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FOREWORD 

Th i s report was prepared by Battelle, Columbus Laboratories, 505 
king Avenue , Columbus, Oh io 43201, under USBM Contract Number J0215012. 
It was administered under the technica l direction of the Spokane Research 
Center with Mr . Grant Anderson acting as Technical Project Officer. Mr. 
Larry Rock was the contract administrator for the Bureau of Mines. This 
report is a summary of work completed as a part of this contract during 
the period December 16, 1980 to February 16, 1983. 

This report contains data and information inputs from domest ic and 
foreign sources representing the academi c and technical scientific communi­
t ies , suppl iers to the mining industry, mine operators and the ir eng ineer­
ing and maintenance personnel, and the mining safety regulatory agencies. 

To all who responded to this important study, thanks are due. Special 
thanks are accorded to Mr. P. B. McCrodan and Mr . E.W. Mitchell, Mini ng 
Health and Safety Branch, Ontar io Ministry of Labour, and to Mr. Donald 
Hutchinson of the Mi ni ng Safety and Health Administration, U. S. Department 
of Labor, who provided copies of most of the data for retired mine-hoist 
ropes and for those undergoing routine analysis while in service . 
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INTRODUCTION ANO SUMMARY 

Laboratory and field data for wire ropes were solicited from sources 
throughout the world, with special emphasis placed on vertical shaft, 
underground mine-ho1st rope constructions and operating conditions. Data 
obtained as a result of this solicitation were screened, and selected 
data were encoded in standardized formats for each of four data types. 

The four data types included (1) comprehensive post-retirement field 
rope examinations (Ontario's Special Rope Tests), (2) routine, ho ist rope 
conveyance-end cutoff test results from field ropes, (3) laboratory axial 
fatigue data and (4) laboratory bend-over-sheave fatigue data . In excess 
of 2,650 field rope tes t records and 5,400 laboratory test records were 
encoded. Each field rope test record involved the documentation of up 
to 75 different independent and dependent variables, while each laboratory 
test record involved the documentat i on of up to 35 separate variables . 

A preliminary analys is was completed for each of the four basic data 
groups to identify outliers and to discern the statistical distribution 
of key variables. Based on the pre liminary analysis, a statistical analy­
sis plan was developed, reviewed and implemented . The major focus of 
the statistical analysis was the Ontario Special Rope Test data base, 
since it represents the most comprehensive field rope data base ever assem­
bled, and it offered a unique opportunity for gaining an improved under­
standing of what factors most significantly influence hoist rope remaining 
strength and service life . 

The statistical analysis of field data clearly showed that hoist 
rope remaining strength can be predicted with good accuracy if several 
nondestructive measures of rope damage are properly identified. found 
to be most important was the outer wire corrosion rating, the electro­
magnetic (EM) nondestructive-inspection technique used for predicting 
strength loss, and the rope diameter reduction. Signs of physical deterio­
ration such as broken wires or damage were also important indicators of 
strength loss. 

The analysis showed service life to be somewhat less predictable 
than is strength loss in terms of the available independent variables. 
This is probably due to the inconsistent causes for retirement of the 
hoist ropes used as the data base for the current study (e.g. time, mine 
shut down, rope 11damage"). However, despite the inconsistent causes for 
retirement, there were a number of factors that were found to relate to 
long service life with low strength loss. The most important factors 
were found to be high drum/sheave-to-rope diameter (0/d) ratios, high 
wire strength and short lubrication intervals. 

Based on the results of this investigation, a number of specific 
recormiendations are presented that promise to yield better rope inspection 
and retirement criteria which will in turn lead to improved safety and 
efficiency in underground mine-hoist systems. 
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SUBJECT INVENTIONS 

No patentable inventions were made during this project. 

CONCLUSIONS 

Based on the results of the statistical analysis of the Ontario Spe­
cial Rope Test data, it is concluded that hoist rope remaining strength 
is the most important and predictable dependent variable. Service life 
in terms of time or hoisting cycles is less predictable, at least in terms 
of the independent variables which were monitored and controlled on the 
Special Rope Test samples. Remaining strength values can be correlated 
most completely with the following independent variables, in order of 
importance: 

{l} 
( 2) 
( 3) 
(4) 

f~~ 
( 7) 
(8) 

Elongation (during tensile testing) of used rope test samples 
Corrosion rating of used rope outer wires 
Torsion test values of used rope outer wires 
Electromagnetic (EM)-predicted strength loss 
Rope appearance (e.g. worn, broken wires, "damaged") 
Diameter reduction 
Lubrication rating of the used rope core 
Rope usage (e.g. drum hoist, friction hoist, friction tail) 

Of these eight factors, outer wire corrosion rating, EM-predicted strength 
loss. rope appearance and diameter reduction are the only practical non­
destructive inspection measures that could be employed to evaluate the 
retirement of an underground mine hoist rope. Therefore, it is concluded 
that the most important nondestructive inspection procedures would involve 
periodic 

(I) 

g~ 
(4) 

Assessments of outer wire corrosion damage in a rope 
Electromagnetic (EM) inspection of the entire rope 
Visual inspections to identify worn areas and broken wires, 
but principally sites of rope damage 
Rope diameter reduction measurements. 

Indeed, if the above factors are known, there is evidence based on 
blind predictions of remaining strength for the Special Rope Test data 
that the degraded rope sections can be identified with greater than 90% 
accuracy. 

There are a number of factors that tend to promote long service life 
with low losses in rope strength. The most important of these factors 
have been shown to be: 

(1) High 0/d ratios 
(2) High wire strength 
(3) Short lubrication intervals 

The results also suggest that the following conditions are undesirable 
in terms of shortened rope life and increased rope strength losses: 
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(1) Low initial core lubrication 
(2) More than three rope layers on the drum. 

It has been shown that the most likely site for rope degradation is the 
lower one-half of the rope where corrosive conditions would appear to 
be the most severe. Measures of mine corrosivity (e.g., mine water pH, 
upcast ventilation, humidity) were not linked clearly with rope strength 
loss or service life, but this is probab1y more a reflection on the lack 
of such data in most of the data base than it is a reliable statement 
that these factors are unimportant. 

It is not possible to make a definitive statement regarding the impor­
tance of rope cutoffs . It is clear that the cutoff program does not en­
sure integrity of the whole rope and that the large majority of rope cut ­
offs show almost no strength loss. There is some reason to believe, based 
on the results of this study, that a mandatory cutoff program would be 
no more effective than an elective cutoff program combined with careful 
visual and nondestruct ive inspect ion of the rope near the conveyance. 

Finally, it is concluded that the laboratory axial- and bend-over­
sheave fatigue data base accumulated in this program is useful for {l) 
making approximate calculations of expected rope service life and (2) 
tradeoff analyses on the effect of potential operating and/or rope con­
struction changes. 

RECOMMENDATIONS 

The U.S. Bureau of Mines should consider the following actions based 
on the results of this study: 

• Begin a comprehensive field rope eva luation program which would 
include periodic in-service inspections of hoist ropes and de­
structive examinations of retired rope sections thought to be 
degraded in strength. All operating conditions and rope vari­
ables should be identified, in add i tion to the nondestructive 
inspection data which are collected. The ultimate goal should 
be the development of a new set of nondestruct i ve retirement 
criteria that is highly reliable for the detection of signifi­
cant rope degradation. 

Specific elements of the above effort should include: 

1 Further development of the Ontario corrosion rating system such 
that the resulting technique methodology would be more object­
ive, better "automated'' and can be more easily applied in the 
field. 

• The determination of pre-installation baseline data for field 
ropes to define at a minimum 

- rope breaking strength 
- outer wire breaking strength 
- core lubrication~ 
- initial rope diameter under load . 
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1 The requirement that hoisting cycles to be logged for each rope 
and that explicit reasons for rope removal be given in all cases. 

• The development of a reliable and rapid method for in- service 
rope diameter measurement . 

• The ongoing and careful assessment of current and emerging EM 
device capabilities in terms of detecting broken wires and corro­
sion. 

, A rope cutoff program based not on fixed time intervals but 
on the observation of signs and rope damage near the conveyance. 

In addition, laboratory work should be initiated to 

, Characterize bend-over-sheave and axial fatigue characteristics 
for locked-coil ropes. 

1 Develop a better corrosion inhibition system, through improved 
lubricants/lubrication techniques and/or wire coatings . 

Analysis work should be oriented towards 

• The statistical assessment of newly acquired nondestructive 
and destructive test data to properly evaluate their reliability 
and to develop improved rope retirement criteria. 

• A cumulative damage analysis of wire rope that provides reliable 
estimates of field rope service performance including the com­
bined effects of fatigue, corrosion and wear. 

BACKGROUND 

Both productivity and safety in underground mines could be improved if 
mine- hoist rope life and reliability cou ld be predicted more accurately. 
As a result, hoist-rope failure processes and their effects on rope life 
and remaining strength need to be quantified and related in such a way 
that improved retirement criteria can be developed. This is true whether 
the failure is incipient or actual and whether the failure mode is by 
corrosion, wear, fatigue or a combination of these factors . Logically, 
the Bureau of Mines is concerned about the safety of the ropes in shaft­
hoist systems. Heretofore, there has not been available a comprehensive 
statistical analysis methodology that could be applied to the problem . 
Therefore, the program reported on here was initiated to provide such 
a methodology. This document, which represents the Final Report on the 
program, surmiarizes the development of the methodology and provides exam­
ples of its utility in determining, insofar as available data will allow, 
the major operational and environmental influences on rope life and strength, 
their quantitative values and their rel at ive Importance. In addition, 
recormiendations are made for needed research and development pertinent 
to the generation of improved retirement criteria for hoist ropes. 
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MINE-HOIST CHARACTERISTICS 

Underground mining operations currently employ wire rope for a large 
variety of purposes. Generally, however, wire rope for underground mining 
is used in two primary applications--hoisting and nonhoisting. Battelle 
completed a study for the Bureau of Mines in 1971 (1) which described 
the various requirements on wire rope for hoisting and non-hoisting 
applications. 

In context with that study and in line with terminology used here , 
hoisting applies to systems used to transport men, materials, and/or pro­
ducts between the earth's surface and underground working levels either 
through vertical or inclined shafts . Nonhoisting ropes are categorized 
by their exclusion from the hoisting definition on the basis of function; 
e.g . , slings, track ropes, scraper and slusher ropes. Nonhoisting ropes 
were not considered in this program. 

The following paragraphs describe two primary hoisting applications, 
vertical shafts and slope shafts . Mine elevators also involve vertical­
shaft hoisting systems; however, the requirements and service performance 
of these systems are sufficiently different from man/materials carrying 
shaft hoists that they were omitted from consideration in this program . 

Vertical-Shaft Hoists 

Vertical - shaft hoisting systems are corm,only used for intermediate 
to deep mine operations. In the United States , this depth range has been 
from about 500 feet to 3,000 or 4,000 feet. Deeper mines up to 5,000 
to 8,000 feet and greater are relatively few and new in the U.S.; such 
mines are represented by the Homestake gold mines in South Dakota and 
the Coeur d'Alene silver mines in Idaho. In some mines outside the United 
States, (especially those in South Africa), depths greater than 7,000 
feet are already relatively corm,on. (~,l) 

Shaft hoists are made in two basic designs: (1) drum hoists or "win­
ders" and (2) friction or "Koepe" hoists . Orum hoists have been used 
most extensively in the United States but friction hoists are increas-
ing in popularity. The distinctive features and the related wire rope 
requirements are discussed in the following two sections. The latest 
specifications for wire ropes used in mines appear in ANSI Mll.1-1980 
{_1) . 

Drum Hoists 

Vertical-shaft drum hoisting systems corrrnonly operate on a counter­
balance hoisting principle. In this type of system, two ropes are used 
simultaneous ly, one of them is wound onto the drum from the top and one 
is wrapped on from the bottom. Each rope is attached at the end away 
from the drum to a skip or conveyance (each of approximately equal weight), 
although one conveyance may actually be a counterweight for the other 
active conveyance . Also, two drums are sometimes used with a safety clutch 
system between drums so that one conveyance can be moved relative to the 
posit ion of the other. A variety of noncylindrical drum shapes are some­
times used for balancing of the hoisting system, but they are not of parti­
cular importance in this discussion. 
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Regardless of the specific drum design in a vertical-shaft hoisting 
system, the wire ropes used are generally terminated at the drum and at 
the conveyance or counterweight . 

A variety of wire-rope constructions and sizes are used on verti­
cal-shaft drum hoists (1) . The large percentage of those ropes, however, 
are 6 x 19 Seale and 6 i 25 filler wire constructions with internally 
lubricated f iber cores in diameter ranges from 3/4 inch to 2-1/4 inch. 
Both Lang-lay and regular-lay are used with no apparent preference for 
one over the other--except for shafts where the conveyance is relatively 
free to spin; in those cases, regular-lay rope is specified. Medium-to 
high-strength wire materials are normally used. Mines outside the U.S. 
have employed a variety of other rope constructions including flattened­
strand and locked-coil designs with considerable success, but only the 
flattened-strand constructions are used extensively in the U.S. at the 
present time. 

Friction Hoists 

Friction (or Koepe) hoisting systems operate on the basis of a fric­
tional driving force whi ch develops between the rope (or ropes) and a 
driv ing wheel. Two or more ropes are normally used in para l lel. The 
ropes are not terminated on the drive wheel as they are on a drum hoist; 
they simply pass over it. Therefore, the presence of lubricants in the 
contact area between the drum and the rope can alter the performance of 
the hoist to a significant degree. The end of the ropes which pass over 
the drive wheel are always counterweighted and the counterweight and convey­
ance are connected by a "tailtt rope to form a continuous loop of rope . 
Such an arrangement allows balancing of rope tensions onto and off of 
the drive wheel regardless of the vertical position of the conveyance. 

The wire-rope constructions used for friction ho is ts may be the same 
as those used on drum hoists bu t are often different because the friction 
hoist requires a hi gher real area of contact between the rope and the 
wheel to achieve maximum frictional driving force. Therefore, locked­
coil ropes from 3/4-inch to 2-1/4-inch diameter are sometimes used, as 
are 6 x 27 and 6 x 30 flattened-strand, Lang-lay, fiber-core ropes. There 
also is a tendency towards use of higher strength wire materials in these 
ropes to reduce the inherent rope weight problem. 

The tail ropes (sometimes called balance ropes) used in frict ion 
ho isting systems are generally made in 18 x 7, 8 x 19, or 34 x 7 nonrotat­
ing, regular-lay, fiber-core constructions. They are not of primary inter­
est in this program, however, since they do not directly support the convey­
ance or counterweight. Even so, tail ropes can fail precipitously; pre­
cisely because they do not support a conveyance or counterweight, they 
receive less attention and maintenance and, thus far, they have not been 
subject to rigorous retirement inspections. 

Slope-Shaft Hoists 

Slope shafts are usually constructed for production from relatively 
shallow mines of less than 400 or 500 feet. Slope-shaft hoisting systems 
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are generally drum hoist devices and most are plain, cylindrical drums 
with helical grooving. 

The wire ropes used in slope-hoist sys t ems are often relatively coarse 
wire constructions to accorrmodate the considerable abrasion normally encoun­
tered. A 6 x 19 fiber-core, regular-lay rope is the construction used 
most often, while 6 x 21 fiber-core, regular-lay rope is used in the major­
ity of the remaining systems. A flattened-strand rope such as a 6 x 27 
wou ld probably work reasonably wel l under such conditions, although it 
is apparently not used extensively for this app l ication in the United 
States. 

~ire Rope Characteristics 

Overall, the large majority of wire ropes used in vertical shafts 
in the United States are still round-strand or flattened-strand construc­
tions with fiber cores; only a limited number of friction hoist systems 
are using locked- and half-locked coil ropes. As more deep mines come 
into operation in the United States, there will probably be an increase 
in the use of locked -coil ropes because of fewer rope rotation problems 
and the size advantages of friction hoists when deepening a shaft requires 
placing a hoist downshaft. 

Failure/Retirement Criteria for Hoist Ropes 

When a rope is operated on a shaft hoist, it experiences a combina­
tion of environmental and mechanical factors that eventually lead to rope 
degradation and replacement. Of course, if replacement does not occur 
soon enough, a single high load in the rope can cause failure. The environ­
mental aspects of the problem must be addressed also; the effect of lubri­
cants in preventing corrosion in hoist ropes was investigated by Battelle 
in a recent program (5). Chemical corrosion and/or fretting corrosion 
has been found to "lock 11 wires and strands in place--vastly increasing 
the stresses in part icul ar wires when the rope is bent. Also, corrosion 
fatigue has been indicted as a common mode of failure in a significant 
number of ho1st ropes. Therefore, the corrosivity of the shaft environ­
ment, {e.g., contact with acid mine water, etc) must be included as a 
significant input variable in the analysis of field rope failures and 
in the development of improved retirement criteria. If lubrication prac­
tices and the lubricant itself are effective, few ropes fail by corrosion 
despite the environment. However, the effects of corrosion remain very 
difficult to quantify and there are few laboratory test data in corrosive 
media. 

In contrast with the effects of corrosion, mechanical ef fects on 
wire rope life are more tractable. Stresses that induce fatigue in a 
wire rope are introduced through ax ial loads on the rope and through bend­
ing forces on the rope over drums and sheaves. The combination of these 
forces leads to internal and external wire wear, and under certain condi ­
tions, plastic deformation of the wires in the rope. 
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The problem of fatigue in wire rope is usually separated into two 
modes--axial fatigue and bending fatigue. Wear is not normally addressed 
directly, it is generally considered a by-product of the axial or bending 
fatigue experienced by the rope. Shaft-hoist ropes are subjected to axial 
load fluctuations and bending over sheaves and drums; therefore, realistic 
statistical analyses of hoist rope failure must address the synergistic 
effects between axial and bending forces. 

Considerable laboratory testing has been done on each of these pro­
blems separately. In regard to bend-over-sheave fatigue, a number of 
basic facts are known. For one, the sheave-to-rope diameter ratio (D/d) 
exerts a strong influence on the life of a wire rope and the mode of fail­
ure. At any given load, and with similar operating conditions, the ser­
vice life of a wire rope will increase with increasing 0/d values. Most 
wire rope catalogs discuss the effect of sheave size in terms of "relative 
service life" (RSL) for various 0/d ratios. A typical curve from one 
of these sources is shown in Figure 1 (~). 

Obviously, the service life of a wire rope under normal operating 
conditions also depends strongly on the load that it carries. A plot 
of cycles-to-failure versus load for a typical w1re rope is shown in Figure 
2 (7). Another plot covering a much wider range of loads and D/d ratios 
is shown in Figure 3 (8). The curve shapes are said to be typical of 
those to be expected for all types of wire ropes. Figure 3 also illust­
rates another important point. While rope life is nearly always inversely 
proportiona l to load, this dependency can vary greatly depending on the 
load range. Note that in Figure 3, at the higher loads, the life decreases 
rapidly with only a small increase in load. 

