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PREFACE

In the Preliminary Report the particulars of the Paymaster hoisting 
accident and an account of the events leading up to the appointment of 
this Committee were fully reviewed and for that reason the account 
need not be repeated here.

The Committee recognizes the fact that the work of improving the 
many factors involved in the production of and the proper use of hoisting 
ropes is never really completed but must be a continuing effort on the 
part of individuals and organizations. The Committee therefore brings 
its formal work to a close with the presentation of this report. In doing 
so it takes this occasion to express its gratitude for and its appreciation 
of the earnest support and effective cooperation of the Ontario Depart 
ment of Mines, of the operating mines and their staffs and of the many 
individuals and organizations who have contributed to the work.

Respectfully submitted,

ONTARIO MINING ASSOCIATION COMMITTEE, 

re Paymaster Accident, 

R. E. Dye 

R. L. Healy 

R. D. Parker





Part IV
FINAL REPORT OF THE ONTARIO MINING ASSOCIATION 

COMMITTEE ON HOISTING ROPES

Introduction
It is now over a year since the Preliminary Report of this Committee 

was presented (35). At that time the initial findings of the programme 
of research and investigation, started after the serious hoisting accident 
at the Paymaster Consolidated Mines Ltd. on February 2nd, 1945, were 
disclosed. In the Preliminary Report it was made clear that a. Final Report 
was to follow.

A final report is not usually written until all avenues of approach 
to a particular research have been explored and the problem either solved 
in its entirety, or its insolvable nature causes the workers to desist. In 
this case it is believed that a solution can be obtained but it will take a 
long time to satisfactorily complete the task. The ramifications have 
been such as to extend beyond the facilities at the disposal of this Com 
mittee and the point has been reached where it will be to the advantage 
of the whole Industry to turn the problem over to an organization with 
wride facilities for specialized research and government backing to supply 
the necessary funds.

As a matter of record, this report brings up to date and concludes 
the organized research of the Ontario Mining Association Committee on 
Hoisting Ropes.

Although not completed the results of this research have made it 
increasingly clear that in order to improve the safety and efficiency of 
the hoisting operation certain things will have to be done: The first 
step is to devise ways and means of preventing or inhibiting internal 
corrosion in hoisting ropes. The next is to improve the design, operat 
ing characteristics and safety of our hoisting installations. Thirdly, some 
general improvement in the service lives of ropes may be achieved if the 
specification of the wire and the structure of the ropes used by the In 
dustry are standardized.

Corrosion
On the basis of an extensive study made on rope condition at discard, 

together with a study of the conditions under which the ropes were used 
in Ontario mines, it has become very apparent that the problem of cor 
rosion in hoisting ropes must be overcome before any permanent degree 
of safety in the hoisting operation can be realized. It is granted that the 
service life of a rope is markedly affected by the dimensions of the hoist 
drum, head sheaves, fleet angles, and etc., together with the operating 
characteristics of the hoist but, even if all the integral parts of the in 
stallation are of optimum design, the rope may rapidly become corroded 
and subject to sudden failure.

The mechanism of corrosion in hoisting ropes was discussed quite 
fully in the Preliminary Report (see Page 144 and Pages 157-167 in 
clusive of 35) and it is not the intention here to go into it in any detail. 
However, a review of the more important factors may be helpful.

[1]
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The examination of a large number of discarded hoisting ropes has 
disclosed that the most severe corrosion develops at places in the rope 
most easily accessible to moisture, such as, where the strands touch and 
between the first and second layers of wire on the outer side of the 
strands. The wires in contact with the fibre core are not usually affected ; 
this has been found to be the case in most of the ropes examined and is 
probably due to the protection afforded by the core lubricant.

Corrosion is due to electrolytic action which is accelerated in the 
interstices between strands and between the outer wires in the strands 
because of the development of an oxygen deficiency in these spaces and 
the consequent formation of oxygen concentration cells. Areas low in 
oxygen become anodic and areas relatively high in oxygen are cathodic.

Corrosion is the most serious and common form of rope deterioration 
and in cases where the mechanical design of the hoist is not suited to 
the rope then the combination of wear, corrosion and fatigue will cause 
extremely rapid deterioration of the rope. Mine operators have always 
been extremely conscious of the mechanical failings of the hoist itself 
but up until now little attention has been paid, from the point of view 
of damage to the rope, to ventilation and water conditions in the shaft.

There can be little doubt but that unfavourable shaft conditions 
tend to cause and accelerate corrosion in hoisting ropes. In order to verify 
this a compilation of the pertinent data concerning 58 special test ropes 
was made and is presented in the 'Tabulation of Data on Special Test 
Ropes" to be found at the end of this report. The information in the 
table was obtained from the shaft, hoist and rope data questionnaires 
filled out by the respective mines and also from the results reported for 
the physical tests made on the ropes by the Ontario Department of Mines 
Rope Testing Laboratory. Only those ropes were included in the table 
for which full data were available concerning rope specifications, operat 
ing conditions, service life, and reasons for discard. It was thought that 
presenting the data in this manner would enable the factors that caused 
the deterioration of the rope to be easily picked out.

Inspection of the table shows that in many instances it is impossible 
to correlate the mechanical characteristics of the hoisting installation with 
the resultant deterioration of the rope. For example, there are numerous 
cases where the operating conditions for the hoist were very favourable 
but the ropes became severely corroded; in other cases where the mechan 
ical design of the hoist was poor, corrosion was again a factor. On the 
other hand deterioration by corrosion could readily be correlated with 
prevailing shaft conditions.

Corrosion in hoisting ropes is caused by moisture penetrating into 
the body of the rope. Ventilation conditions and water entering the 
shaft establish conditions predisposing to corrosion. There is no inten 
tion however of representing that foul return air and water entering 
the shaft are the chief factors for rope deterioration although this is 
a possibility that cannot be ruled out. It is hoped that the information 
given here will be acted upon by mine operators to eventually improve 
hoisting conditions.

A study of the statistics presented in "Tabulation of Data on Special 
Test Ropes" reveals that: 

Out of the total of 58 ropes nearly all showed some degree of cor 
rosion, 40 were more or less severely corroded. Of this latter group,
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36 ropes had been operated in the presence of foul exhaust air and 4 
ropes were from shafts where the air was neutral or fresh air downcast.

