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INTRODUCTION

A research program dealing with the mechanical properties of composite
wire ropes is presently being pursued within the Institute of Ocean Science
and Engineering at the Catholic University of America. The goal of these
studies is to bring about a more fundamental understending of the wire
ropes based on a scientific investigation of the single wire, the single
strand and the complex structural configuration known as the wire rope.
Consequently, the research effort, which i: both experimental and theoret-
ical, was organized with the aforementioned objective in mind.

The present review was conducted to determine the extent of the litera-
ture available in regards to the '"Mechanical Response of Stranded Cables",
The survey has been organized into three categorieaz, i.e,, single wires,
single strands and the composite wire rope. The various parameters, such
as the mechanical response, the fatigue behavior, corrosion, corrosion pro-~
tection, shock and impact and others have becn considered under each of
these major categories,

The review has been organized to enable the maximum utilization of
the references presented. Most of the publications are listed with a short
comment. An overall discussion of the research material has been given in
addition to a complete index. The discussion has been presented in a manner
analogous to the overall philosophy behind the research program at the
Catholic University,

In a review such as this, omissions are inevitable. It is hoped that
they are not major omissions, The authors would appreciate being informed

of any material that has not been included but which should have been.
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SOURCES

Several compendiums of publications on wire and wire rope were consulteAd
to obtain pertinent information for this literature search:

The British Iron. and Steel Institute's Bibliographical Series 13 (399)
and 13b (400)provided information on publications dating from the late 1800's
to 1958.

The bibliography by Naval Applied Science Laboratory (401) gave informe-
tion 22 to past Navy experimental work on wire rope.

Publications relating to problems associated with applications of wire
ropes aboard ship are given in the bibiiography (398) compiled by the
Battelle Memorial Institute.

More recent publications were obtained from the Applied Mechanics Reviews
articles for the period 1948 to 1970 (March).

Those publications contained in a previous report (199) on the Themis
project at Catholic University and relating specifically to the mechanical

properties of wires or wire ropes are also included here for completeness.
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DISCUSSION OF THE REVIEWED LITERATURE

I. FUNDAMENTAL INVESTIGATIONS ON THE COMPOSITE ROPE ELEMENTS

A, Properties of a Single Wire

1, Mechanical Response to Simple Loadings
Response of a single wire is actually the response of that

wire when acting as the most basic element in the wire rope construction.
The uncgrtainties in attempting an analytical determination of the behavior
of individual wires of a wire rope are brought to light ir a considerable
discussion of a publication by Howe (160). The primary importance of this
work was to point out that the helical arrangemeant of the wires in a rope
results in smaller stresses than for a solid bar. The inability to confi-
dently analyze the behavior of individual wires, which persists to this day,
has thus placed a premium on experimental determination of load ratings by
the various manufacturers (282),

Development of a suitable anualysis for behavior of wires in

rope is probably a prerequisite to the application of usual engineering de-
velopment techniques to the design of wire rope systems, e.g., to relate
fatigue research on single wires to the fatigue performance of the wire
rope.

An alternate approach to the determination of the behavior of
the individual wires 1is, oY course, the experimental one. Two previously

inveatigated techniques for determining atresses in single wires which may




deserve further consideration are the eiectromagnetic method (81) and strain
gaging of the individual wires (322).

Other publications that relate to the mechanical response of
gingle wires but which are not considered as part of the wire rope include;
an analysis for nominal tension of a wire wound round a circular mandrel
(296), the experimental determination of the torsional behavior of a wire
under reversed loading into the plastic range (220), and behavior of wire

under a combination of a tensile =xd transverse force (89).

2, Ratiii@E2Mehavior

Studies of wire fatigue have been extensive (105). Uncertain-
ties are associated with the determination of the stresses in the indivi-
dual wires in a rope, as discussed in the previous section. Consequently,
direct application of fatigue studies on the individual wires to the deter-
mination of the fatigue performance of the wire rope are, at best, uncertain,
Some qualitative correlation has, however, been shown (77) for the wires and
wire ropes,

Experimental studies of wire fatigue have included tension (361),
beanding (230), and torsion (361), Factors which have becen shown to influence
the fatigue life of wires (in addition to the applied stress range) are:

(a) Mean Stress - Two investigations were conducted to determine the
effect of the mean stress on the limiting range of alternatiny tensile stress,
The first study (309) deslt with the following types of wire: cold-drawn and
galvanized, heat treated and galvanized, and hign-carbon steel wire electro-
plated with zinc. The second study (263) dealt with two steel wires of the
same composition - one in the drawn, patented condition and one in the tem-

pered state. Rasults indicated th~t the alternating stress was practically




independent of mean stress for the first study and completely independent
in the second case.

{b) Cold-work (percent reduction in drawing) ~ Fatigue properties of
carbon steel wires have been shown to improve with low rates of drafting
(smaller reductions per pass for the same total reduction)., The improve-
ment in the fatigue properties due to low drafting rates increases as the
carbon content increases, Other work (126) has indicated that larger per-
cent reductions increase the tendency for the effect of a decarburized*
surface to obscure the beneficial effect on fatigue strength of an incr-~ase
in carbon content. In addition to the magnitude of cold work, effects on
fatigue properties have been shown (265) as a rasult of variation in the
rate of running through the dies.

(c) Heat Treatment - Low temperature heat treastment (tempering), which
is performed on the severely cold-drawn wire, has been shown (127} to
give a general increase in fatigue strength., Optimum tempering temperatures
are in the range of 200-250°C, inde-endent of carbon content or degree of
cold work (percent reduction in drawing).

(d) Curbon Content - In zeneral the endurancz (fatigue) limit of steel
vires increases with an increase in carbon content (77, 126, 135); however,
it has also been shown (77, 126, 135) that thc endurance (fatigue) ratio, de-
fined as the ratio of the endurance limit to the ultimate tensile strength
of the wire, actually decreases with increasing carbon coutent. Since in-
creasing carbon coatent is also associated with an increase in tensile

strength, the latter observa®ion indicates a lower capacity for cyclic
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loading for a wire ropr composed of wires of high *ensile strength,as com-
pared, for example, to a rope composed of wires of lower tensile strength but
which is capable of supporting the same ultimate load.

(e) Surian. Coatings (galvanizing) - At least one comprehensive study (365)
indicates that galvanizing terds to lower the fatigue life of steel wire. The
effect was found to be greatest for hot-dip galvanized wires (reduccion in
fatigue limit of from 15 teo 28 nercent), as opposed to that for electroly-
tically coated wires, The hot-dipped wires were chbrerved to develop closely
spaced hair-line cracks perpendicuiar to the surface; wheceas no such cracks
vere observed to occur in the electrolytically coated wires. The latter ob-
servation would tead to suggest thacv the inferior fatigue properties of the
hct-dipped galvanized wires may result from notch effects due to these hair-
line cracks.

(f) Others - Limited information was found relating to severai cther fac-
tors affecting the lives of wires in fatigue among these: the effect of per-
iods of reet (67), the effect of decarburization of the surface of the wire
(1G5,126,127), the effect of corrosive atmosphere({.63), and the effect »f sur-

face finish (131,309).

3. Corrosion Effects
Studies ou the effects of corrosicn cu the behavior of wires
can be broken down into three main categories: the first deals with the re-
duction in the cross sectional ares of the wire due to either general wastage
(37) or eise du. -1 severe localized pitting (134), the second is the effect
of corrosive enivronme.3 in combination with cyclic loadings of the wire
(corciosion fatrigue) (2¢3), lasi'v, and letely receiving considerable attention,

is t. . <ifect of critically localized corroslon or stress ccrrosion cracking
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(37). Localized corrnsion, in the above sense, means that the area of
concern is restricted to ¢ small process near the tip of either a pre-~
existing crack or else a crack which has iniciated and subsequently pro-
pagated as a result of the cyclic loadings.

Other publications relating to corrosion of wires deal with
corrosinn resistance of stranded steel wire in sea water (277) and the

effect of sea water on wires and wire rope (255),

4. Cathcdic and Other Environmental Protection

Protection of wires against corrosion mgy be either of two
basic types, i.e., cathodic protection or else protection with coatings
(individual wires or jacketing of the entire wire rope), where these coat-
ings may also serve tc provide mechanical protection (abrasion, fish attack,
etc.),

For corrosion protection, at least two comprehensive corrcsion
analyses of deep sea mooring systems, indicate a decided superiority for
cathodic protection over protective coating systems, 3Specifically, in (203)
it was shown that in cases withcut cathodic protection, even wires jacketed
with necprene were sevei<ly corroded (crevice corrosion in the 304 stainless
steel); conversely in (139) it was found chat for areas where a bituminous
coating substance was damaged, the cathodic protection prevented severe cor-
rosion.

It should be noted here that galvanizaticn of the individual
wires is also a type of cathodic protection. However, in light of the observed
deleterious effects of galvanizing (particularly the hot-dip process), pointed
out in a previous section on fatigue of wires, the use of galvanized wire may

not be the most efficacious approach to cormbating the corrosion problem, par-




ticularly if fatigue loadings a~2 to be appreciable.

B, Properties of a Single Strund

Based on the relative number of publications found in the
course of this survey, less attention has evidently beea paid tc th: itrands
of wire rope as separate entities than to eithzr the individual wires or the
complete cable. Those publications which were found inciude: an attempt (234)
to predict the load taken by each strand of 2 steel-cored, aluminum conductor
cable; and development (250) of an equation for bending moment of a preten-
sioned rope at an enchorage, from which the stresses in the strands may be
predicted.

Contact stress conditiont between layers of straands within a
cable have been determined (§6) experimentally using photoelasticity.

lovestigationa were performed for single-lay cables, such as
(249), where the effect of contact pressure on stiffness of cables under
tension and torsion was obtained using Kirchoof's thin rod theory. Such
stucdies may point the way toward future study of the helically arranged

(224) strands - of similar nominal composit‘on - of wire ropes,

II. APPLIED INVESTIGATIONS ON THE COMPOSITE ROPE SYSTEM

A, Constitutive Relaticns

1. Mechanical Response under Various Loading Conditions
Sources of loadings on wire ropes are manifold and are discussed
ixtensively in the literature; e.g., hydrodynamic ioadings (10, 11, 69, 196,

257), loads due to mooring (ZJ), hoisting loads (dynamic lcads), (194), and




loadings in cables of suspended cable transport devices (64).

The result of the imposition of the external loads, i.,e., the
internal “o2ad resultants on the wire rope cross section may be either; tension
(4, 121, 192, 197, 225, 236,271, 320, 352); bending (3, 100, 297); torsion
(102, 103, 125, 167, 201, 348); or combinations of ihe above such as combined
tension and torsion (22, 222, 249), or combined tension and bending (250).

Publications relating to the response of wire ropes to various
loadings include those for: deflection of horizontal cables due to the appli-
cation of concentrated loads (such as suspension brudge cables and cables used
in suspended cable transport devices) (109, 110, 140, 176, 219, 242, 243),
elongation and reductinn of the diameter of cables due to axial temsion (397),
twisting of cables of unbalanced construction due to the applicaticn of hang-
ing loads which are free .o rotate (103, 222, 224), bending of wire rope in
flying foxes (used in aircraft arrestirg gear) (281), and bending strain in

conductur cables (259, 797).

2. Development of Anziytical Models,

(a) Models for Stress in Wire kKope - Two basic approaches have been used
in attempts to develop analyses for stresses in wire rope. The first is the
equivalent modulus (stiffness) concept (160, 167), wherein the modulus of the
rope as a whole is decermined experimentally and used iu formulas which are
developed based on the usual elastic analyses relating stress tc load (tension)
or curvature (bending about a sheave). Recently at least one attempt (13) has
been made to analyze the wire rope as an assemblage of coiled springs (245) and
to use the theory of spiral spings to determine the axial elongation of the

spirally would cable.

At
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(b) Models for other Wire Rope Characteristics - Other analytical
efforts relating to the response of wire rope include: determination of
tensile (249) and torsional (102, 103, 125, 249) stiffness of cables and
elongation due to untwisting of ropes under longitudinal stress (291),
deformation of steel wire ropes under an axial load and a twisting nmoment
(129), nonsymmetric extension and the "spin' phenomenon in steel cables (13),
behavior of suspended cablee uader a horizontal distribution of loads, uni-
formly distributed or concentrated (conductors, suspension bridge cables,
antenna guy cables, tramways, etc.) (164, 229, 236), tensiom in ropes (192)
or wires (216, 296) wound about a cylinder, dynamic loads due to hoisting
(260, 289, 290, 292, 293, 2%, 295 - primarily work done {n the Soviet Uniom),
and behavior of a cabie running over a pulley (62).

(¢) Models for Wire Rope Systems - Included in this category are; a
computerized solution for structural analysis of moorings with several fixed
points (141), and analyses for wire rope networks including structural nets

(12) and prestressea cable networks (such as used in roof construction),

3. BRffect of Core

Wire rope cores may be of the fiber type (either manila, sisal
or polypropylene) or else of the independent wire rope type. Conclusicns of
Reference 397 on the effect of the type of core on the response of wire ropes
in teasion were: (a) that cables with fiber cores have the largest dimensionsal
changes (as characterized by the ratio of the negative of the transverse strain
to the longitudinal strain), and (b) that the type of :. .2 affecto tiie modulus
of the wire rope {lowar modulus for fiber core). The type of core was not,
however, observed to affect the toftal inpu*® cnergv required for the first cable

failure,
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In a survey (B82) of problems related to the Navy's use of
wire rope, the question was raised as to the effect of the type of wire
rope ~ore on the endurance (fatigue capability) of wire rope used in re-
plenishment operations,

A mathematir~al model of wire-core interaction (stress con-
sentration) at ¢ clamp or apparatus housing for su armored submarine cable

is presented in Reference 214,

4., Effect of Lubricants
The importance of proper lubrication on the life sf wire
rope has been repeately emphasized (1-9, 274). Specific beneficial effects
noted are (206): preservation of natural fiber cores; retardation of cor-
rosion; reduction of friction between wires; delaying the onset of fatigue,
In certain instances, Navy lubrication practices have been described (82)
as elther improper (application of a thick coating of grease rather than a

thin slurry which can penetrate the fibers) or else as neglected entirely.

B. Failure Criteria under Varying Conditions

Rosults of a survey by the U.S., Naval Oceanographic Office
(48) to determine the causes of failures (parting or breakage) of wire rope

indicate the following order of importance for the various causes of failure:

Rar:k Reason. for Failure % Cases Reported
] Uasuitable construction 28
2 Fatigue 20
3 Corrosion 14
4 Shock 12
5 Erosion, Scuffing and Local Wear 8

11

el s ke A i

A s




6 Insufficient Strength 4

7 Improper Handling 4
8 Improper Lubrication 4
9Q Variable Rope Quality 2
10 Other (Electrical) 4

100

A discussion foliows on available literature dealing with
failure criteria for the three most important causes for failure given
abcve (Ranks 2, 3 and 4) whitk relate to the mechanical properties of wire
rope, 1.e., fatigue, corrosion, and shock. Also work related to fatigue
will be included in publications related to 5 above, i.e,, erosion, scuff-

ing and local wear.

1. Fatigue

Fatigue Jamage to wire ropes, i.e., that due to repetitive
appiications of load, results from (44)*: (a) repeated axial loadings, (h)
si:rumm:ng, (:) dancing, (d) shock loads and (e) bending over sheaves (bending
stresses, radial compressive forces, abrasion and freuting).

The defioition of fatigue failure of wire rope is arbitrary
but is generally stated in terms of the aumber of broken wires per linear
measurement of rope (66). Depending on economic or safety considcrations,
fatlure could conceivably be considered as occurring between the first irire
failure and cowplete fracture, With progressive failure of vires the re-

maining tensile strength of wire rope is decreased (73).

* Problews in ocesnographic applications have been shown to be analagous to
problems in the power industry,

[
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Presently, it {s considered (280} unfeasible to reliably
predict even the most elementary type of fatigue failure, i.e., the first
accurence of a broken wire,

It is generally held, hovever, (91, 280) that tae location
of the most sericus fatigue damage occuring in wire rope systems ig at
those places where the wire rope 1s bent over sheaves., Here, in addition
to the axial stresses, severe bending st esses {(depending upon the severity
>f thc bend) are superimposed. At ‘east one investigation 7330} indicates
that, in faci, the largest contribution %p the stresses in wire rope is from
the Hertz contact stresses at points of contact be:rween individual wires,
and that the usual mode of failure is frettiug-fatigue at the contact points.

The sole theorecical method avai’able tfor estimating the
fatigue life of wire rope is the dimensZonal ana.ysis perfcrmed by Drucker
and Tachau (91). In that work a dimensionless bearing~pressure parameter,

B, relating tension in the wire rope, teusile strength of the mater:ial,
dtameter of the rope, and diameter of the sheave was proposed ‘n>:e rhat this
parameter can conceivably account for tensile, bending and contazt stress)
The usefulness of the parameter derived was demons*rated when lives for
several ropes of two differeut cons-ru-ticms, 6 X 9 and 6 X 37, fell on a
smooth cuzve (life vs. B) with scatter iess than that which wsuld be expected

using the usual test parameters.