Several investigators have attempted to correlate the effect of com­
binations of load, 0/d ratio, and other parameters such as rope construction, 
with rope life as measured in laboratory fatigue tests (9). No universally 
accurate technique has yet been found that can be applied to all results. 
One problem that makes correlation difficult resides in the uncontrolled 
and machine-induced effects characteristic of different fatigue-machine 
configurations and operating conditions. Another is the lack of a commonly 
agreed-upon definition of rope failure. Many investigators use the com­
plete parting of at least one strand as the failure point, but others 
use a different criterion, sometimes unspec ified. 

Nevertheless, such correlations can be useful, especia l ly in the 
absence of any other rational method for predicting rope life. The one 
discussed here, the Drucker-Tachau factor (10) has been found reasonably 
accurate for normal loads and 0/d ratios, s~long as other factors, such 
as groove shape, sheave material, etc, are constant. 

Figure 4 is a plot of the Orucker-Tachau bearing-pressure-ratio factor 
(B) versus cycles to failure for 6 x 37 c l ass wire rope. In this figure, 
the results of a series of experiments completed at Battelle in 1974 CZ) 
are contrasted with the original curve published by Drucker and Tachau 
for 6 x 37 fiber-core rope. Their data were primarily derived from a 
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series of experiments conducted by Scoble 1n England and Woernle in Ger­
many from about 1927 to 1935 (11-14). The difference is probably due 
to a combination of improvements in wire rope and to different experi­
mental techniques. 

One drawback that 11 811 , the bearing-pressure-ratio factor, has is 
that it does not accurately acconmodate the fatigue characteristics of 
the wire material. The wire (or rope) ultimate strength 1s used in the 
parameter and this indicates nothing about the material's actual resist­
ance to fatigue cycling. Some wire materials are more resistant to tri­
axial fatigue than others, even though they may have similar ultimate 
strengths. 

Laboratory studies have also been done on a range of other var i ables 
that affect bend-over-sheave fatigue life. They will not be discussed 
here as they were reviewed in a recent article by one of the authors (_!i). 

A more limited amount of experimental research has been done on the 
axial-fatigue characteristics of wire rope. Some of the effects noted 
in bending fatigue of wire rope are also significant in axial fatigue. 
The conditions that are normally simulated in axial-fatigue tests are 
substantially different, however, than are those considered in bending­
fatigue experiments. Under constant-amplitude cyclic loading of a wire 
rope, several load cycle characteristics must be considered, the maximum 
load, the mean load, and the load range. Of these, the load range has 
been shown to have the most effect on fatigue life (16, 17). The primary 
damage factors under variable-amplitude axial load fatigue are more com­
plex and less clearly understood. 

All of the influences mentioned above were considered in the current 
program to select variables and/or derive parameters for use as variables 
in the statistical analysis. 

RESEARCH PROCEDURES AND RESULTS 

The program was conducted in two phases: Phase I - Data Reporting 
and Analysis Plan Development and Phase II - Data Analysis. Phase I was 
subdivided into four tasks and Phase II into two tasks. In Phaser these 
tasks were: Task (1) collection of laboratory and field data, Task (2) 
data assessment, Task (3) development of a statistical analysis plan and 
Task (4) preliminary data analysis. The Phase II tasks were Task (5) 
refined statistica l analysis and Task (6) assessment of rope performance 
trends and operating parameters. 

Task 1. Collection of Laboratory and Field Data 
and Task 2. Data Assessment 

Laboratory and field data for wire ropes were collected from through­
out the world to provide an adequate data base for analysis. Results 
from about 6,000 pertinent laboratory rope tests and about 6,000 pertinent 
field rope tests were acquired in Task 1 and they were subsequently identi­
fied as promising in Task 2 for applicability and comprehensiveness. 
The details of the data acquision, assessment, and examples of such data 
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will not be repeated here. However, data that were selected for analysis 
will be delivered to the Bureau on magnetic tape with this report. 

Task 3. Development of Statistical Analysis Plan 

A statistical analysis plan was generated and formulated specifically 
to evaluate the data acquired and assessed for usefulness in Tasks 1 and 
2 of the program. The analysis plan was constructed to lead to high-confi­
dence correlations between the major dependent variables (rope life and 
remaining strength) and the important independent variables. The plan 
included: (I) a description of the methods to be used for separating 
the data into groups (which were largely to be studied independently), 
(2) a preview of the results which were to be obtained from analyzing 
each group, and (3) a survey of the methods which were to be used to anal­
yze the data. 

Task 4. Preliminary Data Analysis 

In Tasks 1 and 2 of this program, a large collection of laboratory 
and field data were obtained and encoded for analysis. These data fell 
into four primary data groups. They include two types of data for field 
ropes; these are (1) ''Special Rope Tests"* on retired hoist ropes and 

* Data are from ''Special Rope Tests~, Mining Health and Safety Branch, 
Ministry of Labour, Ontario, Canada. 

(2) Routine Rope Tests** on hoist ropes in service. Also included are 

**Data are from ''Routine Rope Tests", Provinces of Ontario, Man,toba and 
Newfoundland, Canada. 

two types of data from laboratory rope tests: (1) axial fatigue tests 
and (2) bend-over-sheave fatigue tests. 

The preliminary statistical analysis on each group of data was hand­
led separately. Because the available correlative information and oper­
ating conditions varied between data groups, the kinds of questions which 
could be addressed differed from group to group. 

Task 5. Refined Statistical Analysis and 
Task 6. Assessment of Ro~e Performance Trends 

and Operating arameters 

The discussion concerning the statistical analysis of the data which 
follows is divided into four major sections. The first section provides 
a description of the primary wire rope data groups that were considered. 
The second section includes a su11YT1ary of analysis activities on the Ontario 
Special Rope Test data for retired ropes from the field. The third sec-
tion focuses on the analysis of data for the Routine Rope Tests (on conveyance­
end cutoffs) demanded by Canadian mining regulations, while the last sec-
tion is devoted to analyses completed on the axial and bend-over-sheave 
laboratory fatigue data. In each section, pertinent performance trends 
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and the influence of operating parameters on rope strength and life are 
presented. 

Primary Wire Rope Data Groups 

As mentioned earlier the wire rope data included in this analysis 
were from the field and from the laboratory. As shown in Table 1, the 
field data consisted of 11 Special Rope Tests» from Ontario and »Routine 
Rope Tests" from Ontario and the Provinces of Newfoundland and Manitoba . 

The Special Rope Tests represent comprehensive tests on retired hoist 
ropes. Each retired rope had been sectioned in from 2 to 30 different 
locations to characterize and destructively evaluate the condition of 
the overa l l rope . There are 359 ropes represented in the current Special 
Rope Test data base. Over 5,500 individual tests were completed on these 
ropes . The detailed data from 1,670 of these rope tests were selected 
for this analysis. Data from the maximum- and minimum-strength sites 
were recorded for all 359 ropes, while data for 952 other sites displaying 
at least 5% strength loss were also included . 

The Special Rope Test data came from 67 different m1n1ng companies 
and 96 different mines. As shown in Tab le 2, the distribution of ropes 
was quite widespread, with an average of less than 6 ropes per mine for 
the most-represented 7 companies. In most cases, the ropes from a given 
mine were from several different compartments. The most ropes recorded 
from a single compartment of a single mine over the 35-year Special Rope 
Test history is 4. This fact precluded a hoped-for analysis of the vari ­
ability in rope performance for nominally identical operating and environ­
mental conditions. 

In comparison, the Routine Rope Test data represent periodic tests 
on sections cut from the conveyance end of hoist ropes. Each i-ope is 
cut off at regular intervals (usually 6 months) and the results of the 
test may dictate rope removal . There are 1,010 ropes represented in the 
present Routine Rope Test data base. Over 2,950 cutoff tests were com­
pleted on these ropes , indicating an average of almost 3 cutoffs/rope 
during the service life of these ropes . Over 3,800 nondestructive tests 
were completed on this same collection of ropes. All of the destructive 
and nondestructive inspection data recorded for the last cutoff before 
rope retirement were selected for analysis. Previous satisfactory break­
ing-strength and nondestructive inspection test results were not encoded. 

The Routine Rope Test data came from 57 different mining companies 
and 113 different mines . Approximately, one third of the companies and 
mines represented in the Routine Rope Test data base were also represented 
in the Special Rope Test data base. As shown in Table 3, the distribution 
of ropes comprising the Routine Rope Test data base was also quite wide­
spread, with an average of less than 14 ropes per mine for the 6 most­
represented companies. 



General Category 

Field 

Laboratory 

Specific 
Category 

Special 

Routine 

Axial 

TABLE 1. PRIMARY WIRE ROPE DATA GROUPS 

Description 

Detailed examinations of 
retired service ropes, in­
cluding multiple brea~ing 
strength tests and wire 
evaluat·ons. 

Periodic in-service exami­
nations based on breaking 
strength tests of cutoffs 
and ND1 tests on the com­
plete rope. 

Constant-amplitude cyclic 
load fatigue tests. 

Bend-Over-Sheave Constant-load bending 
fatigue tests. 

*Number of Separate References. 

Major Soures 

Ontario 

Ontario 
Newfoundland 
Manitoba 

Bethlehem Steel Company (5)* 
U.S. Steel (1) 
Univ. of Pittsburgh (1) 
Catholic University (2) 

U.S. Navy ( 20) 
University of Alabama (2) 
Southwest Research (1) 
Battelle (5) 
O!PEEC (4) 
ACCO ( 1) 

N 
u, 
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TABLE 2. SPECIAL ROPE TEST DATA SOURCES 

Company No. of No. of 
No. Mines Ropes % of Total 

6 7 68 18.9 

18 9 36 10.0 

5 3 16 4.5 

15 4 15 4.2 

27 1 11 3. 1 

32 3 11 3. l 

29 1 10 2.8 

29 167 46.6% 



27 

TABLE 3. ROUTINE ROPE TEST DATA SOURCES 

Company No. of No. of 
No. Mines Ropes % of Total 

6 13 165 16.3 

65 2 77 7.6 

18 9 72 7. 1 

32 5 65 6.4 

--* 4 48 4.8 

61 3 42 4.2 

36 469 46.4% 

*Not represented ; n Special Rope Test data base. 



28 

The laboratory ax ial fatigue tests included in the present study 
were restricted to constant amplitude, cyclic tens ion tests on wire rope 
and strand. A total of 778 axial fatigue tests are represented i n the 
data base. Of this number, 128 experiments invo l ved dua l fail ure cr i t­
er i a, so that a tota l of 906 axial fat igue test results are included. 

The laboratory bend-over-sheave fatigue tests included in the present 
study were restricted to constant-load experiments on wire ropes whose 
construction represents some potential application in mine hoisting. 
A total of 4,003 bend-over-sheave fat igue tests are represented in the 
data base. Of this number, 505 exper iments involved dual failure criter i a, 
so that a total of 4,508 bend-over-sheave fatigue test results are inc l ud­
ed in the data collection. 

Analyses completed on each of the four major categories of data are 
reviewed in the fo l lowing sections. The Special Rope Test data, which 
is the most important data collection in terms of i ts direct bearing on 
hoist-rope performance, is addressed f i rst, and i n the most deta i l. The 
Routine Rope Test data analysis resu l ts are presented next, followed by 
a review of se lected analyses comp leted on the l aboratory data collec­
tions. 

ANALYSIS OF SPECIAL ROPE TEST DATA BASE 

The Special Rope Test analysis centered around two major ques ti ons. 

(1) What operat ing conditions promote long serv ice life wi th the 
least loss in rope strength? 

(2) What measurable, nondestructive quantities are meaningful i nd i ­
cators of remaining rope strength? 

The first question has received the most attention in previous analy­
ses. As Tab le 4 summarizes, there have been two ser ious attempts to review 
these data in the past few years. The work done by Benson is sunmar i zed 
in a recently published Bureau of Mines Report (18). The primary focus 
of this study was on t he accuracy of the electromagnetic (EM) nondestructive* 

*NDI methods for rope inspection entered in the Ontario Special Rope Test 
and Routine Rope Test data records are carried out with an electro mag­
netic (EM) test device that scans the rope to ind i cate areas of "loss 
of strength". 

strength estimates that were recorded just pr ior to retirement for about 
half of the Special Ropes. Similarly, the work of Aimone {19) has al so 
centered on the accuracy of the EM nondestruct i ve i nspectio~results. 
The current study is much more broad-based than either of the previous 
investigations. This study includes almost three times the number of 
records for significantly degraded rope samples as were i ncluded in Ben­
son's analysis, and almost eight times the number of records examined 
in Aimone's analysis. All of the variables directly measured in the Ontar io 
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TABLE 4. SUMMARY OF PREVIOUS ANALYSES OF ONTARIO DATA 

Analysis by Midwest Research Institute (David Benson) 

• 336 hoist records examined (from 1947-1974) 

• Examined only maximum and minimum strength test sections 

• Performed selected F and T tests 

Discriminant analyses 

Correlation analyses 

• Did not perform Regression analyses 

AID analyses 

• Focus~d primarily on accuracy of el ectromagnetic (EM) 
NDI strength estimates 

Analysis by Heath and Sherwood (Peter Aimone) 

• 132 hoist rope records examined (from 1961-1980) 

• Examined only minimum strength test sections 

• Focused only on accuracy of EM test strength estimates 

• Performed no computer analyses 
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Special Rope Tests (over 60 in number) have been assessed to determine 
their relative importance to rope strength and service life . In addition 
to the directly measured variables, more than 25 derived variables were 
also assessed. The current study also included an examination of the 
influence of specific mining company practices on rope performance. 

Several advanced statistical analysis packages were used in analyzing 
the Special Rope Test collection . Specifically , the AID program was used 
to highlight important variables and interactions between variables, while 
the SPSS package was used to complete a stepwise discr iminant analysis 
of the data and to develop trial predictions of rope strength and service 
life. Both of these analysis packages are reviewed in more detail at 
the pertinent location in the analysis summary which follows . 

Identification and Preliminary Assessment of 
Dependent and Independent Variables 

There are several direct and derived variables that can be considered 
as dependent variables in terms of hoist rope performance . Certainly , 
rope remaining strength is the key dependent variable, since it is the 
integrity of the rope upon which the overall hoisting system safety depends. 
Besides remaining strength, however, the service life of the rope, either 
in terms of hoisting cycles or time is also an important dependent vari ­
able. All three dependent variables were examined in the analyses des­
cribed in the balance of this report . 

There are a large number of independent variables that can influence 
the dependent variables described above. More than 60 direct independent 
variables were encoded from the original Special Rope Test records. Appendix 
A provides a detailed breaKdown of the direct variables and their descrip­
tions. Examples of some of these direct independent variables are tonnage 
hoisted, rope speed, mine water pH, corrosion rating and core lubrication 
percentage. 

In addition to the direct variables, more than 25 other variables 
were derived from available information . For example, hoist i ng cycles 
were computed by dividing the tonnage hoisted by the live load, rope dia­
meter reduction was determined by comparing new and used rope diameters, 
and minimum dynamic design factors were calculated by the appropriate 
combination of various factors such as acceleration time, maximum skip/cage 
velocity , live and dead load and rope weight. Other corrrnon ly considered 
factors, such as bearing pressure ratio and wire strength were also esti ­
mated from available information. The important derived variables used 
in the AID analyses are specifically defined later in this report. 

In order to characterize and validate the overal l co ll ection of inde­
pendent and dependent variables, each variable was examined individually. 
The distribution of values for each variable was examined so that outliers 
might be examined for correctness. 

One of the first important tasks was the identification of the distri­
bution of remaining strength values . Figure 5 shows the cumulative distri­
bution of remaining strength values from the majority of rope samples 
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in the overall Special Rope collection. Several important factors are 
apparent. First, there is a large number of significantly degraded ropes 
in the collection. Roughly 10% of the samples show over 15% strength 
loss, while more than 2% of the samples (roughly 100 cases) show over 
30% strength loss. Second, the percentage of cases showing little or 
no strength loss is quite high (greater than 70%). 

These two factors taken together simply illustrate the importance 
of the present study. There are some sections of hoist ropes in service 
that are severely degraded; therefore, there must be criteria developed 
that will ensure the identification of these rope sections and the retire­
ment of the rope before catastrophic failure occurs. At the same time, 
most hoist ropes see little strength loss after extensive service and 
there is the significant possibility that a number of ropes are retired 
well before they wou ld have to be simply because the retirement criteria 
(the signs of rope strength loss) are not precise ly defined. It was an 
expectation going into this study that specific criteria could be defined 
which would relate with high confidence to rope strength loss. 

The distribution of service times and operating cycles were also 
examined, as shown in Figure 6. Note that service times tend to be log­
normally distributed and range from roughly ~-year to 6 or 7 years, with 
an average of about 2 years. Service cycles also tend to be log-normally 
distributed (except for the extreme upper tail), with values ranging from 
roughly 20,000 cycles to over 500,000 cycles, and they show an average 
of about 50,000 cycles. Certainly all three dependent variables showed 
wide ranging, clearly definable variability, which was an encouraging 
sign in terms of the likelihood of success of any subsequent statistical 
analysis. The problems associated with sorting out the factors which 
cause rope strength loss or reduce rope life were not taken lightly, how­
ever, since it was readily apparent, as shown in Figures 7 and 8 that 
there was no clearly discernable relationship between strength loss and 
hoisting cycles (as one would expect in a well-controlled laboratory test 
program). 

In the preliminary assessment of the various independent variables 
it was possible not only to identify encoding errors, but it was also 
possible to identify some very interesting and potentially significant 
distributions of measured and observed rope and system variables. For 
example, the distribution of outer wire torsion values (on used rope wire 
samples), shown in Figure 9, revealed a fairly large variability ranging 
from 1 to over 50, suggesting substantial damage to at least some of the 
wires taken from retired ropes. Similarly, the distribution of elongation 
results for new and retired rope samples showed a significant effect of 
service (Figure 10). The distribution of retired rope diameters relative 
to new rope diameters showed substantial diameter reductions (of greater 
than 3%) for over 50% of the significantly degraded rope samples (Figure 
11). 



12 

IOO 

£ 90 

r 
ii, 

2" 
:. 
i 

80 

o5 
g 

70 .s 
0 

! 60 er 
'= 
.c 
C' 
C ~o f 
iii 
8' 
i: Totot number of coses: 4503 

2 40 
a: 

30 
0.01 QI IO IOO 

Percent o( Caeea 

FIGURE 5. Remaining strength as a percentage of initial breaking 
strength based on the collection of 4503 Ontario Special 
Rope Tests. 

~-------------------------,1000 
Nole: Populolioo Is bosed on lowesl sfrenqth 

section ,n eoch rnpl! plus all ot~, 
sec1 ion1 d~pl0y11>Q ,~s 1hon 9'5 °lo 
remo,nir>Q strength 

O~trobulion of service cycles 
for 225 ho11t rope, 

0.1 L--....L...L...1.--'--'--'-__.-'--_.__.__._....__..._.---''----'-_.____........_ _ _._-.___. IO 
0.01 0 I I 2 5 10 20 30 50 70 80 90 9!I 98 99 99.9 99.99 

Petant 

Q 
"' 

FIGURE 6. Distribution of service times and operating cycles re­
ported in Ontario Special Rope Test data. 



i 
i 
,( 

.§ 

1 

:, 
10. 

