Cartwright
and Findlay (5). It is the only positive method for identification of fungus species when fruiting bodies are lacking (87, 105). Gallic and tannic
acid media for growing fungi have been used to help distinguish white
rots from brown rots (84). Diagnostic value of the odors of cultures of
wood- destroying fungi has been verified (220). Cultures have been used
to determine physiological characteristics of specific fungi, such as optimum temperature (103), moisture requirements (116), and pH limits
(119). Stock cultures of common wood -destroying fungi are maintained
as a continuing source of material for inoculation of wood blocks to observe effects of certain fungus species on a particular species of wood
(90,96,110), or for inoculation of new cultures to study toxicity of pre-

servatives (152,199,200,217).
Chemical examinations of decayed wood have indicated many differences between sound and decayed wood (223, 252) and have indicated
differences in chemical action of wood -destroying fungi (83). Increased
alkaline solubility has been taken as indication of decay (79, 368) and
methods have been devised to improve simplicity and rapidity of the determination (227). Osmium tetroxide has been found useful as a color
test in detecting presence of brown rot in some wood species (224). Ali zarine Red S has proved a useful color test for early decay in storage of
southern pine (236). Difference in heat of reaction upon addition of alkali has been proposed as a method of distinguishing wood species (382);
heat of reaction for a particular wood species may be influenced by the
presence of decay. Other chemical reagents used to differentiate between wood species (398) may be affected by presence of decay fungi.
Calorific value of hardwood has been shown to decrease with decay (232).
Effects of decay on strength of wood offer another means of detecting decay. Much research has been devoted to determining relationships between change in strength properties and loss in weight caused by
decay organisms (233,235,241), Specific tests of strength, such as
static bending (238,248), impact bending (252,358), toughness (247,255,
360), resistance to compression (219), and nail -holding power (228) have
been studied. Most tests have been conducted on small samples exposed
to cultures of known fungi, but tests also have been conducted on wood
19

decayed under service conditions (313). The criterion for amount of decay usually has been loss in weight. These tests show, however, that
appreciable loss of strength can occur before loss in weight becomes

perceptible.
A refined method of testing degree of decay of wood in culture by
static bending below proportional limit has been developed by Mateus
(238); the test is more sensitive than loss of weight and allows progress
of decay to be followed. Tests of toughness indicate only minor differences in effects of white and brown rots on wood (247), but impact -bending tests indicate marked differences in effect on wood of the 2 types of
wood- destroying fungi (252). These and other physical tests may indicate simplified methods for determining degree and type of decay in wood
in service.
Field methods
In general, laboratory methods for detection of decay are complex, time -consuming, and require exact conditions and careful observation. This is not to say that some laboratory techniques described
could not be applied to field detection or could not be used in examination of samples taken in the field. Nor does it mean that field methods
need not be exact in requirements; to the contrary, field tests for detection of decay are more difficult to devise in many ways than laboratory tests, in that they must be simple to apply, accurate in appraisal,
and, most difficult of all, rapid in evaluation.
Common methods of detecting presence of decay in poles are described in the section on Inspection of Poles in Service. Methods of
field detection of decay described below are limited to applications not
now common and, in most instances, still in exploratory stages of development.
Differences in moisture -holding capacities of sound and decayed
wood may be useful in detecting decay (83). A standard resistance type moisture meter, although quantitatively inaccurate above fiber saturation point, can detect high, intermediate, or low moisture content
and has been suggested as a method of determining whether or not wood
is subject to decay (240). Difference between readings of resistancetype and dielectric- constant moisture meters (371,401) also has been
used as a test for decay (246).
Ultrasonic energy has been used extensively in recent years for
detection of internal character of metals (325, 333, 372) and concrete
(399). Some experimentation on application of ultrasonic equipment for
measurement of properties (234, 389) and flaws in wooden structures has
been conducted (253, 254, 370). Morris (239) has compiled an extensive
list of references on applications of ultrasonics for wood industries.
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Since density of wood usually varies inversely with degree of decay, density- measuring devices can be used to detect decay when sufficient differences in density have taken place. Beta -rays have been
used to determine variation of springwood and summerwood density of
increment cores (221, 245, 249). Gamma - radiation has been investigated as a means of detecting defects in logs and trees (229); good results
have been reported by measuring both changes in amount of transmitted
radiation (242, 243) and amount of 'radiation reflected using a backscatter
technique (237).