2. Corrvrosion
Based on the literature which ‘e available, the emphssis of
the research conducted to date has been concerned with general wvastage due

to corrosion amd to comparative studies (39!) of varicus wire rope materials
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and protection systems for th-ir resistance to general wastage.

Except for investigations whirh have shown the region of
failure of a wire rope to be that at whizh cathodic protection was in-
adequate (139), no criterion was found which souid relate the severity
(rate) or extent of corrosion (percent of _ross se:tional 2rsa) to the time
to failure or failure load respe:tively,

Since, in certain cases of corrosion, the reduction in cress
sectional area may be relacively locaiized (with respect tc the cavle l2ngth),
e.g.,, in 304 steinless wire rope where crevice corrosion at attachments or
breaks in protective coatings may be severe (391,), criteria for corrosion
may be relatively easy to formulate based on reduction in areas.

More difficult to foresze, but demanding of further inves:i-
gation, 18 the development of a criterion for resistance of wire rope to
critically localized corrosion at tips of any cracks which may exist in
component wires, This criterion would be in terms of the resistance of the
individual wires to stress corrosion crackirg (as discussed in section IA.3
for single wires), which in turn can be defined by Kygcc (37), the critical
stress intensity factor for fracture under corrosive environment, which is a

function of the applied stress and the size of a crack.

3. Shock and Tmpact
No literature relating to a criterion for fajilure of wire
rope under shock or impact loading was uncovered during this survey.
This area of investigation does seem to deserve attention
sspecially vhen the comclusions of a survey (82) of problems associated with

the Navy's use of wire rope reiterate the conclusions of the Naval Oceano-

14
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graphic Office survey (failure analysis presented at beginning of this
section), namely that impact *»1ds are primarily responsible for the

short lives of aircraft arresting gear.
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1. Alekseev, N.I,, "On tke equilibirum shape and tension of a flexible
string acted upon by exteiual forces that are funstins of the orien-
tation of the string in space," J. Appl. Math, Mech, 28, S, 1147-1150,,
1964, (Translation of Prikl. Mat. Mekh. 28, 5, 949-951, 1964 by Pergamon
Press, Long Island City, New York, N.Y.).

X, ¥, z are the orthogonal Cartesian coordinates. Fy, Fy, F, denote
the projections of the load per unit length of string. Paper refers to
the special case where Fy, Fy, F;, are given functions of the directiom
cosines dx/ds, dy/ds, dz/ds.” Author outlines the way which may lead, in
this case, to the solution of the well-known differential equations of the
problem, but the computation is not carried cut to the very end.

AMR #5506 (1966)

2. Aluminized Wire Rope, "Advantages of Aluminized Wire Rope for Sea
Water Service," Materials Engineering, page 30 (March 1968).

3. American Chain and Cable C>., "A Reporr on the Comparison of Bending
Fatigue Properties and Physical Characteristics cf Wire Rope with Poly-
propylene vs Sisal Cores," Project No. 2, Wilkes Bazre, Pa., Jan 1967,

4. American Standards Association, "Amer:tan Standard Definitions and
General Standards for Wire and Cable," (approved Dec. 12, 1944) Sponsor:
Electrical Standards Committee.

S. American Standards Association, "Americsn Standard Specifications
for Weather Resistant Saturants and Finishes for Aerial Rubber Insulated
Wire and Cables," New York, 1939.

6. Anderson, G.F.,"Tow cable loading functicnz, ALAA Journal 5, 2, 346~
348 {Technical Notes), (Feb. 1967).

Paper presents a set of loading functions defining the fluid dynamic
forces acting on a low-drag profile cable with pressure drag being
negligible compared to total drag. Author zcnsiders che apparent change
of Reynolds number for high towing velocities and deep submeigence. Com-
parison vith Eames loading function [Eames, M.C., '"The configuration of a
cable towing heavy submerged body from a surface vessel,' Canada Naval
Research Establishment, Dartmouth, N.S., Rept. Phx-102 (Nov. 1956)], shows
little difference in normal loading, but the tangential loading differs
substantially,

Author states that his analyticel losding functions have similar
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characteristics to those obtained by Clark ["Extension of underwater tow-
ing cable theozry to high speeds,' United Aizcraft Corp. Research Labs.,
Rept. B110128-1 (Sept. 1963)], who used experiwental wing data.

AMR #9774 (1967)

7. Antona, E., and Cereti, F.,'Experimental analysis of the friction
force in the aircrafc control lines (in Italian),' Aerotecpica 43, 4,

The behavior of the friction force in an aircraft control line
forced to vibrate by external means is analysed.

The resultr of tests performed with different types of control lines,
including the complete line for the ailerons of a FIAT G 81 aircraft, show
that the vibratory motion can reduce the fricticn force to a very low level
(only 1/10 of that in the nonvibratory condition).

AMR #2466 (1965)

8. Atwood, J.H. and Graham, J.R. "Moorings for the Offshore 0il Iandustry,"
Journal of Petroleum Technology, 20(6), 569-575 (June, 1958).

9, Austin, R.S. and S. Milligan, "Observations of Environmental Effects f
on a Deep Sea Acoustic Arry, Naval Underwater Ordnance Station, Apral 1964.

10. Author Unknown, ''Notes on the Resistance of Rods, Catles and Ropes
in Water" DTMB Report R-31, Dec. 1940

These notes discuss and review experiments on tow lines (resistance to
towing and power required to tow manila rope, iron wire, inrulated conductor,
mine sweeping gear, etc.).

11. Author Unknown, '"Tension in a Cable Towing a Heavy Weight through a
Fluid'" DTMB, Report R 33, March 1941,
This short report presents computations of tension in a 1/l6-inch

diam. stranded cable, 600 ft. long, towing & 300-1b. weight at speeds from
5 to 12 knots.

12. Avent, R.R.," Nonlinear field analyi s of structural nets, Journal of
the Structural Division, Proceedings of the American Society of Civil
Engineers 95, ST 5, 889-907 (may 1969),

Subject paper gives a nonlinear analysis of arbitrary structural net

17




systeme, that is, a net with i-vegular cable tensions, boundary con-
ditions, and general loadings.

Sclutions are given for three za-:gories of nets: (1) a statically
determinate network in which the f:nyl *ens:ups ave known, (2) an
indeterminate (and nonlinear) system w:ith a1 veriation of loading, and
(3) an indeterminate (and noniinear) netw:rk wirh rcnstant loadings but
incremental cable prestresses. Numerical examp'.es employing the "walk
through" method and an associated inZe-a:ion p-o.eduze are presented to
illustrate the use of results obtained in all three cases.

Procdure for analyziug an indeterminate system with horizomtal
boundry displacements due to an elastic suppo-*ing edge beam also is
discussed.

AMR #903 (1970)

13. Babenko, A.F.,’ The determination ¢f the “erminal freely suspended
load between the wires of a spirally wound cabie (in Russian),’ Nauch,
Zap. Odessk, Politekh, In-t 27, 16-20, 1960; Ret. Zh. Mekh, no. 11, 1961,
Rev, 11 V 426,

An investigation is made of the distribution :f the forces between
the wires of concentric rows of a spirally wound cab.e of 1 + 6 + 12
construction when the load is freely suspended ¢t is assumed that until
the wires begin to interact rhey deform independen:ly of each other, that
the spirally wound cable works w!-“iu *te im-is <t elasticity and
that the termin.l load is distributed .a‘f-.:m_y te*weea the wires of a
given ~oncentric row. Each peripheral wice ¢ <he ~abie is considered to
be & colled spring with a big pitzh for the winding; the theory =f spiral
springs is utilized for the determ:naz-on cf +he ax*al elongation cf the
spirally wound cable, The authsi, wo:king :v <he bazis of the :zonditions
that the terminzl load is uniformly distiibured between the wires of the
given concentric row and that the lirvear displacements of che ceatral and
peripheral wires are identical, de-ermizes the ;srces in the wires of a
spirally wound cable, A numerical example 1s fu:uished; this shows that
until the wires commence to intera-t thes t-ceiy sauspended load on the
spirally wound :able is distributed m:s: ¢ :.regu.atiy be®ween the wires.

AMR #718 (1964)

14. Bartlova, A.," The analysis of a n-n- >sded .:estr-ssed cable net-
work (in Czech): Stavebnicky Casopis 12, 4%, 2:5-¢:0, 1964

The prestressing forces azting » "he zab’e nstwork are obtained
from the state of stress in an equt 1lect wmewb:rane by s-iving the
homogeneous equations of equiiibr!ym The memorana smuriace {s referred
to curvilinear coordinates, the cco:dinate carves being :dentified with
the cable network. Using an auxiliary fun:-10n, the general ecquations
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of membrane equilibrium ar: reduced to a system of two simultansous
first-order differential equations. The method is applied first of
all to translation or rotational surfaces. In the case of flat roofs
the authoress gives a comparison of her method with other known approx-
imate solutions.

Th2 paper 18, in reviewer's opinion, suitable for design engineer,
the results of the solved examples being presented in simple forus.
The knowledge of the analytical geometry of surfaces will be assumed.

AMR #5294 (1965)

15. Basset, A.B., "On the Theory of Thin Wires', Proceedings, London
Mathematical Society, Vol. 23, 1891-1892, pp. 105-127.

16, Batson, R.G., "Testing Wire .-} Wire Ropes", Testing, 1924, Vol. 1,
op. 7-22.

17. #®attelle Memorial Inst., "Analytical and Experimental Investigation
of Aircraft Arresting-Gear Purchase Cable,"” Final Report to the Naval
Air Engineering Center (Contract No. N156-47939) Columbus, Ohio, July 1967,

18. Baud, R.V., and Meyer, J.,' Magnetic testing of structural cables
(in German), Schweiz. Arch, 21, 404-410, Dec. 1955.

AMR #1833 (1956)

19. Bauer, F.,'Approxinate calculation of decrease of tension in
prestressing steel wire wound on circular cylindrical sheel con-
tainers (in German),' Beton u. Stahlbeton. 50, 11, 287-290, Nov. 1955.

The wall of cylindrical reinforced-concrete shell coatainers is
often reinforced by prestressing steel wire wound on 1t. Forces
transmitted by the prestressing wire to the cylinder wall reduce the
radius of the latter, whereby a reduction of tension is caused in the
coils of wire already applied. The paper presents an approximate i
calculation of this reduction of stress.

Start 1s made from an interwmediate phase cf the winding, when it
has been completed only up to a certain height. It is estatlished
vhat reduction & w; of the radius of the cylinder mantle would take
place if the winding were completed right to the end and, during this,
the prestressing wire invariably preserved {ts init{al temsion. How-
cver, because of the radius reduction & w;, reduction of tension ap;
takes place in the prestressing wire at the height examined. It ia




supposed that a similar reduction of tension occurs in the windings of
the prestressing wire above the place investigated. This modifies the
value of Av] previously calculated, and, accordingly, the above
value of A pj; has to be corrected by some magnitude Apy. This pro-
cedure may be continued and, for the veduction of tension sought, the
approximate value of Ap; + Aapy; + ...+ 4p] + ... may be obtained.
Though the above approximation does not converge tcward the precise
solution, the rough approximation does nnt differ much in practical
cases from the precise value, as shown by a comparative calculation
executed,

The paper closes with a tabulation of formulas of ordinatis of deter-
mation and moment influence diagrams for different simple conditions of
support in the calculation of infinitely long cylindrical shell containers.

AMR #1794 (1956)
20, Beebe, K.E., "Mooring Cable Forces Caused hy Wave iAction on

Floating Structures" Co'lege of Engineering, University of California _ 4
(Berkeley) Series 3 - Issue 366, June 1954, oo

o 85 1.

The report presents experimental data on forces on mcoring cables
caused by vave action on floating structures., Quantitative measur-
ments vere made of the horizontal cable force exerted by the mooring
cable on a force meter at the bottom, the surface time history or the
vaves transmitted past the structure, and the surface time history of ‘
the waves without the model in the water, 5

. . el s

21. Berkson, W,G. and R.J, Wolfe, "Investigation of Specially Coa-~
structed Tow and Power Cables and Associated Equipment for use in
Torpedo Countermeasures,' New York Naval Shipyard, Material Lab.,
Dec. 1960,

L

22, Bert, Dr. C.W. and Stein, R.A., "Stress Analysis of Wire Rope in
Torsion and Tension', Wire and Wire Prod., May 1962, Vol. 37, ¥o 5,
621-624; Jun. 1962, Vol, 37 No 6, 769-772,

23, Berteaux, H.0., "Introduction to the Statics of Single Point
Moored Buoy System,'’ WHOI Tech. Pub. (in press).

24, Berteaux, H.0., "Surface Moorings, Review of Performance'
Reference No. 68-20, Woods Hole, Mass., March 1968,

A brief history of wmoorings is presented. The possible types of
failures are reviewed. A theory which could explain the failure of
the vire ropes is presented. This report is quite interesting from

20




a materials viewpoint.

25. Berteaux, H.0.; E.A, Capadona; R. Mitchel and R.L. Morey
"Experimeutal Evidence nn the Modes and *robable Causes of a Deep-
Sea Bouy Mooriny Lin:. cailure: Transactions of the 4th Annual MIS
Conference, Washingtoa, D.C. (8-10 July 1968),

This paper presents the case history of an instrumented buoy system
found adrift aac recovered from the Atlantic Ocean. It describes the
rech nicel and motalluryg :al tests per.ormed on the mooring line in an
attempt to establ.sh the modes of faliure of this typical deep-sea
meoding.,  Present (1968) engineering efforts accomplished at or with
tire w00 tole v'ceanographic Institution are outlined.

J6. UYethlehem .t Rope, Bethlehem Steel Corp., Catalog 2305,
Bethlehem, Pa

27, Blataerwick, A.A.,” Stress redistribution during berding fatigue,"
Experimental Mech. 1, 4, 128-135, Apr. 1961.

Paper deals with distribution of stress in . bendirg-fatigue
specimen and its vedistribu:ion during fatigue resultirg from change
in th2 cyclic modulus of the materiil. Becruse of this effect the
results of fatigue tests vary depending upon the loadini considered
- constrant-strain, ccnstant-stress, and constant-momert - it is
shown that the last one is intermediate between the other two extremes.
A machine specially developed for investigation and the test-procedure
folloved are desciibed The results obtained are discussed and com-
pared with calculated values Lased on cyclic stress-strain curves obtained
independently in axial stress tesis. Author is conscious of the limita-
tions of the cests and the materials chosen, nevertheless, he has ventured
to arrive at general conclusions which, in reviewer's opinion, may be
taken as indicative ratier than as affirmative. AMR 12(1959), Rev, 2923
may be seen for author's earlier work in joint authorship,

AMR #3318 (1962)
28. Bohmer, J.F,,"The exaczt curvature of pretensioning cable (in Danish),
Tekn, Skr. no. 1l& N, 11 pp., 15Z°

Author deals with the problem of Jetermining the exact curvature

of the pretensioning cable which, owing to uniform Jistribured load,
will give momentless stress distribution throughout the beam,
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Thie curvature is, in the literature, supposed to be the circle
as well as the parabola of the second order, Obviously, the exact
curve cannoi .« ... o thece, even if the difference cannot be great.
Because of the couusiai. for.. In this cable, it would have to be raised
a little compared with the paravola. On the other hand, the vertical com-
ponent of S must not exceed the shear force in the section, so the curve
13 strictly limited.

The differential equations are established assuming no friction at
the pretensioning, anu solutions are found by successive approximations,
By taking friction into account, additional correction terms are
fourd. The corrections are small, 5-10% each. 1t can be concluded that
this must be the case even for more complicated constructions, e.g., con-

tinuous beams.

Further, the moments are very small when the vertical component of
S is of the same magnitude asu the shear in the section,

Practically, the theoretic.al! .urve is not of great importance be-
cause usually both change of loau intensity and distribtuion occur, thus
giving moments.

By proper selection, however, of the two variabies, the magnitudz
of the pretensioning force and its eccentricity, anyv two extreme moments
can be taken by a section with stresses chosen.

Stress concentrations wmay be taken by additional nonprestressed
reinforcement.

AMR #126 (1958)

29. Bolcskei., E.! High-Tensile steel cable tie«rods:‘Extrac:s from
Scientific ~irns of the Chair no. 2 of Bridge Construction (Epitoipari
es Kozlekedesi Muszaki Egyetem. Tudomenyos Kozlemenyei), Budapset, 1957,
29-40.