7) , 

60. 

\J. 

,o. 

): . 

/). 

ll. 

~. 
). 7 \ 

F[GURE 7. 

6 

.. ' ~1 
!.lf J 

~·= . ,. 
,: , n· .. .. .. ) 

•11 .. , I .. . , 
) ~ " ... ·~·. ) 
; ~·. J, \•• I ) J JI 

33 

' } . l 
:1 • l 1 • 11 • 

• • , • 1 '. 
n• 1 I )'•J •• 

l) ) .. 7 .. , 

> • .. ::n1•, l1 • J 1 
1 H "'')]J;'l J •)ll• • 

lt:'7 •• !.J • 6 );"I]\ ~ I 
!ii•) • ) ~.,~, .,1,~,., .. 

,~ . J 66)~~ · · • 7\• • • I .. , . . . } 
• I J- l • • • • • 

··J11t••e• · ) ••J ,. • \•1• l• Jlt 

'. 
· ·l 

1· • 
)l 

' • l) 
1 )1 
l · ; 7' 
• •1\ 1 
! • 19; J 
\S1~ ' 
1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~c, 

• • ~o '. ,,, S,H 5.U l.00 

Rope strength loss as a function of hoisting cycles 
for drum-hoist systems reported in Ontario Special 
Rope Tests. 
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An examination of some of the hoisting system variab les was al so 
quite revealing. For example, Figure 12 shows a histogram of mine shaft 
depths in the Special Rope Test data collection. Although Ontario now 
has vertical-shaft mines as deep as 8,000 ft, the data for Specia l Rope 
Tests treated in this program for vertical shafts, ranged from less than 
500 feet to nearly 5,000 feet, with mines roughly 3,000 feet deep being 
most corm,on. Some of the sma ll number of slope shafts represented in 
the collection of Special Ropes were quite long--7,500 to 8,500 feet. 
Very long or deep shafts such as those represented in this collection, 
highl ight the importance of rope strength and weight in satisfactory opera­
tion. Figure 13 further highlights the importance of rope weight in these 
hoist systems. Th i s figure presents load factors for drum-hoist systems, 
considering first, live loads only, then live plus dead loads, and fina l ly 
live plus dead loads combined with maximum suspended rope loads. Live 
loads taken by t hemselves are quite low in most cases, requiring (on the 
average) only about 6% of the rope's initia l strength to support. Live 
and dead loads combined are substantia ll y more signif icant, since they 
require about 14% of the rope ' s init i al strength to support, on the average, 
with some cases going as high as 22 to 24 percent. Th is re l ates to a 
rope design (safety) factor of only s l ightly greater than 4. When rope 
loads are added to the total conveyance loads. the safety factors are 
further reduced, with about one half of the cases showing safety factors 
of less than 5, and about 10% of the cases showing safety factors of less 
than 4. 

After the var ious dependent and i ndependent variables were examined 
indiv i dually, some pre li minary analyses were completed to identify impor­
tant var i ab le i nteract ions and to fac i litate the detailed analyses which 
would fol low. One very important issue to clarify was the exact makeup 
of the popu l ation in terms of rope construction and type of service. 
In i t i al ly, the rope constructions were categorized according to the exdct 
des i gnat i on on the Special Rope Test records. More than 80 rope construc­
tions resulted as shown in Table A-5 of Appendix A. Many of these rope 
construct i ons were virtually identical and, after severa l iterat i ons, 
all of the rope constructions were reduced to five bdsic categories as 
shown in Table 5. When rope construction was viewed i n conjunction with 
the type of service. some interesting observat ions could be made (most 
of which tended to support previous ly suspected trends). The predom i nance 
of drum-hoist systems was quite c lear; and in these systems, 6 x 19 cldssi­
fication round strand and 6 x 37 c l ass i fication f l attened strand ropes 
were used in most cases (and with virtual ly equal frequency). In about 
6% of the drum-hoist systems, locked-coil ropes were used, while in about 
3% of the drum-ho ist systems, 8-strand or other rotat ion-resistant con­
structions were used. Of the 27 fr ict i on-hoist systems represented in 
the Special Rope data collection. most were used wi th locked-coil ropes, 
and most of the rest were used with flattened-strand ropes . Only eight 
tai l or ba l ance ropes from fr iction hoist systems were included in the 
Spec i al Rope collection. All but one of these was the standard (for this 
service) rotat ion-resistant type construction. An assortment of rope 
construct i ons were represented in the small (nine ropes) collection of 
slope-shaft hoist systems. 
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TABLE 5. BREAKDOWN OF ONTARIO SPECIAL ROPE TEST DATA BY ROPE CONSTRUCTION AND 
TYPE OF SERVICE 

ROPE 
CONSTRUCT ION 

6 X 27, 30 FLATJENED STRAND 

6 X 17, 19, 21, 25 ROUND 
STRAND 

6 X 7 ROUND STRAND 

LOCKED COIL 

8, 12, 18, 34 STRAND ROTATION 
RESISTANT 

DRUM 
HOIST 

143 

144 

0 

18 

10 

315 

TYPE OF SERVICE 

FRICTION 
HOIST HEAD 

8 

0 

17 

1 

27 

FRICTION 
HOIST TAIL 

0 

0 

0 

7 

8 

SLOPE 
HOIST 

3 

2 

3 

0 

l 

9 

w 
\D 
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Another interesting comb i nat ion of var i ab les is shown in Figure 14. 
Approximate service cycles per day are plotted vers us years of service 
for the hoist systems represented in the Ontar io Special Rope Test data. 
Note that di agonal l i nes plotted on the log-log plot represent lines of 
constant operat i ng cycles per day. The approximate distribution of data, 
(as derived from Fi gure 6), shows that most mines operate at from 50 to 
200 operat i ng cyc l es per day. 

A normalized di stribution of lowest breaking strength si t es is shown 
i n Fi gure 15. Note that all of the various length ropes have been nor­
ma l ized to a 100% length and the site of greatest damage (strength loss) 
has been similar ly normalized. A large percentage of ropes (15%) showed 
the most damage near the drum attachment while slightly over half that 
number showed the most damage near the conveyance attachment. Away from 
the rope ends, the largest majority of ropes (58%} showed the most rope 
damage in the lower half of the rope. Less than one third that percentage 
(18%) showed the most rope damage in the upper half of the rope. Th i s 
result was quite surprising in that the highest rope loads and stresses 
that would produce bend-over-sheave or ax i al fatigue damage are i nduced 
in the top half of the rope. This resu l t tended to suggest early i n the 
statist ical analysis program, that bend i ng fat i gue was not the most import­
ant factor in rope degradation. Other factors. such as corros i on, wh i ch 
would tend to be more pronounced at the lower end of the rope, appear 
to dominate the rope failure process. 

Preliminary analys i s of corros i on rating di d show it to be quite 
important. Figure 16 shows the cumu l at i ve di stribut ions of rema i ning­
strength values for the populations defined on ly by outer-wire corrosion 
rating. (See Appendix A for a defin i t i on of what specific corros ion 
ratin9s mean--regardless, the higher the number, the more severe the condi ­
tion.) Corrosion ratings of 1, 2, or 3 showed rema i ni ng strength di stri­
butions that are almost identical. Corrosion rat i ngs of 4, 5, and 6, 
however, showed successive ly lower distr i but ions of remaining strength. 
These resu l ts provided c lear evidence of the importance of corrosion as 
an i nd icator of rope rema i ning strength. 

In contrast to outer-wire corros ion rating, outer-wire lubrication 
rating was found to be only weakly linked with rope strength loss. Lubri­
cation rat ings of 1 through 3 (denoting success ively poorer lubrication 
levels) were i ndistinguishable in terms of t heir effect on remaining 
strength, as shown in Figure 17. Only when a lubrication rating of 4 
(denoting a dry condition) was identified, was there a modest increase 
in the percentage of severely degraded rope samples. 

After completion of the review of dependent and independent variables 
and a prel iminary assessment of key var1ables. it was possible to move 
into a more sophisticated statistical analysis of the Special Rope Test 
data. 
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AID Analysis 

AID stands for Automatic Interaction Detector . It is a powerful 
statistical analysis program designed to automatically search out the 
most important independent variables and interactions between variab les . 
The program generates a graphical display of the analysis results in terms 
of a hierarchical tree. The structure of the tree al lows visual identifi­
cation of the statistically main effects and interactions (20). 

The list of variab les used in the AID analysis was quite extensive, 
as shown i n Table 6. This co l lecion of 41 variables was developed from 
the list of approximately 90 direct ~nd der ived variab les considered in 
earlier phases of the program. Note t hat many of the AID variables were 
derived variables which essentially ~epresent from 2 to 5 direct varia­
bles. No adequately defined independent variables thought to be of any 
possible significance were excluded from the initial AI D analyses. The 
AID variables fell into four primary categories as fol lows : 

(1) System-Re lated Physical Parameters 
(2) Rope-Related Physical Par ameters 
(3) Destructive Measures of Rope Degradation 
(4} Observable Nondestructive Measures of Rope Degradation. 

The system- and rope-related physical parameters are identified in Table 
7 while the destructive and nondestructive measures of rope degradation 
are shown in Table 8. 

The first AID analyses were completed using remaining strength, or 
more specifically, strength loss as the dependent variable . The result 
of this analysis is shown in Figure 18. Note that from the initial popu­
lation of strength losses (approximately 13% average}, elongation of the 
tensile specimen for the retired rope was found to be the most important 
variable in terms of explaining the overall variability in the data col ­
lection. Secondary to this , corrosion rating was found to be of greatest 
importance . The two subpopulations created by the corrosion rating split 
were each split further on used rope elongation. Note here that the same 
variable can be split a number of times if subpopu lations are successively 
better defined by this variable than by other variables. The final split 
shown in Figure 18 is a split on rope diameter reduction . These graphical 
results are more precisely defined in Table 9. Note that in each case 
the splits that are made are intuitively satisfying. The low elongation 
results are associated with high strength loss, as are the high corrosion 
rating and the greatest losses in rope diameter . 

These trends are seen even more clearly in Figures 19 through 21, 
where strength loss is plotted as a function of used rope elongation, 
corrosion rating and rope diameter reduction , respectively. The mean 
values of the subgroups of each independent variable are plotted along 
with +l standard deviation variability bands to illustrate the degree 
of scatter within each subgroup. 
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TABLE 6. LIST OF VARIABLES IJSED IN AIO ANALYSIS OF 
SPECIAL ROPE TEST DATA BASE 

Variable 
Number Ident1 fication 

1 Mine Record Number 

2 

4 

5 

6 

7 

8 

9 

10 

Diameter Reduction, Percent 
of Original 

Rope Type 

Rope Usage 

Length of Service, Days 

Hoisting Cycles 

Minimum Dynamic Design 
Factor (Bottom of Shaft, 
Loaded 

Lubricant 

Lubricant Application Method 

Lubricant Application 
Interval, Days 

*See Appendix A for Variable List. 

Variable 

1 
2 
3 
4 
5 

l 
2 
3 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 

Definition or Computation 
Methods 

[V38/V2]·100* 

Flattened Strand 
6 x 19 Class Round Strand 
6 x 7 Class Round Strand 
locked Coil 
Rotation Resistant 

Drum Hoist 
Friction Drive 
Friction Tail/Balance 

vs 

[V6·2000]/V7 

V27/[V7·1000 + V8]· 
(1 + Skip Acceleration)+ 
V6l·Rope WeiqhtJ 

2 
4 
5 
7 

10 
14 
16 
21 
28 
68 

Continuous Drip 
Spray 
Hand Brush 
Box Gland 

V12 



Variable 
Number 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

4~ 

TABLE 6. (Continued) 

Identification VariablP. 

Sheave to Rope Diameter 
Ratio, D/d 

Rope Layers on nrum 

Chairs 

Shaft Ventilation 

Environment 

Mine Water pH 

Loading Operation 

Reason for Removal 

Initial Outer Wire Torsions 

Initial Core Lubricati uon, 
percent 

Maximum Skip/Cage Acceleration, 
ft/sec2 

1 
2 

1 
2 

1 
2 
3 

1 
2 
3 
4 

5 

6 

1 

2 

3 
4 

5 

Definition or Computation 
Methods 

{Vl4 + Vl5)/2 · V2) for 
Drum Hoist 

V16 

Yes 
No or unspecified 

Upcast 
Downcast 

Wet 
Dry 
Humid 

V23 

One Loading Pocket 
Three Loading Pockets 
Two Loading Pockets 
Loading PockPts at 1900 ft 

and 3000 ft 
Two Loading Pockets Plus Car 

Loading at Lower Levels 
Twenty Operating Levels 

EM Results, Old Variable, 
25, Nos . 1,2,5 and 8 

Broken Wires, Old Variable 
25, No. 3 

Time , Old Variable 25, No . 4 
Too Short, Ol d Variable 25, 

No . 6 
Damage , Old Variable 25, 

Nos . 7 ,9 and 0 

V30 

V31 

V9/(6Q,Vl7) 



Variable 
Number Identification 
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TABLE 6. (Continued) 

Variable 

22 Estimated Wire Strength, psi 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Estimated Bearing PressurP. 
Ratio 

Strength Loss, percent of TBS 

Predicted Strength Loss, 
percent of IBS 

Used Rope Elongation, percent 

Lubricant in Core after 
Retirement, percent 

Increase in Lay Length to 
Rope Diameter Ratio, percent 

Rope Appearance 

Lubrication Rating, 
Outer Wires 

Lubrication Character, 
Outer Wires 

Lubrication Rating, Core 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 

Definition or Computation 
Methods 

w :: V27/(V2)2 
w :: 2.86 for flattened 

strand 
= 3.15 for round 

strand and rotation 
resistant 

= 1.73 for locked coil 

2,V27/(X V VlS V2) 
X = Minimum Dynamic OP.sign 

Factor 
Y = Estimated Wire Strength 

100-(V33/V27)-100 

100-V35 

(V36/V40)•100 

V58 

(V59/V60 - 1)•100 

Worn 
Broken Wires 
Damaged 

Good 
Fair 
Poor 
Dry 

Caked 
Viscous 
Gummy 
Dry 
Gummy, Viscous 
Gummy, Caked 

same as 30 



Variable 
Number 

33 

34 

35 

36 

37 

38 

39 

40 

41 

47 

TABLE 6. {Continued) 

Identification 

lubrication Character, Core 

Corrosion Rating, Outer Wires 

Outer Wire Torsions 

Length of Rope from Drum 

Broken Wires 

Galvanized Wire 

Company/Mine Identification 

Test Date, year 

Shaft Type 

Variable 

0 
1 
2 
3 

4 
5 

6 

1 
2 

1 
2 
3 
4 
5 
6 
7 
8 
q 

10 
11 

1 
2 

Definition or Computation 
Methods 

same as 31 

No corrosion 
Very slight corrosion 
Corrosion scale established 
Wire completely scale 

covered 
Surface completely corroded 
Same as 4 with loss of 

cross section 
Very severe corrosion 

vss 

(V70/V61)·100 

V71 

Yes 
No 

5-1 
6-1 
6-2 
6-3 

14-1 
15-2 
18-2 
27-1 
29-1 
32-1 
39-1 

V81 

Vertical 
Slope 
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TABLE 7. SYSTEM- AND ROPE-RELATED PHYSICAL PARAMETERS 

System R<!1ated 

Rope Usage 

H1n1mum Dynamic Oestgn ractor 

M.lx1mum Skip/Cage Acceleration 

Lubricant Appl1cdt1on Method 

Lubrication Interval 

0/d 

Rope Layers on Orum 

Chat rs 

Shaft Ventllatlon and Conditions 

Env I ronmen t 

Hine Water pH 

Rope Re 1 a ted 

Rope Type 

Lubricant Type 

Initial Outer Wtre Tors ions 

fnlt1al Core Lubrication 

W1re Strength (eSttmated) 

Ga lvan1z1 ng 

TABLE 8. DESTRUCTIVE AND NONDESTRUCTIVE MEASURES OF ROPE DEGRADATION 

Destructive Measure . 

ACtYo l Brealtn 1 5trer.qth 

Used Rope Elonoation 

(ore Lubricant Percentage 

Lu1>rt cat 1on Rating & Character, 
Interior Wires & Rope Core 

Juter ~Ire Torsions 

Observable Nondestructive He~sures 

~lamHer Reduct 1 on 

Lengtn of Se rvice 

Ho i sting Cyc les Along with Bearing 
Pressure Ratio 

Predicted Strength Loss by EH Test 

Lay Leng th/ Ropp 01 ame ter Rat 1 o 
Increase 

Rope Appearance 

Lub r1 ca cton R&L1ng, Outer Wires 

Corrosion Roting, Outer Wires 

Broken Wi res 
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TABLE 9. AID ANALYSIS SUMMARY FOR ROPE STRENGTH LOSS 
MIN., MAX., AND~. 95 PERCENT REMAINING STRENGTH SITES 

Group Variable Strength 
Split Subgroup Variable Magnitude Loss, % N 

2 0 - 2% 39 . 77 71 
1 Elongation 

3 > 2% 11.90 1192 

4 Rating 0-3 8.96 652 
Corrosion 

3 5 Rating 4-6 15. 4 5 540 

6 2.0 - 2.9% 20.28 173 
5 Elongation 

7 3.n - 5.9% 13.17 367 

8 2.0 - 2.9% 13. 43 130 
4 Elongation 

9 3.0 - 6.9~ 7 .85 522 

10 Rope Diameter, < 92% 20.20 74 
7 "!, of Original 

11 > 92% 11.39 293 

12 Rope Diameter, < 93~ 11. 64 104 
9 '1, of Or1ginal 

13 > 93% 6.90 41R 
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Several independent variables were noticeable in their absence from 
the AID tree shown earlier in Figure 18. EM-predicted strength loss was 
the most surprising omission. Despite the presence of the EM nondestruc­
tive inspection data base in the current Special Rope data collection, 
the AID analysis showed at least three other variables to be more closely 
linked with actual strength loss than was the EM prediction of strength 
loss. A plot of predicted versus actual strength loss shown in Figure 
22, illustrates part of the reason for the relatively poor correlation. 
First of all, the variability is fairly high and secondly the trends are 
not particularly consistent between predicted and actual strength loss. 
It should be noted here, in fairness to current wire rope EM devices, 
that most of the EM data available for this analysis is more than 15 years 
old, and it probably reflects the initially poor fidelity of the early 
model of the device and the vicissitudes of a new and emerging technology. 
Perhaps a similar study done on more recently inspected and tested ropes 
would show a much stronger correlation. 