Still another form of radiation, X -rays (381), appears to hold
promise in detection of decay. Radiographs have been used successfully to locate and determine extent of shipworm galleries in wood exposed
in marine waters (342, 373) and may be useful in locating galleries of
termites or carpenter ants often associated with decay. Radiography
has been applied to location of decay in standing trees (226) and with
some success to pole -size sections containing decay pockets (230). Xray equipment for in- service inspection has been employed by one company for several years (275). X -rays apparently are of little significance in killing insects that may inhabit wood (387) and probably are ineffective in halting fungal growth.
Problems in field detection of decay center on accurate means of
diagnosis of field data and methods for detection of incipient stages of
decay rather than on lack of detection equipment.
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INSPECTION OF POLES IN SERVICE
Need for standard procedures for inspection of poles in line was
recognized by the American Wood -Preservers' Association in 1939
(263); recommendations for standard inspection procedures were submitted to the Association in 1940 (264). Importance of preventing checking of poles in service was recognized as early as 1931 when an AWPA
Committee recommended an investigation of "development and effect of
checks and cracks in poles and timbers during seasoning, treatment and
afterwards" (258). Since that time, others have emphasized need for
adequate and scientifically founded inspections in maintenance (23,257).
Recent inspections have indicated that checks in poles occurring after
treatment are a prime factor leading to premature failure of poles (33,
259). During the past few years, problems of pole inspection and maintenance have been pointed out and discussed at various pole conferences
throughout the United States (25,26,27,35)
Many standard procedures have been recommended or developed
by individual organizations for inspecting poles in line (256, 262, 265,
266,267,268,271,272,274); most provide for supplemental preservative
treatment at time of inspection (261,283,310). Smith (273) made recommendations and outlined costs for contracts to inspect and treat.
Initial and subsequent inspections
Initial inspections may be scheduled as early as 8 years or as
long as 24 years after installation of poles, depending on species of
wood, type of preservative treatment, and service conditions. The initial inspection usually consists of spot checks of 5 -10 per cent of poles
in arithmetical progression (266, 268,272,274). Random -sampling
methods have been developed to obtain a reliable index of conditions of
poles in a system (268, 269). However, a 100 per cent inspection has
been recommended when initial inspection occurs 12 years, or longer,
after installation (272).

Timing of subsequent inspections may depend on judgment of the
inspector or on conditions found in the initial inspection. A pole -bypole inspection as soon as practical after initial spot check has been suggested when 5 per cent or more of the poles are found to contain decay
(268, 272), or when 1 per cent of the poles contain advanced decay (272).
Subsequent inspections can be scheduled in 3 -5 years, if less than 5 per
cent of the poles contain minor decay (272).
Inspection procedures
Most inspection procedures are patterned after those proposed
by the American Wood- Preservers' Association (264), which are reproduced in the Appendix. Procedures followed by individual companies
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will depend on such factors as service conditions, species and size of
pole, type of initial preservative treatment, time lapse between installation and inspection or between inspections, and experience and training of personnel. Procedures usually recommend inspection of the top,
then of the portion immediately above ground, and finally the portion below ground.
Some procedures call for an accurate inspection of the aerial
portion of each pole by climbing, if necessary (262,266,270), while
others specifically forbid climbing for reasons of safety (272).
Poles usually are sounded with a hammer from ground level to as
high as the inspector can reach to detect internal pockets of decay. An
increment borer or drill may be used to determine location and extent
of the pocket. Increment borings have been taken at ground level in the
vicinity of checks, particularly checks with exposed untreated wood, to
detect decay in the ground -line area.
The below- ground portion of poles may be inspected by tapping
the pole with a dull prod to detect external decay, or all poles may be
excavated to a depth of 14 inches or more for visual examination. Where
internal decay may be indicated by sounding or visual evidence, size and
location of the pocket is determined by increment borings or with a drill
with a long bit.

Defect in any area of the pole sufficient to call for
of the pole usually obviates further inspection.