AMR #4949 (1958)

30. Bollenrath, F. and Tungardt, W.. "Effect of Surface Decarburization

and Heat-Treatment on the Fatigue Strength and Time-Resistance of Steel
Stay-Wires, F. Bollenrath and W. Bungardt. ({Archiv fur das Eisenhuttenwesen
1938, Vol. 12. Oct.. pp. 213-218). 1In a previous paper by F. Bollenrath

.nd 1. Cornclius (see otani unc .1scu, JY38, Vol. 58. Mar. 3, pp. 241-245)
time resistance was aelinea as tne capacitv of a material to withstard a
limitea nurper ot rever<ec stresses above tnhe ratigue strengti unti! rrac-
ture sunervenes, In tnis paper tney describe an investlRation ui . «

eftect ol aecarburization on thc strength of steel wires, the resuits
- o S e ©1 The aativue strengtn of patented unallovea
steel wvire was reduced by surface decarburizition; (2) alternating bend
and 2’ rotiny torsior test snowed that the life of sreel wire was also

reauccs v ocecarbpurization: (3; the alternating pend strength of bdoth
unalloyed anu cnromium-molvbdenum steel wire was improvad by tempering
at aovout 2%° oosoter cold=woreing: (4) subijecting round specimens to




fluctuating tensile stresses and to torsional vibration showed that de-
carburization had a deleterious effect upon both che time resistance and
the fatigue strength; (5) chromium-molybdenum steel had, especially when
heat-treated, a fatigue strength greater than that of unalloyed steel;
and (6) by using wire of special cross-section it is pnssible to make
better use of the advantages of alloyed steel in aeroplane construction,
and so obtain not only a greater margin of safety but also a decrease in
weight,

31. Brauer, H., "The Domping of Wires,'" Metallwirtschaft, 18, June 16,
1939, pp. 503-505.

32, Brewer, G., "Residual Stresses in Wire Loops at Anchorage Shoes
or Grommets," Metals Progress, Vol. 44, Sept 1943, pp. 441-447,

Examined failures of heat treated bridee wires forming main cables
of two suspension bridges in terms of the residual stresses developed
when wires are preformed to fit around the anchorage shoes, Indicates
the fallacy in assuming that becase the wires just fit arcuad the an-
chorage, there are no stresses in the wires. Actually, the author con-
sidered, the preformed loop contained such high residual stresses that
a relatively small superimposed direct etress in tension brought the
extreme fibers up to the elastic limit, Author explained that the
difference in ductility between the cold-drawn and heat treated wire
allowed the cold drawn wire to deform plastically and relieve the
residual stress. In addition the increased motch sensitivity of the
heat treated wire compounded the effect of the high initial stresses
resulting in ar early failure.

33. Brezina, V.,"Theory of a Jens-shaped cable roof anchored in a
plane ring (in English),’ Rozpravy Ceskoslovenske Akademic Ved, Rada
Technickych Ved 76, 2 103 pp. (1966).

The stresses in & Cartesian network of cables supporting a bicycle-
wheel roof on an elliptic plan are determined by setting the nonlinear
equations for the membrane stresses in the equivalent membranes, The
equations consider dead and snow loads, prestressing, thermal changes,
and the state cf stress due to the deformation of the ring. The simp-
lif ied equations corresponding to small deformations are nbtained, and
the linesrized equations derived from the srall deformation equations
are solved. The optimal bendinpg rigidity of the ring is considered in
order tc minimize the moments in the ell!ptic riug while guerantecing
its buckling stability. The stresses in the membranes are obtained
under a sequential application of the louds corresponding to the actual
constructioa technique. The difference equations adapted to ¢ wore
realistic solution by me=nus of cumputer also are derived.

AMR #3944 (1967)

23




34, Brock, J.E.,' Matrix analysis of flexible filaments) Proc. First
U.S. nat. Congr. #Hppl. Mech,, June 1951; J.W. Edwards, Aann Arbor, Hich.,
285-289, 1952,

By matrix algebra, an exprecssion for the deflection of the eud of
an elastic filament is fuund for generalized force system at that end.
In order to facilitate the mathematics, the equation of the curve of °
the filament is defined as a position vector, Small deflectiomn theory
is used and the cross-section variation is assumed to be gentle along
the length of the filament., The wethod is applied to a helical wire
for illustration, with several types of wire section properties used,
including rectangles and circles.

AMR #3507 (1954)
35. Broschat, M., and T.E. Sherman, "A Five Year Field Study of Armor

Rods and Conductor Vibration Fatigue,'" 1EEE Summer Fower Meeting, New
Orleans, La., July 10-15, 1966, Paper No. 33, pp. 86-399,

36. Broschat, M. and T.E. Sherman, ''Neoprene Curshion May Answer
Conductor Fatigue Problems," Electric Light and Power, Dec. 1967.

37. Browm, B.F.,"Coping with the problem of the stress-corrosion
cracking of structural alloys in seawater, Ocean Engincering 1, 3,
291-296 (Feb, 1969),

In the area of developing ocean techmology, the focus of concern
with respect to corrosion has shif:ed from generesl wastage to critically
localized corrosion. As increasingly stronger alloys are used in sea-
vater, one of the most important forms of critical corrosion is stregs-
corrosion cracking. Methods for quantifying this property are diacussed,
and the implication of the measured gquantities to materials selection are
indicated.

AMR #9527 (1969)

38. Buchholdt, H.A.,"Deformation of prestressed cable-nets (in English),
Acta Polytechnica Scandinavica Civil Engineering and Building Comstruction
Series no. Ci 38, 17 p». (1966),.

Literature on the deformations of suspended roofs of cable-nets
or skelets assemblies consisting purely of link-bars is not very wide..
Auttor attempts this problem by using the "Method of Potential" applied
to the deformation characteristics of a cable-net, preatressed initially
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to sufficient magnitude; his assumptions are: (1) cables cannot resist
bending; and (2) linear elastic behavior of the langth of the cables
between any two joints exists. The net is treated as a "mechanisa"

and the total potential of the system minimized for a stable equilibrium-
configuration, The gradient vector o W/ o x represan*ing the unbalanced
forces in the X, Y, and Z directions for a given displacement vector (x]
would repressat the direction of greatest increass of the total potential.
From the ouf.-of -balance force set exvressed in an Euclidean norm R = [
W/ ax] Tle W Onll 1/2, a unit vector Vi in the direction of the steep-
est descent of the tBtal potential surface is nbtained; tp minimize the
total potential, a distance of S in the direction (V] is moved, with
successive iterations resulting ultimately in a displacament vector for
which R can bte made negligible, which corresponds to a most stable con-
figuration of a net under initial and applied forces. The energy express-
ion for the total potential is a fourth-order polynomial in terms of S,
the five constants being evaluated in terms of E, A, L and displacexent
ve.tors aud dw/ds = O for the solution of the problem.

Computer solution of a numerical problem is shown. Important con-
clugions axe: (1) displacements decrease, with increase of prestresaing
and with increase of selfweight, but increase with decrease of curvature;
(2) load displacement relations are nonlinear,

Paper is a welcomgcontribution to an otherwise seemingly intractable
problem.

AMR #3359 (1967)

39, Buhler, 7., "Influence of the Shape of the Die on the Internal
Stresses and Strength Properties of Cold-Drawn Steel Rods," ("Archiv
fur das Eisenhuttenwesen, Vol. 8, April 1935, pp. 465-466).

In experiments on samples of steels St. 37 and St.60, cylindrical
dies produced relatively high stresses in the rod. Steep dies pro-
duced principally a deformation of the surface; thus, for instance,
bright drawing with a steep die produced a material with very much
lower stresses than did the usual type of die; with steep dies the power
consumption was generally higher. On accouat of the bad frictional con-
ditions, the cylindrical die required by far the greatest amount of power.
A normel die produced a smooth and unexceptionable surface, whereas that
from a cylindrical was streaky and porous. For particularly amootn sur-
face at low drafts, the use of a steep die is recommended. As the steep-
ness of the die increases, the tensile strength and yield point of the
rod increase, the latter more rapidly than the former. Any influence of
the die on the elongation and reduction of area could not be observed.

40, Buhler, H., and Kreher, P.J.," Simple method to determine the
internal stresses in vire (in German) Archiv fur das Eisenhutten-
wesen 39, 7, 545-551 (July 1968).




Authors describe a cross-slot method to measure the longitudinal
internal stresses in cold-drawn wires. By this method, the wire is
slotted in a cross sectional plane to the center and the deflection
of the wire is measured with dial gages or with an optical method.
The derived equations to calculate the internal stresses are valid
for a linear uniaxial and a rotation-symmetrical stress condition.
The influence of the slot width onr the deflection is shown by tests
on wires with 0.82 carbon, culd-drawn with a reduction of cross sec-
tional area of 0.8 to 32.47 on a diameter of 5 mm, The application
of the method and the determination of the longitudinal residual
stresses in the surface layer is further shown by tests on wires with
0.1X carbon, cold-drawa with a reduction of cross sectional area of
0.8 to 402 on a final diamcter of S mm,

AMR #6139 (1969)

41, Bullen, N.I.."The iniluence of rope stretch on temsion variations
in arresting gearu,” herc. Res. Counc. Lond. Rep, Mem. 2964, 38 pp.,
1956.

Equationus of motion are set up for a system consisting of an
aircrait and an arresting gear. The analysis differs from work
previously done by the assumption of elasticity, wmass, and friction
in the wire cable used. The resulting equations are integrated step
by step. Comparisoa of the results with observed rope temsions and
accelerations indicates good agreement, and it is concluded that the
rope elasticity accounts for hitherto unexplained observed oscillations
in rope tensions.

AMR #1048 (1957)

42, Busby, R.F., L.M. Hunt and W. Rainnie, '"Hazards of the Deep,’
Ocean Industry, Vol. 3, No. 7, July 1968.

Two kinds of hazards are considered: (1) Man-mide hazards (cables,
wrecks, etc.) and (2) natural hazards (see state, currents, topagraphy,
etc.). The first hazard mentioned are cables. Submarine cables may
be used for power, communication, mooring or & combination of these
functions, Cables may also exist as lost or discarded material.

43. Cables, Connectcors und Penetrators, '"Meeting on Cables, Connectors
and Penetrators for Ceep Sea Vehicles', Department of the Navy, held at
Management Information Center, Deep Submergence Systems Project Office,
Bethesda Md., 15-16 Jan. 1969; minutes of
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44, Capadona, E.A., "Dynamic Testing Predicts Marine Cable Failures,"
UNDERSEA Technology, Oct. 1967,

The author discusses the value of laboratory studies on particular
problems of dynamic loading in cables for oceanographic applications.
Noted analugies between dynamic problems in power industry and those
in underseas applications. Specific problems mentioned are: (1) repeatad
axial loading; (2) strumming; (3) dancing; (4) shock loads; and (5) sheave
studies (ababrasion, fuelting, radial compressure forces, bending stresses
over sheaves). No data given - no specific tests mentioned.

45. Capadona, E.A. and W. Colletti, "Establishing Test Parameter for
Evaluation and Design of Cable and Fittings for VDS Towed Systems,"
The New Thrust Seaward, Transactions of the 3rd Annual MIS Conference,
San Diego, California, June 5-7, 1967.

46, Chapman, R.W., "The Stress of Wire Ropes due to Bending,"
Engineering Review, Octcber, 1908.

47. Chase, L., "Causes of Breaks in Wire Rope and Cable in Ocean-
ographic Applications,”" Naval Oceanographic Office, Instrumentation
Department, Washing, D.C.

48, Chade, L. "Why Wire Rope Breaks #nd How to Prevent It,'" Ocean
Industry, May 1969, pp. 98-102,

Results of US Naval Oceancographic Office Survey to determine causes
of failures including partings and breakages.

49, Chelton, H.M., "Wire Rope," Pit and Quarry, 43, 80 (March 1968).

50, Chistopherson, D.G., and Naylor, H.)' Promotion of fluid lubri-
cation in wire drawing," Instn. mech., Engrs. Proc. 169,35, 643-653,
1955.

A factor limiting the rate at which wire can be drawn through a
die is the severe die wear which may occur at high speed. If
hydrodynamic lubrication could be induced, wear would probably
be much reduced. It is suggested that this can be done by supply-
ing oil to the die entry at a pressure comparable with the wire
yileld stress. The necessary pressure cau be conveniently gener-
ated by causing the wire to approach the die through a tube of
slightly larger diameter than the wire, sealed on to the inlet side
of the die.

Experiments showed that the die friction is thereby ao reduced
that, even allowing for the drag in the tube, the total drawing force
is less than with existing methids of soap lubrication; and tests




with steel dies have shown large reductions in wear. A theory of
the behavoir of the wire in the inlet tube and of the temperature
distribution in the system is included. The former is based on the
hypothesis that the wire follows that path in the tube which leads

to'minimum power dissipation, assuming laminar viscous flow; the
experimental results are consistent withit.

Reviewer belives that this is a most important investigation,
both from a practical viewpoint and as an interesting new application
of the variational principle to viscous flow.

AMR # 3627 (1356)

51, Clarke, N.Ww B.:'Maasuring inads in wires: two simple devices
to ensure accuracy in prestrecsing,’ Engineering 177, 4613, 812-815,
Juue 1954.

Two simple methnds for measuring total loads in prestressing
wires are describhed: (1) Use >f a very stiff double cantilever steel
spring together wi*n a Jjial gage to measure the deformation of the
spring: (2) use of a lever loaded with known weights.

AMR 1346 (1955)

52. Clarke, N.W.B., and Walley F,,'Creep of high-tensile steel
wire,"Proc. Instn. Civ. Engrs. 2, part 1, 107-135, Mar. ..S3.

Paper gives results of engineering rather than fundamental
importance on the stress-relaxation cf 'high teunstile strength
steel''wire stretched and maintained at constant length, Greater
stress relaxation was found at higher initial stress levels. At
any initially applied stress, the stress relaxation was proportional
to log time up to 1000 hr, the time limit 2f rests

AMR # 3735 (Dec 1953)

53. Cleaver, F T, and Miller, H., " Wire-drawing technique and
equipment,” London, Inst., Metals, "The cold working of non-ferrous
metals and alloys,’” S1-:06, 1952 $2 50.

The principal landmarks in the development of the wire-drawing
industry in this country from the earliest beginnings until the
present time are reviewed. A description is -hen given of pres-
ent~-day machines, :omprising tandem - and ~one-type machines, in
which slipping of the wire occur: :n the cou..e 3¢ drawing, and
also the nonslip variety Die design, Jie materiais, lubricants,
speeds of drawing, -edu:tions, and oiher aspects of wire draving
are dealt with, and a detailed account is given of current practice
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in the production of copper, brass, bronze, and other coprer-alloy
wires, and also of aluminum and alloy wires. Finally, vacious
types of defects which are encountered are considered.

AMR #2818 (Sept 1953)

54, Cole, J.D., C.B. Dougherty and J.d. Uuth, "Coustant-Strain Waves
in Strings," J. App. Mech., ASME, Vol. 75, pp. 519-522, 1953.

55. Conducting Cable, "More Conductor in the Cable," Electl, Rev.,
Lond., Vol. 184, No. 2, 53 (1969) Jan.

600/1000 V 'Alplast' cables developed by the Hungarian Cable
Works have the economic advantage of a concentric neutral arrange-
ment, but are easier to handle and have better resistance to corrosion.
They have solid Al conductors, pvc insulated and sheathed. The neutral
is, in effect, 4 separate conductors, 3 in the interstices between the
phase conductors plus a helically wound Al tape overall. The cross
section of the 4 neutral conductors is thermally equivalent to each
of the 3 phase conducturs., The larger cables have specially shaped
phase and neutral conductors to provide an even better 'space factor'
i1 the cable, C(Cross sections are shown. The cable is irtended to
have welded joints, --AA

Source: Corrosion Abstracts, Vol., 8 No. 6, p. 412, line 68, Nov. 1969.

56. Cornelius, H, and Bollemrath, F, "The Notch Sensitivity of Cold
Worked Steels when Subjected to Bending, Fatigue', Archiv fur das
Eigenhuttenwesen, 1940, Vol. 14, Dec., pp. 289-292,

Found that notch sersitivity increased with degree of cold vork
for: (a) soft iron; (b) chromium-molybdenum heat treatable steel;
and (c¢) carburized ansteatic steels. For ,382 C steel the effect
was reversed slightly (more marked for Cr-Ni-Mc heat treatable steel).
Carburized anstentitic steel had no notch sansitivity in the soft
state anad only a slight one when cold-worked.

57. Corton, H.T, and Sinclair, G.M., "A Wire Fatigue Macnine for
lavestigation of the Influence of Complex Stress Histories,'" American
Society of Testing Materials Preprint No. 67, 1956,

A wire fatigue teating machin® Zesciibed which operates on the
principle of a deflected rotating Strut. Results of constanat stress
amplitude tests of steel wire are presented and statistically
analyzed.
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58, Craggs, J.W.,"Wave motion in plastic-elastic strings,' J. Mech,
Phys. Solids 2, 4, 286-295, June 1954.

59, Cristescu, N. "Dynamic Plasticity," Applied Mechanics Reviews,
Feature Article, Vol. 21, No. 7, July 1968,

60. Curry, J.H. and Posner J., "Results of Experiments with Models
of High Speed Towing Targets including Estimates of Full Scale Target
Drag and cable Tension,'" DIMB Report No. 595, Nov. 1947.