Another somewhat surprising result was that distance from the drum 
did not show itself to be signif1cant. The results previously displayed 
in Figure 15 seemed to suggest that this variable might be significant. 
However, the trends shown in Figure 23, illustrate why this variable was 
not a good predictor of strength loss. Figure 23 may seem inconsistent 
with the trends shown in Figure 15, but it really is not. If the number 
of cases are noted within each cell, it is obvious that there were far 
more sections of rope in the "conveyance" half of the collection of mine 
hoist ropes that displayed significant strength losses than there were 
in the ''drum" half. Figure 24 shows this trend. 

As a second trial case, the AID analysis was rerun, with rema1n1ng 
strength retained as the dependent variable, but all destructive measures 
of rope degradation (such as used rope elongation) were removed. The 
results of this analysis are shown in Figure 25. Corrosion rating of 
the exterior wires appeared as the primary variable fn explaining rope 
strength loss. Rope appearance and rope type were two new independent 
variables that rose (relatively speaking) in importance, after all destruc­
tive measures of rope degradation were removed. Table 10 presents in 
tabular form the results shown in Figure 25. Again, all results seem 
reasonable. In the case of rope appearance, the rather general descrip­
tors "worn" or "damaged" showed lower average strength losses than did 
those ropes with 6 or more broken wires. Rope categories 3 and 5 showed 
higher strength losses than did the other constructions. This result 
was not too surprising since almost all Category 3 and 5 ropes were used 
either as tail/balance ropes or slope-hoist ropes. 

Strength loss with respect to some other dependent variables will 
now be discussed. Even though some of these variables did not show them­
selves to be particularly good predictors of remaining strength, they 
do display some underlying relationship with strength loss that are worth 
noting. For example, an examination of remaining strength as a function 
of exterior wire lubrication rating shows, as in Figure 26, that there 
is a modest tendency toward lower strength as the outer wires are more 
poorly lubricated. This trend is probably a secondary result of the fact 
that poorly lubricated ropes tend to develop more severe corrosion pro­
blems, which can (as shown earlier) greatly reduce rope strength. Interest­
ingly, the correlation between strength loss and the lubrication rating 
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TABLE 10. AID ANALYSIS SUMMARY FOR ROPE STRENGT~ LOSS 
MIN., MAX., AND ~ 95 % REMAINING STRENGTH SrTES, 
DESTRUCTfVE TEST VARIABLES OMITTED 

Variable Strength 
Subgroup Variable Magnitude Loss, '1, 

2 Rating 0-4 11.76 
Corrosion 

3 Rating 5,6 24.91 

4 Worn or damaged 11. 32 
Rope Appearance 

5 Broken Wires 25.37 

6 Ratings 0-3 9.36 
Corrosion 

7 Ratinq 4 14.35 

R Cateqories l , 2 I 4 8.87 
Rope Type 

9 Categories 3,5 18.52 

10 l<ating 5 21. 42 
Corrosion 

11 Rating 6 33.53 

12 Rope Diameter, < 92~ 20. 18 
Reduction 

13 ) 92% 13.12 

N 

1101 

163 

1066 

35 

648 

418 

615 

33 

116 

47 

71 

345 



57 

of the core is stronger, as shown in Figure 27. This result seems to 
suggest that the likelihood of significant damage to the rope is greater 
when the core is dry than when only the outer wires show a lubricant defici­
ency. his makes sense if indeed the core can no longer support the strands 
when it becomes dry and fr i able and/or the core acts as a reservoir of 
lubricant for the entire rope; thus, when the core of the rope is dry, 
the balance of the rope is almost surely dry of lubricant as well. 

Another interesting relationship is the one between broken wires 
and remaining strength. Figure 28 shows the general trends that were 
observed. Unfortunately, the number of cases where a significant number 
of broken wires was reported was small, with only 38 samples out of 1,670 
having more than 4 broken wires reported. Even among those cases, the 
variability is great, so that it is impossible to establish a clear link 
between the number of wire breaks and strength loss. There is a probable 
explanation for the relatively poor correlation. The problem would seem 
to be that broken wires are not identified as to what type they were or 
where they came from in the 62-inch-long test piece--they could be cover 
wires or filler wires, and they could come from only a single strand in 
a very short length, or they could be widely dispersed throughout the 
rope sample. Filler wire breaks or widely dispersed cover wire breaks 
might well produce a negligible strength loss, while 3 or 4 closely asso­
ciated cover wire breaks in a single strand could lead to a significant 
strength loss. 

A modest influence on strength loss was also identified with increas­
ing rope layers on the drum, as shown in Figure 29. It is not clear whether 
this trend is caused by increasing rope damage due to crushing or cross­
over damage, or whether it is due to the fact that drum systems having 
greater than 3 layers are used in slope shafts (where abrasion of the 
rope is the predominate mode of failure) while drums involving only one 
or two rope layers are used in vertical shafts where corrosion is probably 
the predominate mode of failure. 

Another factor originally thought to be a likely correlate with strength 
loss that did not show a strong relationship, was the change in the ratio 
of rope lay length to rope diameter. The trend of rope strength loss 
as a function of this parameter is shown in Figure 30. There appears 
to be a modest increase in strength loss with increasing values of this 
parameter but the increase is almost certainly not significant. 

After completing the AID analyses involving strength loss as the 
dependent variable, two similar AID analyses were completed with hoisting 
cycles treated as the dependent variable. The first of these analyses 
was completed including all 41 variables. Only maximum and minimum remain­
ing strength sites were included in the analysis since hoisting cycles 
obviously did not differ for the various different sections of rope tested 
from each retired hoist rope. The results of this analysis are shown 
in Figure 31. Note that the overall population of service lives displayed 
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an average of approximately 65,000 hoisting cycles. The primary variable 
that was isolated was the drum/sheave*-to-rope diameter {D/d) ratio. 

* For these analyses, the diameters of the drum and headsheave were averaged. 

Secondary to 0/d, a split on service life was made based on differences 
in environment and skip/cage acceleration. Unfortunately, as shown in 
Table 11, only the split made based on D/d resulted in logical service 
life subpopulations. 

The split made on environment is somewhat puzzling. A humid environ­
ment would seem to promote rapid rope degradation and short service lives, 
but the opposite trend is indicated. Perhaps in environments known to 
be hostile the ropes are treated with greater caution in terms of more 
effective lubrication and, therefore, tend to las~ longer. An intermed­
iate skip/cage acceleration rate of 2 to 3 ft/sec is indicated by the 
analysis to be conducive to long rope life although there is no obvious 
reason why this should be the case. 

The extent of the D/d correlation is shown in Figure 32. Note that 
even this correlation is not strongly defined. The general trend, as 
would be expected, is toward longer life with larger D/d 1 s, but there 
is high var1ability and some notable (and unexplained) exceptions to these 
trends. 

The average trends in hoisting cycles do not vary with corrosion 
rating as shown in Figure 33. This result simply suggests that corrosion 
ratings ranging from 1 to 6 can be found in hoist ropes, regardless of 
the prior history in terms of operating cycles. 

The average trends in hoisting cycles do show a modest correlation 
with the 1ubrication rating of the core and exterior wires as shown in 
Figure 34. The conclusion would seem to be that ropes used for extended 
periods of time tend to become depleted of lubricant. 

The link between initial core lubrication and hoist rope service 
life is shown in Figure 35. Note that very low initial core lubrication 
percentages tend to be linked with short rope service lives, which supp­
orts the colilTion belief that a well lubricated core is conducive to long 
rope life. 

There is also a significant correlation between hoisting cycles and 
rope layers on the drum, as shown in Figure 36. Not surprisingly, the 
single-layer drum systems are related to longest rope life while the multiple­
layer drum systems tend to produce shorter lives with increasing numbers 
of rope layers. 
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TABLE 11. AID ANALYSIS SUMMARY FOR ROPE SERVICE LIFE, 
MTN. AND MAX. REMAINING STRENGTH SITES ONLY 

Variable Service 
Subgroup Variable Magnitude Life 

2 < 70 39,035 
D/d 

3 > 70 71,377 

4 Wet or Dry 67,077 
Environment 

5 Hurni d 103,129 

7 2.1-3.0 ft/sec2 90,531 
Max Cage/Skip 

6 Acceleration _ 2.0,>3.0 ft/sec2 61,096 

8 70 - 74 178,370 
D/d 

9 > 75 83,055 

N 

570 

124 

502 

68 

102 

400 

8 

94 
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Two factors which were expected to be linked directly with hoisting 
cycles, but were not, are bearing pressure ratio and rope strength loss. 
As shown in Figure 37, there was no consistent trend to support the com­
monly held belief that high bearing pressure ratios produce short rope 
lives, which is further support for the already noted observation that 
bending fatigue seems to be a secondary degradation factor in the ropes 
represented in the Ontario Special Rope Tests. With regard to strength 
loss, a similar lack of correlation with hoisting cycles was found as 
shown in Figure 38. Of course, in a well controlled laboratory system, 
rope strength loss is very strongly linked with bending cycles over a 
sheave. The fact that it is not for these hoist ropes is undoubtedly 
linked to the previous observation regarding bearing pressure ratio. 

Several additional AIO analyses were completed that are worthy of 
some mention. One analys1s again involved rope hoisting cycles as a depend­
ent variable, but the primary destructive variables were removed and only 
the minimum remaining strength sites were included in the analysis. The 
results, as shown in Figure 39, are somewhat similar to the previous run 
with the same dependent variable (Figure 31), except that several new 
relationships emerged that were previously hidden. The detailed results 
are shown in Table 12. Completely uncorroded ropes (where outer wire 
corrosion rating was equal to zero) did show longer service lives, which 
suggests that any corrosion, if allowed to develop, will lead to less­
than-optimum rope life. Significant rope diameter reductions were found 
to be linked with long rope lives which tend to confirm the logical con­
clusion that rope diameter reduction would increase with greater rope 
usage. 

Length of service (in days) was shown to be a subtle correlate with 
hoisting cycles, as shown in Figure 40. There is no clear pattern between 
these variables, although there is a tendency for most ropes to be used 
at such a modest rate that the average use rate based on the Special Rope 
Test data indicate that hoist ropes accumulate hoisting cycles at a rate 
of only 20 to 25 cycles/day. 

The above result suggested that an AID analysis involving the length 
of service in days as the dependent variable would be of interest. Such 
an analysis was completed, and the results are graphically displayed in 
Figure 41. Some previously unidentified variables surfaced in this analy­
sis. Rope type, company and mine identification, bearing pressure ratio, 
broken wires and lubrication interval all were found to be related to 
length of service. As Table 13 illustrates, Categories 3 and 4 ropes 
produced the longest service in terms of time on the hoist. The Category 
3 ropes are largely slope-shaft ropes and Category 4 are largely friction­
hoist ropes. Most of the slope hoists operate for relatively few hoisting 
cycles per day, while the friction-hoist ropes generally operate at very 
high design factors. 

No clearly discernable reasons could be found to explain the shorter 
average lengths of service in Mine Nos. 1, 6, 8, and 9. No two of these 
mines are properties of the same company. The bearing-pressure-ratio 
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TABLE 12. AID ANALYSIS SUMMARY FOR ROPE SERVICE LIFE, 
MINIMUM REMAINING STRENGTH SITES ONLY 

Variable Service 
Subgroup Variable Magnitude Life 

2 < 70 39,035 
0/d 

3 > 70 71,378 

4 Wet or Dry 67,077 
Environment 

5 Humid 103,129 

6 ~2.0-ft/sec2 61,274 
Max Cage/Skip 

7 Acceleration >2.0 ft/sec2 88,756 

8 Ratings 1-6 79,931 
Corrosion 

9 Rating O 196,858 

10 < 95 % 171,946 
Rope Diameter, 

11 percent of original > 95 % 74,455 

N 

62 

285 

251 

34 

198 

53 

49 

4 

10 

24 
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TABLE 13. AID ANALYSIS SUMMARY FOR LENGTH OF SERVICE, 
MINIMUM REMAINING STRENGTH SITES ONLY 

Variable Length of 
Subgroup Variable Magnitude Service 

2 Categories 1,2,5 760 
Rope Type 

3 Categories 3,4 1,438 

4 Mine Nos. 1,6, 710 
Mine ID 8,9 

5 Mine Nos. 2-5, 1,114 
7,10,11 

6 0-.0004 1,160 
Bearing Pressure 

7 Rat i o > .0004 663 

8 0-5 1,296 
Broken Wires 

9 6-lO 2,863 

10 < 15, > 35 Days 569 
Lubrication Interval 

11 15-35 Days 763 

N 

311 

36 

273 

38 

26 

247 

34 

2 

127 

120 
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result was in the expected direction--longer service lives for lower bear­
ing pressure ratios--although this result cannot be viewed too positively 
in light of the poor correlation between hoi sting cycles and bearing pres­
sure ratio . The broken wire result, although in the direction one would 
expect, is insignificant because of the small sample size. Lubrication 
interval again shows a modest improvement in rope service performance 
for intermediate intervals of about 2 weeks to 1 month . 

One final AID analysis was done in an attempt to combine the strength­
loss and hoisting-cycle dependent variables into a single dependent vari­
able . This variable was defined as the Fatigue Damage Fraction, and it 
was computed as follows: 

where Nf 

Fatigue Damage Fract ion= Hoisting Cycles 
Nf 

= predicted bend-over-sheave fatigue life to one wire failure, 
based on the computed bearing pressure ratio for the field 
rope and laboratory bend-over-sheave fatigue data. 

Specifically, Nf was computed as 

Nf = 300(BPR)-l.O. 

Note that the bearing pressure ratio which was used was based on the mini­
mum dyanmic design factor or maximum rope load. Also, the definition 
of rope failure was a very conservative one--one-wire failure; therefore, 
relatively high computed fatigue damage fractions were anticipated, since 
a number of field ropes do experience more than one wire break before 
retirement. 

Using the above-described definition for the Fatigue Damage Fraction, 
an AID analysis was completed. All independent variables were considered 
in the analysis, except bearing pressure ratio and hoisting cycles, since 
they were used to compute the dependent variable . Only minimum strength 
sites were included . The results are presented in Table 14. 

The primary independent variable that emerged as significant in the 
analysis was minimum dynamic design factor. High design factors were 
related with low damage fractions and vice versa, which is as expected. 
Outer wire torsions were also seen to be logically linked with the damage 
fraction, with low torsions being related to high damage fractions. Two 
splits on lubricant were then made. Unfortunately, no clearly defined 
categories (i.e., classification of lubricants as to physical/chemical 
types) for lubri cants were identifiable as inferior or superior, since 
the lubricant numbers showing high or l ow damage fractions were not consis­
tent. Test data and predicted strength loss entered as lower-importance­
level variables, with the more recently installed ropes and larger pre­
dicted strength losses showing higher damage fractions. 
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TABLE 14. AID ANALYSIS SUMMARY FOR DAMAGE FRACTION, 
M[NIMUM STRENGTH SITES ONLY 

Fatigue 
Variable Damage 

Subgroup Variable Magnitude Fraction 

2 < 5 .828 
Minimum Dynamic 
Des i gn Factor 

3 > 5 .486 

4 > 8 .668 
Outer Wire 
To rs ions 

5 < 8 .923 

6 Nos. 4,8,9,11 .400 
Lubricant 

7 Nos. 1-3, 5- 7 .739 

8 Nos. 1-4, 6,7, 
10, 11 .881 

Lubricant 
9 Nos. 5,8,9 1.44 

10 Before 1968 .860 
Date 

11 1968, 70 1.83 

12 < 15% . 81 
EM-Predicted 
Strength loss 

13 > 15:", 1.15 

N 

166 

146 

61 

105 

109 

37 

97 

8 

95 

2 

82 

13 
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The overall test results of the AID analyses completed on the Ontario 
Special Rope Test data base are summar i zed in Table 15. Remaining strength 
was found to be the most predictable and important dependent variable, 
although some useful correlations with hoisting cycles, service life and 
their combination {damage fraction) were also established. 

The results just summarized were based on the AID tree. Another 
useful interpretation of the AID analysis for remaining strength (or, 
conversely, strength loss) was also made. From the analysis results deve­
loped prior to the first AID split on strength loss, (see Appendix D), 
it was possible to look at the relative importance of each independent 
variable acting on the total population (considering no interactions). 
Table 16 shows the relative importance of each independent variable in 
terms of the BSS/TSS ratio*. A high BSS/TSS ratio for a specific 

*BSS/TSS = Between groups sum of squares/total sum of squares. 

variable indicates that a high percentage of the variability in strength 
loss was explained by splitting the total population into two trial groups 
accord ing to that variable . Note that the BSS/TSS ratios ranged from 
almost 0 .40 down to about 0 . 002, which indicated that some independent 
variables were closely linked to strength loss, while others were almost 
unrelated. The ten independent variables most strong1y related to strength 
loss are presented in Table 17. Most of the variables listed are ones 
which the AID tree highlighted as being important. One significant except­
ion is used rope outer wire torsions. It is interesting that this var i ­
able shows up so strongly here, while it never even appeared in the higher 
branches of the AID tree, previously shown in figure 18. This result 
seems to have occurred because outer wire torsions were so closely linked 
with outer wire corrosion rating that corrosion rating, which was a slightly 
stronger variable, effectively tthid 11 outer wire torsions from exposure 
in the higher branches of the AID tree. This result tends to support 
the contention that the torsion test is primari ly an indication of wire 
surface quality and that corroded wires have poor surface quality and, 
therefore, low torsions. 

Discriminant Analysis 

The Ontario Special Rope Test data were also evaluated using a discr i ­
minant analysis . The discriminant analysis was in some ways simi l ar to 
the AID analysis, in that it sorted out the primary i ndependent variables. 
The discriminant analysis differed from the AID analysis in that it was 
used specifically to identify the independent variables which would best 
classify the Special Rope Test data into distinct groups based on strength 
loss, hoisting cycles and other important comb inat ions of the dependent 
variables that were selected for the analysis . 

The discriminant analysis package whic.h was used i s a part of the 
Statistical Package for the Social Sciences (SPSS) (.£!_). 