In the shaft data questionnaires the mine operators had been asked 
to show the horizons of entry of shaft water but had not been asked to 
give the points of entry of foul return air. The lack of this information 
has greatly handicapped the analysis as these data were only known 
accurately for relatively few of the ropes. In these cases however, the 
position of the corroded section of the rope could without exception be 
correlated with the point of entry of the exhaust air. The most severe 
corrosion occurred from 300 feet to 500 feet above this point as apparently 
some distance was needed to obtain maximum condensation.

On the basis of ventilation conditions in the shaft and the resultant 
degree of corrosion the ropes may be divided as follows: 

No. of ropes operated in exhaust shafts ................................................ 47

Corroded
36 or 77 9e of Total

Not Severely Corroded
11 or 23 7e of Total

Volume of foul air varied between 2000 c.f.m. and 270,000 c.f.m. 
No. of ropes operated in Fresh air or Neutral Shafts ...................... 11

Corroded
4 or 36 7o of Total

Not Severely Corroded
7 or 64*7* of Total

Of the 4 ropes which were corroded two were from neutral shafts 
with some water seepage. The 7 ropes which were not severely corroded 
were all operated in fresh air intake shafts; the fresh air evaporates water 
on the rope and would thus tend to prevent corrosion. If this is so, then 
as the volume of foul air in the shaft was reduced the tendency for 
corrosion should also be reduced. If the case of ropes operated in shafts 
where the volume of exhaust air was 15,000 c.f.m. or less be considered: 

No. of ropes from shafts where volume of exhaust air was
15,000 c.f.m. or less .......................................................................... 13

Corroded
8 or 62 7c of Total

Not Severely Corroded
5 or 38 7e of Total

These figures indicate that the tendency for corrosion is reduced 
when the volume of exhaust air is small.

It can now be definitely stated that ropes operated in the presence 
of exhaust air are more likely to become severely corroded than ropes 
operated in neutral or fresh air shafts. These results are somewhat 
modified by the effect of shaft water as in many cases water entering 
the shaft must have contributed to the corrosion.

The pH of shaft water in Ontario Mines was found to vary from 3.1 
in the Sudbury District to 10.6 in the Porcupine District. Generally speak 
ing the shaft water in the nickel mines is acid while that in the gold 
mines is on the alkaline side. The tendency for severe corrosion is greatly 
enhanced by the presence of either acid or alkali water in the shaft.
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In several instances it was established that water entering the shaft 
at a certain horizon caused corrosion in the rope; in many other cases 
the effect of the shaft water could not be segregated from the action of 
exhaust or fresh air. For purposes of analysis it was decided in an arbi 
trary manner that shafts where the water entering was less than 2.0 
gallons per minute should be considered as being dry. From the data 
supplied it was determined that: 

No.
Cases Percent

Water may have contributed to corrosion ...................... 21 36.2
Ropes corroded by foul air alone ...................................... 18 31.1
Ropes corroded by fresh air alone .................................... l 1.7
Ropes not corroded by water, foul or fresh air ............ 8 13.8
Ropes not corroded by foul air alone .............................. 6 10.3
Ropes not corroded by fresh air alone ............................ 4 6.9

Due to the inadequacy of the information it cannot be established 
what is the chief cause of corrosion in hoisting ropes but it can be 
stated with some certainty that the corrosion is due to the combined 
effect of ventilation and water conditions in the shaft. Other factors 
for deterioration such as broken wires, mechanical wear, distortion and 
stretch of the wires, breakdown of internal lubrication and lack of 
external rope dressing merely tend to accelerate the corrosive action by 
permitting moisture to enter the rope more easily. Dust conditions in 
the shaft may also contribute to the corrosive action but this has not 
been proven.

An important factor that has not been considered in this analysis 
is the effectiveness of the lubricants used on the ropes. At this stage 
it is impossible to assign any comparative value of merit to a particular 
brand of lubricant or method of application. Since nearly all the ropes 
tested had developed corrosion to some degree, the role played by the 
lubricant in the prevention of corrosion is not certain when all the other 
variables are taken into account. An analysis of the effect of the various 
lubricants was attempted but this did not result in any definite con 
clusions. The only sure method of establishing the true value of a 
lubricant is to test it at a given hoist installation where none of the 
conditions tend to change too rapidly.

A very notable case of protection by a lubricant is afforded by the 
i/n in. diameter Coniaurum Mines rope No. Y-9535. When tested, this 
rope was found to be relatively free from corrosion after almost ten 
years' service in a fresh air intake shaft. The rope had a service life 
nearly three times as long as any of the other ropes in the table and 
must be considered an exception. The corrosion free condition of the 
rope cannot be entirely attributed to the ventilation conditions as the 
type of dressing and the method of application must also have influenced 
the result. The lubricant in this case was Imperial "Elbac" No. 2 rubbed 
on by hand. The rope must have had comparatively light duty to perform 
in order to have had so long a service life but nevertheless, this case 
illustrates the importance of favourable shaft conditions combined with 
proper care and lubrication of the rope.

Prevention of Corrosion
It has been shown that corrosion in hoisting ropes is due to moisture 

penetrating the interstices of the rope. If moisture were prevented from
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coming in contact with the rope wire the chances for corrosion would be 
reduced but, since the humidity of all mine air is very high, moisture 
can never be entirely eliminated from a shaft and additional methods 
of protection must be utilized.

It is suggested that corrosion in hoisting ropes may be greatly reduced 
if the following steps are taken: 
(1) Main hoisting shafts should not be used as exhaust airways at 

least the volume of return air should be reduced to a minimum.
(2) Mine water should be prevented from coming in direct contact with 

the rope.
(3) An impervious coating of metal and or grease should be used to pro 

tect the wire in the rope.

(1) Ventilation
In Ontario wide extremes of climatic conditions are encountered and 

there are many days in winter when the temperature is sub-zero, as a 
result, special precautions have to be taken to prevent the formation of 
ice in the head frame and just below the shaft collar. The majority of 
main operating shafts in the Province are kept free from ice by upcasting 
large volumes of warm foul air. When this warm humid air comes in 
contact with the cooler rope, moisture is condensed and the process of 
corrosion is started. Ice in a head frame and on the shaft guides is a 
hazard in itself and operating shafts should be kept free from frost by 
upcasting but the volume of exhaust air should be kept to a minimum.