replacement

Frequently, procedures for inspection require that a preservative treatment be applied to the excavated portion of poles before back filling (261,268,270,272,276); others make no mention of treatment at
time of inspection (256,262,266). Although some procedures are detailed, all depend largely upon experience and judgment of the inspector
for an estimate of the condition of poles.
Residual strength of poles
Allowances are made for decay found during inspection by reducing the safe loads that poles will carry. Deductions for surface decay
usually are made by measuring the effective circumference of the pole
at the ground line by excluding the decayed area (261,265,270). Where
internal decay is detected, deductions commonly are related to reductions in effective circumference by means of charts, tables, and rules of -thumb (262,266,268,271,276).
Since reductions are based on visual examination of the surf ace
of poles and of borings from poles, detection of decay is of primary importance to reliability of estimates of residual strength. Few procedures attempt to define decayed wood. One procedure (272) states:
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"Decay will be evidenced by crumbly wood in part of the core." Another (262) cautions: "When the wood shows only discoloration or partial decay beyond the area of complete rot, do not remove any more
wood. By partial decay is meant a change in the composition of the
wood which reduces somewhat the strength of fibers but still provides a
substantial portion of the original strength." Simeone (391) noted, "A
serious problem arises, however, in the evaluation of a 'sound' shell."
From his examination of a pole that failed unexpectedly, having a "sound"
shell of 4.5 inches around a carpenter ant nest with a diameter of 3.5
inches, he concluded, "even when decay is not visible to the naked eye,
the weakening that occurs with the initial phases of decay is likely to be
present when carpenter ants attack."
Precautions to avoid infection of sound poles
Nearly all procedures emphasize the following precautions to
avoid infection of poles that are soundat time of inspection:
o Avoid use of sharp instruments for sounding and prodding.
Avoid unnecessary removal of sound wood.
Plug holes with decay- resistant or treated wood dowels.
Graham (259) recommended as an added precaution that holes
made during inspection be flooded with preservative prior to plugging
with treated dowels.
Supplemental inspection methods
A semi- automatic, semi -portable, X -ray device was used after
1940 with good results to inspect butt - treated western red cedar and untreated northern white cedar poles (275). Radiographs obtained provide
a permanent record and can be used to study rates of deterioration of
poles. Recently, portable X -ray equipment weighing 85 pounds, or less,
has been developed by Field Emission Corporation, McMinnville, Oregon.
This equipment, which has a 3 -pound emitting source on a cable up to
100 feet in length, can be used to X -ray wood or metal on any part of the
pole.

Portable ultrasonic equipment, such as that manufactured by
Branson Instruments Inc., Stamford, Conn., also may find application
in rapid detection of defects in wood.. Radiation devices of the gamma and beta -ray type may prove useful in detecting variation in density of
wood such as occurs in advanced stages of decay (221,237,242,245).
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TREATMENTS FOR POLES IN SERVICE

Treatments for poles

in

service are intended either

to

halt exist-

ing deterioration, or to prevent infection where untreated wood is ex-

posed or where original treatment is no longer sufficient to provide protection. Factors involved in supplemental treatment of poles are discussed by Amadon (256) and Hatfield (265). Cost of inspection and supplemental treatment extended over anticipated increase in service life
of poles must be competitive with cost of replacement to be justified
economically (9,273,282,285).

Treatments for above- ground portions of the pole
Above - ground portions of a pole may become subject to infection
at points where moisture may accumulate, such as tops and points of
hardware attachment, or in sapwood of untreated poles (shell -rot). Cutoffs and holes drilled in treated poles during or after installation should
be protected with suitable preservative (AWPA Standard M4). Pockets
of decay in tops of poles have been drilled out and filled with preservative (315) and pole caps containing preservative (376) have been developed to prevent or control decay. Shell -rot in untreated cedar poles led
to development of spray treatments for surface decay (347, 355) and attempts to evaluate effectiveness of these treatments (341). Application
of grease -type preservatives under pressure to checks and cracks has
been used in an attempt to protect these vulnerable points of infection
(301).

Ground -line treatments for poles
The ground -line area of a pole, the section between 2 or 3 feet
above and below ground level, is the area of the pole most subject to attack by wood- deteriorating agencies. Sufficient water for fungal growth
is available from the ground without exclusion of oxygen. Since preservative may be leached from the pole into the surrounding soil, additional protection often may be necessary for this area of the pole.

Andrews and Leach (278) compiled 46 references, including 17
on supplemental ground -line treatments for poles in service.
Some methods of supplemental treatment have been practiced for many
years (295). Initially, these treatments were developed for untreated
cedar poles, but in recent years have been applied as booster treatments
to poles treated prior to installation. One of the earliest methods adopted was charring with an oxy- acetylene torch, followed by flooding the
surface with creosote (293, 298). Others involved sterilizing the pole
surface and surrounding ground by forming a funnel- shaped reservoir
around the base of the pole; providing a barrier with galvanized metal
(286, 305), concrete (281), or simply by compacting the soil (299); filling the depression with adsorbent material such as sand(286, 299, 305) or