Degree of 
Correlation 

Most Strongly 

Moderately 

Weakly 

TABLE 15. AID ANALYSIS SUMMARY 

Remaining Strength 

Elongation, Used Rope 
(during tensile test 
on retired rope section) 

Corrosion Rating, Exterior 
Wires 

Diameter Reduction 

EM-Predicted Strength Loss 

Lubrication Rating, Strands 
and Core, Used Rope 

Broken Wires 

Rope Layers on Drum 

Lay Length Increase 

Hoisting Cycles 

D/d (Sheave/drum-to-rope diameter 
ratio) 
Rope Layers on Drum 

Initial Core Lubrication 

Corrosion Rating, Exterior 

Lubrication Rating, Strands 
and Core, Used Rope 

Strength Loss, Actual and 
EM-Predicted 

Length of Service 

Bearing Pressure Ratio 

Damage Fraction 

Dynamic Design Factor 

Outer Wire Torsions 

Lubricant 

EM-Predicted Strenqth Loss 
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TABLE 16. RELATIVE INFLUENCE OF VARIABLES ON REMAINING STRENGTH IN AID ANALYSIS 

Variable No. Variable Name 

1 Diameter Reduction 
2 Length of Service 
3 Lubricant 
4 Lubricant Application 
5 Lubrication Interval 
6 D/d 
7 Rope Layers on Drum 
8 Chai rs 
9 Shaft Condition 

10 Shaft Ventilation 
11 Environment 
12 Mine Water pH 
13 New Rope Outer Wire Torsion 
14 New Rope Core Lubrication 
15 Maximum Cage Acceleration 
16 Wire Strength 
17 Bearin~ Pressure Ratio 
18 Hoistinq (ycles 
19 EM-Predicted Strength Loss 
20 Elongation 
21 Used Rope Core Lubrication 
22 Increase in Lay Length Ratio 
23 Rope Appearance 
24 Lubrication Rating - Exterior 
25 Lubrication Char. - Exterior 
26 Lubrication Rating - Core 
27 Lubrication Char. - Core 
28 Corrosion 
29 Used Rope Outer Wire Torsions 
30 Length From Drum 
31 Broken Wires 
32 Galv. Wire 
33 Co./Mine ID 
34 Date 
35 Rope Usage 
36 Rope Type 
37 Min. Dyn. Des. Factor 
38 Strength Loss 

(a) Between group sum of squares/total sum of squares 

BSS/TSS(a) 

.0516 

. 0137 

.0124 

. 0181 

.0102 

.0168 

.0079 

.0022 

.0058 

.0080 

.0079 

. 0021 

.0312 

.0045 

.0080 

.0180 

.0329 

.0087 

. 0861 

.3908 

.0109 

.0071 

.0535 

.0109 

. 0116 

.0445 

.0336 

. 1933 

. 1912 

.0134 

.0292 

. 0021 

.0371 

.0095 

.0394 

.0320 

.0029 

6 
18 
20 
l 5 
24 
17 
29 
35 
32 
28 
30 
37 
13 
33 
27 
16 
11 
26 

4 
l 

22 
31 

5 
23 
21 

7 
10 

2 
3 

19 
14 
36 

9 
25 
8 

l 2 
34 

(b) Based on maximum BSS/TSS, which identifies the fraction of variabi1ity 
in strength loss explained by splitting the population according to a 
specific independent variable. 
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TABLE 17. PRIMARY VARIABLES INFLUENCING STRENGTH LOSS IN AID ANALYSIS 

Strongest Split 

Ranking Variable Number Vari ab 1 e Name High Strength Loss Low Strength Loss 

20 Elongation ~ 2% > 2% 

* 2 28 Corrosion Rating 5,6 < 4 

3 29 Used Rope Outer ~ 2 > 2 
Wire Torsions 

* 4 19 EM-Predicted 
Strength Loss > 10% < 10% 

* 5 23 Rope Appearance Broken Wires, Worn 
Damaged 

6 Diameter* 
Reduction 94% > 94% 

7 26 Lub. Rating of 
Core 3,4 l ,2 

* 8 35 Rope Usage Slope Drum, Friction 

* 9 33 Co./Mine ID 5,6,8-10 1-4,7, 11 

10 27 Lub. Character 
of Core l • 3, 6 2,5 

It: 
Nondestruct i ve Test Procedures 
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The discriminant analysis procedure which was used involved a step­
wise selection of the linearly related independent variables. In each 
case, the first variable selected was the single variable most influencial 
in defining distinct subgroups of the dependent variables. Then, with 
the first variable incorporated into the analysis, the second most influen­
tial variable was chosen. This procedure was automatically continued 
until it was found that no remaining independent variables could add signi­
ficantly to the discrimination between the dependent variable subgroups. 

The first dependent variable subgroups that were examined were de-
f i ned as follows: 

Group 1 = >30% strength loss 
Group 2 ~ <10% strength loss. 

Obviously, it would be desirable to know, based on nondestructive 
measures, whether a hoist rope was in Category 1 or 2. If the rope were 
in Category 1 and went undetected, it could lead to a catastrophic rope 
failure. On the other hand, if a rope that really was a Category 2 rope, 
was not identified as such, it might well be retired prematurely. 

As already inferred, the focus of the analysis was on the selection 
of nondestructive indicators of rope degradation that would best predict 
high and low rope strength losses . Table 18 lists the independent vari­
ables considered in the discriminant analysis for remaining strength. 
Note that nearly all of the variables listed are ones shown to be of some 
importance in the AID analysis. 

The results of the discriminant analysis are shown in Table 19. 
Five discriminating variables were found to be significant. The discrimi­
nating equation was, therefore, defined as follows 

X ~ A0 + A1V1 + A2V2 + A3v3 + A4V4 + A5v5. 

If the discriminant score exceeded 1.54, then Group 1 was predicted if 
the score was less than 1.54, Group 2 was predicted. Corrosion rating 
was found to be the single most important discriminating variable, with 
higher ratings leading to a substantially higher discrimant score and 
a stronger Group 1 prediction. 

Rope appearance was found to be second in importance as a discrimi­
nating variable. Recall here that a Rope Appearance Value of 1 means 
that the rope is worn, 2 means broken wires ( > 5), and 3 means damaged. 
Again, higher ratings produce a higher discriminant score and a stronger 
Group 1 pred i ction. Rope diameter reduction was found to be third in 
importance. In this case, higher rope diameter ratios {less reduction) 
led to lower discriminant scores and a stronger Group 2 prediction. Rope 
layers on the drum and EM-predicted strength loss were the fourth and 
fifth most important variables. Both of these factors were positively 
related to a Group 1 prediction, i.e. higher values led to a stronger 
Group 1 prediction. The standard coefficients for EM-predicted strength 
loss and for rope layers on the drum was fairly small though, suggesting 
a modest contribution to the discrimination capability. 
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TABLE 18. INDEPENDENT VARIABLES CONSIDERED IN DISCRIMINANT 
ANALYSIS FOR REMAINING STRENGTH 

l. Corrosion Rating, £~terlor Wires 7 . Rope layers on DrlR!l 

2. EM-Predicted Strength Loss 8 . Rope Diameter Reduction 

J. Rope Appea ranee 9. Hoisting Cycles 

4. Lubrication RAting Outer Wires 10. Length of Service 

5. Broken W1res II . Relative Distance from the Drum 

6. Outer Wire Torsions 12 . Increase In Lay Length/Diameter 

TABLE 19. DISCRIMINANT ANALYSIS FOR REMAINING STRENGTH 

variable 
Number 

VI 

V2 

V3 

V4 

vs 

DI scrlmi nant 
Descrf pt ton Standard! zed 

Corrosion Rating .905 

Rope Appearance ,405 

Rope Diameter Redvr tlon - . 270 

Rope Layers on Orum .226 

[H- Pred1c~ed Str~ngth Loss .216 

X • AO+ A!· VI • A2•Y2 • A3•Y3 • A4·Y4 • AS·VS 

If X > 1.54, > 3°' Strengt h Loss ts Pred, r. ted 
< l.54, < 10,: 'itrength Loss 1s Predicted 

Coefficients 
Unstandardt zed 

AO· 5.757 

Al .963 

A'l • I. 602 

Al• -. 109 

A4 • • 292 

AS• . o39'; 



78 

As a test of the quality of the discriminating equation which was 
developed, a trial run was completed on the Special Rope Test data base. 
Of the 1, 670 possible cases in the data base, only 497 had values for 
all the desired discriminating variables. Of the 497 values , 28 fe l l 
into Group 1 and 233 fell into Group 2, as shown in Table 20. Using the 
discriminating equation, 24 of the 28 Group 1 cases were correctly classi­
fied while 222 of the 233 Group 2 cases were correctly classified for 
an overall classification accuracy of about 94%. This result was very 
significant, because it said that better than 90% of the Special Rope 
Test specimens included in this analysis could have been sorted into Groups 
I and 2, before an destructive testin was carried out, provided adequate 
nondestructive test proce ures were avai a e an use to quantify the 
corrosion rating, rope appearance, rope diameter reduction and EM-pred­
icted strength loss . 

A similar discriminant analysis was performed using hoisting cycles 
as the dependent variable. The subgroups to be discriminated were defined 
as follows : 

Group 1 = <40,000 hoisting cycles 
Group 2 ~ >120,000 hoisting cycles. 

In this case , the independent variables considered for the analysis were 
restricted to nondestructive variables, and even more specifically, to 
hoist system and rope description variables alone . The list of variables 
considered is given in Tab le 21. 

The results of the stepwise discriminant analysis are shown in Table 
22. Only three discriminating variables were found to be significant 
in this case . The drum/sheave-to-rope-diameter ratio, D/d, was found 
to yield the sing l e most important discriminating score and a stronger 
Group 2 prediction. Initial wire strength was found to be second in import­
ance as a discriminating variable . In this case, wire strength was esti­
mated from rope breaking strength , diameter and construction information 
since such information was not directly reported. Higher wire strength 
values Jed to a higher discriminant score and a stronger Group 2 predict­
ion. Lubricat ion interval was found to be third in importance (and only 
of marginal significance). In this case, longer lubrication intervals 
led to lower discriminant scores and a stronger Group 1 prediction. 

To test the quality of the discriminating equation which was devel­
oped. a trial run was completed on the Special Rope Test data base. The 
results are shown in Table 23. Of the 1,670 possible cases in the data 
base, 1,108 had values for all of the desired discriminating variables. 
Of the 1,108 cases, 344 fell into Group 1 while 149 fell into Group 2 
(the remaining 615 cases fe l l 1ntermediate to these limits) . Of the 344 
Group l cases, only 209 were correctly class ified , while all 149 Group 
2 cases were correctly classified , for an overall classification accuracy 
of 73%. This result is not so impressive as was the prediction percentage 
determined in the analysis using remaining strength as the dependent vari­
able, although the prediction accuracy for the long-life ropes was even 
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TABLE 20. PRED[CTION OF REMAINING STRENGTH 

Number of Samples i n Test Population - 497 

Actua 1 No. of Predicted Group 
Group Cases 1 2 

1 28 24 4 
(86%) (14%) 

2 233 11 222 
(5%) {95%) 

Over a 11 Percentage of Cases Correctly Classified - 94% 
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TABLE 21. INDEPENDENT VARIABLES CONSIDERED IN DISCRIMINANT 
ANALYSIS FOR HOISTING CYCLES 

l. 0/d 9. Rope Category or Type 

2. Lubrication lnterva 1 10 . Length of Service 

J . Initial Wire Strength 11. Rope Lubricant 

4. Rope layers on Orum 12. Lubricant App11cation Method 

s. Bearing Pressure Ratio 13. Initial Outer Wire Torsions 

6. Environment 14 . Shaft Ventilation 

7. Hlnl~~m Dynamic Design Factor I~ . ln1l1al Corr Lubrication 

a. Type of Service or Rope Usage 16. Hine Water pt! 

TABLE 22. DISCRIMINANT ANALYSIS FOR HOISTING CYCLES 

Variable 
Numbl!r 

Yl 

Y2 

Y3 

Description 

0/d 

Olscriminant Coeffi ci ents 
Standardized Unstandardized 

AO • -1976. 

In itial Wire Strength 

Lubrication Interval 

l ' . 53 

11.46 

-2.04 

Al • 

A2 • 

25.80 

0.000883 

AJ • •. 162 

X AO• Al•Vl • A2·Y2 • AJ•Y3 

If x < 256.7, < 40 , 000 Cycles Is Predicted 
> 256.7, > 120,000 Cyc les ts Predicted 
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TABLE 23. PREDICTION OF HOIS TING CYCLE LIFE 

Number of Samples in Test Popu l ation - llOR 

Actua 1 No. of Predicted Group 
Group Cases 1 2 

1 344 209 145 
{ 61%) (39%) 

2 149 0 149 
(or.) ( 100%) 

Overall Percentage of Cases r:orrectly Classified - 73% 
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better than that for the best remaining-strength categorization . The 
relat ive ly poor predict ion accuracy for the short-life ropes may be re­
lated to the fact that a significant number of ropes were retired for 
reasons not covered by the discriminating variables (e.g . time on the 
hoist, mine shut down, rope damage)--many of which are not contained in 
the Special Rope Test data base. 

A final discriminant analysis was performed using a combination of 
hoisting cyc l es and strength loss as dependent variables. The subgroups 
to be discrimi nated were defined as follows: 

Group I= >30% strength loss 
and <40,000 hoisting cycles . 

Group 2 = <10% strength loss 
and >120,000 hoisting cycles . 

Both groups of independent variables considered separately in the first 
analyses were considered jointly for the final analysis. 

The results of the stepwise discriminant analysis are shown in Table 
24. Eight discriminating variables were found to be significant in this 
case. The drum/sheave-to-rope diameter ratio (0/d) was found to be most 
important discriminating variable, with higher 0/d values leading to a 
lower discriminant score and a stronger Group 2 prediction. EM-predicted 
strength loss was found to be second in importance as a discriminating 
variable . As expected, high EM-predicted strength losses led to a higher 
discriminant score and a stronger Group 1 prediction . Of the remaining 
6 discriminating variables, all behaved as expected except two of them­
-initial wire strength and corrosion rating. These variables pushed the 
discriminant score in a direction opposite to that which would be expected, 
with high wire strength leading to a Group 1 prediction (contrary to the 
second discriminant analysis} and high corrosion ratings 1eadin$ to a 
Group 2 prediction (contrary to the f i rst discriminant analysis). This 
kind of reversal in impact of specific variables can happen in a discri­
minant analysis, depending on the more important variables that precede 
it in the stepwise discri minant equation . 

Despite some of the unsuspected signs of several coefficients in 
the discriminant equation, the results were very impressive, as shown 
in Table 25 . Out of 45 cases that actually fell into Groups 1 or 2, 100% 
were correct ly classified . 

In surrmary, the discriminant ana lysis showed that high or low remain­
ing strength in a specific section of hoist ropes can be predicted wi th 
over a 90% chance of success if the corrosion rating , rope appearance, 
rope diameter reduction, rope layers on the drum and EM-predicted strength 
loss are known . The quality of this prediction is not substantially re­
duced even if an EM-predicted strength loss reading is not available. 
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TABLE 24. DISCRIMINANT ANALYSIS FOR REMAINING STRENGTH/HOISTING CYCLES 

Variable Discriminant Coefficients 
Hulllbtr Descrlptton Standa rd\ zed Unstandardized 

AO • 14.06 

VI 0/d - 1.8S Al • - 0.333 

V2 Predicted Strength loss .934 A2 • 0.080 

Y3 Initial Wire $trength . 364 Al • 0.0000225 

V4 Rope Category or Type . 927 A4 • 2.10 

V5 Rope Appearance .SOI AS • l.44 

V6 Corrosion Rating - .206 A6 • o.1sq 

V7 lubrication lnt•rval .34S A7 • 0.0373 

va Rope layers on Orum .257 AB• 0.369 

X - AO • Al•Vl • A2·V2 • AJ•Vl • A4•V4 • AS·VS • A6•V6 • A1•V7 • AB·VB 

If x > 4.~s. > 30$ Streng1.h Loss • nd < 40,000 Cycles Is Predicted 
< 4.9S, < IOI ~•rength Loss 4nd) 120,000 ( ycles Is Predicted 

TABLE 25. PREDICTION OF REMAINING STRENGTH/HOISTING CYCLE PERFORMANCE 

liumber of Sampl es In Test Population - 809 

Ac tua 1 No. ot Predlrted :iroup 
Group Cases I 2 

g 9 0 
:1 0~} (0%) 

2 36 0 36 
(Ol) (JOOS) 

Overall Percentage~, Cases Correctly Classified - LOO\ 
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In addition, high- or low-hoisting-cycle lives for a specific rope can 
be predicted with a greater than 70% chance of success if the 0/d, initial 
wire strength and lubrication interval are known. The long- life condi­
tions are predicted with higher confidence than are the short- life condi­
tions. And finally, predictions based on strength and life simultaneously, 
are high ly confident if the groups are well spaced. 

Anal ysis of Routine Rope Test Data Base 

The Routi ne Rope Test data were in i tial ly viewed as a comp lementary 
collection of test results that might be used in conjunction with the 
Special Rope Test data to answer two primary questions: 

(1) Do rope cutoff results offer a worst-case indication of degrada­
tion for the balance of the rope? 

(2) Do rope cutoffs reduce the frequency of rope retirement due 
to rope damage near the conveyance? 

Unfortunately, the Routi ne Test Data are limi t ed in several important 
ways. First, the Routine Rope Test data base largely does not cover the 
same time period or mine sites that are covered by the Special Rope Test 
data. Second, no tonnage hoisted or cycles of operation are reported 
in the Routine Rope Test data. Third, no subsequent destructive tests 
were performed on the EM-predicted strength-loss sites in the rope cutoff 
specimens. 

The first limitation of the Routine Rope Test data is highlighted 
in Table 26, where the chrono logy of both the Special Rope data and the 
Routine Rope data is shown. Nearly 85% of the Special Rope Tests were 
completed before 1965, while over 90% of the Routine Rope Tests in the 
present data collection were completed after 1965. 

Despite the above limitations, however, there were some significant 
observations which could be made based on the Routine Rope Test data collec ­
tion. For example, a simple compilation of the reasons for removal of 
these ropes was quite revealing, as can be seen in Table 27. More than 
22% of the ropes were retired because of low EM test results (i .e . , indicat­
ions of greater than 10% strength loss). Over 14% were retired because 
of broken wires, while almost 12% of the ropes were simply too short after 
t he last cutoff to be useful for further serv ice . In comparison, only 
5. 7% were retired because of low strength, as determined in the tensile 
test of the cutoff specimens. This result shows that the cutoff is not 
norma1ly degraded in strength to any substantia l degree, (but this may 
well be a result of the fact that the cutoff program normal1y eliminates 
the critical termination section of rope before damage is significant). 

A distribution of remaining strength values for the Routine Rope 
Test specimens (cutoffs) is shown in Figure 42. This figure shows a bi­
linear plot of remaining- strength values, which suggests a nonhomogenous 
population. In fact, the slope is far steeper for the lowest 2% of cases, 
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TABLE 26. CHRONOLOGY OF SPECIAL ROPE TESTS AND ROUTINE 
TESTS IN THE PRESENT DATA BASES 

Special Rope Tests Routine Rope Tests 
Time Period No. % of Total No. % of Total 

Before 1955 130 36 

1955 - 1965 171 48 69 7 

1965 - 1970 21 6 89 9 

1970 - 1975 15 4 225 22 

After 1975 10 3 619 61 

No Date Specified 12 3 8 1 

359 100 1010 100 
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TABLE 27. REASONS FOR REMOVAL OF ROPES CITED IN 
THE ROUTINE ROPE TEST DATA 

No. of 
Reason Cited Cases 

Low EM Test Result 225 

Broken Wires 146 

Shortness 119 

Unfit for Hoisting 101 

lenqthy Service 80 

Low Strength 58 

Waviness, Distortion, Birdcaging 27 

Low Torsi ans 14 

Damaged 9 

Rope Failure 

Unknown or Unspecified 231 

1010 

Percent 
of Total 

22.3 

14.5 

11. 8 

10.0 

7.9 

5.7 

2. 7 

1. 4 

0.9 

23.1 

100.0 



] 
.€ 
0 

I 
f 
<I) 

g' 
·c; 

] 

87 

100 

90 

80 

Routine rope cutoff distribution 
70 (IOIO c.osM) 

I 

I 
60 

~ 

40 

-.... - .,--­
/ 

I 
I 

' I 

Speelol rope di,tributlon 
(4503 cosesl 

10 100 

FIGURE 42. Cumulative distribution plot of rema1n1ng strength 
values for the Routine Rope Test data in comparison 
to the Special Rope Test data. 