In modern mine ventilation it is better practice to downcast fresh 
air through a separate airway by pressure fans on surface rather than 
use exhaust fans. This makes it comparatively easy to maintain operat 
ing shafts neutral or upcasting with a small volume of air. The formation 
of ice in a well enclosed head frame can be prevented by the introduction 
of a little heat. This slight additional cost might be repaid by the decrease 
in the rate of deterioration of the hoisting rope and steel in the head 
frame.

Another important reason for not upcasting in a main operating shaft 
is that in case of fire in the mine the shaft is immediately rendered 
useless by the entrance of poisonous gases unless some means is used 
to reverse the direction of the air currents.

(2) Shaft Water
It is very unfortunate that water cannot be entirely eliminated from 

a shaft for the reason that the timber, which is the supporting structure 
in the great majority of our shafts, must be kept damp to prevent 
rotting and to reduce the fire hazard. It is therefore beneficial to have 
a certain amount of natural water in the shaft, otherwise wetting by 
sprays will have to be resorted to. Nevertheless the natural entry of 
water should be reduced to a minimum. All points of seepage should be 
grouted and provision made for an adequate number of water collecting 
rings to collect all drip. The water from the rings should be piped to the 
sump along with water from the various levels. In any event, water or 
moisture should be prevented as much as possible from coming in direct 
contact with the rope.
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(3) Protective Coatings
A very thorough investigation has been made into the merits of cor 

rosion resistant steels for rope wire and also into the use of various 
protective metallic coatings.

Corrosion resistant steels such as the high alloy nichrome steels and 
the molybdenum bearing types are not suitable for use in hoisting ropes 
from a point of view of high initial cost and mechanical reasons.

In the presence of acid and alkali waters the majority of protective 
metallic coatings will not be very effective. However, it is thought that 
drawn galvanized wire may be used to advantage in shafts where the 
water is neutral or only slightly alkaline, particularly if the alkalinity is 
due to dissolved calcium salts. Several mines in Northern Ontario are 
now either testing ropes of galvanized Mare or, intend to do so shortly. 
It is too early to predict what results will be obtained.

It may be possible to develop suitable coatings for wire other than 
grease but this is likely to take considerable time and the general opinion 
is that immediate results may be obtained by the use of improved rope 
lubricants and dressings containing corrosion inhibitors and other addi 
tives.

The research programme presently in progress has stimulated many 
of the grease and lubricant manufacturers to speed research in order to 
discover improved lubricants and methods of applying them. This prob 
lem is not a simple one and can be split into four phases: 
(a) Development of suitable lubricants for the rope core.
(b) Development of a lubricant for the interior of the strands and rope.
(c) Development of a good dressing for application to the exterior of 

the rope.
(d) Determination of suitable methods for the application of the external 

dressing.
(a) Rope Core Lubricant

Rope cores are manufactured from a good grade of sisal lana; prior 
to being made up into the core, the fibres are saturated with a mineral 
base oil. One rope maker had formerly impregnated the manufactured 
core by a vacuum process but this practice has now been discontinued.

The principal function of the core is to give support to the strands 
and permit interstrand movement. The core, contrary to popular belief, 
does not act as a reservoir for rope lubricant but there is some incidental 
lubrication of the wires surrounding it. In laid up ropes the average 
grease content of the core constitutes between 24 ̂  and 26 ̂  of the 
weight of core.

Normally the core gives no trouble and very little of the customary 
wire deterioration can be attributed to it. However in several instances 
observed recently, the wires directly in contact with the core have become 
corroded while the other wires in the strands were relatively free from 
corrosion. The reason for this is not yet clear but the theory has been 
advanced that this corrosion was due to the development of an organic 
acid. According to one authority, pyroligneous acid tends to develop 
in sisal lana cores when the plant from which the fibre is made was 
harvested in an immature state.

Systematic analyses of the grease and iron content have been made, 
at intervals of three months, on cores from ropes affected in this manner.
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The method used was patterned after that suggested by J. E. O. Mayne 
(34). It was determined that when the grease content was low 16^ 
to 19 ^ of the weight of the core the iron content, reflecting the degree 
of corrosion present, was increased. The deficiency in lubricant was not 
thought to be sufficient to cause this but these cores all had a definite 
acid reaction.

In view of these findings it is recommended that this type of deteriora 
tion be further investigated and also that improvements be made in the 
characteristics of the core lubricants by the addition of corrosion in 
hibitors and acid neutralizers. If possible the percentage of grease in 
the core should be increased so that additional lubricant is available for 
lubrication of the wires adjacent to the core.
(b) fe (c) Rope Lubricants and Dressings

While it is admitted that these are two essentially different problems 
they must stem from the same basic research and can therefore be classed 
together.

Lubricant manufacturers, both in Canada and the United States, have 
devoted considerable effort in research on hoisting rope lubricants and 
dressings. The Standard Oil Company of New Jersey and Imperial Oil 
Limited have been co-operating in a joint research which is not yet 
complete but already two new and improved lubricants are being tested 
on ropes used at a large ore hoisting installation.

The first of these specialized lubricants is intended for use in the 
interior of the strands and rope and is introduced at the time of manu 
facture. It is of relatively high viscosity and contains a corrosion in 
hibitor, an acid neutralizer to neutralize any acid water that may pene 
trate the rope and an extreme pressure element to withstand the high 
bearing pressures encountered between strands and individual wires. This 
grease adheres well to the wires and the high viscosity prevents it from 
being forced out of the rope easily.

The rope dressing is less viscous than the internal lubricant but is 
basically of the same composition containing a corrosion inhibitor and 
an acid water neutralizer. It also contains a tracer substance that can 
readily be detected by X-ray analysis. It is expected that by means of 
this tracer it will be determined whether or not externally applied lubri 
cants penetrate to the interior of the rope.

It will take many years to thoroughly test a lubricant in the field 
and it is suggested that definite trends may be rapidly established in 
the laboratory by dynamically testing miniature ropes under controlled 
conditions of corrosion. The lubricants which showed the most merit 
could then be further tested in the field.
(d) Methods for Applying Lubricants

If the "Tabulation of Data on Special Test Ropes" be referred to, 
it will be seen that the external rope dressing can be applied in many 
different ways. The most popular method is by means of a split cone-type 
lubricator box; the dressing may also be applied by means of a brush, 
spray gun or may be rubbed on by hand. There are some instances 
where the rope is lubricated by an oil drip or spray at the sheave, this 
is usually supplemented by a heavier dressing applied once a month.

