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ELECTRICAL RESISTANCES OF UTILITY POLES

1.0 Introduction

The fact that dry wood offers such marked resistance to passage of an 

electric current, as to be classified as non-conductor (at least for low vol

tages) is a definite advantage in certain uses of timber. This resistance 

varies in different species of wood. It is greater across than along the 

grain. It doubles with each decrease of 22.5°F. But the most important vari

ation is that which accorrpanies changes in moisture content. As a piece of

wood dries from fiber saturation point to oven - dry condition the change in
10its electrical resistance is 10

It is known that the presence of a preservative in wood also in

fluences its electrical resistance. The electrical resistance of wood depends 

uoon the type of preservative treatment to which wood is subjected. In gene

ral, the change (decrease) of electrical resistance of oil-based preservative 

treated wood is not significant, since the resistance of moisture - free oil 

is approximately the same as that of dry wood. The change of electrical re

sistance of waterborne preservative treated is markedly different since

various types of conducting ions are introduced in woood while treatment.

Due to the increase in price of the oil-based preservative^, 

water-borne preservatives such as ammoniacal copper aresenate and copper 

chrome arsenate have been used more recently for treatment of wood. Preser

vative treated wood is used by hydro and telephone as utility poles.

The electrical resistance of utility poles is important with regard 

to the passage of electricity and safety to linemen working on poles. It is 

a no known that in certain situations poles can catch fire (flammability cha-

7 _sties of treated ion oE conducting path in adverse weather



conditions) . It will be of great interest for utilities to obtain knowledge 

on the flammability characteristics and to have a method to compare these pro

perties of poles, subjected to various treatment. This information would be 

of considerable value for utilities before installation of poles.

Therefore, these is a need for critically evaluating electrical cha

racteristics of preservative treated wood in the Laboratory and under field 
conditions.

2.0 Summary of previous work:

Several investigations nave been made (1,2,3,4) on the electrical 

properties of wood in the treated and untreated condition. Some reports (2,4) 

compare the electrical conductivities of wood treated by several preser

vatives. All these reports give results obtained in a Laboratory. The 

testing techniques conform to ASTM Standards.

It was found (4) that the resistances of wood treated with 

water-borne preservatives are significantly lower than those of wood treated 

with oil-based preservatives.

A quick testing technique was developed in this Laboratory in order 

to measure resistances of poles on lines (5). It was designed for a parti

cular need of the industry in a very short period of time. To be able to use 

that technique to give consistent and reproducible data, it is necessary to 

obtain data of resistances of wood under controlled conditions of temperature 

and moisture in the Laboratory. This report attempts to present the data col

lected in the Laboratory up to-date.



3.0 Method of measurement:

The method used for measurements of electrical resistance was the 

same as ASTM D150-54T, designed for AC - capacitance, dielectric constant and 

loss characteristics of insulating materials. The resistances measured were 

volume resistances as specified in the ASTM D257-58, for electrical resistance 

of insulating materials.

The electrode system consisted of a pair of electrodes (6) each of 

one inch square. To ensure good contact between the electrode and wood sur

face, thin aluminum foil was wrapped around the electrode surfaces. The en

tire assembly was very close to that fabricated in the Laboratory earlier (6).

4.0 Resistance measurements and results:

Table I gives the electrical resistances of a CCA treated pole (3 

feet long) and the variation of resistances with voltage applied and time. It 

is recommended to choose particular voltages for resistance measurements (see 

discussion) . Table II gives resistances of a 11 feet pole at intervals of one 

foot apart. These resistances show the consistency of the measurements.

The resistances of wood treated with oil type preservatives do not 

change significantly, since oil water is repellent. Also note that the resis

tances of dry wood and that of moisture free oil are of the same order of ma

gnitude. But in the case of water borne preservatives, there are two vari

ables which cause change in the resistances; one is the hydroxyl ions (in 

water) and second source is the conducting ions that are present in the 

treating solutions. To study the nature of the electrical resistances of pre

servative ions in acueorus solution, separate experiment was conducted. The 

pr -rvatives used wore ACA and CCA in distilled water. The “resistances of 

v:. ■ preservatives in water (varying concentrations) are given in Table III.



Table IV gives the resistances of preservative treated wood, both 

measured in the Laboratory and in the field. For obvious reasons, the measu

rements of resistances were made at two different moisture contents: in the

field close to the fiber saturation point and in the laboratory at or about 

12% m.c.

The laboratory values were corrected to the field moisture levels by 

means of a relation.

log (r) = -a(moisture content) + c

Where r = resistivity measured
(which can be calculated from resistance and 
linear dimensions of the sartple) .

a = constant = 0.2

c = constant = 11.5

5.0 Discussions:

Effect of voltage and time on electrical resistance measurements:

For the measurements of resistances any voltage is applicable. 

However, according to ASTM Standards, (D257-58) commonly applied voltages are 

100, 250, 500, 1000, 2500, 5000, 10,000 and 15,000v. Of these the most fre

quently used are 100 and 500v.

The higher voltage is used to increase the sensitivity of measure

ments. In Table. I we have included the recommended values of voltages.

When a potential is applied to a specimen, the current through it 

d''ccGSS°s asymptotically toward a limiting value. Tnis decrease of current 

v:ith time is due to the dielectric absorption and the sweep of the mobile ions 

to the electrodes. This decrease of current also depends upon the nature of

specimen Thus-to assure that measurements on a giv -erial is comparable.



it is necessary to specify the time of electrification. Therefore, a resis

tance time curve is necessary. Table I also includes such data. It is seen 

that as time of electrification increases, the resistance increase due to de

crease of current.