88 

suggesting that the lower segment is made up primarily of damaged rope 
samples that might well have been identified through visual inspection. 

Outer-wire corrosion ratings and torsion values were available for 
most of the Routine Rope Test specimens. Figure 43 shows the correla­
tion between average outer-wire corrosion rating and remaining strength. 
There is a modest correlation (R = -0.081) with high corrosion ratings 
tending to relate to lower remaining strengths. If al l readings below 
1.0 are ignored, as in Figure 44, the correlation is substantial ly improved 
(R = -0.614) , although still not dramatically . Figure 45 shows the corre­
lation between outer-wire torsions and remaining strength . Again, there 
is a modest correlation (R = 0.253), with low torsions tending to relate 
to lower remaining strengths . If all readings above 30 are i~nored, as 
in Figure 46 , the correlation is somewhat improved (R = 0.407). 

In surranary, the Routine Rope Test data are of limited usefullness 
in answering the originally posed questions . The current cutoff practice 
(represented by these test records) does not ensure safe rope operation, 
nor does it accurately reflect the condition of the overall rope. However, 
if the rope near the conveyance is damaged or poorly maintained by lack 
of lubrication, both of which should be discernable with appropriate vis­
ual inspection) a cutoff is very helpful. Even so, there is little evi­
dence in the current data base that supports the belief that the convey­
ance end of the rope is the critical damage site- -although available infor­
mation is probably not adequate to address this question properly. Never­
theless, mandatory cutoff requirements are apt to preclude the corrosion­
fatigue failures that would ordinarily occur near the attachment to the 
conveyance. Thus, cutoffs are believed to result in ''referring" failures 
to other locations in the rope and, depending on the conditions at the 
failure site, the mode of failure could be different from that character­
istic of those that might have occurred if cutoffs had not been made . 

Laboratory Rope Analysis 

The laboratory data collected in th1s program were analyzed to deter­
mine the extent to which existing luboratory axial-fatigue and bend-over­
sheave fatigue data could be used to evaluate the characteristics and 
service potentia l of mine- hoist rope constructions. In the review which 
follows , the axial-fatigue data base is considered first, followed by 
the bend-over-sheave fatigue data base. In each case, the key variables 
are discussed, the makeup of the data is reviewed and some sample correla­
tion and regression analyses are presented. 

Axial-Fatigue Data 

The axial-fatigue data which were collected were encoded in the for­
mat described in Appendix C. From Appendix C, a list of variables was 
constructed for analysis of these data; this list is shown in Table 2A. 
About one-half of the original variable list was retained in its original 
form, while 5 derived variables were constructed that were known or thought 
to be of importance. The variables which were omitted were either inadeq­
uately defined in the present data base or not pertinent . 
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OUTER WIRE TORSIONS VS REMAINING STRENGTH 
(ALL VALUES) 

R ~ 0.253 
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Variable 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 

19 

20 
21 
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TABLE 28. LIST OF VARIABLES FOR ANALYSIS OF 
LABORATORY AXIAL-FATIGUE DATA(aJ 

Definition 

Nominal Rope Diameter, inch 
Rope Construction 
Lay Type 
Wire Material Code 
Core Type 
Lubricant Code 
Rated Breakinq Load, kips 
Actua l Breaking Load, kips 
Number of Exter ior Wires/ 

Strand 
Data Source Number 
Environment 
Tennination Type 
Maximum Load/Rated Breaking 

Strength 
Rope Temperature, C 
Cycling Frequency, cycles/~in 
Fatigue Life, cycles 
Failure Criteria 
Strength Loss at Failure 

Criterion, percent of ~BS 
Load Range/Rated Breaking 

Strength 
Load Ratio 
Equ ivalent Load/Rated Breaking 

Strength 

Variable Definition 

V2 
V3 
V4 
V5 
V6 
V7 
VB 
V9 
VlO 

V13 
V21 
V22 
V27/28 

V29 
V30 
V32 
V34 
100 - (V35/V8) 100 

V27/V8 - 1/V25 

V8/{V25 · V27) 
V27 · [l - Load Ratio ]1/ 2 

V8 

(a) See Append i x C for complete variable list. 
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The -0xial-fatigue data which were obtai ned in th is program are summar­
i zed in T-0ble 29 . The specific data sources are cited in Appendix C. 
Only three rope constructions are presented; however, more than 900 tests 
are inc1uded--these covering a broad range of rope diameters and fatigue 
lives . 

The data base is broad enough that there are a number of different 
correlation and regression analyses that can be performed as indicated 
in Table 30. Several examples of analyses are presented along with the 
results to illustrate the ways in which the data base can be utilized. 

The first example centers on the determ ination of the best consol ida­
tion parameter for axial-fatigue data. There are several possible means 
for consolidating axial-fatigue data such as maximum load, load range, 
mean load or some combination of t hese parameters. If different rope 
diameters or strength levels are to be considered, then normalized values 
of the above parameters (where all values would be divided by the rated 
or actual break ing strength) would be appropriate to consider . 

In this case three normalized load parameters were considered and 
compared. They were defined as follows: 

( l) 

(2) 

(3) 

where R = 

Maximum Load 
Rated Breaking Strength 

Load Range 
Rated Breaking Strength 

k 
Load Range (l - R)~ 

Related Breaking Strength 

Min i mum Load 
Maximum Load 

First, the data were analyzed together using all 906 data points. 
Figures 47 through 49 show the results of those analyses using Parameters 
1, 2, and 3, respectively. Several things are readily apparent in these 
figures . First of all, in no case does any one of the models consolidate 
all of the data to any substantial degree --the population 1s simply too 
diverse with too many other variables tendi ng to scatter t he data. Second, 
the normalized load range does the best job of minimizing that scatter, 
as can be 2een in the computed R-squared value tabulated below Figure 
48. (An R2 value of 100% indi cates a perfect representation of the data, 
whi le an R value of 0% 1ndicates no explanation of the data by the model . ) 

A more critical assessment of the different consolidation parameters 
was made by selecting several subsets from the overall data collection. 
In Figures 50 through 52, the same three parameters were evaluated for 
a collection of 6 x 37, IWRC, regular lay ropes subjected to 2-4 weeks 
prior exposure in sea water. Note here that the collection of data is 
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TABLE 29. SUMMARY OF LABORATORY AXIAL-FATIGUE DATA 

Data Sources 9 

Rope Constructions 3 6 x 2S f W 
Ix 19 Strand 
6 X )7 WS 

Range of Rope Diameters 

Range of f atigue Lives 

Test Results 

0.38 In. - 2.69 In. 

1000 - 20 mill ton 

TABLE 30. CORRELATION AND REGRESSION ANALYSIS OF 
AXIAL-FATIGUE DATA 

Lonsolldat1on of Data 

Effects of Construction 

Effects of Core Type 

Effects of Sea ~ater Exposure 

Effec.ts of Lay Type 

Effect s of Rope Diameter 

Effects of Tennlnat ion Type 

Effects of Lubricant 

Effects of Failure Criteria 
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much less scattered, and that the second and third parameters provide 
a nearly equal consolidation of the data. An examination of another data 
collection for 1 x 19 strand is shown in Figures 53 through 55. These 
results showed convincingly that, under the various conditions of loading 
that might be encountered, the second parameter, i nvolving a normalized 
load range, was the most useful consolidating parameter. 

A second example of the usefullness of the current axial-fatigue 
data base centers on the question of rope construction effects. The axial­
fatigue resistance of two different IWRC, regular- lay, six-strand ropes 
was compared with that for a 1 x 19 strand. The data for the 6 x 25 con­
struction are presented in Figure 56 . A comparison of this result with 
the comparable results on the other two construction (previously shown 
in Figures 51 and 54) revealed that , of the three constructions consid­
ered, the 6 x 25 construction shows the lowest fatigue resistance and 
the 6 x 37 construction shows the highest resistance to fatigue degrad­
ation. 

A final example focuses on the influence of core type on axial-fatigue 
resistance . The data base for the 6 x 37, IWRC, regular-lay rope (previ­
ously presented in Figure 51) was compared with that for a 6 x 37, fiber­
core, regular-lay rope that is shown in Figure 57 . It is apparent that 
the data indicate that the axial-fatigue resistance for the 6 x 37 con­
struction is virtually independent of core type . 

Bend-Over-Sheave Fatigue Data 

The bend-over-sheave fatigue data which were collected were encoded 
in the format described in Appendix C. The list of variables shown in 
Table 31 was constructed from the complete list in Appendix C for analysis 
of the bend-over-sheave fatigue data. About two-thirds of the complete 
list of variables was retained in its original form, while 6 derived vari­
ables were constructed that were known or thought to be of importance . 
The other variables were omitted either because they were inadequately 
defined or they were not pertinent . 

The bend-over-sheave fatigue data which were obtained in this program 
are surm1arized in Table 32. A broad range of data sources, rope construc­
tions, rope diameters and fatigue lives are represented . 

The bend-over-sheave fatigue data base is even more broad than the 
axial-fatigue data base . A number of different analyses can be performed 
as indicated in Table 33 . Several examples of analyses are presented 
along with results to illustrate the ways in which the data base can be 
utilized . 

The first example involves an examination of the influence of core 
type on bending-fatigue resistance. The commonly used bearing-pressure 
ratio is used as a consolidating parameter. Figure 58 shows the result 
for a 6 x 36 WS, fiber-core, regular-lay rope subjected to reverse bending. 
The comparable result is shown in Figure 59 for a 6 x 36 WS, IWRC, regular­
lay rope, also subjected to reverse bending . Note that the bending-fatigue 
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Variable 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

lO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 

24 
25 
26 

27 
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TABLE 31. L(ST OF VARIABLES FOR ANALYSIS OF 
LABORATORY JENO-OVER-SHEAVE 
FATIGUE DATA 

Definition 

Rope Diameter, Inch 
Rope Construction 
Type of lay 
Wire Material Code 
Core Type 
Lubricant Code 
Rated Breaking Strength, kips 
Actual Breaking Strength, kips 
Average Exterior Wire Strength 
Number of Exterior Wires/Strand 
Data Source Number 
Sheave Groove Radius, inch 
Sheave Groove Hardness 
Type of Bend 
Design Factor 
0/d 
Rope Tension, kips 
Cycling Frequency, cycles/minute 
Swivels 
Fatigue Life, Machine cycles 
Fai l ure Criteria 
Strength Loss at Failure 

Cr i terion, ··· of R8S 
Fatigue Life, Bending Stres~ 

Reversals 

Where 

Bearing Pressure Ratio 
Modif i ed Bearing Pressure Ratio 
Preformed 

Rope Categories 

Variable Definition 

V2 
VJ 
V4 
vs 
V6 
V7 
VB 
V9 
VlO 
Vll 
Vl3 
V14 
Vl7 
V20 
V24 
V26 
V27 
V30 
V31 
V32 
V34 
100 - ( V35/V8) • 100 

V32 X 

V20 X 
i' 1 
2 2 
3 4 
4 4 
5 a 
6 6 
7 8 
8 10 
9 8 
2 · V27/(V9.V26·V22) 
20 · V27/(Vll-V9 -V26-V2 2) 
O Preformed 
1 Nonpreformed 
1 Flattened Strand 
2 6 x 19 Class Round Strand 
3 6 x 7 Class Round Strand 
4 Locked Coil 
5 8-Strand & Rotation Resistant 
6 6 x 37 Class Round Strand 
7 6 x 61 C~ass Round Strand 
8 Single Strand 
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TABLE 32. SUMMARY OF LABORATORY BENO-OVER-SHEAVE FATIGUE DATA 

Data Sources 
Rope Constructions 

·Range of Rope Diameters 

Range of Fatigue Lives 

Test Results 

33 

23 
0.38 in. - 3.00 in. 
2 - l million 

4508 

TABLE 33. CORRELATION AND REGRESSION ANALYSES OF 
BEND-OVER-SHEAVE DATA 

Consolidation of Data 
Effect of Type of Bend 

Effect of Core Type 

Effect of Lay Type 

Effect of Swivels 

Effect of Construction 

Effect of Data Source 
Effect of Failure Criteria 
Effect of Preforming 
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resistance is comparable at high bearing-pressure ratios, but the fiber­
core rope shows superior fatigue resistance at low bearing-pressure ratios. 
This result is significantly different than that seen for axial fatigue, 
where core effects were negligible. 

A second example centers on an old issue--preform1ng. It has long 
been said that preforming provides for superior bending-fatigue resist­
ance. Yet. a large collection of test results for a 6 x 36 WS, fiber­
core, regular lay rope subjected to a single bend (see Figures 60 and 
61) show only a relatively modest influence of preforming. 

Numerous other cases could be examined with both the axial-fatigue 
and bend-over-sheave fatigue data bases . The cases presented here serve 
only as examples. Both data bases do contain data for rope constructions 
currently used in mine-hoist systems. The only sign ificant omission is 
locked-coil rope--no axial-fatigue or bend-over-sheave fatigue data were 
found for locked-coil rope. To the extent that axial- and bend-over-sheave 
fatigue i s important to the service life of hoist ropes, these large labora­
tory data bases will be very useful. Some indications of their applic­
ab ili ty can be seen in Figure 62, where average bending stress reversa l s 
for the Ontario Special Rope Test data were computed and compared with 
laboratory data on the bas i s of bearing-pressure ratio. Certainly, most 
of the field data fall into the expected range re l ative to the l aboratory 
data. The only disconcerting factor is that the variation in fatigue 
performance with decreasing bearing-pressure ratio is neg li gi ble i n the 
f ie ld ropes and th i s trend is not well predicted based on laboratory data. 
This comparison only serves to emphasize the apparent need to consider 
other factors i n addit i on to fatigue in evaluating the performance of 
ropes in mine-hoist service. 
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Notes: l , Bounds ore for: 
Ref. 19 
6 x 25 fiber core rope 
llM!r se bendi'IQ 

2 . Plotted point~ ore for Ontono Special Rope Tes1 darn 
l---0--i Meon value, ti standard deviation 
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FIGURE 62. A comparison of laboratory and field bend-over-sheave 
fatigue behavior. 
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TABLE A-1 . SPECIAL ROPE TEST DATA-CARD NO . 1 

Variable No . Columns Format Description Options/Comments 

1 1-3 A3 Department of Mines 
Record No. 

4 Al Card No. ( 1 ) 

2 5-8 F4.3 Rope Diameter (; n. ) 

3 9-10 I2 Rope Construction see Table A- 5 
(Code Number) 

4 11 11 Type of Service see Table A-6 
(Code Number) 

5 12-15 (4 Length of Service 
(Days) 

6 16-20 F5.l Tonnage Hoisted 
(1,000 Tons) 

7 21-23 F3 . 0 Live load 
{1,000 1 b) 

R 24-28 FS .O Dead Load (lb) 

9 29-32 F4 .0 Rope Speed 
{ft/min) 

10 33-35 I3 Rope Lubricant see Table A-7 
(Code Number) 

11 36-37 r2 Lubr icant' Application see Table A-8 
Method (Code Number) 

12 38-39 I2 lubrication Interva 1 
(Days) 

11 40 I1 Continuous Lubrication l =yes; 2 = no 

14 41-43 F3.0 Drum Diameter (in.) 

15 44-46 F3 .0 Sheave Diameter (in.) 

16 47 I l Number of Rope Layers 
on Orum 
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TABLE A-1. Continued 

Variable No. Columns Format Descr ip tion Options/Comments 

17 48-49 F2.0 Acceleration Time 
(sec) 

18 50-51 F2.0 Deceleration Time 
(sec) 

19 52 I 1 Type of Chairs 1 = with; 
0 = without 

20 53 [ 1 Shaft Conditions 1 = vert i ca l; 2 = 
slope 

21 54 Il Shaft Ventilation 1 = upcast; 2 = 
downcast 

22 55 11 Environment 1 = wet; 2 = dry; 
3 = humid 

23 56-58 F3.l Mine Water {pH) 

24 59 [l Loading Operation see Tab 1 e A-9 
(Code Number) 

25 60 I 1 Reason for Removal see Table A-10 
(Code Number) 

Initial Test Results 

26 61-65 15 Test Number 

27 66-71 F6.0 Breaking Strength ( l b) 

28 72-73 F2 .1 Extension {; n. ) 

Torsional Strength 
(Turns) 

29 74-75 F2.0 I. W. , Inner Wires 

30 76-77 F2.0 0, w • 1 Outer Wires 

31 78-80 F3.l Core Lubrication (%) 
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TABLE A-2. SPECIAL ROPE TEST DATA-CARO NO. 2 

Variable No. Columns Format Oescri pt ion Options/Comments 

1-3 A3 Department of Mines 
Record No. 

4 Al Card No. ( 2) 

32 5-6 F2.0 Length of Initia1 Test 
Piece (in. ) 

33 7-12 F6.0 Minimum Breaking Load 
(lb) 

34 13-18 F6.0 Maximum Break ing Load 
( 1 b) 

35 19-21 F3.0 E.M. Prediction at Point 
of Minimum Strength 
(percent of maximum) 

36 22-24 F3.l Extension at Minimum 
Point ( in. ) 

37 25-27 F3.l Extension at Maximum 
Point (in. ) 

Diameter at "Total 
Static Load" (in. ) 

38 28-31 F4. 3 at Minimum Point 

39 32-35 F4.3 at Maximum Point 

40 36-37 F2.0 Length of Test Piece at 
Mini mum (in. ) 

41 38-39 F2.0 Length of Test Piece at 
Maximum (in.) 

