
Ir Y7. pdP

PHYSICAL AND ELECTRICAL PROPERTIES OF 
PRESERVATIVE TREATED UTILITY POLES

CFS CONTRACT 1981-82 
CFS/DSS PROJECT 20

Prepared for

CANADIAN FORESTRY SERVICE

Prepared by

FORINTEK CANADA CORP. 
800 Montreal Road 

Ottawa, Canada 
K1G 3Z5

March 1982

A S le n K  cxvs^üü(X i'a n



TABLE OF CONTENTS

Page

Abstract i 

Introduction 1 

Procedure 3 

Results 4 

Conclusions 6 

References 7

List of Tables

Table I. Resistance Measurements of Pine Samples*

Table II. Details of Preservative Used for Treating 
Ponderosa Pine.

List of Figures

Figure 1. Sorption of Ponderosa Pine - ACA treated.

Figure 2, Sorption of Ponderosa Pine - CAA treated.

Figure 3, Sorption of Ponderosa Pine *• ZAA treated.

Figure 4, Sorption of Ponderosa Pine - Penta treated.

Figure 5. Sorption of Ponderosa Pine - CCA treated.



ABSTRACT

Wood specimens were treated with several preservative formulations 

used for utility poles to assess sorption behavior. Those treated 

with pentachlorophenol absorbed very little water over a period of 

24 hours, whereas specimens treated with waterborne preservatives absorbed 

4 to 7 times as much over the same period.

The electrical resistance of wood samples treated with pentachloro-

phenol and CCA was measured to assess the effect of electrode configuration 

on contact resistance. When the ratio between the electrode perimeter and 

inter-electrode gap was less than 1 the error in resistance measurement 

attributable to contact resistance was negligible.
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INTRODUCTION

It is known that dry wood offers a high resistance to the passage 

of electric current; hence, wood is classified as a non-conductor. This 

property of wood is advantageous in certain applications of timber, especially 

where strength, resiliency and low cost are also major requirements. In 

this respect wood is well suited as a material for utility poles, provided 

that it is adequately protected against premature decay.

The predominant preservative for poles continues to be pentachloro- 

phenol in oil (penta). The oil carrier has a high electrical resistance 

and also acts as a barrier to water permeation, but due to the high price 

of oil and some concern regarding the toxicity of penta, alternative water-

borne preservatives are now being evaluated for pole timbers.

With waterborne, salt type preservatives the electrical resistance 

of treated poles gains added significance in terms of safety. A high 

moisture content (MC), as may occur after a prolonged rainfall, plus the 

electrolytic qualities of these preservatives may combine to create a 

shock hazard to linemen.

There are a number of factors in addition to the preservative which 

affect the electrical resistance of treated poles. These factors include: 

temperature, moisture content in wood, species, and density. It is known 

that high moisture content in poles (wood) drastically alters their electrical 

resistance. For the safety of the linemen who work on poles, it would be of 

great value to the utilities to know the desorption rate of water occuring 

in poles, say after a heavy rain.
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In addition to the above mentioned factors which alter the actual 

electrical resistance of wood, there are errors inherently present in 

measuring resistance. In practice, the measured value and the cal-

culated value of resistances do not agree. The difference arises from 

the limitations of the measuring systems. This is of negligible importance 

in the case of a moderately good conductor. The limitations of the measur-

ing systems include leakage resistance, resistance of leads, electrode 

resistance and contact resistance. Of these, the contact resistance 

contributes significantly to the actual value of the resistance of the 

sample.

A large pole producer and a number of utilities have recently 

expressed concern over the reduced electrical resistance of poles 

treated with ammoniacal copper arsenate (ACA). In addition, questions 

were raised on the significance of contact resistance and the rate of 

water adsorption/desorption in poles treated with waterborne preservatives. 

This study was undertaken to provide data relevant to these problems.

2



PROCEDURE

1. Contact Resistance

The method of measuring the electrical resistances of pole 

samples and the description of the experimental set-up are detailed 

in an earlier study. Davidson (2) found that silver micropaint on the 

electrodes almost eliminates the effect of contact resistance. Accordingly, 

the silver paint was applied to the electrodes for resistance measurements.

According to Cooprider (1) an effective way of minimizing the effect 

of contact resistance would be to select appropriate ratios (P/d) of the 

perimeter (P) of the electrode and the distance (d) between the electrodes. 