None of the present methods used are perfect. The split cone lubri-
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cator is the most rapid method of applying the dressing but has the 
disadvantage that if the rope is very wet the action of the felt or rubber 
gland in the base of the cone is merely to spread fresh lubricant over 
the top of water and old grease in the valleys between the strands.

Nearly all of the most commonly used external rope dressings are 
quite viscous and must be heated before they can be applied. As the 
methods used for heat control are in most instances rather crude, this 
often results in the breaking down of the various constituents of the 
grease. Also, in winter the hot grease does not adhere readily to the 
cold wet rope. The modern trend is to the development of less viscous 
greases which can be applied cold. Some consideration is being given 
to supplement the regular lubrication by a constant drip or spray of 
light oil at the sheave.

A rope cleaning device which utilizes a split rubber gland moulded 
to fit the grooves between the strands has recently been put on the 
market. This cleaner was tried on a l-Vj, in. diameter rope which was 
being operated in a very wet shaft. The apparatus removed most of 
the old grease on the rope but failed to remove all of the water.

It is believed that this cleaner, with some modifications, may be used 
to advantage in the case of a rope where the external lubricant has 
become dirty, dried out and hardened, or if the rope has been saturated 
by shaft water. No good purpose can be served by cleaning the rope prior 
to each lubrication. Another disadvantage is that this would add greatly 
to the total cost of maintaining the rope.

The Mining Regulations require that a hoisting rope be lubricated 
at least once a month. This may be sufficient under very favourable con 
ditions but it is recommended that the frequency of compulsory lubrica 
tion be increased to once every two weeks to make allowance for poor 
shaft conditions.

Non-Destructive Examination of Ropes
It may seem very desirable to develop a reliable non-destructive 

method for checking the condition of hoisting ropes but if further thought 
be given this subject, it will be seen that an apparatus of this type, if 
not absolutely fool-proof, will tend to cause trouble. It is conceivable 
that long use of this equipment may cause the rope maintenance crews to 
become entirely dependent on the instrument for indication of deteriora 
tion and, since electronic devices can become insensitive without any 
warning and are subject to irregularities of operation due to fluctuating 
line voltage, they may fail to give response at the crucial moment.

No perfect apparatus has as yet been developed for this task The 
Dumont Cyclograph (or modifications of it) has shown merit in laboratory 
tests but so far has proved very ineffective in the field. As an example, 
in recent field tests the Cyclograph gave indication that a rope in service 
in an internal shaft was becoming severely deteriorated near the capel. 
A 200 foot length containing the suspected portion of rope was cut off 
and the breaking strength determined at the sections suspected. The 
results proved that the rope was not deteriorated in any way as the 
specimens retained the full normal breaking strength of the rope.

It is recommended therefore that before the Cyclograph be given 
further tests in the field it should first be improved in the laboratory.
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Hoisting Considerations
A study of the operating characteristics of a large number of hoist 

ing installations in the Province of Ontario has shown the overall design 
and operation of the hoist to be of prime importance to the life of the 
rope and the safety of the operation.

Corrosion has been designated as the chief source of rope deteriora 
tion but in cases where the mechanical design of the hoist is not suited 
to the rope the combination of operating stresses with wear, corrosion and 
fatigue will cause extremely rapid deterioration of the rope. In order 
to avoid this the following points should be given careful consideration.
(1) Factor of safety of the rope.
(2) Number of layers of rope on the drum.
(3) Ratio of diameter of drum or sheave to diameter of the rope.
(4) Tolerance of rope grooves at sheave and drum.

(1) Factor of Safety of the Rope
This is an extremely controversial subject but of vital importance to 

the mine operator because the production of the mine depends among 
other things on the ore payload that can be hoisted. Tt is only natural 
that the majority of operators wish to keep the payload as high as pos 
sible and this results in a low factor of safety of the rope.

What many operators fail to realize is the magnitude of the total 
stresses acting on the rope during the hoisting cycle. In some instances 
the kinetic load stresses will exceed the sum of the static stresses. M. A. 
Hogan (12 and 13), G. P. Boomsliter (2), H. Kitchen (11), J. P. P. Dolan 
and W. G. Jackson (8) have demonstrated by theoretical calculation and 
by actual accelerometer readings that for a short rope, less than 1000 feet 
long, under certain conditions the kinetic stresses can exceed twice the 
static load; with ropes over 2000 feet long, the kinetic stresses were 
seldom found to exceed one and one-half times the static load no matter 
what the conditions. Figures obtained recently show that with modern 
electric hoists and ropes over 2000 feet long the kinetic stresses would 
not exceed 25 ^ of the static load and for shorter ropes 50 ̂  of the static 
load would be a reasonable estimate.

Even with these low figures, when the bending stresses at the sheave 
and drum are also taken into consideration, there are installations where 
the resultant total stress on the rope wr ill momentarily approach 50 per 
cent of the ultimate strength of the rope. For these reasons the factor 
of safety should be large enough to make allowance for all the stresses 
involved in the hoisting operation.

In the Preliminary Report of this Committee, pages 122-123 (35) 
it was recommended that the "Capacity Factor Method" be used to limit 
the load hoisted and also as a means of determining the ultimate breaking 
strength of a rope needed for a particular installation. The use of this 
method would insure higher and better graduated factors of safety in 
shallow shafts (shafts under 1000 feet in depth) than are now required 
by the Regulations Governing the Operation of Mines in Ontario.

Apparently it was a mistake to term this method the "Capacity Factor 
Method" as actually it might better be called the "Initial Factor Method". 
This initial factor being determined by dividing the breaking strength of 
the rope by the sum of the weight of the conveyance and the payload
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contained therein. The factor of safety at the sheave for each additional 
foot of hoisting depth can be determined by adding the weight of one 
foot of rope to the static load and dividing this figure into the breaking 
strength of the rope.