patents,
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peat moss (278); and filling the reservoir with creosote (281,286,299),
creosote mixed with water -soluble preservative salts (277,305), or
salts such as arsenic (304) with preservative value. Before 1948, controlled tests had been conducted to determine effectiveness of such
treatments (287, 306, 307) and indicated good results, but were largely
confined to tests on poles that had no initial treatment.
Supplemental treatments by injection of water -soluble preservative mixtures into the pole with needle devices (300, 329), or by application of a paste -like preservative mixture to the pole surface and relying on "osmotic" pressure differences for diffusion of salts into the pole
(283) have been in use for a number of years. Other preservative mixtures in paste or grease form (280, 292, 310, 378) have been developed
for direct application to the pole surface. Most treatments require removal of obviously decayed wood. In some instances, preservative is
held against the pole by an impervious wrapper (352). Proprietary supplemental preservative treatments are available from a number of chemical companies (261,276,284,289,329).
With exception of injection methods, supplemental treatments
are applied to the surface of the pole and depend on migration of toxic
chemical into the pole for protection. Tests indicate that ground -line
treatments provide sufficient toxic material in the pole to protect from
decay in the outer inch or less (the sapwood area usually treated in the
original treatment) (296, 302), but not beyond. Conclusions are that existing ground -line treatments are of some value in replacing preservative lost from the outer circumference of the pole, or in providing protection for poles having no initial treatment or insufficient treatment,
but are of little or no value in halting or preventing internal decay (279,
297). Research on treatment of poles with internal decay and on evaluation of these treatments is notably lacking.
Other treatments
Some thought has been given to methods of sterilizing poles by
means other than preservatives. Heat treatments have been suggested,
and experiments indicate that temperatures near 150 F are lethal to
most fungi (82, 104). Logs for production of veneer have been heated
electrically to temperatures over 200 F (338). Coatings for poles have
been suggested, but little practical experimentation has resulted (367).
Methods of chemically modifying wood to prevent swelling and shrinking,
or increasing resistance to decay have been investigated in laboratory
(339). Inducing chemical changes by radiation apparently holds little
promise (351).
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CONCLUSIONS
Wood is particularly well- suited for use as utility poles because
of its natural shape, flexibility of use, high strength -to- weight ratio,
and non- conductive properties, but it has the disadvantage that it is subject to attack by wood -destroying organisms.
on

Much is known about fungi in general, but information is needed
particular species involved and the nature of decay of poles in service.

Detection of decay in advanced stages is not difficult, but methods of detecting decay during early stages of development are needed if
methods of saving poles that have started to decay are to be effective.

Trained personnel and improved methods for inspecting the interior of poles are needed to improve the system of inspection of poles
in service.
Present methods of in- service treatment of poles are fairly effective in preventing decay of the outer surface of poles both above and
below ground, but appear to be far from satisfactory for treatment of
internal decay. Methods of applying preservatives to poles in service
that will result in improved penetration, retention, distribution, and
permanence of toxic chemicals are needed.
Application of newly discovered and improved techniques and
equipment in other fields may contribute to solution of problems in inspection and maintenance of poles.
Preservative treatments have increased greatly the service life
of wood poles, but further improvements are required to meet stringent
demands of the future.
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APPENDIX
RECOMMENDATIONS FOR THE INSPECTION

OF TREATED POLES IN SERVICE

Report of Committee 7 -7'- Pole Service Records,
H.A. Haenseler, Chairman. Proceedings, American
Wood- Preservers' Association, Vol. 36, pp 175 -177.
1940.
1.

GENERAL

1.1 The following methods are recommended for the inspection of pressure- treated and non -pressure- treated poles in service.
1.2 Tools. Tools used in the inspection of poles in service should be of
a type which will minimize injury to sound wood. Increment borers or
small- diameter wood bits, preferably the former, should be used for
determining the internal condition of the pole. Tools for prodding and
removing decay should be as light as practicable, so as to prevent unnecessary damage to sound wood. The use of heavy pointed bars for

probing and heavy tools for cutting should be avoided as these may open
deep wounds in the pole and thus greatly shorten its life.
2. INSPECTION PROCEDURES

2.1 Inspection procedures will depend largely on the species of the pole
In general, however, the inspection of a pole
should include:
(a) Visual examination from roof to ground.
(b) Sounding to locate internal decay.
(c) Examination below the ground line where there is reason
to suspect decay or other serious defect in that section
of the pole.
(d) Boring where internal decay is suspected.
(e) Exploration of decay or other serious defect found on
pole, to determine extent of damage.
2.2 Examination Above Ground -- Visual. Each pole should be examined
visually on all sides from roof to ground, for any defect or condition
which may make the pole unserviceable. The pole surfaces should be
observed carefully for evidence of decay or insect attack, and for defects,
such as hollow knots, woodpecker holes, splits, cracks, and splintered
or crushed wood. When necessary, poles should be climbed to inspect
defects that may be serious but cannot be examined satisfactorily from
and the kind of treatment.