Resistance in pine samples treated with copper chrome arsenate (CCA) 

and penta was determined for three values of the ratio P/d. Measure-

ments were made with a Kiethley Model 610-C Electrometer.

2. Sorption Studies

Water absorption characteristics of CCA treated wood have been 

examined under a previous study conducted for Bell Canada (3). However, 

since the utilities are interested in various other preservative formu-

lations a further examination of sorption behavior was considered 

necessary. Accordingly, samples of wood treated with ACA (ammoniacal 

copper arsenate), CAA (copper arsenate additive), and ZAA (ammoniacal 

zinc arsenate) were subjected to sorption analysis. Penta treated wood 

was included to illustrate differences between oil-based and water-

borne preservatives. Sorption curves from the previous work on CCA 

treated material are also presented. All tests were carried out on Pond- 

erosa pine (Pinus ponderosa) according to procedures described by 

Venkateswaran (4).
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RESULTS

1. Contact Resistance

Table I gives the values of resistances and the percentage

error due to contact resistance. These values are calculated

following Cooprider's work on the resistivity testing for conducive

base paper. If R^, Rc and R$ are respectively the total resistance,

contact resistance and resistance of the sample in a system, then:

R* = Rc + R. t s c

The resistance R in general is given by:

R = k £

where k = specific resistance, and d and P are distance between 

electrodes and perimeter of the electrodes, respectively.

Table I shows that when the ratio P/d is decreasing, the error 

due to contact resistance also decreases for pine samples treated 

with CCA and Penta. Furthermore, when the ratio P/d is 0.1, the 

error resulting from contact resistance is negligible.

Cooprider found that, at P/d value of 1.0 the contact resistance 

was about 10%  of the measured value and that the contact resistance 

decreased as P/d decreased. Table I clearly confirms his findings.
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2. Sorption Characteristics

Table II gives the details of preservatives and the corresponding 

preservative oxide retention in treated wood. Figures 1 - 4 give the 

sorption characteristics of wood samples treated with ACA, CAA, AZZ 

and Penta. Figure 5 gives that of CCA treated pine for comparison 

with other formulations. These figures illustrate the following:

. Penta treated wood absorbed very little water in comparison 

to wood treated with the waterborne formulations.

. Among the waterborne preservative treatments, ZAA and 

CAA treated samples absorbed the minimum and maximum amounts 

of water, respectively. CCA and ACA treated wood had similar 

absorption rates.
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CONCLUSIONS

1. For small values (d) of the ratio between the perimeter of 

the electrode and the electrode gap, the error arising from 

contact resistance in the electrical resistance measurements 

on pole samples is negligible.

2. Penta treated wood absorbs very little water as compared to 

sorption in wood treated with waterborne preservatives.
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TABLE I. Resistance Measurements of Pine Samples

Sample Ratio 
No. P/d

Moisture Content Calculated
in Samples Resistances

[ % )  ohms

Measured Contact Resistance
Resistance Error
ohms %

A: CCA Treated Wood

1 1.0 6.5
2 0.5 6.5
3 0.1 6.5

B: Penta Treated Wood

1 1.0 2.1
2 0.5 2.1
3 0.1 2.1

5.1 X 108 5.5 X 108 7.3
10.4 X 108 10.9 X 108 4.6
46.2 X 108 46.5 X 108 0.6

7.2 X 1012 7.5 X 1012 4.0
13.4 X 1012 13.6 X 1012 1.5
6.0 X 1013 6.0 X 1013 0

00



TABLE II. Details of Preservatives Used for Treating 
Ponderosa Pine

Treatment Preservative Used
Oxide Retention* 

(kg/m3)

1 Ammoniacal copper Arsenate (ACA) 
(4% oxide)

27.39

2 Copper arsenic additive (CAA) 
(3.9% oxide)

25.15

3 Ammoniacal zinc arsenate (ZAA) 
(5% oxide)

32.68

4 Pentachlorophenol 57o Fuel oil

5 Copper chrome arsenate (CCA) 
(3% oxide)

19.86**

* Average retention calculated from 15 samples.
** From a previous study.
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Figure 1. Sorption of Ponderosa Pine - ACA treated.
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Figure 2. Sorption of Ponderosa Pine - CAA treated.
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Figure 3. Sorption of Ponderosa Pine - ZAA treated.
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Figure 4, Sorption of Ponderosa Pine Penta treated.
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Figure 5. Sorption of Ponderosa Pine - CCA treated
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