61. Curtis, A.R., and Cowan, H.J.," Design of longitudinal cables
in circuuwferentially wound prestressed concrete tanks," Mag. Concr.
Res. no. 15, 123-126, Mar. 1954,

Expressions are derived for longitudinal bending stresses created
by (and during) the circumferential prestress process. Paper includes
expressions for minimum longitudinal prestress required to prevent
cracking.

AMR #3553 (1954)

62. Czitary, E.," Behavior of a cable on a pulley with elastically
deformable lining (in Germsn),b'Ost. Ing.-Arch. 10, 4, 349-359, 1956.

Problem deals with a cable stretched, say horizontally, between
twvo fixed points and loaded vertically at the middle through a pulley
with an elastically deformable lining around its circumference, a
finite portion of the lining Leing thus compressed and brought in
contact with cable. Maximum slope of cable is assumed to be small.
In addition to the main problem in which flexural rigidity EJ of cable
is considered, a special case in which EJ is neglected is also discussed.
Then, in two other special cases of considering and neglecting EJ of
calbe, respectively, a rigid pulley without lining is considered.
Obtained for all cases are oxpressions for determining length of con-
tact between cable and pulley, elevation of pulley, minisue radius of
curvature o, of cable, and maximum pressure G} between cable and
pulley, the last two quantities occurring at center of cable. Numerical
example shovs much larger® , for the cases of pulle; with elastic lining
than for those of rigid pulley without lining; use of lining such
as that made of rubber is therefore justified.

Reviewer likes to point out that suthor's differential equations
governing deflections of coupressed and free portions of cable in
main problem are similar *o those for beams under simultaneous axial
and transverse loading, with and without an elastic foundation, re-
spectively, because EJ of cable is considered: and that, wheu pulley
r.as elastic lining, tihe numerical results show little difference
between considering and neglecting bJ of cable, indicating that EJ
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may well be neglected to have much si=mpler calculation. In the
first unnumbered equation in paper, for computing the moment in
cable, term Px, should be P(x  + x), but the error fortunately
does not affect the rest of tge calculation.

AMR #1748 (1957)

63. Czitary, E.,'Behavor of a cable riding on an eastically coated
roller (in French)) Ann. Ponts Chauss. 127, 6, 795-820, Nov.-Dec,
1957,

It 18 common practice to deflect or bend a cable by means of a
roller. An elastic coatiug in thc groove of the roller, e.g. a rubber
coating, can reduce the cuvature of th2 cable., Paper presents datailed
calculations of effect of coating on curvature and stress cf cable
including conditions which must be satisfied by the coating. Originally
by E. Czitary [AMR 10 (1957), Rev, 1748}, paper was translated into
Frenclh by L. Lehanneur, Translator added section wiich covers an in-
stance ot counsiderecd by C-~itary, and also presents a simpler method
of computing curvature,

AMR #807 (1959}

64, Czitary, E., Suspended-cable transport devices [Se!_schwebebahnen],
2nd edition Wien, Springer—Verlag, 1962, vil + 467 pp. $27.59.

Author ccndenses a lifetime’s experience in this field, Book is
a complete exposition of theory and engineering practice for design
and installation of cable transportation devices. Introductory
definitions and classifications are followed by treatment of various
types of wire ropes, Methods are presented for determination of
loads on supporting and traction cables. Spearate sections treat
construction of cable supports, loading stations, carriages, or other
carrying services, and safety features. A separate portion is devoted
to ski lifts, The extensive and complete bibljography extends back to
1906, and contaias about 350 entries in various languages.

A necessary text, not only in this field, but also wherever raoles
are used for suspension of loads.

AMR #4439 (1963)

5. Czyzewski, K., iuc fciction coefficient between rope and sheave
in a lift (in Polish)," Archiwum Budowy Maszyn 13, 1, 31-70 (1966).

The value of the apparent coefficient of friction betwveen rope
and sheave depencs on the geometrical form of the groove, the pres-
sure distributicn between the rope and the greove, and the value of
the real cecefficient of friction between them. The distribution law
of the pressure has been determined on the basis of wear tests of
grooves., These tesis have shown _hat an undercut groove beccmes
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elliptic as a result of war and have enabled the determination

of the parameters of the eliipses describing the profile of a worn
groove, On the ground of a new hypothesis of pressure distribution
established by means of an experimental study of the wear process,
theoretical relations are obtained for the determination of the
apparent friction coefficient :in usual semicircular undercuc and
elliptic undercut grooves,

Experimental investigation of the appareant friction coefficient
carried out by means of laboratory test stand and an experimental
iift have confirmed the correctness of the theoretical relations
obtained and enabled the determination of the miniamum values of
these c.efficients, for the purpose of compution of the gafe
value of the fricticn coupiing between the rope and the sheave.

The sbove new method for determining the apparent friction
coefficients in undercut grooves enables correct interpretation of
the results ~f other nvestigations, For practical purposes some
simplified equationc are pronposed.

AMR #9597 (1968)

66. Daeves, K., "The Influence of Hoisting Frequency, Coastructionm,
and Material on the Durability of Wire Ropes,' Draht, Germain ed.,
1954, 5, Feb., pp. 45-49,

Rope life, based on colliery statistics shown to vary inversely
with number ot working cycles per month. For a given hoisting fre-
quency the number of failed wires increases logarithmically with
time, Effects of construction and material pronounced when hoist-
i:.g frequency high. Endurance limit discovered to increase with
frequency of rests for a given stress amplitude.

67. Daeves, K., Gerold, E., and Schulz, E.H,, "Influencing the Life
of Fatigue Stressed Parts by Periods of Rest', Stahl and Eisen, 1940,
Vol. 60, Feb. 1, pp. 100-103.

Stresses applied above the fatigue limit at certain time inter-
vals and temperatures. Showed; (1) that rest increased the life above
the fatigue limit; (2) that the increase was grez'er the sooner cyclinr
vas started after rest; (3) greatest recovery for coarse pearlitic
structure and decarburized surface. These conclusions should be con-
sidered in fatigue tests wvhich are intended to simulate particular
load histories,

68. Dale, J.R., "A Force Balance Analog for Determining Characteriztics
of Ocean Cable Svystezs,” Report No. NADC-AE-4517, 16 Nov. 1965.
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69. wuale, J.R. and J.M. McCandless, 'Determination of Normal Drag
Coefficients for Flexible Cables," Report No. NADC-AE-6719, June 19€7.

70. Daveaport, A.3.,"Dynamic behavior of massive guy cables," Pro.
Amer. Soc. Civil Engrs. 91, ST 2 (J. Struct. Div.) (Part 1), 43-70,
Apr. 1965,

An equaclon for small displacement dynamic guy moduli of Iong
guy cables, including air-resistance .amping terms, is derived.
Uniform cable tension is assumed and a parabolic approximation of
the catenary is used. Yorizontal sinusoidal excitation in the form
of upper guy end displacement, both in the plane of the guy and per-
pendicular to it, is considered. Modulus due to the latter is found
to be negligible when compared with the former, In-phase and out-
of -phase components of guy modulus (author fails to clea:ly identify
them so) are plotted against frequenrcy for several critical damping
ratios and a guy inclination angle which the auatihor fails to give,

Experimental x2sults obtained from model guys gave fair agree-
ment with theoretical results for small periodic guy end displace-
ments to frequencies approximately four times the fundamental fre-
quency for the undamped taut wire,

Paper should provide designers of guyed structures with valuable
concepts concerning the dynamic behavior of their structures.

AMR #816 (1966)

71. Davidson, A.E., J.A. Ingles and U.M. Martiroff 'Vibration and
Fatigue in Electrical Concuctors,' Trans. AIEE, Vol. 51, pp. 1047-1051,
Dec. 1932,

72. Davidsson, w.,”lnvestigation and calculation of the remaining
tensile strength in wire ropes with broken wires, Acta Polyt. 174
(Mechanical Enginzering Series 3, no. 6), 38 pp., 1955,

The remaining tensile strength Pds’ as estimated by static tensile
test of a straight iope, is not adequate to serve as a starting point
for judging whether a rope shouid be discarded or not. In this re-
spect the remaining bending tensile strength Pbdr' which is obtained
by bending the rope over a pulley when in movement and under a load,
should be decisive. For ropes with two layers of wires in the stands,
covered by the investigatiorn, Pb r/P s A 0.78 may be set in the case
of moderate weakening owing to wire breaks and wear.

The wir~ recove.v length has been investigated in static remain-
ing tensile strength tests, Here, among other things, it is proved
that the wire recovery length is not equally great for the different
layers of wire in the strands, Thus for ropes with two layers of
wires in the stiands the wire recovery length in the inner layer was
only about half that of the outer cae,

AMR #415 (1956)
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73, Davidsson, R.,"Investigation and calculation of the remaining
tensile strength in wire ropes with broken wires {(in English),!
IngenVetenskAkad., Stockholm no, 214, 38 pp., 1955.

The remaining teusile st~ .sth Py., as estimated by static ten-
sile test of a straight rope, 1c uot adequate to serve as a starting
point for judging whether a rope should be discarded or not. In this
rerpect the remaining bencing temsile strength Pp,,. which is obtained
by bending the rope over a pulley when in movement and under a load
should be decisive., For ropes with two layere of wires in tlL: strands
covered by the investigation, Pp4, /Pyg% 0.78 may be set in the case
of moderate weakening owing to wire breaks and wear.

The wire recovery length has been investigated in static remain-
ing tensile strength tests, Here, among other things, it proved that
the wire recovery length is not cqually great for the different layers
of wires in the strands the wire recovery length in the inner layer
was only about haif that of the outer one,

A method is given for calculating the weakening due to wire bresks
and wear of the tensile strength of a rope which is still in use.

Some fifty discorded crame, 1ift and telpher ropes have been in-
vestigated with regard to the occurrence and distribution of invieihle
wire breaks

Finally, the advisability of choosing the rope lay as the control
length is pointed out.

AMR #2040 (1958)

74. Davis, E.A, and Dukos, S.S., "Theory of Wire Drawing," J. Applied
Mech., Vol, 11, pp. 193-198 (1944).

75. Dean, D.L.,*Static and dynamic analysis of guy cables," Proc.
Amer, Soc, Civ. Engrs. 87, ST 1 (J. Struct. Div,), 1-21, Jan. 1961.

Author proposes to analyze tower guy cabies for static and
dynamic conditions in a more exact mamner than has been previously
done, but without introducing additonal complexity into the solution.
The vibrations of the tower normal to is uaxis and the resulting
motion of the end of the cable attached to the tower are considered.

The wisdom of some simplifying assumptions used by the author
have been guestioned in published discussions of the paper (for ex-~
ample, see; discussion by G,V, Berg, Proc. Amer, Soc. Civ, Engrs. 87,
ST 4, . 61-65). One of the main points questioned is treatment of
the horizontal component of the cable tension which is first assumed
constant and iater given as a function of time. Persons interested in
the subject should also consult the author's closing discussion which
will be published in the future,

AMR #697 (1962)
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76, Dean, D.L., and Ugarte,C.P.,"Analysis of Structural Nets'"(in
English) ,Publ, Internat. Assoc. Bridge Struct. Engng.,23,71-90,1963.

Expressions for the relation between deflections and loading
for structural cable networks are developed. Solutions are found
for doubly threaded nets with quadrilateral and triangular bounda-
ries; also solutions are given fo r the cases of quadruply threaded
nets., Transformation of coordin.tes and the application of Green's
functions are discussed in the appendices. Pertinent comments rela-
tive to the practical aspects of manual and machine computations are
given.

R s 250 N

AMR #6984 (1964)

77. Deforest, A.U. and Hopkins, L.W., "The Testing of Wire Rope and
Rope Wire,"American Society of Testing Material, 1932,

Requirements for endurance tests are given in terms of the lo-
cation of the maximum stress, length of the stessed portion, fre-
quency of the stress and wire shape. Criterion for the end of a test
is given in terms of number of wire breaks occuring in a foot. Breaks
are classified according to location within the rope of the break, A
warning is given that stress analyses must take into account chan-
ging conditions within the ropc.

78. Derevinskii, I.L., "The Determination of the "pull" and the
Figure for the Equilibrium of a Wire-Wove Cable in Space Under the
Action uf the Forces of Gravity and Aerodynamic Loads} (in Russian)
Trudi Karagandinsk. Gorn. In-ta no, 2, 245-267, 1958; Ref Zh, M:ih,
no., 2, 1960, Rev, 1606,

The problem given in the title is investigated while making the
assumptions that the aerodynamic load is directed along the projec-
tion of the velocity onto the plane normal to the wires and thot its
intensity is determinable by the formula n (sin@ ~ kcos@), where n,
and k are constants, while no depends on tge velocity of the flcw,
horizontal and constant along the cable and ¢ is the angle of at- .
tack. With these assumptions, the problem merges with the soluticn R
of a linear equation.

AMR #2988 (1962)




79. de Silveira, Feijo A. H., "Examination of a Steel Cable," Bol.
Int,, 1953, 4, Jan, pp 12-29 (in Portugese).

Examination of an apparent fatigue failure of a carbon steel
cable which had caused an accident on the Pao de Acuar (Sugar Loaf
Mtn in Rio de Janeiro). Bend tests produced failure of the rope in
nine (9) cycles.

80, Dinnik, A.N,)' Papers .i. the mining industry (in Russian),"
Mascow, Ugletekhizdat, 195/, i95 pp. + illus., 6r, 90K; Ref, Zh.
Mekh. no. 3, 1958, Rev. 3303.

Papers included in the compen.ium deal with various matters
concerning the mining industry: the application of the theory of
elasticity to the solution of pvohlems related to management of mine
rocfs; the dynamic strecses in h=vling cablas; the strergth of haul-
ing cables, the danger of resonance in winding machinery equipped
with bicvlindro-conical drums, the distortion of mine shafts, etc.

The compendium does not include papers bearing on the subject pub-
lished by A.N. Dinnik, as for instance: On the vibration of wire

of varying toughness [fzv. Ekaterinoslavsk. Gorn. In-ta, 1914, no. 1];
Dynamic stresses in a hauling cable when the top end unexpectedly
stops [Yuzh, Inzhener, 1917, nos. 3, 4]; Dynamic stresses in a hauling
cable during an evenly accelerated motion of its top end {[Byul.
Ekaternoslavsk, Gorn. In-ta, 1918]; Dynamic stresses in a hauling
cable [Nauka na Ukrine, 1922[,

AMR #4880 (1959)

81, Diratsu, V.S.,"Determination of stresses in the strands of

spirally wound steel cables by the electromagnetic method (in Russian},"
Nauch, zap. Odessk. politekn, in--ta 1, 63-82, 1953; Ref. Zh, Mekh. no.
12, 1956, Rev. 8689,

The study is experimental and is devoted to the determination
of the distribution of load between the separate layers of wire-wound
cables, simply twisted under the influence of stretching by the load,
producing plastic deformation of the wires, Investigation was carried
out on samples of double layer cables of two types: (1) having equal
angles of hoist of the wires in the windings, (2) having identical
pitch in the twist. The test method is based on the change of the
magnetic properties of the wire as the result of plastic deformations,
The formation of the maé?to-mechan%?l characteristics of the wires was
accomplished by means of the comparison of the losses on the reversal
of magnetism in the sample and in the calibration standard. Tests were
made both on the whole cable and on the separate windings. The re-
sults of the investigation permit the deduction to be made on the
more even distribution of loading between the separate wires of the
cable, arising from the condition of the equality of the angles of
twist of the wire- in the separate windings, by comparison with cables
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having identical pitch in the twist of the wires of the windings.

AMR #3488 (1958)

82. Dodson, M,; Veazie, W.h.; Fries, R,H.; Gibson, P.T.; and Qress,
H.A,, "Investigation of Wire Rope Service Requirements and Design
Parameters," Final Report to Naval Ship Systems Command, Department
of the Navy (Contract No. N-00014-68-C-0492) ONR - 291-015/5-6-68
(Code 485), August 29, 1968, Batielle Memorial Institute, Columbus
Laboratories).

Designed as overall picture of Navy's use of wire rope and to
provide understanding of problems being encountered in the areas of
physical hazard with failure in operational equipment, loss of time
and material, and increasing costs of wire rope. Visits to Naval
Shipyards and other installations whicﬂﬁ%ﬁre rope - to discuss problems,
keviewed wive rope research and testing programs conducted by Naval
Laboratories. Review of basic specifications,Study of Supply System
and design criteria. Recommended solutions to problems. Some com-
clusions were:(a) specifications are not adequate to uniquely specify
a wire rope, (b) design specifications are outdated and are based on
incorrect assumptions, (c) lubrication practices are non-uniform and
of ten lubrication is improperly performed or neglected, (d) standard-
ization of equipment is virtually non-existeat; (e) lack of communi-
cation among Naval activities working with wire rope; (f) carpenter
stoppers in use currently do serious damage to wire rope at high loads -
recommends modifications to existing designs and proper use of stoppers;
(g) much of the experimental w~rk which has been done of questionable
value due to uncontrolled variations in test parameters,

Damage to wire rope is due to operation with associated equipment
is greatest when rope operates over sheaves of too small a diameter;
several examples of broken wires in ropes. Problems cited in eleva-
tcr ropes which had varying load-elogation relationships because
different vendors supplied the ropes. Impact loads and abrasion
responsible for short lives of aircraft arresting  gear.