the ground,
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2.3 Sounding. Each pole should be tested for internal decay by tapping
or striking the pole with a broad- headed hammer or other tool which
will not damage the timber. The pole should be sounded around its circumference, from the ground to a point preferably as high as can be
reached conveniently.
2.4 Examination Below Ground Line. Poles should be examined below
the ground line in all cases where there is reason to suspect decay or
other faulty conditions in that section of the pole. In this inspection,
sufficient earth should be removed from around the pole to permit examination at the point where decay will probably be maximum. Maximum
decay will usually occur at a depth of 4 to 12 in. but in dry, porous soils
it may be at a greater depth, and in wet locations it may be at or above
the ground line. The excavated portion of the pole should be examined
visually and tested by careful sounding for evidence of decay or insect
attack. Particular care should be taxen to examine conditions at deep
checks, as decay may originate at these openings into the pole.
2.5 Boring. One or more borings should be taken at each point on a
pole where visual examination, sound test, or other evidence indicates
probable interior decay. Ordinarily, the exploratory boring should be
directed, as nearly as practicable, in a horizontal plane and towards the
center of the pole.
2.6 All holes bored in poles for inspection purposes should be fitted with
tight- fitting wooden plugs, except in cases where poles are recommended for replacement. The plugs should be of creosoted wood, or of untreated durable heartwood approved by the pole owner.
2.7 Exploring Defects. If decay or other defect is found which may
make the pole unserviceable in the above or below - ground section, the
defect should be explored to determine its extent and probable effect on
the serviceability of the pole. External decay pockets should be explored
by prodding or by careful removal of wholly decayed wood, and internal
decay should be explored by sounding and boring to determine the extent
of unsound wood.

2.8 Removing Decayed Wood. Completely decayed wood may be removed from poles to determine the limits of decay but partially decayed
wood, that is, wood which is decaying but still retains a considerable amount of its original strength, should be allowed to remain. Sound wood
should not be chopped away or otherwise mutilated, to reveal the extent
of decay.
2.9 Woodpecker and Knot Holes. Where decay is suspected in woodpecker holes or hollow knots, the affected section should be examined by
sounding and by boring or prodding, Borings, if taken, should include
one directly below the center of the damage.
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2.10 Inspection Precautions. A break in the protective layer of treated
wood around a pole may shorten the life of the pole materially. Care
should be taken in excavating, backfilling and other inspection operations,
to avoid needless injury to the treated wood. These precautions are
particularly desirable where the pole has a thin shell of treated wood.
3.

SPECIAL PROCEDURES

3.1 The comments which follow should be considered as broad generalizations and the procedures suggested should be changed to accord with
local experience.

3.2 Pressure- Treated Creosoted Poles. Wood that has been impregnated with creosote can be expected to show high resistance to decay and
insect attack. As a general rule, therefore, decay in poles that have
been pressure treated with creosote will start in untreated wood underneath the exterior treated layer. This decay may be fully enclosed, or
partially exposed at season checks. It may occur in any section of the
pole but will be found most frequently in the vicinity of the ground line.
If untreated sapwood is present in the pole, the decay may progress
fairly extensively through this before damaging heartwood. The inspection of pressure- treated creosoted poles should, therefore, be directed
largely to detecting the presence and extent of decay and untreated sapwood that may exist underneath the treated surface.

3.3 Non -Pressure- Treated Creosoted Poles. Where poles have been
treated with creosote by a non -pressure method (hot bath followed by a
cold bath), decay in the treated section will usually start and progress
as indicated for pressure- treated poles. In the treated section of these
poles, inspection should be directed largely to detecting the presence
and extent of wholly or partially concealed decay. In the untreated top
section, inspection should include examination for sapwood decay.
3.4 Owing to deeper and more uniform penetration, cedar poles that
have been incised prior to treatment will generally show stronger resistance to decay in the ground section than non- incised cedars. For this
reason, inspection below the ground line may usually be omitted on incised cedars for several years after this inspection operation is desirable for non -incised poles.
3.5 Insect Damage. Dirt -filled checks around the base of a pole, or an
unusual sound or loss in resiliency of the wood when sounding around the
pole, may be due to termites. Particles of wood resembling sawdust at
the base or in checks of a pole, may be evidence of carpenter ants.
Small openings into the pole may indicate the presence of wood- destroying insects or their larvae. Where these indications of insect infestation
are found, special effort should be made to ascertain if damage has oc-

curred.
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