
EQ^'Si. pd f

A S S E S S M E N T  O F  P H Y S I C A L  AMD E L E C T R I C A L  C H A R A C T E R I S T I C S  O F  
P R E S E R V A T I V E - T R E A T E D  U T I L I T Y  P O L E S

Hardness of treated utility poles

f o r

D e p a r t m e n t  o f  S u p p l y  a n d  S e r v i c e s

s u b m i t t e d  b y :

F o r i n t e k  C a n a d a  C o r p . ,
E a s t e r n  F o r e s t  P r o d u c t s  L a b o r a t o r y ,
8 0 0  M o n t r e a l  R o a d ,
O t t a w a ,  O n t a r i o .
K 1 G  3 Z  5

T e l e p h o n e :  ( 6 1 3 )  7 4 4 - 0 9 6 3



Hardness of Treated Utility Poles

Index

1.0 Introduction
2.0 Methods of Hardness Measurements

2.1 Description of various methods
2.2 Selection of a method for hardness measurements of treated 

poles
3.0 Hardness of different species of untreated woods
4.0 Possible behavior of hardness of wood resulting from preservative 

treatment
5.0 Procedure and hardness values of treated poles using pilodyn

5.1 Testing procedures
6.0 Future work



HARDNESS OF TREATED UTILITY POLES

1.0 Introduction:

Prior to World War II, untreated or butt creosote-treated eastern 
cedar were generally used for hydro and telephone poles in eastern Canada. 
After World War II, poles of softwood species were treated with creosote main
ly for longer durability. However, in course of time, these poles developed a 
surface hardness. This surface hardness is very undesirable for the pene
tration of spurs used by linemen.

Another preservative developed after World War II was pentachloro- 
phenol. The treatment of poles with this preservative did not cuase much 
problem with respect hardness because of the water repellency of this preser
vative.

In recent years, since the prices of petroleum-based preservatives, 
have increased, water soluble preservatives such as chromated copper arsenate 
and ammoniacal copper arsenate are used in pole treatments. The poles treated 
with these waterborne preservatives are very prone to freezing and could 
develop a greater surface hardness. Some utilities have expressed concern 
over this problem of hardness since the safety of their workers is involved. 

Hence this study was undertaken.
This report summarizes the following:

1) the methods of measuring hardness of various materials reported in 
the literature.

2) selection of a particular procedure for measuring the hardness of 
wood.

3) hardness of different species of untreated woo;:.
4) possible behavior of preservative treatment of wood to hardness.
5) data collected in the initial phase of the study using pilodyn and 

the test procedure.
o) future work.



x.O Methods of hardness measurements:

There are a number of - methods available in the literature to deter
mine the hardness of materials. All of them give directly or indirectly a 
measure of hardness of the material under test.

2.1 Description of various methods:

(i) Scrape resistance test by National Electrical Manufacturers As
sociation (NEMA) (2). The machine used for this test provides a scraping 
action (in one direction only) at a fixed rate for a fixed time. A comparison 
of hardness of two materials could be made by noting the scrape depths on a 
graduated scale. This device is usually used for hardness of films on magnet 
wires used in insulation.

(ii) General Electric scrape abrasion tester (3) is another device 
that could be used for hardness comparison. This instrument is also very 
similar to the one recommended by NEMA (2).

(iii) American Society for Testing and Materials (ASTM) prescribes (4) 
hardness tests for several types of materials. These include:

Indentation hardness of rigid plastics (ASTM D2583-75) , both reinforced 
and non-reinforced, using a Barcol Iinpressor; Rockwell hardness for plastics 
and insulating materials (ASTM D785); Rockwell hardness and Rockwell super
ficial hardness of metallic materials (ASTM E18-74); testing small clear spe
cimens of timber (ASTM D143-52 - reapproved 1965) . All these methods do give 
description of apparatus, procedures for testing, auxiliary equipment needed, 
standard i zation/calibration procedures, sample preparation and dimensions, 
factors effecting^ reproducibility and accuracy and results to be reported. 
These methods also give conversion to other hardness scales or tensile 
strength values.