Design specifications do not consider adequately bending stresses
nor dynamic loads. Braided nylon rope considered a preferred sub-
stitute for wire rope for mooring, cargo handling, towing and messenger
lines, Foreign made wire rope is considered to create problems for
ultimate user due to non-uniform preform, workmanship, and diameter,.
Suggested that terminology in the general specs be changed from the
archaic mild-plow, improved-plow, high-grade plow-steel, etc,to the
ASTM, ASM or MIL Spec material designation. Recommended are control
of manufacturing techniques,where performance of the end product is
affected, e.g., source of the material, the wire drawing techniques,
stranding and closing techniques., Recommends the development of a
consolidated design document to provide design engineers with proper
and adequate information on wire rope selection and the design of
assoctated equipment., Recommends initiation of wire rope research and
test programs to determine (1) optimum construction of wire rope for a
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given application; (2) whether ropes wiu. fiivr core or independent
wire rope core have best endurance for underway replenishment., Also
the chemical composition of the actual wires shouid be indentified
and properly specified. Stranding and closing techniques which produce
rope with best fatigue life should be specified,

Investigations should be conduted to determine the bending-
fatigue performauce of electrolytic zinc coating compared to that of
hot-dip galvanized.

The above should Involve tasic considerations involving use of
aluminum coated wire rope in Naval application (ALVIN util)ized

aluminum coated wire rope).

83. Dollins, C.W., and Betzer, C.E.," Creep, fraciure, and bending
of lead and lead alloy cable sheathing! Univ, I11l., Engng. Exp. Sta.
Bull, 440, pp., Nov. 1956,

84. Domes, V., "Design and Measurement of Drawing Die Profiles,"
Stahl and Eisen, Vol. 71, pp. 1147-1148 (1951).

83. Donandt, Hermann, "On the Durability of Cable and Cable-Wire,"
(in German), Arch, Eisenhuttenw. 21, 9/10, 283-292, Sept./Oct 1950.

Author discussess use of fatigue strengths in tension and in
bending as based for selection of wire cables for specific applications,
Analytic treatment is simplified by assuming that individual wires act
independently, He compares results given by his method with standard
German practice in applications to mine elevators, building evelators,
cranes, and cable-suspended conveyers., A qualitative discussion of
additional stresses resulting from twisted construction of actual
cables is given, He concludes that practice of basing design upon
ratio of maximum stress to ultimate strength of the material is more
misleading for cables than for other machine parts.

AMR #1971 (1951)

86, Dong, R.G., and Steidel, R.F., Jr.," Contact stress in straaded
cable,' Exptl. Mech, 5, 5, 142-147, May 1965,

An experimental study of interstrand contact stresses existing in
a stranded cable while it rests in its suoporting clamp has been
made using the stress-freezing photoelastic technique. Comparing
the results with the Hertz contact-stress theory made it possible
to establish criterion for suspension-clamp design.

AMR #3960 (1965)
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87. Dorodynkh, B,N.,"A metihod of calculation for the parameters of
the setting of deforming device when makiag doubly wound cables (in
Russian),' Izv, Vyssh, Uchebn. Zavedenii: Gorn. Zh. no. 9, 105-114,
1959; Ref. Zh, Mekh, no. 10, 1960, Rev. 13894,

The stress analysis carried out by the author demonstrated that
the magnitude of the residual stresses is less than the stresses
produced in the wires when cables are being made by the usual tech-
nological process. This fact is used by him to explain the increase
in the life of deformed cables,

AMR #7034 (1962)

88, Dorodnykh, B.N.,"On the determination of stresses produced in the
fashioned wires wher manufacturing cables of closed construction (in
Russian),” Izv, Vyssh. Uchebn, Zavedenii: Gorn. Zh. no. 8, 118-124, 1959;
Ref. Zh. Mekh, no., 4, 1961, Rev, 4V 439,

Formulas are give:. for the determination of stresses due to
flexure and torsion in the elasto-plastic region produced in the
fashioned wires during the making <f cables, It was shown that in
order to raise the service life of cables of closea construction it
is essential to reduce the twisting stresses by the choice of suit-
able dimensions for the profile by decreasing the angle of twist of
the wires in the cable and by making use of the method of predeform-
ing the wires both in fashioned and in round sections.

AMR #2027 (1963)

89. Doyle, J.E., "Wire Under Tension and Transverse Forces', Philo-
sophical Magazine, 1937 (vii), vol. 23, No. 158 pp. 1114-1128,

90. Drucker, D.S. and H. Tachau, "A New Design Criterion for Wire
Rope," J. App. Mech,, Trans, ASME 12, (1945).

Proposes a dimensionless bearing pressure as the proper parameter
for choice of wire rope. The significance of this parameter is
evidert in plots of cycles to fallure vs the bearing pressure ratio
which shows a well defined curve for several ropes of 6 X 19 and
6 X 37 construction. The scatter is considered less than might be
expected using the usual test parameters,

91, Drucker, D.C. and H, Tachau, "A New vesign Criterion for Wire
Rope' Journal of Applied Mechanics, March 1945, pp, A-33 - A-37.

This paer shows that a dimensionless bearing-pressure parameter B =
2T/U.d.D. (where T: Temsion in wire rope, U: ultimate tensile strength,
d: diameter of wire rone and D: pitch diameter of sheave) 1s of prime
importance in the proper choice of wire rope.
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92, [Lull, R.G., "Rope Wire for Today's Applications,'" Wire and Wire
Products, 41, pp. 1642-1643 ()ctiber 1966),

93. Dunsby, J.A., and Thurston, F.R.,"A note on the effect of very
infrequent load range changes on cumulative fatigue damage,' Nat.
Res, Counc. Canada, rro. Rep. LR-331, 10 pp. + figs,, Feb. 1962,

It has bcen confirmed erxperimentally that the infrequent inter-
polation of a changed load range on a basic fatigue loading can re-
sult in large changes in endurance which are not predicted by existing
theorits of zuvaulative damage. Several of the parameters involved
have heen investigated and a new hypothesis is pi._-.sed which under
certain circumstances enables these changes in endurance to be estimated
from basic fatigue data, The results have obvious relevance to the very
significant effact of landing loads on the fatigue enjurance of aircraft
structures.

AMR #5847 (1962)

94. Eles, E.G., and Thurston, R.C.A.,"Fatigue properties of materials,"
Ocean Engineering 1, 2, 159-187 (Dec, 1968).

Paper is a general, compressed discussion of standard metallurgical
and engineering aspects of fatigue concentrating on crack initiation
and propagation work. A special section is devoted to environmental
effects, followed by a consideration of fatigue properties of materials
of likely use in marine applications, e.g, submersible vessels, off-
shore platforms, marine shafting and wire rope. Materials treated are
ultra-high strength steels, aluminum alloys, titanium alloys and com-
posite materials. Reviewer thinks too much space is devoted to estab-
lished background. Section on reinforced plastics could have been ex-
panded to give more quantitative detail especially comparing reinforced
plastics with alumipum alloye in the notched condition. Significant
omigssion 18 carbon fiber reinforced plastics which may be the source
of abrupt technical breaktiirough which authors consider unlikely.

AMR #1083 (Feb 1970)

95. Egawat., and Taneda, M.,"Ixternal pressure produced by multilayers
of rope wound about a hoisting drv-,;133-138, June 1958. (Bull. JSME 1, 2).

Relationship between the pressu : of a wire rope wound on a hoisting
drum and the number of layers wound on the drum is der‘ved. Numerical
results are plotted for typical combination of parameters. Experimental
results from resistance strain-gageings on a model hoisting gear)check
well with authors' theory,

AMR #267 (1960)
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96. Elgerd, 0.I.,"Transient suspension forces cuased by broken trans-
mission line conductors,”J. Franklin Inst. 275, 3, 227-245, Mar. 1963.

A method jg presented by means of which transient suspension forces
cauged by broker transmission line conductors may be predicted. These
forces could be computed from a system of partial differential equations
but because of the complexity involved no attempt has ever been made.
Data have instead been obtained from full-scale field tests, It is
demonstrated that the problem is amenable to predictioa by means of
aaalog computer. In addition, the technique is applicable to the
important case where the line is subject to hurricanewind forces, a
case which ciearly cannot be studied experimentally.

97. Elsworth, W.M., "General Design Criteria for Cable Towed Body
Systeams using Faired and Unfaired Cable,'" CPI (Cleveland Pneun.tic
Industries), (October 1960-TN-6634-1,

98. Elton, M.B., "Radiographic Field Tests Reveal Vibration Fatigue
Breaks in High-Voltage Power Conductors,' presented at Society for
Nondestructive Testing, Los Angeles, Calif., March 23, 1961,

99. Elton, M.B. aand A.R. Batiste, '"Vibration-Fatigue Breaks Revealed

by Instant X-Ray," Elec. Light and Power, Vol. 43, pp. 44~46, Sept. 1965.

100, Engel, E, ' Bending stresses of a rope on an elastically lined
roller (in German),'Ost. Ing.-Arch. 11, 3, 238-243, Nov. 1957.

An approximate method is presented for the determination of the
load distribution (assumed to be parabolic) between a rope and an
elastically lined roller. The rumerical results are sufficiently
accurate for practical purposes in vicw of the uncertainties and
idealization inherent in a more rigorous analysis. As a justifica-
tion, twvo numerical examples are presented and compared with an
exact theory due to Czitary,. Agreement is satisfactory for prac-
tical purposes,

AMR #1123 (1960)
101, Engel, E.) Calculation of rope pulleys with the aid of matrices
(in Cerman),' Stahlbau 31, 4, 97-102, Apr. 1962,
This paper considers a spoked pulley, either driven or not driven

vy a rope. By the use of matrix algebra, the author is able to give
a concise and elegant analysis. A standard sector containing one spoke
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is first considered, and the¢ moments, forces, and deformations at

the two ends of the gector are related through a matrix equation,

This equation is applied recursively aroung the entire wheel, result-
ing in six linear equations whose solution yields the solution for the
entire wheel, A conclusion of the analysis is that deformations can-
not be neglected in the determination of stresses.

AMR #9525 (1963)

102, Engel, E,,"'The torsional tendency and torsional stiffness of
cables, (in Germarn,,"Ost. Ing. 2. 1, 1, 33-39, Jan. 1958.

Mathematical treatment of torsional phenomena in cables used for
cranes and rope-railways. Various types are analyzed with respect to
the way the cable is made of the composing wires. Making several
simplifying suppcsitions author derives formulas for a first-order
theory, giving a linear relation between the torsional moment and the
tensisn., A numerical example is added.

AMR #1885 (1959)

103. Engel, E,,'Twisting of wire ropes and their torsional rigidity
(in German),"Ost. Ingenieur Z. 1, 1, 33-39, Jan. 1958,

The twisting effect of a tension force on wire ropes is discussed.
Relations are derived between the tension force and the induced
twisting mexent and between the moment and the angle of twist. The
torsicnal rigidity of the wire rope is then given by the ratio between
the moment and the angle, as usual.

AMR #71 (1959)

104. Evaluation of Wire Rope, "Evaluate, Test, and Manufacture an
Improved Wirc Rope and Cable,' Metals and Controls, Inc., Attleboro,
Mass., Qtly Report No. 6, Contract No. $-922232 (Dec 31, 1966).
Available: DDC as AD 807 266L.

10>. Fatigue Research on Steel Wire, (Engineering, 1935, vol. 139,
June 7, pp. 603-604). An elditorial summarizing recent research on
fatigue of steel wire,

106, "Fatigue Testing of Wire', Aircraft Engineering, 1934, Vol. 6,

PP. 251-253: Engineer, 1934, Vol., 158, Aug. 17, pp. 167-168: Engineering,
1934, Vol. 138, Aug. 10, pp. 139-140: Wire and Wire Products, 1935, Vol.

10, July, pp. «.” 274, 28B4-285.




107. Fayoux, P, Equilibrium of a cable under generalized forces
{in French),! Ann. Ponts Chauss. 125, 3, 270-282, May- June 1955.

Blondel's solution for a lcaded cable is extended to include the
effects of arbitrery loading and temperature variation with a non-
homogeneous cable material.

AMK #696 (March 1956)

158. Foppl, H.,' The evaluation of macroscopic resicu.. ! stresses in
cyliadrical tars,"J. Iron Steel lnst. Lond. 168, part i, 15-2., May
1951.

Paper deals particularly with residual stresses produced in plastic
deformation of surfaces by shot-pe~ninp or surface-rolling. Author
measures residual stresses in shot-peeninc or urface-rolling. Author
peasuLr2s residual stresses in shot-puiine« bar- destroying, by etching
avay, the plastical deformed part (cylindric surface), until omly the
clastic part (core) is retained. Length changes vs. removed thickness
rises first linearly, passes a maxisum point, and gradually approaches
the horizontal. Author's new experiments are more accurate than previous
ones [Mitt. Wohler-Inst., 112, 557, 1949, Sraunschweig.]. Considering
som¢ recent experiments in the straining of metals, and "intermediat~
layer" is introduced, a discontinuity between the biaxial plastically
stressed surface and the triaxial elastically stessed core in which a
"stress reversal" in the plastic deformation takes place. Resiiual
stresses are calculated from strains in principal axes and Hooke's law
introducing strain ratios for surface and core, § s"Cs mdg;.-erk/e.k.
Calculation is possible even if the strains are measured in only one
directio~. Author's equation reduces to Heyr-Sachs if Poisson's ratio
is 0 (both strain ratios are zero, too). Calculated core stresses are
such greater in axial than in radizl direction, implying negative radial
or tangential strain, i.e., S k € 0. In the surface g s” 0. Author
assumes both J constant {(error 10X, better than with v = {}. The assumed

are altered so that both conditions of equilibrium are fulfilled.
Sachs' formila only fulfills one, giving inaccurate vslues for {:agential
anu (adial stresses. As it does not consider the stresses ir the third
axis, Sachs' formula is only valid for ring-shaped creoss section in which
the radial stress can be neglected. Author savs o - . N S
the removal of cylindrical layers instead of boring
them out. Future research will show if it is preferable to replace
‘achs’' formila by a more complicated calculation or to measure dirac:iv
the stresses {n the core by other experimentsal techniques. The c=los-
lated values showv the plausibility of assuming a biaxial stste in the
surface and a stress reversal at 0.013 in depth. A very fine and iunter-
esting paper.

AMR #4097 (Nov 1951)
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109. Prancis, A.J.,"Analy. s of suspension cable behaviour,' Engineec
219, 5709, 1094-1101, June 1965,

Approximate equations are derived for deflections v: cables with
concentrated loads. Two sets are derived, one in which tne loads are
small compared tc the cable weight and the other in which the loads )
are large. Load-deflection curves from the two sets of equations are 1
compared to a numerical solution in which neither approximatior is made.
The numerical curve fits sroothly in the approximate curves at the
small and large load extremes, with only a small intermediate r.age of
loads vhere the approximate expressions differ slightly from the
numerica] solutican. The paper is lengthy and the approximate expressions
are not convenientiy sumrarized, so that fhe reader must invcst a greac
deal of time to use the results.

AMR #6631 (1965)

110, Francis, A.J.,"'Sipgle cables subjected to loads,' Civil Engng.
Trans. CE 7, 2, 173-180, Oct. 1985.

A simple spproximate procedure is presented for the deteraminaiion
of two types of cable property; (1) the over-all flexibility of a
cable carrying any given system of loads when the distance between
the ends is sltered: (2) the def'---ions ot such a canl® when {urther
*rads are added, The method is ~-2l. on a simple basic equation and
leads to a single formula coverir:z =% complete range of values of
the ratio - applied loads/~’,.t <. cable. The errors involved in
problems of type (1) are small even when the ratio of sag to span is
large and the cable is steeply inclined to general directi-n of the
applied loads which need nct be parallel. For prcblems cl type (2),
the method is accurate only for parallel loads.

AMR #3477 (1966)

111. Francis, £.L., "Studies of the Wire Drawing Process. VII,-- The

Application of Metallic Coatings as Lubricants, with Special Reference
to the Draving Properties of a Lead Coated Austentitic Chromium Nickel
Steel."” Iron and Steel Inst., Carnegie Scholarship Memoirs, 1934, 23,
pp. 47-63.