The "Capacity Factor Method" has been objected to on the grounds 
that when applied to extreme depths the factor of safety would approach 
zero. This discrepancy is easily remedied by introducing a cut off factor 
of safety at a given depth. The method has also been objected to on the 
grounds that it is dependent on the assumption that the weakest section 
of rope usually occurs at the capel which assumption has been found not 
valid in Ontario. This statement is entirely irrelevant as actually the 
location of the weakest section of the rope has little bearing on the prob 
lem. It is quite true that the weak point in a rope does not usually occur 
at or near the capel. Investigation has shown that it can occur anywhere 
in the section of rope normally hanging in the shaft (see Pages 137 to 142 
of (35)) but, since no reliable non-destructive method has been developed 
to determine this point, this information cannot be utilized. The capel 
end is the only section of rope tested every six months during its s-ervice 
life and these data should be used as one factor in establishing the time 
of discard. It is recommended that all ropes be discarded when the initial 
factor of safety has decreased by 10 afc, but it would be far simpler, and 
the same purpose would be accomplished, if the rope were discarded when 
the breaking strength had decreased by 10 ̂  from the value when new.

It is correct in an academic sense that when using a fixed initial 
factor, the operating factor of safety approaches zero as the depth of 
hoist is increased. To overcome this difficulty, it is suggested that a 
cut-off factor of 5.0 be introduced at a given depth. In Ontario at the 
present time no hoisting is done from a depth greater than 4300 ft. in 
one lift and the economic limit of single lift hoisting is thought to lie 
at some depth between 4000 ft. and 5000 ft. With an initial factor of 
8.5 at the point of connection between the conveyance and the rope, a 
cut-off factor of 5.0 at the sheave will permit the hoisting of maximum 
loads from depths approaching 5000 ft. provided ropes of high tensile 
wire are used. A cut-off factor of 5.0 will therefore fit in very nicely with 
present hoisting practice and at the same time ensure a high factor of 
safety to depths at the economic limit of single lift hoisting.

In the table shown here factors of safety for an initial factor of 8.5 
have been calculated for a high tensile 13/4 in. diameter rope weighing 
5.2 pounds per foot and with an ultimate breaking strength of 300,000 
pounds: 

Table of proposed factors of safety with initial factor of 8.5. Hoisting 
depth measured from the sheave:

Hoisting Depth Factor of Safety
O ft. 8.50

500 ft. 7.71
1000 ft. 7.41
2000 ft. 6.57
3000 ft. 5.90
4000 ft. 5.35 
4750 ft. Max. depth with full load 5.00 cut off factor 
Below 4750 ft. 5.00
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The factors of safety shown in the table are considerably higher 
(particularly for shallow shafts) than the factors now required by the 
Regulations. It has been determined that 81 ^c of the hoisting instal 
lations in the Province of Ontario have an initial factor of at least 8.5 
therefore, the adoption of a regulation incorporating the suggested limits 
would cause little hardship.

Recently it has become apparent that the whole Mining Industry is 
not in favour of the "Initial Factor Method" and as a compromise a 
table of stepped factors of safety has been suggested. Such a system 
will approach the "Initial Factor Method" provided sufficient steps are 
introduced into the table. The table suggested has approximately the 
same range as that detailed for an initial factor of 8.5 but the cut-off 
factor of 5.0 is introduced for convenience at a hoisting depth of 4500 ft.

Stepped Factors of Safety for New Rope
Hoisting Depth Factor of Safety

O- 250 ft. 8.3
250 - 500 ft. 8.0
500 -1000 ft. 7.5

1000 - 2000 ft. 6.6
2000 - 3000 ft. 5.9
3000 - 4000 ft. 5.4
4000 - 4500 ft. 5.0
More than 4500 ft. 5.0

Hoisting depth measured from sheave.

This table has the advantage that a mine operator, with a given 
hoisting depth, can see at a glance without further calculation within 
what limits he must establish his factor of safety. The stepped factor 
system has the disadvantage that the difference in depth of one foot at 
a step point changes the payload that may be hoisted. In the "Initial 
Factor Method", which functions on a continuous sliding scale, the same 
payload is hoisted for all depths down to the cut off point.

(2) Number of Layers of Rope on the Drum
When multiple layer winding is employed the inner layers are subject 

to the cumulative effects of transverse compression and creepage, and 
abrasion of rope against rope is accentuated. In some installations, due 
to the poor fleeting of the rope and the rough action of the rope lifter, 
wear at the crossover points is very pronounced.

It is the general opinion and this is borne out by results in the field 
that three layers of rope are the maximum number that can practically 
be wound on a drum without danger from undue wear and crushing.

A measure of the efficiency of a hoisting installation is obtained from 
the total amount of work in foot tons accomplished by the rope during its 
life. From the "Tabulation of Data on Special Test Ropes" the rope 
which did the most work in foot tons per square inch of steel was selected 
for each class as representing an efficient installation. In each case the 
number of layers of rope on the drum was also noted. A list of these 
ropes for all diameters from 1.0 in. to l 3/!, in. is given here: 
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Ropes Which Accomplished the Most Work in Each Class

Work Done
Comnanv Reel in Ft ' Tons No ' of Lompany No x lovSq In Layers of

Steel Rope on Drum

Rope Diameter — 1.0 in.
Kirkland Lake Gold 02-2518 3.2 3y2 

Mining- Co. Ltd.
Rope Diameter — l ̂  in.

Macassa Mines Ltd. 1357 1.53 2y2
Rope Diameter — 1*4 in.

Wright-Hargreaves Z-4696 3.70 3 
Mines Ltd.

Rope Diameter — 1^ in.
Pamour Porcupine L-34333 3.90 2 

Mines Ltd.
Rope Diameter — l 1/* in.

Hollinger Consolidated 332 8.02 3 
Gold Mines Ltd.

Rope Diameter — Hi in.
International Nickel Y-7407 6.73 l 

Co. Ltd. Creighton

No less than 4 of the 6 best performing ropes in each size class from 
1.0 in. to l-Vi. in. were operated with more than t\vo layers of rope on the 
drum and in one case there were more than three layers. On the basis 
of these figures it must be conceded that with properly designed hoists 
three layers of rope are not objectionable provided the position of the 
crossover points are changed from time to time.

It is recommended in the case of all permanent installations that 
no more than three layers of rope be permitted on a hoist drum when 
the conveyance is at the highest point of travel in the head frame or 
shaft.

Observations made on a number of hoists showed that where there 
are two layers or less on the drum the tendency for accentuated wear at 
the crossover points was not prevalent. Thus in these cases it is not 
considered obligatory to change the position of the crossover points except 
when unusual wear is noted; but the hoist drum should be equipped with 
an efficient rope lifter.