(iv) A procedure and an instrument for measuring the hardness of tis
sues within the growth rings of woods (using a needle for hardness tester) 
have been described and used by Mayer-Wegelin (5). This instrument also has 
been used for testing hardness of tree barks by others (6). In the study of 
hardness of barks (6), the needle hardness was performed along five different 
radii on the planed transverse face embracing the whole width of the bark from 
cambium to periderm/rhytidome as well as on the inner and outer tangential 
faces. Two or three samples of each species were analysed from different 

trees. This instrument is never commercialized.
(v) According to the researches done at the US Forest Products Labo

ratory, hardness modulus (7) (load versus depth of penetration of the hardness 
tool) correlates with the hardness values obtained by the ASTM Janka-Balll 
method (ASTM D143-52; sections 83 - 87) . The hardness modulus procedure, ac
cording to the US Forest Research Laboratory, could be substituted for the 
ASTM procedure, but only for thin materials. This procedure eliminates the 
need for laminating several thicknesses of materials thinner than one inch.

(vi) Recently, PROCEQ SA, Zurich (Switzerland) had developed an ins
trument called PIDODYN (8) for a quantitative measure of the degree of soft 
rot in wooden poles. This instrument could also be used to assess the extent 
of decay and the associated reduction in strength of wood/poles. Since hard
ness and strength are related, this instrument could also yield some informa

tion on hardness- of poles.
From the foregoing paragraphs it is seem that there are a number of 

instruments and orocedures available for hardness measurements of poles. 
There are advantages and disadvantages for each method and instrument. For 
example, all ASTM methods can be used only in Laboratories, while they cannot 
be us-..-:: for field testing. Pilodyn, seems zo be quite suitable for field 
t- . - while its producibility and accuracy for hardness testing of poles



are not known. Further, Pilodyn can only be used on poles where the decay 
proceeds inwards from the surface. Also this instrument is unsuitable for any 
measurements on wood which is frozen or dry.

2.2 Selection of a method for hardness measurements of treated poles:

The objectives of this study are to develop a reliable method and 
instrument for measurements of hardness of poles on lines in service so that 
instrument would be of use to linemen, who climb poles in fields, all the year 
round. Since pilodyn is compact and since the strength properties and hard
ness are related, it was thought that measurements of penetration by pilodyn 
on treated poles be first made. The data would then be analysed for correla
tion with hardness, determined independently or by using data from the lite

rature.

3.0 Hardness of different species of untreated woods:

Figure 1. gives the relationship between density and hardness (9) of 
material woods. Eighteen hardness values of various species of wood were 
taken from the literature. For this particular range of density and hardness 
values, the relationship may be represented as "n = 1370 d - 3200" (1) where 
"h" is the hardness in newtons and "d" the specific gravity of wood. A check 
of the equation (1) was made in the following manner. A number of densities 
of woods (not shown in Figure 1.) were taken from the literature and the hard
ness values were calculated. All the calculated values of hardness were in 
thé .151 error range. According to Wood Handbook published by the US Forest 
Product Laboratory (9) coefficient of variation of the values are in the 20%



Figure 1. shows that there is a correlation between density and hard
ness of wood (Eq. 1) . The data from pilodyn are obtained by injecting a 
spring-loaded steel striker pin into the wood. The penetration of the pin 
depends on the softness of wood (due to decay or otherwise). The densities of 
woods could be obtained simultaneously (known rnass/vol of wood) from those 
logs on which pilodyn test is made. Attempts would be made to correlate pilo
dyn readings and densities of wood and pilodyn readings and hardness values 

from literature (Figure 1.).

4.0 Possible behavior of hardness of wood resulting from preservative 
treatment :

It can be well reasoned that a pole treated with petroleum based pre
servative could be less hard than an untreated pole. Similarly for a pole 
treated with salt preservative (water soluble) such as copper chromated arse
nate, it is likely that the presence of chromium would harden the pole. It is 
also possible that there could be an increase in hardness of a pole treated 
with a petroleum preservative, with respect to time, because of the leeching 
out of oil. Considering such reasons, Table I has been formulated.