112. Franke, E.A., '"Testing of Wire Rope for Load Lifting Service,"
DRAMT, Vol. 13, No. 3, Mar 1967, pp. 114-116.

Describes a test installation for determinatfon of resistance to
repest impact tensile stress alcone and in combination with other types
of stress. The iczpact stress at the start of the lift operation is
considered the main reason for ropes failure,.
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113, Friction on Cables, Avoidin; friction on curved prestreszing
cables, Concr. Gonstr., Engng. 52, 3, 109-112, Mar. 1957.

AMR #3994 (1957)

114, Friedman, Edward, "A Tensile Failure Mechanism for Whisker
Reinforced Cumposites,' 22nd Aanual Meeting of the Reinforced Plastics
Division (Shoreham Hote., Washington, D.C.).

An analytical model of temsile failure of uniaxially oriented
discontiruous fiber reinforced composites is developed for loading
in :he fiber dicvection. The model simulates the failure mechanism
resulting fro. an accumulation of fiber fractures., Statistical dis-
tribution functions characterizing fiber strength and geometry ave
amploved in crder t>at the mcdel may be utilized in the study of tensile
failure of wh.sker reinforced composites. Specific forms of the dis-
tributicn functions are usad to obtain quantitative results regarding
the effects of the properties of the constituent materials on com-
posite strength, Tensile tests performed on single-layer glass and
boron compo:ite ., cimens indicate that the strength of a discontinuous
fiber composite can approach that of the corresponding centinuous fiber
composite, as predicted by the sralytical model. An ~xample is presented
which applies the medel to failurz of alumina whisker-epoxy resin com-
posites, making use of the available data on whisker properties.

115. rrieling, G.H., "C-Clad: A .ew Corrosion - Resis ant High-
Strength Ocean C{a>1lc Matexiecl,' Wire and Wire Products, Vol. 40,
228--231, February is65,

116, Fulweiler, W.H., "Inspection and Some Tests of Some Worn Wir:
Ropes," Journal of Research, Bureau of Standards, July - Dec., 1936,
Vol, 17 pg 401.

Evaluated 229 specimens obtained from 79 worn wire ropes. Actual
aud estimated strengihs based on Roebiing Co. charts were found to be
in close agreement,

' 117, 6&ub-ielli, G,, Antona, E., and Hassa, P.,"' Experimental deter-

minaticn of the modulus of elasticity ¢“ cables for aeronautical use
(in Italian),®Atti della Accadenia delle Scienze <i Torino 100, Sa,

781-795 (1965/55).

raper presents test results of elongation of steel cables under
lcad, which may be useful to Jesigners. The problem probably warraats
fundamental investigation by taking measurements of all deforwatione of
the cables and wires,

AMR #7039 (1967)
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118, Gambreel, Jr., S.C. and Case, R.0., "New Machine for Accelerated
Fatigue Tests of Wire Rope,'" Wirc and Wire Products, Vel. 43, 46-9
(June 1968).

119. Gatts, R.R.,"applicagdon of a cumulative damage comcept to
farigye ASME Trans, 83 D {J. Basic Engng.) 4, 529-50. Dec 1961.

Author proposes a hypotuesis for damage based on the following
assumptions: (1! The imstantaneous endurance limit S, decreases
iuring repeated loading with tle stress amplitude S, if S»Sg,, cor-
responding > a damage function that represents in some way the quantity
cl rtcoverablie stored circin entlgy per cycle: df,/dn = - k(S—Se)z.

‘%) The imstautaueuus static strength S decreases proportionally with

the =2udurance limic, 5,7CS¢, until the srress amplitude is reached,

5f=S, and failure occurs., This assumption is somewhat weak and not

in go0d agrecment with 3wt reealrs.  An equation is obtained for the

5N disgram with constant stress ampiituce Sy for infinite life: kN = 1/
(S-Sec) - 1/(* C). This corvesponde to the common empirical equation N(S-~
Spg) < constant with an additl~nal membe:r that improves the curve for
higher values of S,

In the second part of :rha paper rondimensional parameters are used
with good result tc set up a composite plot of S-N data for normal
rotating bending tests of various steels, With the same parameters
a general concept of cumulative damage is given and compared with other
theories.

120. Gibbons, T. and C.0., Walton, "Evaluation of Two Methods for Pre-
dicting Tow line Teasions and Configurations of a Towed Body System
using Bare Cable'" David Taylo: Model Basin, Report 2313, December 1966.

Two alternative methods for predicting steady-state configurations
and towline tensions are evalunated by comparing predicted data with
experimental data. Between the two methods, Method 1 is shown to pro-
vide betiter overall predictions of cable tension, cable angle at tow-
ing ship, and body depth for the bare-cable case. The best agreement
between the experimental date und the data predicied by Method 1 is
obtaired with a cable drag coefficient of 1.5 and a tangertial force
factor of 0.02, Method 1 is the one described in DTMB Report 687
"Tables for Comwputing the Equilibrium Configuration of a Flexible Ceble
in a Uniform Stream" by L. Pode. Method 2 is due to L.F. Whicker "The
Oscillatory Motion of Cable-~-Towed Bodies' University of Califcruia,
Series 82, May 1957. The two methods are essentially the same but
differ in the loading functions which are used.

121, Gibbons, T. and C.0. Walton, "Evaluation of Two Methods for
Predicting Towline Tensions and Configuraticn of a Tcwed Body System
using Bare Cable,'" DIMB Report 2313, 1966.
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122, Gibsom, P.T., et. al., "Analytical and Experimental Investigation
of Aircraft Arresting-gear Purchase Cable," under Contract N-156-47939
for Naval Air Eng. Center, July 3, 1967,

123. Gibson, P.T., G.H. Alexander and H.A. Cress, 'Validation of
Design Theory for Aircraft Arresting-Gear Cable," prepared under
Contract NOW 65-0503-C for Nav. Air Systems Command, Jan. 19, 1968.

124, Gibson, P.T. and H.A. Cress, '"Analytical Study of Aircraft
yrresting Gear Cable Dcsign," under Comiract NOW-€4--0461-f for USN
Nav Weps, May 2S5, 196C.

t.5. ¢ibson. P .T. and Cress, H.A., "Torsional Prrperties of Wire
Kope, ' ASMKE P-per 69-DE-34, New York, Jan. 30, 1969

For @ wive rope to be used to the fullest advantage, its operating
charscteristics must be - rderstood by the design engineer. One char-
acteriscic whicn is often troublesome is the torque that is developed
when a wire rope is under a tensile load.

Discussed are the techniques used to accurately calculate the tor-
sional properties of almost any common wire-rope construction. A
simplified analysis is developed for wire ropes composed of single~
operation strands which alows the calculation of torque knowing only
the rope diameter, rope lay, and strand lay.

Experimental data presented for 18X7 nonrotating wire rope reveal
the influence of rotation on the developed torque and on the breaking
strength of this construction.

126, Gill, E.T. and Goodacre, R., 'Some Aspects of the Fatigue Pro-
perties of Patented Ste.l Wire', Journal of the Iron and steel iInst.,
1934, No. II, pp. 293-323,

Indicates that properties of wire in bending fatigue, i.e., the
fatigue limit, are chiefly the properties of the surface. For higher
percentage reductions, the effect of C content i3 completely obscured
by the effect of the decarburized surface. Felt that the fatigue
limit of non-decarburized wire higher than decarburized wire, felt
that the endurance limit was less.

127. Gill, E.T. and Goodscre, "Some Aspects of the Fatigue Properties
of Patented Steel Wires. Part III. Note on the Effect of Low-Tempera-
ture Heat Treatment on Decarburized Wires,'" lron and Steel Institute,
Carnegie Scholarship Memoirs, 1936, Vol. 25, pn. 93-100,

iov Lingiavs made in an investigation of the effect of low-tempera-
ure neat-treatrent on the foricue croperiics o0 L1i. o croon tree from
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S

decarburization have already been published in an earlier paper in

this series, and it was considered that it would be advisable to carry
out a similar investigation upor decarburized material. The same stesels
were used as before - containing 0.37, 0.55, 0.79 and 0.86 per cent of
carbon, respectively - drawn with varying reductions between 34.5 and

90 per cent. and tempered at 150°, 200°, 300°, and 400°C. The criterion
of the occurrence of decarburization was the presence of an envelope of
free ferrite in the rod visible at a magnification of 100; the visible
depth on the finished wire was found to vary between 0.0005 and 0.002 in.
The results show that, although the general mechanical properties suggest
a similiar trend for both conditions of surface, the fatigue properties
of the decarburized wire after low-temperature heat-treatment are very
different from thuse of the corresponding material free from decarburi-
zation, The fatigue limits become erratic, especially for the higher
carbon contents, There ppears to be an optimum carbon content giving
the best fatigue-resisti.g properties; an increase above this value
actually gives lower limiting-fatigue-stress values after heat-treatment.
As the carbon content increases, the tempering temperature to obtain the
best fatigure-resisting properties must be raised. The limiting fatigue
stresses obtained for decarburized wire after tempering are very much
lower than thoce found for the corresponding material drawr free from
decarburization, the differences for the best recorded figures for each
condition of surface being 6.9, 6.6, 10.2, and 17.9 tons per sq.
in. for the 0.37, 0.55, 0.79, and 0.86 per cent. carbon steels respect-
ively. No attempt was made to find possible explanations for the results
obtained, but it is thought that they are due to the conditions of in-
ternal stress which exist between the true structure of the material

and the decarburized skin.

128, Gilmore, William, J., "Corrosion Resistant Wire Rope," U.S. Patent
No, 3, 307, 343 (May 27, 1965).

129. Glushko, M.F.,'Mechanical testing of wire ropes,) Industr. Lab.
28, 8, 1038-1041, Feb. 1963. (Translation of Zavod. Lab., SSSR 28,
8, $81-983, Aug. 1962 by Instrument Society of American, Pittsburgh
19, Pa.).

An analysis and experimental results are given for the deformation of
steel wire ropes under an axial lo.d and a twisting mement, in the cases
of pure tension, free tension, pure twisting and free twisting,

AMR {2128 (1964)
130. Glishko, M.F, ' Nonsymmetric extension and the spin phenomenon in

steel cables (in Russian) ! Prikl, Mekh, 1, 5, 72-78, 1965.

An asymmetric extension of a single-layer steel cable is considere#

!
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which leads to a non-zero resultant mement in the cross sections,
This moment seems to revolve about the axis of the cable with z
changing position of the cross sections and produces a spiral bending
(cork-screw form) of the cable.

it is shown that the spin phenomenon helps natural sel. -cquili-
bration of tensions in the wires of the cable if some of tihe wires
work defectively.

AMR #6185 (1966)

131. Godfrey, u.J., "The Fatigue and Bending Properties of Cold
Drawn Steel wire", Transactions of the American Society for Metals,
1v41, Vol. 29, pp. 133-168.

Concluded: (1) fatigue influenced by carbon content; (2) cold
working increases fatigue limit in proportion as the tensile strength;
(3, polishing »f the wire surface improves fatigue properties (4) de-
carburization of the surface causes a deterioration in properties in
fatigue, In additi -, effects given for: galvanizing and cold work
(in bending fatigue),

132. Godfrey, H., "The Physical Properties of High Carbon Steel Rope
Wire as Aff~cted by Variations in Patenting," Wire and Wire Products,
1944, Vol. 1%, Oct., pp. 635-642,

An investigation of the effect of patenting in lead at 900°,
1,000°, and 1,100°F on the tensile properties of wire for wire ropes
is reported, Three steels containing 0.75 - 0.80 per cent of carbon
were used; these were hot-rolled to 0,187 in. in dia., patented, and
drawn to 0,083, 0,083, and 0,906 in. respectively, for final patenting.
In the tensile test the reductions in area were approximately the same
after patenting at 1,000° and 1,100°F, and were higher ater patenting
at 900°F., The tensile strengths were approximately the same after

patenting at 900° and 1,000°F, and were reduced by patenting at 1,100°F.

133, Godirey, H.J., "The Physical Properties of Steel Wire as Affected

by Variations in the Drawing Operations," Proceedings of the ASTM, 1942,

Vol. 42, pp. 513-526; Wire and Wire Products, 1942, Vol. 17, Dec.,
pp. 704-710,

The Physical Properties of Steel Wire as Affected by Variations
in the Drawing Operations, H.J. Godfrey. (Proceedings of the
American Soclety for Testing Materials, 1942, Vol. 17, Dec., pp. 704-
710). The author describes an investigation of the properties of an
0. 7 per cent carbon steel wire drawn to 0.218 in., patented, and then
drawn with 40 per cent, 30 per cent, 20 per cent reductions.
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134, Goldstein, A., and Brereton, C.F.,"Some notes on the fatigue
resistance of corroded prestressing wire,"Struct, Engr. 39, 10, 332-
339, Oct. 1961.

Some data are presented on decrease in fatigue strength of cold-
drawn steel wire (for use in prestressed concrete) due to pitting
corrosion by salt spray, Excessive pitting produced as much as 60
per cent decrease in lO7 Cycle fatigue strength,

AMR #4623 (1962)

135. Goodacre, R., ""Some Aspects of the Fatigue Properties of Patented
Steel Wires, Part IV, A Study of the Endurance Properties at High
Stresses,” Iron and Steel Institute, Carnegie Scholarship Memoirs,
3936, Vel. 25, pp. 111-139.

Under certain conditons of service, cold-drawn wire may be sub-
jected to alternating stresses, the magnitude of which 13 considerabley
in excess of the limiting fatigue stress for the material, and con-
sequently some knowledge of its behaviour under such conditioms is
very desirable, Attention was given to this aspect of the fatigue
propertiec of wire is the first paper of this series, and in the work
described in the present memoir a study was made of the effect of
alternating stresses of high magnitude upon cold-drawn wires. The
materials investigated cover a range of steel:, the carbon contents
of which varied between 0,36 and 0.86 per cent drawn from both lead-
and aic-patented vods. The amounts of drawing varied between 25 and
90 per cent reduction, and paralled tests were carried out on normal
decarburized material and on wire which had been drawn free from de~
carburization. All wires were tested at 0.080-in. dia., and the
ranges of stress were so chosen that facture occurred after approxi-
mately 20,000 - 100,000 repetitions of stress had been applied, the
Haigh-Robertson machine being used. Tensile and bend tests were also
recorded for each wire. From the results obtained it is concluded
that whilst at very high stresses decarburized wire has the superior
endurance, in the ranges which are likelv to be met in service wire
free from decarburization is superior.

136. Goodacre, R., "The Effects of Heavy Oils and Greses on the
Fatigue Strength of Steel Wire,' Engineering, 1935, Vol. 139, May 3,
PP. 457-458; Wire and Wirz Products 1935, Vol. 1C, Oct., pp. 473-475.

An account is given of experiments conducted in order to ascertain
the effect of heavy lubricants on the fatigue strength of steel wire
having a carbon content of 0,55 per cent and a liniting fatigue range
(in air) of 23.7 tons per sq. in. It was discovered that the
fatigue strength improved with increasiag viscosity of the ofls up
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to a certain limit, when there wvas a marked fall. The author suggests
that the improvement in fatigue strength cannot be solely attributed to
the exclusion of air (and hence diminution of corrosion fatigue), and
considers that the oils may have the effect of filling up the surface
blemishes on the wire itself, thus delaying failure. It was also noticed
that the oils improvad the endurance at stresses above the fatigue limit.

137. Gormally, J.M. and Pringle, R., "The Analysis of Mooring Systems
and Rigid Body Dynamics for Suspended Structures,' Bell Telephone Lab-
oratories, Inc., Whippany, N.J., Tech Report 14, Contract N0O014-66-C-
0005 (December 30, 1966). Available: DDC as AD 666-615.

138. Gough, H.J. and Sopwith D.G., "The Influence of the Mean Stress

of the Cycle on the Resistance of Metals to Corrosion-Fatigue, Journal
of the Iron and Steei Institute, 1937, No. I, pp. 293p-313p; Discussion,
34Cp-351p.

Whilst much attention has bzen devoted to the resistance of
materials to corrosion fatigue under cycles of reversasd stress, no
work has hitherto been carried out on the equally important practical
cases of repeated or fluctuating stresses., This paper describes the
results of tests under these conditions made on six aircraft materials,
the behaviour of which under reversed stresses has previously been
reported. These comprised a ccld-drawn 015 per cent cerbon steel, ]
three stainless steels, duralumin, and a magnesium alloy containing
2 1/2 per cent of aluminium. These were tested in air, also in a
spray of 3 perceat salt soultion, under cycles of repeated and of
£ luctuating stresses.

The results show that, as in air, the fatigue resistance of a
matherial in a corrosive envirronment is considerabley influenced i - 3
the mean siress of the applied cycle. As in the case of reversed
stresses, no corrosion-fatigue limit was indicated for any of the
materials. If the range for any given endurance is plctted agailnst
the mean stress, the form of the curve obtained is in general similar
to the obtained in air, using the fatigue limit in place of the en-
durance range,

139. Groover, R.E.; "Analysis of the Failure of the AUTEC TOTO II
Deep Sea Moor and the Performance of its Cathodic Protection System," i
NRL Memordandum Report 1950, November 1968. ‘

Contains background information on design and installation of a
wire rope three-point deep sea moor coated with bituminous substance
and protected cathodically at the critical areas. Describes the fail-
ure of the moor after 4 1/2 years and presents results of the study of
the corrosion pattern., Examination showed that where the cable was
alequately cathodically protected, the lack of a coating did not re-
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sult in severe corrosion. Recommended that better bituminous coatings
be developed and that cathodic protection be designed into the system
as a secondary defense against corrosion, Also recommended that im-
pressed current systemr be considered where adequate power is available.