(3) Ratio of Diameter of Drum or Sheave to Diameter of Rope
In an operating rope the bending stresses are directly related to the 

ratio of the diameter of the hoist drum or head sheave to the diameter 
of the rope. Since bending stresses do not make themselves felt directly, 
very often no allowance is made for them in the factor of safety, but 
with a small drum to rope ratio, 50 to l or less, the bending stress can 
exceed the static load.

In the "Tabulation of Data on Special Test Ropes" the magnitude 
of the bending stress has been calculated for each rope. In order to show 
the relationship between bending stress and drum diameter a table has 
been constructed with bending stress expressed as a percentage of the 
static load and in each case the drum to rope ratio has been shown for 
a comparison.
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Bending Stress Expressed as a Percentage of Static 
Load Compared With Dia. of Drum to Dia. of Rope Ratio

Company and Mine Reel
No.

A
Static 
Load

B
Bending 
Stress

Rope Diameter — 94 in.
McKenzie Red Lake ................ 02-318 2.85 2.41
Teck Hughes Gold Mines ...... Z-5390 3.65 2.03

Rope Diameter — V& in.
Toburn Gold Mine .................. 4083 3.52 2.12

Rope Diameter   1.0 in.
Delnite Mines .......................... 5256 6.793 2.460
Kirkland Lake Gold ................ 0-1118 6.36 2.97
Mcintyre Porcupine ................ C-9861 3.49 2.19
Paymaster Consolidated ........ 6174 6.61 4.17
Paymaster Consolidated ........ 3296 7.41 4.17

Rope Diameter — l Vs in.
Hollinger Con. Ross Mine .... 5586 5.667 2.630
Mcintyre Porcupine ................ K-04225 8.90 3.51
Madsen Red Lake .................... 27285 6.2 5.2
Madsen Red Lake .................... 0-3281 6.20 3.06
Macassa Mines ........................ 1357 8.85 2.90
Omega Gold Mines ................ 9712 6.04 3.63
Omega Gold Mines ................ 9927 6.76 3.63
Omega Gold Mines ................ 5620 6.82 3.26
Wright-Hargreaves ................ 03-0132 9.96 2.73

Rope Diameter   l *4 in.
Dome Mines .............................. PB-3411 13.95 3.09
Hollinger Con. Young

Davidson ................................ 5642 10.73 4.40
INCo Creighton ...................... 01-4025 8.96 4.37
Lake Shore Mines .................. 07263 11.25 5.06
Sylvanite Gold Mines .............. 0-170 12.23 4.16
Wright-Hargreaves ................ Z-4696 13.15 3.37
Wright-Hargreaves ................ Z-9026 13.28 3.34

Rope Diameter — l H in-
Coniaurum Mines .................... Z-474 14.28 4.56
Falconbridge Nickel ................ 1171 13.20 6.17
Hollinger Consolidated .......... 9074 16.616 3.940
Hollinger Consolidated .......... 8826 12.28 3.69
Pamour Porcupine .................. L-34333 9.25 3.39

Rope Diameter   l Vz in.
Hollinger Consolidated .......... 3383 17.129 3.800
Hollinger Consolidated .......... 2508 15.73 4.56
Hollinger Consolidated .......... L-39685 16.536 4.700
Hollinger Consolidated .......... 332 16.536 4.560
INCo Creighton.....,................ 10 16.15 4.72
Lake Shore Mines .................. Z-8039 20.84 8.30
Kerr-Addison Mines ................ P-45887 16.25 4.70

Rope Diameter — 194 in.
INCo Frood .............................. C-8128 25.82 6.53
INCo Frood .............................. 6363-A 20.29 6.53
INCo Creighton ...................... Y-7407 25.36 6.54
INCo Creighton ...................... D-3105 23.46 5.60
INCo Levack ............................ M-56959 21.78 5.46
INCo Garson ............................ 8114 19.61 5.60

85
56

60

36
47
63
63
56

46
39
84
49
33
60
54
48
27

22

41
49
45
34
26
25

32
47
24
30
37

22
29
28
28
29
40
29

25
32
26
24
25
29

Drum to 
Rope 
Ratio

48 to l 
48 to l

55 to l

72 to l 
72 to l 
72 to l 
60 to l 
60 to l

86 to l

67 to l 
67 to l 
77 to l 
96 to l 
96 to l 
96 to l

96 to l 
80 to l 
80 to l 
80 to l 
96 to l 
64 to l 
80 to l

82 to l 
82 to l 
82 to l 
96 to l 
96 to l 
96 to l

An examination of this table shows that for this group of ropes, the 
bending- stress reached a maximum of 85 ̂ c of the static load in the case 
of McKenzie Red Lake rope No. 02-318 where the drum to rope ratio 
was 48 to l and was a minimum of 22 ̂  of the static load in the case of 
Dome Mines rope No. PB-3411 and Hollinger Consolidated rope No. 3383
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where the drum to rope ratios were 86 to l and 96 to l respectively. In 
no case where the drum to rope ratio was 80 to l or better did the 
bending stress exceed 39 ̂  of the static load. In the group of ropes where 
the drum to rope ratio was between 70 to l and 80 to l the bending stresses 
varied between 36^ and 63 cfc of the static load. In the group of ropes 
where the drum to rope ratio was between 48 to l and 70 to l the average 
bending stress was 59 yc of the static load.

From these figures it becomes apparent that for most ropes as soon 
as the drum to rope ratio becomes less than 80 to l the bending stress 
tends to exceed 50 ^ of the static load a condition which may markedly 
affect the life of the rope. It is therefore recommended that in all perma 
nent hoisting installations the ratio of the diameter of drum or sheave 
to the diameter of rope be at least 80 to 1. Mines in the development 
stage should be allowed to use ratios down to 70 to l and in the cases 
of small general purpose hoists working in raises and wrinzes, the allow 
able ratio can still further be reduced provided men are not hoisted.
(4) Tolerance of Rope Grooves at Sheave and Drum

Maintaining the correct tolerance of the rope grooves at the head 
sheave or on the hoist drum is of the greatest importance to the life of 
the rope. The grooves on the drum, if of the correct design, seldom wear 
appreciably but the groove in the head sheave is subject to wear par 
ticularly if the correct tolerance is not maintained. This also tends to 
greatly increase the wear and abrasion of the rope. In order to obtain 
the best results the sheave manufacturers recommend the following 
tolerances for the various sizes of rope. To quote from the catalogue of 
E. Long, Ltd. (33) : 

Nominal Minimum Groove Maximum Groove
Rope Diameter Tolerance Tolerance

O to 3/4 in. 4- 1/32 in. + 1/16 in.
13/16 to 1-1/8 in. 4- 3/64 in. 4- 3/32 in.
1-3/16 to 1-1/2 in. 4- 1/16 in. 4- 1/8 in.
1-9/16 to 2-1/4 in. 4- 3/32 in. 4- 3/16 in.
2-5/16 in. and Larger 4- 1/8 in. 4- 1/4 in.