Appearance of Rope at see Table A-11 
Minimum Point 

4L 40-41 I2 External (Code Numbers) 

43 42-43 12 Internal (Code Numbers) 

44-47 4X 
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TABLE A-2 . Continued 

Variable No . Columns Format Description Options/Comments 

Lubrication Rating at see Table A-12 
Minimum Point 

44 48 11 Exterior of Strand (Code) 

45 49 ll Character (Code) 

46 50 I 1 Interior of Strand (Code) 

47 51 11 Character (Code} 

48 52 I 1 Core (Code) 

49 53 I 1 Character (Code) 

Corrosion Rating at see Table A-13 
Minimum Point (Code No . } 

so 54 I l Lock Wires 

51 55 I 1 Outer Wires ( Ra i 1 } 

52 56 11 Inner Wires (Round, 
second layer} 

53 57 ll Fi 11 er Wires (Round, 
third layer) 

Torsion Tests at Minimum 
Point (Number of Turns) 

54 58-59 F2 .0 Lock Wires 

55 60-61 F2 . 0 Outer Wires ( Ra i1) 

56 62-63 F2 . 0 Inner Wires (Round, 
second layer) 

57 64-65 F2.0 Filler Wires (Round, 
third layer) 

Lubricant in Core at 
Minimum Point 
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TABLE A-2 . Continued 

Variable No. Columns Format Description Options/Comments 

58 66-68 F3 .l (Percent by Weight) 

59 69- 73 F5 . 3 Length of Lay at Minimum 
Point {in . ) 

60 74-78 F5 . 3 At Maximum Point ( i n. ) 
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TABLE A-3. SPECIAL ROPE TEST DATA-CARD NO. 3 

Variable No. Columns 

61 

62-68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

1-3 

4 

5-8 

9-22 

23 

24-27 

28-29 

30 

31 

32-33 

34-35 

36-38 

40 

42 

69 

Format 

A3 

Al 

F4.0 

7A2 

Al 

F4.0 

!2 

11 

11 

I2 

12 

I3 

Il 

I 1 

I 1 

Description 

Department of Mines 
Record No. 

Card No. 

Total Length of Rope 
i n Servi c e ( ft ) 

Remarks 

Other Service 

Length of Rope from 
Sprout to Point of 
Minimum Breaking 
Load, ft 

No. of broken wires 
at cause of Retire­
ment Point 

Galvanized Wire 

Classified Rape 
Construction 

No. of Breaking Strength 
Tests Done 

No. of Tests Encoded 
with B.S. < 95% 

Extra Idlers, pulleys, 
sheaves, diam. (in.) 

No. of ropes for 
friction hoist 

Rope wind 

Lubricant Application 
Category 

Options/Comments 

(3) 

see Table A-14 

see Table A-15 

Drum Hoist : 
from attachment 
on drum 
FH: from CWT 
Balance Rope: 
from CWT 

1 = yes; 2 = no 

see Table A-16 

No. of 4 cards 
after this one 

1 = over; 2 = 
under; 3;; both 

see Table A-17 
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TAB LE A-3. Continued 

Variable No. Columns Format Description Options/Comments 

80 70 11 Rope Usage (Service) 1 = Drum Hoist 
Category 2 = Friction 

Hoist 
3 = Friction Tail 
4 = Slope Hoist 

81 71-74 14 Date of Test (mo/yr) 

82 75-80 I6 Mine/rope Identification see Tab l e A-18 
Code 
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TABLE A-4. SPECIAL ROPE TEST DATA-CARD NO. 4 

Variable No. Columns Fo nna t De sc ri pt ion Options/Comments 

1-3 A3 Department of Mines 
Record No. 

4 Al Ca rd No. (4) 

5-10 F6.0 Breaking Load {16) 

35 11-13 E.M. Prediction 

36 14 - 16 F3 . 1 Extension (in.) 

38 17-20 F4.3 Diameter (in.) 

Appearance (see Table 
B-5) 

42 21-22 I2 External 

43 23 -24 I2 Int erna 1 

Lubrication Code 

44 25 I 1 Exterior 

45 26 l l Character 

Corrosion Rating 

50 37 ll Lock Wires 

51 32 I 1 Outer Wires 

52 34 I 1 Inner Wires 

53 34 I 1 Filler Wires 

Torsion Tests 

54 35-36 F 2. 0 Lock Wires 

55 37-38 F2 . 0 Outer Wires 

56 39-40 F 2. 0 Inner Wires 

57 41-42 F2.0 Filler Wires 
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TABLE A-4. Continued 

Variable No. Columns Format Description Options/Comments 

58 43-45 F3.l Lubricant 1n Core 
(Percent by weight) 

59 46-50 F5.3 Length of Lay 

71 51-52 12 Broken Wires 

70 53-56 F4.0 Location 
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TABLE A-5. ROPE CONSTRUCTION 
Code Numbers 

Code 

1. 6 X 14/12/3/3 
2. 6 X 12.6. 6.l 
3. 6 X 12/12/3/3 
4. 6 X 12/6/6/1 
5. 6 X 12/12/3 
6. 6 X 14/12/3/3 
7. 6 X 12/12/3 
8. 6 X 12/6/6/1 
9. 6 X 9. 12.3.3 

lQ. } X 45,40,28,24,16,16,8,8,l 
11. 6 X 12/12/3/3 
12, 6 X 12/12/3 
13 . 1 X 32 ,24,16,16.8 . 8.1 
14. 6 X 12/12/3/3 
15 . l X 39,32 . 22.17.12.6 . 6.1 
16, 1 X 44,36,26.21.16 . 16 . 8.8. l 
17 . l X 33,28.17.12 . 6.6 . 1 
18. 1 X 33.24.16 . 16.8 . 8.1 
19 . 1 X 40.38.27.22.17 . 12.6 . 6.l 
20. 12/6 X 7/4 

12/6 X 12/212 
21. l X 42 . 38 . 25 . 19 . 16.16.8.8. l 
22 . 1 X 30.26 . 17.12. 6. 6.1 
23 . 1 X 35.26.16 . 16 .8.8 . 1 
24. Jb . 32.22 . 17 . 12 . 6. 6. 1 
25. 6 X 12.12. -6 
26. 6 X 9.9.1 
27. 6 X 12.12. 3.3 
28. 1 X 40.40.27.22.17 . 12.6 . 6.l 
29. 12/6 X 12.2.2 

12/6 X 7. 6. 1 
30 . l X 37.28 . 17.12,6 . 6.l 
31 . 6 X 12. 6. 6. 1 
32. 6 X 8. 8.l 
33. 6 X 10 . 5. 5.1 
34. 6 X 8.8 . 1 
35. 6 X 12/12/ 
36. 6x 13 . 12 . 3. 3 
37. 6 X 12.6 . 6.l 
38 . 1 X 31 . 26.22.12 . 12.5.1 
39. 1 X 37.30 . 28.17 . 12.6 . 6.1 
40 . 34 X 6/1 
41. l X 31 .26.22.14.14.7.1 
42. 6 X 12.12. - 6 
43. 6 X 10/5/5/1 

Description on Original Record 

Left Lang Lay, Galv. 
Lang Lay 
Lang Lay 

Lang Lay 
Right Lang Lay - Galv . 
Galv. - Lang Lay 
12 Core, Galv . , Armoured, Lang Lay 
Galv., Lang Lay 
Locked Coil 

Galv . , Locked Coil 
Galv . Lang lay 
Galv. Locked Coil 
locked Coi 1 
Ga 1 v. Locked Coi 1 
Locked Coi 1 
Locked Coi 1 
Lang Lay 
Lang Lay 
Locked Cail 
Gal v. Locked Coi 1 
Locked Coi 1 
Locked Coi 1 
Lang Lay 
Gal v. Lang Lay 
Galv ., Right Lang Lay 
Locked Coi 1 
Lang Lay 
Lang Lay 
Galv . Locked Coil 
12/Core (A rm . Core) 

Lang Lay 
Lang Lay 

Regular Lay 
Galv. Locked Coi l 
Ga 1 v. Locked Coi 1 
Gal v. 
Locked Coi 1 

Armoured Core 12/Core 
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TABLE A-5 . Continued 

Code Description on Ori ginal Record 

44 . 12 Strand, 6 X 12/2/2 
6 X 7/ 

45. 6 X 6/1 
46. 6 X 12/12/1 
47. 18 X 6/1 
48 . 6 X 10/5/5/1 
49. 1 X 31/26/22/14/14/7/l Gal v. Locked Coil 
so. 18 X 7 
51. 6 X 9/6/1 
52. 6 X 9/12/3/3 
53. 6 X 9/12/ 
54 . 6 X 13/12/ Braided Core 
55 . 6 X 10/5/5/1 Armoured Core 
56 . 6 X 27 Type 403 { 1 HC) Flat. Strand 
57 . 6 X 10/12/ 
58. 6 X 12/12/3 Flat . Strand 
59 . 6 X 19 With 6 Fillers 
60. 6 X 10/12/3/3 
61. 6 X 12/12/3/3 Lang Lay, High Tensile 
62 . Locked Coil, Galvani zed 
63 . 1 X 176 Locked Coil 
64 . 6 X 12/12/ 6/1 Galvanized 
65. 6 X 12/12/3/3 Nylon Core 
66. l X 31/24/16/16/8/8/l Locked Coi 1 , Galvanized 
67. 17 X 6/1 

34 11 X 6/1 
6 X 6/1 

61:l . 17 X 7 
34 ll X 7 Galvanized, Nylon Core 

6 X 7 
69. 17 X 6 

34 11 X 6 
6 X 6 

70. 1 X 35/28/16/16/8/8/l Locked Coil 
71. 6/7 
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TABLE A-6. TYPE OF SERI/ICE 
Code Numbers 

Classification 

Tail and 
Code Clescri pt1 on Light Out~ Heav~ Outl'. Counterwei 9ht Sinking 

(). Tail Rope X 

1. Skip X 

2. CWT (Counterweight) X 

3. Cage X 

4. C.B. X 

5. Ca r X 

6. Double Oeck Cage X 

7. Bottom Dump X 

R. B. D. Skip X 

9. Sk i p Under Cage X 
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TABLE A-7 . ROPE LUBRICANT CODE NUMBERS 

Code Lubricant 

O None . 
1 Keystone WRD 00 and 0 
2 Grease-Keystone Medium 
3 Float Coat 
4 Elbac O 
5 Keystone Light 
6 Crater A and 9 in equal parts 
7 Elbac #2 
3 El bac 75 
9 Elbac 75 

10 Leadolene 55 
11 Shell Ensis and Rustban 
12 Crater X and Crater A 
13 Elbac #3 
14 Brooks 617 
15 Keystone Semi-Solid 
16 Keystone 
17 BA 65-964 
18 Shel 1 
19 Borcote »900 
20 Keystone "M" 
21 Marathon 
22 Whitmore #65 
23 She 11 Ens is 260 
24 Prestige 7 40 AEP "Sun Oi 1 " 
25 Klingfast Brooks Oil 
26 Rustban (to 1964), Bryto P-1 (after 1964) 
27 QS-1268-F 
28 Elbac 1 
29 Prestige 740 
30 BA 70 904 
31 Klin9fast 
32 Shell Ensis 
33 Fina Cable-Semi-Flui d 
34 Keystone "M" 
35 Klingfast 900 
36 Keystone 400 
37 Elbac 3F 
38 Shell Cable Dressing 
39 BA Ouralube 
40 Rustban 
41 Shell Ensis 260 and Rustban 390 in equal parts 



Code 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
Rl 
82 
83 
84 
85 
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TABLE A-7. Continued 

Lubricant 

Winter-Keystone; Summer-Elbac 3F 
£1 bac #2 , "Pen-o-1 ed" 
Crater "A" 
Keystone Heavy 
BA 70 949 
Float Coat (Jan '55- Nov . '59) 11704 AEP "Sun Oil" (Nov . '59-Dec. '60) 
Keystone Light and Heavy 
BA 49 430 
Dur a 1 u be 515 0 
Keystone Heavy and Medium 
Ba 5150 
Elbac (First 6 months) Float Coat (Second 6 months) 
Imperial Colbex 46 
Donald WR Lube 
Imperial #2 Elbac 
Shur-stay l2 
Duralube 5140 
McColl Fron . Vesta, Hot 
Impe r ial X39 46 
Vesta 
A & B Chapman 
McCo l l Frontenac 
lmperi al El bac 3F & 2 
Keystone & Elbac #2 
McColl Vesta 
BA 5140 Duralube 
Hodson 7 MEH 
Elbac 3F & #0 
E '415 Hodson "Donald" 
Shur -stay & Keystone 
Campbel l 's Black Diamond 
Colban 70 
Jonald Rope Lube 
Camp be 11 & Cy 1. Oil 
MCFR Ma rat hon 
Imperial Tri dox #0 
Keystone "O" 
Brooks 617 
She 11 Shur-stay 
F3ryto Light 
Keystone K620C 410 Neet 
Keystone WRD #0 
Bryto P-1 



Code 

86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 

Keystone WRO HOO 
Keystone/Brooks 617 
Imperial Elbac 
Black Oil 
Wyrex B 
Imp. Tradox 
Imp. Surett 1000 
Metal Master (CL-3) 
Petrolatum 
"E" Standard 
S1 nc la 1 r #2 
Sinclair L-811 
Gulf No-Rust #2 
Water Soluble Oil 
Molube 118 (MoS2) 
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TABLE A-7. Continued 

Lubricant 

Citgo Premium WR Canpound 



Code 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
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TABLE A-8. LUBRICANT APPLICATION 
Code Numbers 

Description in Continuous 
Original Records Drip Spray 

Grease box (lubricator box) 
V box 
Funnel and brush 
Spray X 
By box 
No rgren spray X 
By hand heated 
Split box 
By hand (manually) 
Gravity feed at sheave, X 

brush on drum 
Split box and spray X 
Pot and spray X 
Mc l ord force feed X 

l ubr i cator (continuous) 
Box f unne l 
Con ical gland 
Grease pot and brush 
Fa rv a 1 air spray X 
Fun nel , hot 
Box and ai r blast X 
Pressure spray X 
Nozzle spray X 
80-100 PS lair spray X 
Dr 1 p, brush X 
Hot spray X 
Grease through-air cl eaned 
By drip X 
Air gun X 
Spray and hand X 
Funnel 
Continuous l ubricator X 
Concave box 
Spray and split grease pot X 
Spray and box X 
Box and brush 
Hand and brush 
Tro ugh and hand 
Spray and swab X 
Sp li t box and hand X 
Pac i ni rope dresser X 
Brush 

Hand Box 
Brush Gland 

X 
X 

X 

X 

X 
X 

X 

X 
X 

X 

X 

X 

X 

X 

X 
X 
X 

X 



Code 

41 
L12 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
S3 
54 

55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
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TABLE A-8. Continued 
Code Numbers 

Description in Continuous 
Original Records Ori p 

Funnel and hand 
Drip and spray 
Block and gland 
Cone box 
Blocks 
Cone lubricator 
Through box 
Trough 
Picc1ni application X 
Spray and grease box 
Hot, through funnel 
Hot, by box and by hand 
Dr i p and hand X 
Press, pump operated X 

wi th sheave wheel shaft 
Hot, cone box 
Split cone box 
Bucket 
Pump X 
Hot, through split box 
Hot, by hand and cone-type box 
Hot, through conical box 
Hot, through box 
Hot, funnel with rubber bushings 
Hand and box 
Grease block 
Humphrey box 
Run through lubricator 
Pr essure pump X 
Through trough 
Cone and bushes 
Hot, box 
Slip lubricator box 

Hand Box 
Spray Brush Gland 

X 
X 

X 
X 
X 
X 
X 
X 

X 
X 

X 

X 
X 

X 

X 
X 

X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 
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TABLE A-9. LOADING OPERATION CODE NUMBERS 

Code 

l One Loading Pocket 

2 Three Loading Pockets 

3 Two Loading Pockets 

4 Loading Pockets at 1900 and 3000 feet 

5 2 Loading Pockets Plus Car Loading on Lower Levels 

6 20 Operating Levels 



Code 

0. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
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TABLE A-10. REASON FOR REMOVAL CODE NUMBERS 

Due to low torsions 

Low EM Test results 

EM Device results 

Broken wires 

Lengthy service 

Discovery of bad section by 10 CPS EM Device 

Shortness 

The hoisting ropes developed a waviness or spiral appearance and 
had to be taken out of service 

Opened at low point indicated by EM Device and removed from 
service 

Accidentally damaged 
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TABLE A- 11 . CLASSIFICATION OF ROPE CONDITION BASED ON RECORDED COMMENTS 
ABOUT APPEARANCE , REASON FOR REMOVAL, AND "REMARKS" 

Code 

1. 
2. 
3. 
4. 
5. 
6 . 
7. 

8. 
9. 

10. 

11. 

12 . 

:3. 

14. 
15 . 

16. 
17 . 
18 . 

19. 
20 . 
21. 

22 . 
23. 
24. 
25 . 
26 . 
27 . 

28 . 
29. 
30 . 