Table II, which gives the resitances of one foot section of the 11 

feet long pole disclose the following :

1) The resistances of the section are approximately the same, within 

the experimental limitation.

2) The variation observed could be due to the fact that the 

preservative treatment may not be uniform all along the pole.

(This point was confirmed later by cutting the pole and observing 

the cross section).

Table III shows that in the preservative treatment of wood, resis

tance variation due to irrpurity of water is not important. The resitances of 

preservative solutions in distilled water and tap water are of >_he same order 

of magnitude. Note tnat, although tne resistance of the distilled v.’ater is 

about 10 times greater than that of the tap water, the resistaces of the solu

tions are of the same magnitude. This is because the ions in the preservative 

solution contribute almost completely to the electric conduction.

The Most important observations are in Table V. This table discloses 

that the electrode system developed for a fast measurement of resistance in 

the field gives -compareable data of resistances measured in the laboratory. 

The moisture contents in Table IV are chosen (near riber saturation point) 

with an eye, such that these vaues of moisture content would be more realistic 

in the field, during several months or the year.



6.0 Future work:

1. More measurements on the electrical resistances of preservative 

treated poles would be made so as to permit a statistical analysis of the ac

curacy and error in the measurements.

2. The electrode system currently used in the laboratory and in the 

field would be modified to test if the shape of the electrode influences the 

measurement.

3. Attempts will be made to assemble a portable set for fast elec

trical measurements of poles in the field.



Summary :

Using an electrode system very similar to that used in the field (for 

measurements of electrical resistance of poles) measurements of electrical 

resistances of preservative treated samples were made in the laboratory. Fac

tors such as voltage, application time and the conduction of preservative 

solutions are analysed and discussed. It was found that the laboratory 

measured values were very close to these measured in the field, within the 

experimental error.



References

1. A. R. Katz and Miller, D. G. Effect of Water Storage on Electrical 
Resistance of Wood. Canada Dept. Forestry, contribution No. P-17, 
(1963).

2. L.N. Clarke and Donaldson, R. Electrical Conductivity of Treated 
Timbers. Electrical Engineer, 46, No. 5 P.26-27, (1969).

3. A. R. Katz and Miller, D.G. Effects of some Preservatives on 
Electrical Resistance of Red pine. Canada Dept. Forestry, 
contribution No. P-S, (1963).

4. A. Venkateswaran and Lefebvre, M.R. Effect of Domtar Preservative on 
the p-c Electrical conductivity of Wood. Canadian Forestry Service,

Special Report. Feb. 1977.

5. Y. Tardif and Venkateswaran, A. Electrical Resistances of 
Preservative Treated Poles. Canadian Forestry Service, Confidential 
Report submitted to Domtar, Montreal, 1978.

6. A. Venkateswaran. A Coirparison of the Electrical Properties of Milled 
Wood Lignin and other Lignins. Wood Science 4(248-256), 1972.



Table I

Electrical Resistances of CCA Treated Log

g
Resistance (10 Ohms)

Voltage t = O(min) t = 6 (min) t = 12 (min)
500 0.76 0.80 0.84
360 0.82 0.83 0.93
270 0.86 0.93 1.03
180 0.99 1.04 1.17
100 1.10 1.16 1.29

45 1.10 1.20 1.30



Table II

Sections

Resistances of CAA Treated Log - at various Sections

Distance Resistances (106 Ohms) *
(feet)
1 - 2 6.20
2 - 3 6.30
3 - 4 6.25
4 - 5 6.45
5 - 6 6.40
6 - 7 7.00
7 - 8 7.60
8 - 9 6.80
9 - 10 6.90

^average of 4 measurements at different places along the length of the log.



Table III

Resistances of Aqueous - Preservation Solutions

Preservative Resistance (Ohms)

Resistivity of distilled water 

Resistivity of tapwater

Percent concentration 
10 6 3

ACA -a 28.5 34.7 55.4

1> solution in distilled water

OCA - c ‘) 21.3 30.4 50.0

ACA ^1
28.2 33.7 54.7

1̂ solution in tapwater

CCA - c 1 22.1 28.3 56.5

5.4 x 1Ü5 ohm - cm 

6.2 x 1Û4 ohm - cm



Table IV

Resistances of Preservative Treated Wood - Laboratory and Field Measurements

Treatment Moisture
Content

D-C resistance (ohms) 
Laboratory Field

25.2 4.4 X 106 3.8 X 106
ACA. 23.2 6.7 X 106 4.5 X 106
(red spruce) 21.5 8.0 X 1Û6 6.0 X 106

24.5 4.1 X 106 3.8 X 106

18.5 8.2 X 108 7.4 X 108
19.5 8.0 X 108 6.8 X 108

Penter 16.8 11.2 X 108 9.0 X 108
15.4 14.1 X 108 9.2 X 108
16.0 11.0 X 108 8.6 X 108

22.4 5.0 X 106 4.2 X 106
26.8 4.2 X 106 4.0 X 106

CCA 27.6 4.5 X 106 4.2 X 106
29.4 4.0 X 106 3.8 X 106
29.0 4.1 X 106 3.5 X 106