Although no exhaustive tests have been made it has been clearly 
proven that rapid wear and deterioration of the wires in a rope may 
follow if the recommended tolerances are not used. In the case of a large 
high speed ore hoist it has been determined that the use of oversize ropes 
reduced the working tolerance of the rope in the sheave groove to approxi 
mately 2/32 in. which was 1/32 in. under the recommended minimum 
tolerance. This caused the rope to deteriorate very rapidly from split 
and broken wires. Microscopic examination of the wire breaks indicated 
that these were nearly all due to the development of martensitic films 
on the worn crowns of the wires. It was found that oversize ropes on 
this installation only gave from y3 to V-) the usual length of service life.

There are two ways of correcting this difficulty: 
(1) By periodically grinding out the sheave groove to the correct radius. 

This should only be done in cases where noticeable wear of the groove 
occurs.

(2) By restricting the maximum allowable tolerance in diameter of ropes 
as manufactured. 
The rope manufacturers conform to the permissible variations in rope
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diameter as set forth in the Canadian Engineering Standards Association 
 Standard General Specification for Wire Rope (32).

Page 11, paragraph 35 "Permissible Variations in Diameter of 
Rope The diameter of the rope when delivered, as measured over 
the extreme outside wires, shall not exceed same by more than 
3/32 of an inch in the case of rope one inch in diameter and larger 
or by more than l 16 inch in rope of diameter smaller than one 
inch".
Observations made in the field have shown that these variations in 

the diameter of the manufactured rope are much too lenient and, since 
oversize ropes are generally due to the use of wire of larger than normal 
diameter, it is indicated that the wire be drawn to closer limits. The 
Committee therefore recommends that the Standard Specification for 
wire and wire rope be revised.

Improvements in Safety Dog Design
When the research programme sponsored by the Mining Association 

was first started two main trends were in evidence:
(1) Research into the causes and prevention of deterioration in hoisting 

ropes.
(2) The design and testing of safety dogs and safety dog mechanisms with

a view to improve their performance.
The feeling was general that methods for prevention of deterioration 

in hoisting ropes would take considerable time to develop while immediate 
progress might be made towards increasing the safety of the hoisting 
operation by improving the overall performance of safety dogs. In con 
sequence, a very comprehensive series of free-fall safety dog tests were 
engaged in by the majority of the operating mines in th Province. This 
series of tests was fully covered in the Preliminary Report (35) Pages 
186 to 192 inclusive.

As a direct result of- these tests several improved designs of safety 
dogs and safety dog mechanisms have been developed. It is not the 
intention here to go into full details of these designs but it might be 
of benefit to the Industry if the principles involved were described briefly.

Improvements have been made not only in the design and action of 
the safety dogs themselves but also in the mechanism by which they are 
actuated. All the improved designs incorporate the principle that when 
the rope fails, the release of rope tension causes the dogs to grip the 
guides but the mechanism is so arranged that only a pull on the drawbar 
greater than the weight of the conveyance will cause the dogs to release. 
This principle has been introduced to combat the effect of a long section 
of trailing rope which might drag on the head sheave or catch on shaft 
timber as the cage falls. An example of a mechanism of this type is shown 
in Figure (1).

The trend in safety dog design has been to use a reduced number of 
cutting teeth and to incorporate a stop or pad which rides on the edge of 
the guide and controls the depth of penetration of the dog teeth. In this 
manner guide wear is compensated for. In Figure (2) sketches of several 
of the improved types of safety dogs are shown.

The Wright-Hargreaves' safety dogs, which make use of a set of 
double offset teeth, have proven very effective and have been adapted for 
use on a large four-guide cage. The single-deck cage with all attach-
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ments weighed 15,200 pounds empty, and 23,900 pounds with the full 
equivalent load of 54 men. To date, this is believed to be the heaviest 
load successfully stopped by safety dogs in a free-fall test in Ontario.

The tests were made in a special tower built to simulate shaft con 
ditions and the speed at engagement was approximately 1500 feet per 
minute equal to the maximum rope speed of the hoist. Three free-fall 
tests were made under full load conditions and one test with the cage 
empty; the results were as follows: 

1947 
Apr. 11

Apr. 14 

Apr. 15 

May 20

Wt. of 
Convey 
ance Lb.

15,200

15,200

15,200

15,200

Safety Dog Tests —
Total S?eed at
Load 
Lb.

Engage 
ment

Ft./Min.

1440

1480

1515

1524

4-Guide Cage
Stop- Deceler- 

ing ation
Dist, Terms 
Ft. G

Size of 
Guide? Condition

6.11

6.99

7.95

3.28

1.47

1.35

1.25

Approx.
3V x 7U" 

Approx.

Approx.3V2 "x7.0" 
Approx.

Dry, Worn. 
B.C. Fir 

Dry, Worn. 
B.C. Fir 

Dry, Worn. 
B.C. Fir 

Dry, Worn. 
B.C. Fir

The lesson learned from these tests is that it is very difficult to 
design a set of safety dogs to arrest a heavy fully loaded conveyance at 
a low rate of deceleration which will also give a reasonable rate of 
deceleration when the load consists of only one or two men. It should 
be the aim to design safety dogs to arrest the conveyance at a deceleration 
of 2.0 G or less under all conditions. The deceleration of 3.06 G obtained 
with the empty cage is not considered dangerous by many authorities, 
at any rate, a passenger would not be subject to serious injury. In the 
three tests under full load conditions the deceleration was in each case 
less than 1.5 G and the Chief Inspector of Mines has approved the design.