5.0 Procedure and hardness values of treated poles using pilodyn-*

5.1 Testing-procedures:

The spring is first loaded and the instrument is then pressed firmly 
acainst the test surface, until the two guiding points (provioed on tne ino- 
tr ument) make indentations. The instrument is capable of yielding values of 
penetration perpendicular to the testing surface or at an angle (60°) to the 

Î. . din: surface. Striking of the pin is 

? • ! the striker mechanism.

by pressing -the trigger tomacte



A scale reading from 0 to 40rrm is provided on the instrument to indi
cate the depth to which the striker pin has penetrated. The reading on the 
scale is noted. The withdrawl of the pin automatically zeroes the reading.

The procedure can then be repeated.
Table II shows the penetration values of pilodyn in woods untreated

and treated with CCA and Penta. Figures 2, 3, and 4, show these results m  

graphical form. These results show that there is some relation between the 

peneration of pilodyn an! density of wood, for both control and treated.
A Statistical analysis is not attested since the measurements are 

not complete. Further, to correlate the pilodyn readings with hardness, some 
information on pilodyn reading and hardness values of some woods - both para

meters determined on some logs - are required.
It appears from the figures that pilodyn readings will be of soma use

in estimating the hardness of woods m  the field.

6.0 Future work:

1. Collect more data at low temperatures and high moisture contents 

using pilodyn.
2. Statistical analysis of data collected to estimate standard de

viation and error in measurements by pilodyn.
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Table I

POSSIBLE HARDNESS BEHAVIOUR OF WOOD 
TREATED TOTH VARIOUS PRESERVATIVES

Condition (hardness)
Species No treatment After treatment After 5-7 years 

of treatment

Cedar soft soft (Penta)

Red pine slightly hard soft (Penta)

Red pine soft (Creosote) slightly hard

Yellow pine soft soft (Penta; 
creosote)

slightly hard

Red pine ACA 1
/- hard 

CCA j
ACA
CCA

harder

ACA
>■ harder 

CCA J
(frozen + high 
moisture content)



Table I

Hardnessof Various Species of Wood

Species density 
(8/cc)

Hardness 
(newtons)

1) Alder 0.4 2600

2) White ash - A 0.55 4300

3) White ash - B 0.60 5900

4) Yellow birch 0.62 5600

5) Red maple 0.50 3100

6) Big leaf maple 0.44 2800

7) Red Oak 0.56 4700

8) Douglas Fir 0.50 2900

9) Western red cedar 0.31 1200

10) White Fir 0.37 2500

11) East Hemlock 0.40 2200

12) Eastern Red cedar 0.44 2900

13) Loblolly pine 0.51 3100

14) Ponderosa 0.40 2000

15) Sugar Pine 0.36 1700

16) Spruce Engelmann 0.35 1750

17) Chestnut 0 57 4000

18) oak 0.58 5000



Table II

Pilodyn Readings of Control and Treated Woods 

A. Control - Red pine

Density
o/cc

Pilodyn Readings (mm) 
Penetration

Density (g/cc) Pilodyn Readings 
Penetration (mm)

60° 90°

0.49 14.0 0.39 13.0

0.35 17.0 0.48 11.0

0.43 17.0 0.38 16.0

0.44 14.5 0.43 10.0

0.47 12.0 0.44 13.0

0.39 19.0 0.41 13.0

0.41 16.0 0.37 16.0

0.39 18.0 0.35 14.0

0.48 11.0 0.35 15.0

0.41 15. 5 0.43 11.0

0.46 12.0 0.42 12.0

0.39 17.0 0.46 11.5

0.35 19.0 0.41 12.0

o 
o 13.0
13.0

0.38
0.38

14.0
14.0



B. ACA. treated Red pine

Density
g/cc

Pilodyn readings - Penetration (mm) 
60°

0.37 15.0
0.50 12.0

0.38 16.0

0.40 15.0

0.41 15.0

0.36 16.5

0.38 15.5

0.46 13.0

0.50 11.0

0.44 13.0

0.45 12.0

0.46 13.0

0.47 13.0



C. Penta Treated Pine

Density
g/cc

Pilodyn readings - Penetration (irm) 
60°

0.71 12.0

0.45 20.0

0.70 11.0

0.72 10.0

0.70 11.0

0.52 20.0

0.67 12.0

0.72 11.0

0.63 13.5

0.66 14.0

0.52 19.5

0.62 14.0
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