140. Gursoy, A.H.) Lateral wind on side spans of suspension bridges,'
Journal of the Structural Division, Proceeding os the American Society
of Civil Engiaeers 94, ST10, 2399-2410 (Oct. 1968).

The deflection of a uniform, simply-supported truss susspended
from a pair of tower-to-anchorage cables is obtained as a Fourler
seiles, the coefficients being derived from wirtual work via a general
equation for a,, which allows n terms to be found from n linear
equations. Three dimensional parameters,™ ,6, Y, govern this deflec~-
tion (and the shearing forces and bending woments obtained from it).
With 0.9 of the total wind loading assumed to be carried by the truss,
coefficients for the central deflection, mements at mid- and quarter-
spans, and the tower reaction at truss level are plotted against the
parameters in sight diagrams. A numerical example is gcven; also,
the gemeral equation for a, is derived in an appendix.

The paper is intended as a design aid (the problem has been fully
computerized elsewhere). The design charts provided would serve mainly
as a guide (they are given only for two specific values of ol and of £).
Calculations from the general equations for a, would probably be re-
quired but should not be to difficult or tedious.

AMR #6178 (Aug 1969)

141, Guyomnet, M. Chevalerias, G., and Derue, P.," Computer solution
of moorings with several fixed points (in French)," Bulletin de 1’
Association Technique Maritine et Aeronautique no. 65, 401-423 (19%5).

The fastening of big ships in harbors is done by mooring systems
with many fixed points. Paper presents the fundamental geometric
relations of such systems having many structural components. The
numericel method for the structural analysis of such complicated
systems then is shown. Since several parameters of the equations have
to be estimated initially, the sclution can be found only by an iter-
ative procedure. This procedure can be repeated easily by using an
automatic program. Authors show flow diagrams for several types of
xooring systems in full detail.

AMR #9772 (1967)

142, Hagarman, Paul and Kressley, Lin, "Evaluate, Test and Manufacture
an Improved Wire Rope and Cavle," Texas Instruments, Inc., Dallas, Texas,
Final Report (July 31, 1967). Available: DDC as AD 819-202L.
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143, Handbook of Ocean and Underwater Engineering, Edited by Johm J.
Myers, Carl H, Holm, and R.F. McAllister, McGraw-Hill Book Co., San
Francisco (1969), "Rigging, Tackle, and Techniques: Rigging Materia.s
and Techniques,”" (C.H. Helm), pp. 4~75 to 4-90 and 4~-125,

144, Hartbower, C.E., Gerberich, W.W,, and Liebowitz, H., "i.vestiga-
tion of Crack Growtih Stress-Wave Relationships,” Int. J. Eng. Fract.
Mechanics 1, 291-308 (1Y68).

145, Hartb-wer, ¢ E,, GCerberich, W.W., and Reuter, W,G., '"Th:-vetical
Mouel of uvuctile Fractur. Instability Based on Stress - Wave “:ission,”
Finai Report irom Aerojet (eneral Corp. to ON®, Feb., 1969.

"4b, icrtbower, C.E., Gerberich, W.W,, Reuter, W.G and Crimmins, P.P.,
"Stress-Wave Characteristics of Fracture Instability in Conetructional
Alloys," Rep. from Aercjet weneral Corp, Prepared for ONR, Julv J9A8.

147. Hearle, J.W S.," On the theory of the mechanics of twisted yarns,"
Journal of the Textile Institute 60, 3, 95-101 (Mar. 1969).

The theory of the extension of continuous-filament yarns is re-
examined and simplified by means of energy methods and is stated in
essestially four equations which can be used for numerical computation.
The limitations and possible generalizations of the theory are dis-
cussed.,

AMR #904 (Feb. 1970)

148. lieilig, R.," Statics of heavy ropes (in Germau),' Stahlbau 23, 11,
253-258, Nov. 1954; 12, 283-291, Dec. 1954.

AMR 42822 (1956)

149. Heili~, R.," Theory of heavy unelastic ropes (in German),' Stahlbau
24, 4 1'3% %0 June 1955

: ¢t~ .I approximation is presented which takes into account
the : -+ . exerted upon the balance o! mements at the nonelongated
re ..~ L by the w.ri1zontal displacements as measured from the
..: of the weightless rope which 13 exclusively loaded by use-
:,). This method permits the horizontal pull to be determincd
.4t accuracy, whereas the rope curve is not obtained, the latter
~calculated with the aid of another method of approximation,

R N

AMR #414 (1956)
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150, Heilmann, W., "Fatigue Tests on Wires and Wire Ropes,"”
Wissenschaftliche Abhandlungen der deutschen Material preufungsanstalten,
No. 3, 1939, pp. 27-30,

151, deller, R.A., and Donat, R.C.:'Random-load fatigue tests on a
fail-safe structural model," Experimental Mechanics 7, 10, 409-418
(Oct. 1967).

Paper presents results of investigation of fatigue life and
"fail-safe" capacity of multimember redundant model structures.
Authors' previously-plublished theoretical approach, briefly re-
viewed, presents equations based on asaumptioa that both strength of
material and applied load can be described by exponential probability-
distribution functions. Ten-member reduadart structural models of
2024~T4 aluminum alloy were suhjected to cyclic cantilever bending
loads of constant amplitude and prograzmed ''randomized' variable
amplitude., Predicted and observed values of fatigue life to first
failure agreed closely. However, existence of "fail-safe' condition
after failure of weakest nember was demonstrated consistently in tests,
put not predicted by theory. Further work is in progress.

AMR #1011 (Feb 1969)

152, Hempel, M., "Fatigue Testing of Steel Wires,' Drah:, German ed.,
1955, 6, April., pp. 119-129; May, pp. 178-183.

Discussion of: testing machines; steels used in rope, spring, and
reinforced concrete wire; endurance curves of patented steel wires;
effect of method of manufacture, heat-treatment, size, compositior,
surfece conlition, surface coatings - on the fatigue properties of
wires,

153. Horton, J.L. and R.A. Yagle, ''Analysis of Assumed Mooring Arrange-
ment for Maritime Class Ship" Marine Technology, pp. 257-266; July 1968

This paper deals with an analysis of wind conditions which would be
sufficient to establish the sequence necessary to cause parting of one
line, followed by parting of second and third lines and, finally, by
full failure of the mooring arrangement. Wind-tunnel tests on a model
of the ship are reviewed,

154, Hetenyi, M.I., Handbook of Experimental Stress Analysis, Wiley,
1950

155, Hill, R. and Tupper, S.J., "A New Theory of the Plastic Deformation
in Wire Drawing," J. Iron and Steel Inst., Vol. 159 pp. 353-359 (1948).
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156, Holl, J., "Theoretical and Practical Determination of the Best
Skape of Wire Drawing Dies," liutnik (Prague), Vol. 3, pp. 130 134 (1933).

157. Holmes, P., "Mechanics of Raising . 1 Lowering Heavy Loads in the
Deep Ocean: Cable anc Payload Dynamics", L.S.N. Civil Eng. Lab., R-433,
April) 1966.

.58, woover, tubers M., Wir< . ,¢,'" Geomarine Technolrgy, V.. I (3),
32-22 (February 1)

140, Hor o, J.L ar: R.A., Yuyle, "Analysis of A:sumed Mooring Arrange-
ment for Maritime ('ass Ships," Macine Teckn.logy, Jul, 1968.

wy. lowe, lames ' | "Derermiaatin of Stresses in Wire Rope as Applied
to ‘odr11 Erines . t:oblems' Transactios of the ASME, Vol. 40, pp.
Wad- 09 ",

This paper deals with the derivation of foruiiae to compute direct
and induced stresses developed in wire ropes by static or moving te~rion,
bending, and horizontally suspended lcads.

The values for the bending stresses produced in ropes chat are
passed ove- sheaves, as determined by the formula of Reuleaux, Rankine,
inwin and Hewitt are correct only for ropes composed of straight wires.
Owinz to the twisting of the wires in the formation of modern rope,
the actual bending stress in it is much smaller than in a solid bar,
and its true value, S, may be computed by replacing in the fundamental
assumptions the modulus ot elasticity of a solic bar, with Ep, the ex-
perimental value or the modulus of elasticity of the rope as a whole;
thus the Reuleaus tormula ber>mes

~ e b (deD)

cte d as o tNY w.aewe ool he wire 10 the rope, ana N the diometer of

Woauther Geve seps o mets 3 Tor deters e T L Lus. o oticity
soth strands and rope 3l L ownerw CXperdo st . sl are noet o avatl-
. in regare to the custotary practice ioiiowed 1nospediticaticns,
wnera! o remirks are otlered on tihe required proportionality tetween the

Jaewtors and the size 2t the rope, the manner of classifving
Srunetis in the manufacturer's rope cataleg, and the special require-
vots in the v s:.al propertives of the wire f{orming the rope

iel.  blank
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162, Howell, II. G., “The Friction of a Fibre Kound a Cyiinder
and its Dependence upon Cylinder Radius," J. Text. Inst. Trams.,

45, 8, T575-T579, Aug 1354,

AMK #1690 (19°5)

6 Hu, L.W.,"Analysis of die nrofiles in wire druvwing,"J. Franklin
Inst. 263, 4, 317-330, apr 1957.

Assuming tital plastic deformation and consil¢: 'ng strain-has4-
ening, the drawv stress, die rressure and complete stress distribe.
tion n 4 wire irawm through cies having straight, Ioncave, convex
or oeil-shaped profiles are determined. Bell-shaped die is found
te give the lowest draw stress and most uniformly distributed
pressur> and fricrion force between die and wire. This agrees with
experimental evidence supplied by V. Domes (Stahl u. Eisen 71, 1147-
1148, 1951},

AMR #3330 (1957)

164, hubert, F.J.f'Simplified sag-tension equations fcr power lines, '
Proc. Amer. Soc. Civ. Engrs. 88, PO 1 (U. Power Div.), 67-88 May 1962.

Paper presents a collection of empirical equations and approxi-
mative formulas to calculate spaceing {(lay of :able) and state of
tensicns {n suspended conductor cables of power lines, consider-
fng 1w luence of deadweight, ice load and wind load, and taking into
account influence of yield and Creep on sag-tension relation. Author
does nct give any deducticn or other details of these ejuaiions uut
the reader will find some indications about the percentage of error
compared with exact solutions. The compound action between steel
cable and aluminum or copper wires is considered, introducting a
fictitious modulus of elasticity and an adequate rermicra are coefff-~
icient. While exact solutions of Sag-tension problems are very
laborious due to the intervenrion of >asic catenaria for dead weight
and parabola for wind load, suthor {n*roduces conlv parabolas for the
simuitaneous action of gravicv and wind forces using correction fact-
ors and, i{f necessary, adding lerms of improvement.

The presented empiricai formulas include the solution of nearly
all problems connected with practicai design o elevated pover lines,
Their use will save ver;, much time 1n compariscn with conventional
sethods but designer must carefully check results obtained and prove
rheir Lufticient exactitude.

AMF F1385 (1963)
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165. Hudson, C.M., and Hardrath, H.F.;'Effects of change of stress
amplitude on the raie of fatigue-crack propagation in aluminum alloys,"
NASA IN D-1960, 22-p. Sept. 1961,

AMR #2080 (1962)

16¢. Hundy, B.B., and Singer, A, R, E.,ﬁInhomogeneous deformation
in rclling and wire-draving,"J, Inst. Metals 83, 7 pp., 1954 1955,

Microhardness .neasurements made on copper, 70:30 brass, aluminum,
and mild steel indicate that there is an analogy between the in-
homogeneity of deformation rolied strip end that in drawn wire,
Copper, brass, and aluminum all show surfacehardening when lightly
rolled or drawn., The inhomogeneity is dependent on the working
conditions, aud disappears aftir moderate reductions by rolling or
driwing. The surf.ce-ha-dening is caused by frictional forces acting
vetwenn the rells or die and the metal, and increases as the coeffi-
cient of fricclor increascs. In general, a specific surface hardness
can be associated with definite frictional conditivns.

Rolling and drawing also give rise to a secondary zone of hard-
enging situated between the core and the surfac. of the metal. This
can be observed in both copper and steel, and it does not decrease
in magnitude as the reduction is increxsed. It is believed that
secondary hardening is assoclated with the ranner of deformation
during rolling and drawing, and is largely independent of friction.

AMR #166 (1956)

167. Ikeda, S., and Ueno, I.," Equivalent bending and torsicnal
rigidity of wire rope and stress induced in elementary wire of wire
rope when it is bent along the sheave,' Proc. lst Japan nat. Cengr.
appl. Mech., 195i; Nat. Committee for Theor. appl. Mech., May 1952,
199-208.

ihe wire rope is composed of central and several side strands.
Equivalent bending and torsional rigidity of each strand being
determined, those of the wire rope are calculated. Authors then
deduce the values of the stress in elementary wire of rope bent
along the arc of a sheave, having obtained the bending stress in
central wire, bending and torsional stress in side wire, and stresses
induced iu elementary wire of rope of central and side strands.
Characteristic bending urve !z crawn to show the stress induced
in bent rope.

AMK #48 (1959)




168, Imai, M., and Nagano, $.,"Priction property of lining for Koepe
winders,’ Bull, JSME 5, 18, 381-288, HMay 1962.

Considerable analysis and experiment are expended on a device
waich might be considered empricial ir that the friction property is
an operational-time- and temperature-dependent function. Neither
parameter was considered. Data should be qualitatively useful to
designers,

AMR #926 (1993,

169, Imre, C., and Takach, G.,"Calculation of anchored holding ropes
of cableways (in hungarian),'Melyepitestudomanyi Szemle 11, 2, 81-87,
Feb 1961.

Avthiere <al with the .a’-ulation of anchored holding ropes of
cablew.ys, “:7.cts of varicu: load distributions and changes of
temperature -re taken into consideration,

AMR #108 (1962)

170. 1lsaacs, J.D., et. al. 'Deep Se:z Mooring; Bull. Scripps Inst,

Ocean. Vol, 8§ (3), 271-312, 1983,

171. Ishchlinskii, A. Yu.,'On an integrodifferential relation in the
theorv of elastic threads (ropes) of variable length (in Russian),*
Ukrain. Mat, zh, S5, 3, 370-374, 1953. (English translation by M.D.
Friedman on file with Scientific Translations Division, Library of
Congress) .

Author obtains the differential equation for the time-dependent
deformation of an end-loaded vibrating cable running over a pulley,
Weight of cable is included.

AMR £37 (1955)
172. Jaumotte, A., Kiedzynski, A., and Strebclle, Jr.,"Machine for

fatigue testing of a cable in tension (in French),'Rev. Tijdschr.-
Mecan. werk 6, 3, 137-144, 1960.

173. Johnson, A.A., Lewenstoin, T., and Inbembo, E.A., The efrects
of the hydrostatic pressure in a deep ocean on the mechanical be-
havior metals," Ocean kEngineertng i, 3, 201-232 (Feb., 1569).

The nucleation of a microcrack in a metal by dislocaticn coale-
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scence 1s goveraed principally by shear stresses and is, therefore,

to a first approximation, not influenced by the application of a
nydrostacic pressuve. Its propagation is, however, made more difficult
by a hydrostatic pressure because it is governed principally by the
tensile comporents of stress normal to the plan: of the crack. As a

result, a retal which 1s brittle at ambient pressure may become ductile

when a hydrostatic pre-sure 1s applied, {.e., the ductile-brittle
transitio~ “emperat.~e may be lowered. A simple calculation shows
that this decrcase in traasition temperature should be approximately
proportional <o the pressure and should be several tens of degrees

for rae n . tude of priossure found in a deep ocena. A limited nuwmber
of e meriment: -arried out in laboratory pressure chambers and reported
in the literature show that this calcualtion 1s at least approximately
correct.