The present policy of the Department of Mines to require the suc 
cessful free-fall testing under load conditions of all new designs of safety 
dogs and safety dog mechanisms, before they are approved, is to be 
highly commended. It is also required that only approved types of safety 
dogs can be used on shaft conveyances for handling men and each con 
veyance equipped with safety dogs must successfully pass a free-fall 
test under full load and at a velocity equal to the maximum rope speed 
of the hoist before it will be approved for hoisting men.

It is felt that the progress of development of safety dog design in 
Ontario has now reached a satisfactory level, but it is anticipated that 
it will be some time before the majority of mines are equipped with the 
improved designs.

Conclusions and Recommendations
As was made clear in the introduction, this report brings up to date 

and terminates the organized research of this Committee. In the two 
and one half years of its existence the Committee has carried out ex 
tensive research into the causes and prevention of deterioration in hoisting 
ropes; this work has been supplemented by an exhaustive study of the 
operating conditions at most of the hoisting installations in the Province. 
With this background it is possible to reach conclusions and make recom- 
mendatons that will be beneficial to the Industry as a whole, and which
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if followed, should tend to greatly increase the safety and efficiency of 
the hoisting1 operation.

Conclusions
The Committee presents here the more important findings of the in 

vestigation : 
(1) It has been clearly shown that corrosion is one of the most important 

and dangerous factors in the deterioration of hoisting ropes. Recent 
findings indicate that corrosion is mainly due to the combined effects 
of ventilation and water conditions in the shaft. Ropes operated in 
shafts which are used to exhaust foul air are more likely to become 
severely corroded than those operated in shafts where the ventilation 
is neutral or fresh air downcast. But in wet shafts, irrespective of the 
ventilation conditions, ropes are more subject to corrosion than in dry 
shafts. Since moisture entering the interstices of the rope is the cause 
of corrosion, it is not possible to discriminate between the action of 
shaft water or exhaust air which is normally saturated.

(2) In winter, because of the prevailing climatic conditions in Ontario, ice 
tends to form in all shafts and head frames not warmed by foul ex 
haust air and it is therefore imperative to use exhaust air for this 
purpose, but for the reasons previously mentioned, the volume of 
return air should be kept to a minimum in all main operating shafts.

(3) In order to prevent or retard corrosion in hoisting ropes it is neces 
sary to protect the wires with a coating impervious to moisture. While 
it may be possible to develop suitable metallic coatings for rope wire, 
it is believed that rapid progress will be made by research to perfect 
protective greases and methods of applying them.

(4) By comparing the efficiencies of various hoisting installations on the 
basis of the total amount of work done by the ropes, it has been deter 
mined that in the case of a well-designed hoist, three layers of rope 
are not objectionable provided the location of the crossover points are 
changed from time to time.

(5) A study of many of the hoisting installations in the Province has 
shown that if the ratio of the diameter of the drum or sheave to the 
diameter of the rope is less than 80 to l, then the bending stress in 
most cases will exceed 50 ^ of the static load, a condition which leads 
to early deterioration of the rope.

(6) It has been proven that unless the tolerance of the rope groove at the 
sheave is maintained within the limits recommended by the sheave 
manufacturer, the rope will deteriorate very rapidly.

(7) It can now be said that safety dogs and safety dog mechanisms used 
in Ontario Mines have reached a satisfactory state of development. 
Safety dogs are now available that will consistently arrest a fully 
loaded shaft conveyance travelling at the maximum rope speed of the 
hoist at decelerations less than 2.0 G. This has been demonstrated 
with a loaded cage weighing more than 23,000 pounds.

(8) The Policy of the Department of Mines requiring the use of approved 
designs of safety dogs on all conveyances for hoisting men is to be 
commended.



20 Department of Mines

Recommendations
The Committee makes the following specific recommendations in the 

belief that it will be to the interest of the whole Mining Industry to carry 
out the procedures and practices outlined here.
(1) In order to reduce the rate of corrosion in hoisting ropes it is sug 

gested that the following steps be taken:
(a) The volume of foul exhaust air in all main operating shafts should 

be reduced to a minimum.
(b) Mine water should be prevented from coming in direct contact 

with the hoisting rope.
(c) Protective greases containing corrosion inhibitors and acid or 

alkali water neutralizers should be used in the interior and on 
the exterior of the rope.

(2) In order to speed the development of protective greases, it is recom 
mended that new lubricants be tested in the laboratory under con 
trolled conditions of corrosion; the better types could be given final 
tests in the field.

(3) It is recommended that it be made compulsory to lubricate hoisting 
ropes at least once in every two weeks. For best results, regular lubri 
cation with a heavy dressing might be supplemented by a spray or 
drip of light lubricant.

(4) Field tests have shown the Dumont Cyclograph in its present state 
of development to be unreliable; it is therefore recommended that 
prior to further field tests it be first improved in the laboratory.

(5) The Committee recommends that the Industry adopt the "Initial 
Factor Method" for governing the factor of safety of hoisting ropes 
and that this method be further limited by the use of a cut-off factor 
of safety of 5 at depth. The minimum initial factor recommended 
for all new ropes is 8.5, and with the cut-off factor of 5, this will 
permit the hoisting of maximum loads from depths approaching 5000 
feet. The use of the "Initial Factor Method" is strongly recommended, 
but in view of the almost universal mistrust of this method, a com 
promise table of stepped factors of safety having approximately the 
same range as the factors resulting from the use of an initial factor 
of 8.5 is suggested as an alternative.

(6) In the case of all permanent hoist installations it is recommended 
that no more than three layers of rope be permitted on the drum 
when the shaft conveyance is at the highest point of travel in the 
head frame or shaft.

(7) It is recommended that the ratio of the diameter of drum or sheave 
to the diameter of the rope should be at least 80 to l in all future 
permanent hoisting installations. Mines in the development stage 
should be allowed to use ratios as low as 70 to l and in the case of 
small general purpose hoists working in raises and winzes, the allow 
able ratio could still further be reduced provided men are not hoisted.

(8) The proper tolerance of the rope in the sheave groove should be 
maintained: 
(a) By periodically grinding out the groove to the correct radius.
(b) By restricting the maximum allowable tolerance in the diameter 

of rope when manufactured. This necessitates the revision of 
the Standard General Specification for Wire Rope (32).
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