External Appea rance of a 
Rope at Weakest Point 

Worn - numerous broken wires 
Badly worn 
Some wear 
Worn - 7 broken wires 
Good 
Worn 
Worn on 1 side , at least 10 

broken wires 
Fair 
Worn , many split wires 
Badly worn - 2 broken wires -

several split wires 
Worn - severe rough wear -

one broken wire 
Good - grooved streak on 

one s i de 
Good - vertical streaks of 

wear 
Some wea r - 3 broken wires 
Worn - 4 broken wires - 2 

split wires 
Damaged Section - 3 broken wires 
Good - except for wavy distortion 
Some wear on one side - 18 

broken wires 
Fair worn 
Worn - 1 broken wire 
Badly worn - 6 split wires -

one broken wire 
Good - some wear 
Worn on one side 
Some wear; many broken wi res 
Damaged section; many broken wires 
Bulge in test piece 
Worn - 2 split wires - one 

~roken wire 
Fair - outer wires worn 
Fair - 2 broken wires 
Worn - 20 broken wires 

Classification 

Broken 
Worn Wires Damaged Other 

X 
X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 
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TABLE A- 11. Continued 

Classification 

Exter nal Appearance of a Broken 
Code Rope at Weakest Po i nt Worn Wi res Damaged Othe r 

31. Some wear - 4 broken wires X 
32 . Numerous broken wires X 
33 . Worn - 25 broken wires 1 n X 

damaged area 
34 . Fair - some wear X 
35 . Fai r , worn . loose wires X 
36 . Poor, some wea r , 9 broken wires X 
37 . Good , some wea r on one side X 
38 . Poor, worn on one side , 28 X 

broken wires 
39 . Badly worn , 5 broken wires X 
40. Wo rn - 8 broken wires X 
41. Worn - 6 broken wires X 
42 . Badly worn - slack strands X 
43 . Poor X 
44 . Good - 1 cl amp mark X 
45 . Poor. some wear , 11 broken X 

strands 
46 . Fair some wear , 9 split wires X 
47 . Fair, worn, 4 split wi res X 
48. ~ome wear on one side - 13 X 

broken wires 
49 . Worn on one side - 45 broken X 

wires 
50 . Badly wo r n; strands and wires X 

slack 
51. Some wear; kink halfway X 

between sockets 
'i 2. Worn, 4 broken wires X 
53 . Some wear. slack wires . broken X 

filler wires protruding 
54 . Worn on one side, 31 broken X 

wires 
55. Fair, some wear, clamp ma r k X 
56 . Damaged section , severe ki nk X 

distor tion, worn 
57. Some wear on one side, 29 X 

broken wires 
58 . Worn, 21 broken wires X 
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TABLE A-11. Continued 

Classification 

Externa l Appearance of a Broken 
Code Rope at Weakest Point Worn Wires Damaged Other 

59. Badly worn. 5 split wires, 3 X 
broken wires 

60 . Worn, kink 15 in. from socket X 
61. Worn on one side, 7 broken wires X 
62. Badly worn , 30 broken wires X 
63. Fair, worn on one side, 3 X 

c 1 amp marks 
64 . Poor, badly worn, 4 broken X 

wi res 
65 . Badly worn, outer wires slack X 
66 . Worn , 7 split and 8 broken wires X 
67 . Some wear on one side X 
68. Distortion in test piece X 
69. Worn , two split wires X 
70. Some wear on one side - 11 broken X 

wires 
71. Some wear - one broken wire X 
72 . Worn - 2 broken wires X 
73. Worn on one side - clamp X 

marks 
74. Worn - one broken wire X 
75. Good - some wear X 
7 6. Some wear on one side - 3 X 

broken wires 
77 . Worn on one side, 5 broken, X 

2 split wires 
78. Worn - 2 outer wires broken X 
7 9. Fair - 2 vertical grooved X 

streaks on one side 
80 . Di stortion - wires unlocked X 
81. Damaged - several wrn spots X 

on one side of test piece 
82 . Good - one broken wire X 
83 . Good - several unlocked wires X 
84. Fair, 4 broken wires X 
85. Some wear. 4 clamp marks X 
86. Three clamp marks X 
f>.7 . Kinked section X 



0 

1 

2 

3 

4 

5 

6 
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TABLE A-12. LUBRICATION RATING CODE NUMBERS 

1 

2 

3 

4 

Good 

Fair 

Poor 

Dry 

Viscous 

Gummy 

Caked 

Dry 

TABLE A-13. CORROSION RATING CODE NUMBERS 

No corrosion 

Very slight corrosion 

Corrosion scale established 

Wire completely scale covered 

Surface completely corroded 

Surface completely corroded with loss of cross-~ection 

Very severe corrosion 



'.>lope 

Test 

Wear 

Water 

Hoist 

Other 

~? 
3) 

4) 

~~ 
~? 
9) 

10) 
11) 
12) 
13) 
14) 

15) 
16) 
17) 
18) 
19) 
20) 
21) 
22) 
23) 
24) 

25) 
26) 
27) 
2R) 

29} 
30) 
31) 
32) 
33) 
34) 
35) 

36) 
37) 
38) 
39) 
40) 

A-24 

TABLE A-14. REMARKS CODE NUMBERS 

22 -degree incline 
47-degree 30-inch incline with 6-1/2-inch diameter rollers at 
200-foot intervals 
5-3/4-1nch diameter rollers every 50 feet 

Test piece appeared damaged 
Test piece broke at bulge 
Test piece broke at point of broken wires 
Numerous wires found broken 
Many inner wires found broken 
Broken wires found on opening ends for socketing 
Strands slack 
Rope broke at clamp mark 
Wires began breaking at 40.000 lbs 
At minimum point wires began breaking at 157 ,000 lbs. 
At point of minimum strength test piece broke at marker 

Flange crossover point (minimum) 
Corrosion spotty i n all test pieces 
Internal wear 
Severe interna l wear 
Nicking between strands 
Deep nicking between strands 
High humidity 
100% RH 
Warm 
Dusty 

Seepage 
Seepage - surface to 280 feet 
Saturated from 52 levels 
Water sump 

Crossover not changed 
Poor alignment 10 to 20 levels 
Plastic treads 
Automatic hoisting 
Hoist is air operated 
Bicylindrical conical hoist 
Hydraulic equalizer used at skip end 

Drum end cut to change crossover 
Rope changed to counterweight after sinking stopped 
Shaft out of line 
Nonspin rope 
Spin released once per month 
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TABLE A-15. OTHER SERVICE CODE NUMBERS 

Code 

l Skip 

2 Counterweight 

3 Cage 

4 Counterbalance 

5 Car 

6 Bottom-Dump Skip 
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TABLE A-16. ROP E CONSTRUCTION CODE NUMBER CLASSIFICATIONS 

Code Construction Percent of Total Cases 

1 6 X 30G 28 

2 6 X 27H 10 

3 6 X 25FW 36 

4 6 X 21FW 1 

5 6 X 19S 1 

6 6 X 17S 4 

7 6 X 7 1 

8 Locked Coil 7 

9 8-Strand nonspin 2 

0 Ba lance rope constructi ons 10 
TOO 
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TABLE A-17 . LUBRICANT APPLICATION CODE NUMBERS 

Code 

1 

2 

3 

4 

Continuous Drip 

Spray 

Hand Brush 

Box Gland 



A-28 

TABLE A-18. ONTARIO SPECIAL ROPE TEST BREAKDOWN 
BY COMPANY AND MINE 

Company Mine Record 
Number Number Number(s) 

l 1 91, 92, 121, 148, 
163, 209 

2 1 93, 94, 119, 120 

3 1 95, 96, 112, 113 

2 176, 177, 326, 
365 

4 1 97, 98 

5 l 99, 128, 150, 
167, 195, 196, 
229, 258, 309, 
341 

2 155, 156, 194, 
391 

3 

4 169 

6 1 100, 137, 151, 
182, 186, 193, 
220, 244, 269, 
273, 284, 285, 
297, 302, 325, 
327, 328, 338, 
385, 397, 398, 
416, 422, 424, 
471 

2 104, 105, 154, 
206, 251, 299, 
300, 344, 363, 
428 
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TABLE A-18. Continued 

Company Mine Record 
Number Number Number(s) 

3 126, 127, 132, 
149, 153, 172, 
173, 174, 187, 
19<l, 213, 298, 
318, 340, 360, 
364,380,388, 
421, 433 

4 

5 

6 160, 212. 281, 
342, 343, 375, 
384 

7 247, 311. 312, 
358 

8 440 

9 458 

7 1 101, 159, 185, 
201, 219 

8 1 102, 103 

2 115, 116 

9 l 106 

10 1 107, 125 

2 164 

11 1 108, 122, 142 

12 1 109, 117, 191, 
192, 337 
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TABLE A-18. Continued 

Company Mine Record 
Number Number Nurnber(s) 

13 1 110 

14 l 111, 188, 210, 
211, 221, 222, 
346, 414, 417 

15 l 114 

2 162, 190, 227 I 

263, 361, 371, 
377, 425 

3 291, 314, 351, 
352 

4 431 

5 

16 1 144 

17 1 123, 124, 165, 
166, 272, 282, 
367, 382 

18 1 129, 135, 158, 
250, 255, 294, 
295, 359, 395, 
404, 407 

2 178, 205 

3 237, 259, 260, 
372, 373 

4 253, 347, 348, 
349, 410, 426, 
430, 432 

5 333 
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TABLE A-18. Continued 

Company Mine Record 
Number Number Number(s) 

6 381 

7 399, 400 

8 401, 409 

9 413, 423, 427, 
456 

19 1 130, 131, 203, 
204, 238, 274 

20 133, 134, 170, 
171 

21 1 136, 141 , 183, 
189, 207, 208, 
~61 

22 l 138, 139, 319 

23 l 140 

24 1 143, 233, 239, 
240, 304 

25 1 145, 146 

26 1 147 

27 l 152, 157, 214, 
215, 216, 217, 
254, 277, 308, 
315, 394 

28 1 161, 168, 202, 
276, 383 

29 175, 181, 232, 
279, 287, 296, 
317, 330, 331 
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TABLE A-18. Continued 

Company Mine Record 
Number Number Number(s) 

2 439 

30 1 179, 180, 228, 
230, 322 

31 1 184, 241, 307, 
332, 334, 335 

32 1 197, 198, 231, 
234, 262, 275, 
306, 329, 390 

2 472 

3 473 

33 1 200 

34 1 223, 226 

35 1 224, 225, 270 

36 1 235 

37 l 236 

38 1 242 I 345 

39 1 243, 264, 266, 
286, 366, 368, 
389, 435, 438 

40 1 245 

41 1 246 

42 l 248, 256, 257, 
288 

2 271 
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TABLE A-18. Continued 

Company Mine Record 
Number Number Number(s) 

3 376 

4 378 

43 1 249 

44 l 252 

45 1 265, 313, 418 

46 l 267, 268, 280 

47 1 278 

48 l 289, 437 

49 l 290 , 374 

50 1 292, 293 

51 1 3Ul , 323 , 324 , 
362, 365, 370, 
379, 393 

52 1 303, 339, 408 

53 1 305, 350 

54 1 310, 336, 356, 
357 

55 l 316, 420 

56 1 320 , 321, 355 , 
396 

57 1 353, 387 , 403 

58 l 354, 460 

59 1 386 , 419, 429 
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TABLE A-18 . Continued 

Company Mine Record 
Number Number Number ( s) 

60 1 402 

61 1 405 

2 436 

62 1 406 

63 l 411, 412 

64 l 415 

65 l 434 

66 1 441, 485 

67 1 442 



APPEND IX B 

ROUTINE ROPE TEST DATA FORMAT INFORMAT ION 
(ROPE CUTOFF DATA FROM ONTARIO, MANITOBA 

ANO NEWFOUNDLAND MINE S) 
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TABLE B-1. ROUTINE ROPE TEST DATA CARD NO. 1 

Variable No . Columns 

l 4 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

5-20 

21-30 

31 - 36 

37-40 

41-42 

43-44 

45-49 

50-55 

56-61 

62-63 

64-66 

67-70 

71- 72 

73-74 

76-79 

Format 

Il 

Al6 

AlO 

A6 

F4 .3 

I2 

I2 

F5. 1 

I6 

[6 

(2 

F3 . 1 

F4 .l 

I2 

12 

I4 

Description 

Card No . (Survey No . ) 

Company Name 

Mine Name 

Rope IO 

Rope Diameter, in. 

Rope Construction 

Service 

Initial Breaking 
Strength, kips 

Installation Date 
(Mo ., Day, Year) 

Removal Date 
(Mo., Day, Year} 

Reason for Removal 

Weight of Conveyance, 
kips 

Total Load 

No . of Tensile Tests 

No . of ND I (Elect ro-
Magnet i c) Tests 

Sequence No. 

Options/Comments 

(4) 

see Table A-5 

see Table A-6 

March 12, 1969, 
e.g., 031269 

see Table A- 10 
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TABLE B-2. ROUTINE ROPE TEST DATA CARD NO. 2 

Variable No. Columns Format Descr i ption Options/Comments 

l Al Tens i1 e Test Card 10 (T) 

2-3 I2 Sequence No. 

4 I 1 Card No. (4) 

5-10 A6 Rope ID 

18 11-15 AS Test No. 

19 16-21 16 Test Date 

20 22-25 F4.l Break i ng Load, kips 

21 26-28 F3. l Extension, in. 

22 29-31 F3.l length, in, 

23 32 Al Lubrication Rat i ng 
Character 

24 33-35 F3.2 Strand 

25 36-38 F3.2 Core 

26 39-41 F3.2 Corrosion Rating, 
Outer Wires 

27 42-43 [2 Torsions Outer Wires 

28 44-45 I 2 Inner Wires 

29 46-49 F4.l Remaining Strength, % 

30 50-53 F4.0 Length of Rope Installed 

31 54-57 F4.0 Maximum Length in Service 
Below 

32 58-59 A2 Core Type FC (for F1ber 
Core~ of IW (for 
IWRC 
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TABLE 8-2. Continued 

Variab l e No. Columns Format Description Options/Comments 

33 60-61 A2 lay Type Rl (re1ular~ 
or LL Lang 

34 62-65 F4. 1 Wire Breaking Stress 
{ks i } 

35 66-69 F4.2 Weight of Rope/ft 
( 1 bs} 
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TABLE B-3 . ROUTINE ROPE TEST DATA CARD NO. 3 

Variable No. Columns Format Des c r 1 p t i on Options/Comments 

1 Al El ectro-Magnetic (E) 
Test Card ID 

2-3 I2 Sequence No . 

4 11 Card No . (4) 

5-10 A6 Rope ID 

36 11-16 I6 Test Date 

37 17 - 19 F3.1 Indicated Strength 
Loss , % 

Location of Strength Loss 

38 20 Al Above (A), Below 
(B) 

39 21 Al or Skip Convey-
ance (S), C. W. 
(C) 

40 22 -25 I4 Di stance, ft 
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Variable No. 

1 

2 

3 

4 

5 

6 

C-1 

TABLE C-1. LABORATORY DATA CARD NO. l 

Columns 

1-2 

3 

4 

5-8 

Format 

A2 

l 1 

Rlank 

F4.2 

9-10 Blank 

11-20 

21-22 

23-24 

25-26 

27-28 

AlO 

Blank 

A2 

A2 

A2 

Description 

Type of data 

Card number 

Diameter of rope, 
inches 

Rope construction 

Lay type 

Wire material code 
number 

Core type 

Comments 

AX - Axial 
BS - Bend-over­
sheave 

It 111 

Nomi na 1 rope 
diameter 

Examples 6x25 FW 
Where 6 = No. of 

St rands 
25 =No.of Wires/ 

St rand 
FW = Filler Wirf' 
Construction 

RL - Right Lang Lay 
LL - Left Lang Lay 
RR - Right Regular 

Lay 
LR - Left Regular 

Lay 

Table A-4 

IW - Independent 
Wire Rope Core 
(IWRC) 

FN - Fiber Core -
Natural 

FS - Fiber Core -
Synthetic 

IS - Independent 
Strand Core 

WS - Wire Spring 
PC - Plastic Core 



C ,., 
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TABLE C-1. Continued 

Var1able No. Columns Format Oescri pt ion Comments 

7 29-30 A2 Lubricant code number Table A-5 

8 31-3S F5.2 Rated breaking 1 oad, Catalog breaking 
kips load value 

36-37 Blank 

9 38-42 F5.2 Actual breaking load, 
kips 

43-44 Blank 

10 45-49 F5.2 Actual average exterior 
wire strength, ksi 

50-51 Blank 

11 52-53 I2 Number of exterior wire 8,10,12,14 or 16 
per strand 

54-SS Blank 

12 56-65 AlO Manufacturer of rope 

66-75 Blank 

13 76-77 12 Data source number Table A-6 

78-80 I3 Coding sheet number 



Variable No. 

14 

15 

16 

17 

18 

19 

20 
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TABLE C-2. LABORATORY DATA CARD NO. 2 

Columns 

1-5 

6 

7 

8-12 

13-14 

15-19 

20-24 

25-26 

27-28 

29-33 

34-35 

36 

Format 

FS.2 

I l 

Blank 

F5.2 

Rl ank 

FS.2 

Rlank 

A2 

Blank 

FS.2 

A2 

Il 

Description 

Sheave groove radius, 
inches 

Card number 

Sheave thoat angle, 
deqrees 

Fleet angle, degrees 

Sheave groove hardness 
(Rockwell C) 

Cycling speed (feet/ 
minute} 

Wrap angle 

Type of bend 

Comments 

\1 2lt 

The angle included 
between thP sheave 
flanges 

1 Re~ 50 

2 25 <Re< 50 

3 Re 2. 25 

1 - 180° 
2 - 173° 
3 - 165j upper & 
lower sheaves, 1so~ 
center 

4 - 90° 2 sheaves 

1 = 1/2 single bend 
2 = single bend 
3 = reverse bend 
4 = 2 sheave single 
bend 

5 = 3 sheave single 
bend 

6 = 3 sheave 
reverse bend 

7 = 5 sheave - 8 
stress reversals 
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TABLE C-2 . Continued 

Variable No . Columns Format De s c r i pt i o n Comments 

8 = 5 sheave -· 10 
stress reversals 

9 = 2 sheave - 8 
stress reversals 

37-38 Blank 

21 39-42 A4 Environment LA = laboratory air 
HA = humid air 
WB ; water bath 
SW = sea water, no 
prior exposure 

SW2 "'sea wat~r. 2 
week prior 
exposure 

SW12 =seawater, 
12 week pr i or 
exposure 

43-45 Blank 

22 46-47 A2 -ermination type ZA = zinc socket 
CL = clips 
SW = swaged socket 
ES = epoxy socket 
CA : cappels 
TS thimble 
splices 

TP = torpedo s l eeve 
AL= aluminum com-

pression sleave 
CT= tuck splice 
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TABLE C-3. LABORATORY DATA CARD NO. 3 

Variable No. Columns Format Descr i ption Comments 

23 1-6 A6 Test number or Special des i gnat i on 
identification to trace particu l ar 

resu l t to specific 
test conditions 

7 11 Card number 11 311 

8 Blank 

24 9-14 F6.2 Design factor Ratio of rated 
(max. l oad) breaking strength 

to operating l oad 

25 15-20 F6.2 Des i gn fa ctor 
(min. load) 

26 21-26 F6.2 0/d Ratio of sheave 
pitch diameter to 
rope diameter 

27 27 - 30 F4.2 Di rect tensile 
1 oad, kips 

2H 31-37 F7.3 Stroke l ength, inches 

29 38-41 F4.0 Rope surface tempera-
ture, degree C 

3 (J 42 -48 F7.3 Cycling frequency, 
bending, or axial, 
cyc l es/minute 

49 Blank 

31 50 Al Swivels Used? S-swive l 

51-52 Blank 

3?. 53-60 FR.O Fat i gue life, cycles Sheave No. 1 

61-64 Blank 

33 65-72 F8.0 Fat i gue life, cycles Sheave No. 2 
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TABLE C-3. Continued 

Variable No. Columns Format Description Comments 

34 73 I 1 Fa i 1 ure criteria 1 - One strand 
failure 

2 - 6 wires/lay or 
2 wires/strand/ 
lay 

3 - Rope failure 
4 - One wire 

35 74-80 F7.3 Breaking strength at 
fai1 ure criterion, 
kips 
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TABLE C-4. WIRE MATERIALS 

(1) Extra-Improved Plow Steel 

(2) Improved Plow Steel (IPS) 

(3) Plow Steel 

{4) Mild Plow Steel 

(5) Traction Steel 

(6) Iron Grade 

(7) Hot -Dipped Galvanized IPS 

(8) Al Coated IPS 

(9) 304 L Stainless Steel 

(10) CuNi C)ad Stainless Steel 

(11) CuNi Clad Tenelon 

(12) High Grade Plow Steel 

(13) Bethanized IPS 

(14) Drawn Galvanized IPS 

(15) Buton Plastic-Coated IPS 

(16) Electrop lated Zn Coated IPS 

(17) Hot-Dipped Zn Coated IPS 

(18) Phoscoat [PS 

(19) Borax Coated IPS 



C- 8 

TABLE C-5. CODES FOR LUBRICANT TYPES 

Code Lubricant Type 

0 None 

93 Metal Master (Cl-3) 

94 Petrolatum 

95 "E" Standard 

96 Sinclair #2 

97 Sinclair L-811 

98 Gulf No-Rust #2 

99 Water Solub l e Oi I 

100 Molube 118 

101 Citgo Premium WR Compound 
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TABLE C-6. LITERATURE SOURCES FOR LABORATORY DATA 
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U.S. Naval Applied Science Laboratory, (Brooklyn, New York), Lab. Project 
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