AMR #iuz# (1970}

174, Johusen, W.,' ‘he cutting of round wire with knife-edge and flat-
edge tac's, Auri. s2i, Res, (A)Y 7, 1, 65-88, 1958,

Experiments are described on the indenting and cutting of round
wires between 0.063-in. and 0.625-in, diam of zopper, galvanized and
straight drawn medium carbon steel, and a special stee{ with wedge-
shaped tools, to investigat: the basic mechanics of the operation
Considerable use is made of some theoretically well-analyzed and an-
alogous cases in the plane-strain cuiting of strip, and experimental
evidence of qualitative agreement is presented. The investigation was
carried out tc determine the effecr of the greatest load required to
sever mather:iil, of wedge tool angle, of flat on the end of the wedge,
wire diameter and material properties: in particular the logarithm cf
the greatest cutring .cad is shown to he directly proportional to the
logarithm of the wire diameter The paper conzcludes with observations
or. the physical iction and consequences of cutting

AMR #4543 (1958)
175, Jones, M.H aud Srown Jr , W.F., "Acous-ic Detection of Crack
Initiation 1n Sharplvy Notched Specimens,'" Mater Res, 4, 120-129,
(1969) .
176. Kachurin, V K. F'exible ropes with small supporting points (ia
Russian), Moscow, Gostekhizdaz, 1956, 224 pp. 7r 4Ok; Ref Zh. Mekh,
No. 6, 1959, Rev 692

This is ar investigation of t:lamets with small supporting points:

single-spar, mult.-span, double-randed chains made up of stiff dircks
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and their combinations with the filaments. The equations for the
curve of the suspension of tne filament with a vertical lcad are
expressed through the deflection moments in a siaple beam of the sane
span, while the length of the filament is expressed through the trans-
verse forces, Both vertical and horizontal loadings arc considered.
Some more precise calculations are examined in the form of taking

into account elongations, consideration of the stiffness of the fila-
ment in def lection, and so forth, The book contains a large numter

of examples. A short survey is given of the existing literature.

AMR #5628 (19%0)

177. Kakuzen, ¥.,' Two-dlmensional profile of drawing die and extruding
nozzle by p'isticity theory, Proc. lst Jan nat. Congr. appl. Mech.,
1951; Nat. Comnittee for Theor. appl. Mech., May 1952, 241-244.

Author makes various 1ssumptions about stresses in drawing and
oxtrusion wit, rouph dies and shows that if the coefficient of friction
is constant the die geometry is determined He concludes that this de-~
sign corresoonds to "uriform flow" conditions.

AMR #135 (1955).

178, Kanninen, M.F , anrd Florence, A L.,' Traveling forces on strings
and membranes, International Journal of Solids and Structures 3, 2,
143-154 (Mar. 1967).

The use of explosives to simulate distributed impulsive loads is
investigated theoretically for the stretched infinite string and
stretched infinite membrane, It is shown that practical explosives
dbovedetonation velocities generally s-personic with respect to the
string and membrane wave speeds which are based on the initial tension
in the member, (riteria are established which permit one to conclude
that uniform veloc.ty distributions are produced by the explosive lioad-
ing.

Reviewer wonders whether the tension is always constant in the
experiment described but this does not detract from present analysis,.

AMR #7809 (1967)

180. KXawashimi, S., and Kimura, h. ., Measurement »f the internal
friction of metal wirec ropes throuer the longitudinal! vibraxion, Mem.
Fac. bngng. kyushu Univ 13, 1, 119-130, 1952,

Locarithmic decrcments :n free leongitudinal vibration at low and

mediun stress levels were measutcd for several wires and stranded
cables Specimens were approximately 12 ft long, were ~lamped at the
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upper end, and were loaded at t%2> lower end by weights to various
steady axial stresses, Longitudinal vibretions were initiated by an
electrcmagnet, and displacements were measured by an electrical
capacitance-type gage and were recorded vs. time. Free vibration
irequencies were of the order of 10 cps. Curves showing logarithmic
decrement vs amplitude for varicus axial loads are given for several
types of wire rope, aud are compared with values obtained for the
wire itself For tht s+tvel and copper wires tested, the logarithmic
decrements were partically independent of axial load, while for the
mltiple=strand wire 1 >pes, the decremercs were markediy reduced as
the axial ioad wd: in-reased. Measured decrements vary from minioum
of 0.001 fo. the sreel wire to 0.4 for a 1 4-1in. 6-37 hempcore steel-
Wwire z.2¢ 2t Jow s:-ecs levels

AMR #5608 (1953)

181, Reryren, 2 N., "A Corr.osion Fatigue Test to Determine the Pro-
“ective Qualitie of Meta'ic Plating," Prcreedings of the ASTM, 1940,
Vol. 4G, pp Ub-ild,

The vatiiar describes a -orrusion-fatigue test tor determining
the degree of prctectizn atforded by metaldc coatings on steel wire.
The wire tested was 0.037 in., in diameter, and was a sample of that
used to reinforce te beading of rubber tyres, For this purpose a
ctress-reversal machine was used in whi:h a length -f the wire was
bent to arc cutvature and rotatosd by an electr:ic moior, a .5-1n
portion of the arc dipping :nc a bath of oil, dist:iled water, or i
salt solution. The fatigue limits for 107 cycles of stress of uncoated !
and copper-zin: -osated wire tested in a non-coriosive oil were prac- |
tially identi-al., in distilled water, ccpper-zin: plated wire was
much superior t> unplated wire, and was 1lso supertor to bronze-plated- !
wire, Bronze-coated spe-imens tested in ofl aiter storage for 48 hr,
in dist:lled water lzs' about 65 per cenmt of their criginal tensile
strength after 10’ :y-les of stress and this was f:und to te due to
embrittlement, but this embritt ement did mct d>-cur 1n specimens that
had been galvan-ze! p:iint to bronze plating

. ., i
182 Kenyon, J N , Fat:gue properciess of s-eel rope Mater. Res. and
Stand 2, 7, S5%3-93%. uly lOk7

Paper des r.hes the reouite ot a testoon the tatigue properties
of steel rTope wire *aken trom seven “rands of commercial plow steel
tepe The tents woie  -5° rres oy g method Jderived by the author
an roported tu ANIM v, 1T, (1939), The work s oa tentative
CeesI1on LOor qua ity st uigY bl Tope wires Serther  attempl nor
B e o ol oy thie taltyue
ot ad S.oaiva eV < aons
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183. Kirsanov. N.N.J’Calculation of single-span suspension bridges
for sag (in Russian),'Sb, tr, Mosk. inzh.-stroit., in-ts no., lo, 48-
64, 1956; Ref. Zh, Mekk, no, 3, 1957, Rev. 3658,

A method of calculation is described for single-span suspension
oridges with a rigid stiffening truss of constant cross section,
with consideration of the displacements of the suspension cables and
the stiffening truss., The calculation formulas for the flexures,
angles of rotation, bending moments and side forces have been obtained
by solution of the known differential equation for suspension bridges
by the ma2thod of initial parameters, To facilitate solution, tables
are given for the functions entering into the corresponding expreasions.
Two numerical examples are given.

AMR #4956 (1958)

184. Kloppel, K., and Weihermuler, H.! Nonumiformity of stresses in
prestressing cables (in German),)' Stahlbzu 23, 4, 77-80, Apr. 1954.

Paper discusses the slackening of stresses in prestressed steel
members that change direction, and lose tension by friction at the
points of direction change. Authcrs call attention to the influence
of vibrations on the stress distribution in such members,

Experimental results are compared with an analysis based on the
decrease of tension in a cable rolled on a cylinder of given radius,
Authors show the incorrectness of the calculation procedure which
assumes equality of the stresscs at the two ends of a cable prestressed
from only one end. In symmetrical stretching, similar discrepancies
arise,

Authors also prove that it is not possible to eliminate the non-
uniformity of stresses even by applyili g an initially higher stress,
and then by slackening. On the contrary, slackening of the stressed
end caused great variation in the force distribution for differently
direcred cable lengths. They show experimentally that the stresses
can be made uniform only by virbrating the structure, or by a smilar
procedure.

Reviewe agrees with authors that special comstructional tech=-
nicues are required to control the stresses in prestressing cables
which change direction, and also that design procedure should take into
account the itress variations which may occur in elements of the type
under cousidiration.

AMR #1613 (14955

lod. Kokado, J. a0 1. Fujinaka, "Inspection of Internal Impairments
ot teel Wirce Rope bv tlectromagnetic Detectiug ﬂcthod'. Mewoirs o1 tu
- o Lo Y I T W SN U S S 3S o U I
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186, Komarov, M.S., ans Stolyarchuck, V.F., Determination of the
dynamic loading on a hoist rope during starting (in Russian)," Nauch.
zap, Lvovsk, politekhn, in-ta no. 29, 3-12, 1955; Ref. Zh, Mekh. no.
10, 1956, Rev 7084,

The dynanic forces iIn the hoisting and tail ropes of a hoist
(11ft) are de.ermined. The starting moment for hoisting the load
is discussed. The weight of the ropes and change in length of the
tall rope, and their riridity as starting, are neglected. The
1 :tating parts of ti:e hoist are regarded as an equivalent mass My,
r2fcrred teo the racvius of the rope drum. The excess force F by which
v system is set in metion, And which is applied M;, is regarded as
Jcustant,

On these assumptions, the problem is resolved into the solution
of a system of three differential equations of the second order with
cotsteat necfficlents, As a result, comparatively simple expressions
.o cLtained for the forces in the hoisting and tail rope. In the
varticular case considerec the stress in the hoisting rope (correct-
ing tne miawrints\ is determined by the expression:

-y _erjk— _J E_IJE'J. \c"z.)coskzt—

C
__L- ._lv AL >Cas K +
<\ "o Ml - K2’ 'J

F:M—‘,_/LM"'M‘L -LM3> -ﬁ—Q E'ﬂ

in which K; and K are the rvots of the characteristic equation, ®2
and my the masses of the load and counterweight respectively, c; and

c, the rigidities of the hoisting and tail rope respectively aud J the
u?timate weight of the load.

Analyzing this expression, the authors find two possible maxi-
wum values of the forces in the rope, at cos Kit = cos Kyt = - 1,
and at cos Kpt = - cos Kjt = 1.

It must be ncted that determination of the maximum stress by these
means may prove to be impossible if (1) the ratio K1/ K, is an irrational
number (when cos Klt and cos Kpt cannot simultaneously assume the value
of + 1 at any insctant of time t); (2) the ratio K,/F, = nj, ny has one
of rhe integers n, ur n, odd integers, while the coefficients of the
cosines in tq. [‘1 are of opposite sign; (3) the ratio K - n1/ny
odd and the cother even, while the coeficients of the cosines arc negative.

AMR #2476 (1958

i et o

187. Koppl, G., Severe mechani~al stresses imposed on single-column
isolators Y Brown Bover{ Rev. 49, 6, 226-229, June 1962.

The mechanical effe-t of shorf circuit in s two-wvire conductor
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suspended from single column isolators is studied. The wires, sep-
arated at equal intervals by spacers, are hung from isolators in a

form of flat catenary. In case of short circuit the mutual attrac-
tion of the wires is increased, causing a decrease in the sag of the
catenary and a resultant increase of the tension in the conductors

and the pull on the isolators. A differential equation for the lateral
displacemen. of the wires as a function of time is written down and

is solved for one particular set of conditions. A graph is plotted
showing the variation of the pull with an assumed numbter of the inter-
wire spacers,

AMR #2649 (150b3)

188. Korber, F. and Hempel, M., "Influence of Cold-Work and Ageing
on the Behavior of Steel Under Alternating Stress,' Mitteilungen aus
dem Kaiser-Wailhem~Institut fur Eisenforschung, 1935, Vol. 17 No. 22,
pp. 247-257.

The effect of the mechanical and tevmal ageing of cold-worked
steels on the static properties, the bending and tensior-compression
fatigue strength, the changes in the dampiryg capacity of the material,
and metallographic and X-ray tests are reported on. A 5 or 10 per cent.
cold deformation without ageing reduces the notch toughness consider-
ably: thermal ageing decreased in still further. For both steels
tested (carbon 0.02 per cent. and 0,39 percent.) and both degrees of
cold work the rotch toughness of the mechanically aged specimens (by
stress alternations) approximated to the value for the cold-worked
.anaged specimens., This sugges:s that the effects of the thermal and
wechanical ageing of cold-worked steels arise from different causes.
The inflence of the two ageing treatments, after different degrees
of ccld-working, on the tensile strength, yleld point, and fatigue
strength of the two steels was not the same; for both degrees of cold
work, there was no difference between the values of these properties
of the mechanciallv aged and thermally aged specimens of <he 0.02 per
cent, carbon steel; in the case of the 0 39 per cent. carbon steel, the
properties after mechanical and thermal ageinz were the same for 5 per
cent. cold work, but after 10 per cent. cold work thermal ageing was
superior to mechanical ageing In the damping measurements the de-
pendence of the damping on the amplitude, time and deformation was de-
rermined. For both materials the stable damping of the 5 per cent
cold-worked and thermally aged specimens was l'ess tha that cf those
aged mechanically; after lo per cent. cold work the condition was re-
versed. No alteration of structure cue to tensile-compressive stress-
ing could be observed. Ky the X-rav reflection method, t e change of
the width of the interference iines Jue to . ld-workin, and also Sefore
and after ten.ile-cozpressive stressing, was «xamined. The lire <idth
increased wizh the ceold ~ork (no alternating stressing). For the 3 per
cent. Colu-waree. e o e oy elgher method, thete was no cicar
indicatien ¢! an.  ranue gn the line widtn with and witheut d4lternating
stressing, out witn lu per cent. ¢old-werkeo specimens, beth unaged and
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thermally aged, the sharpness of the lines increased after alternating
stressing.

189. Korbut, V.M.,' Influence of dosagze of surface-active substance

on the surface plasticization of a metal during drawing, Soviet Phys.-
Doklady 4, 1, 176-178, Aug. 1955, (Transla:ion of Dokladi Akad, Nauk
SSSR {N.S) 124, 1, 72-74, Jan./Feb, 1959 by Amer. Inst. Phys., Inc.,
New York, N, Y.).

From ohservation that shear stress in surface layer of wire during
vrawine decreases in presence of surface active lubracant, author
Coacd s taat lubricant migrates iatlo two-dimensioral surface defects.
barther decrease wity increasing deformation, temperature and number of
molecular layers of agent on surface is regarded as support for this
assumption,

To roviewer development of such defects seems unlikely under normal
conditions, Observations may be explainsd on besis of pure surface
friction only.

AMK 15732 (1960)

190. Korbut, V.M., Veiler, S. Ya., ard Likhtman. V.I.,' Significance
of adsorption insteractions and the bulk-mechanical properties of
lubricant layers in the processing of wmetals under pressure) Soviet
Phys.-Doklady 5, 1, 148-150, July/Aug. 1960. (Translation of Dokladi
Akad, Nauk SSSR (N. S.) 130, 2, 307-309 by Awer. Inst. Phys., Inc.
New York, N.Y.).

It has been shown in papers put out by authors' laboratory
that, whith deep plastic deformation in the presence of surface-active
liquid lubricant layers, the so-called adsorption plastification of
the metal takes place in a very fine surface layer. The plastifice-
tion effect, which is elicited oy adsorptior of the surface-active
components of the lubricant, is characterized by considerable reduction
in the shear stress of the fine layer of processed metal.

The presence of a plastified layer promotes thc equalization of
the volume flow of metal, veduces the work of deformation, and in-
creases the capacitv of the metal for being worked under pressure;
here, the additional shear deforastion due to friction is localized
in the plastified layer.

A solid, Lut sufficiently piastic, lubricant film deposited ou the
surface of the prc- 2ssed metal, the shear stress of vhich {s consider- |
ably iess than in .he tase metsl, plays the same role as the plastifiec
laver.

AMR #1304 (1901)
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191. Kovalev, N.N.,"Deformability qualities of prestressed reinforce-
ment made of steel cables (in Russian) ® Beton i Zhelezobeton no. 6,
245-249, June 1963,

Herewith a report on investigations of cahble properties for use
in prestressed concrete, Young's elasticity modulus has been compared
to the cable's apparent Young "modulus’ und the permancnt g.rain is
given in tabulated fcrm. The avthor claims that he succeeds iu
elimirating tihe effect of permanent strain through an initial prestress
up to 1102 of the expeciv.. stien,

Reviewer remarks that rescarcii on creep and rermacent strain re-
quire; a iong time study, whizh nas been prescribed in the article,
Therefore, reviewer's opinion is that the data given should be used with
some reservation,

AMR #7178 (1954)

192, *rrval'ek'i, B.S. Theory of multiple winding of vope (in Russian),'
Dokladi Axad, Nauk S$SSSR /N.S.) 74, 3, 429-432, Sept. 13550,

.he axial tension in any turn of rope-winding decreases with its
radius r. Therefore, the decrease of length of each r due to the
pressurc exerted by the terms of greater r produces the decrease of
the axial tension in a given turn. Author introduces the notion of
a coefficient of transversal compression K and derives the integral
equation for the axi~l tension in the turn of the rope with radius
r divided by the breath of the rope. Author uses the above equation
as a vasis for Introducing diagrams, assumirz a priori a certain lav
of reiationship between axial tension and rac:ius, which show that
taking into account tne trinsversal deformations of the .ope greatly
decreases the axial tensicn in each turn of winding The transversal
deformation of the rope also has great influence on the pressure exetted
by the rope on the drum In t¥ "¢ example, the j;ressure of the rope cn
the urum. by raking into account the transversal deiormations of the
rope and of the dru, :. 50 kg cml and, bv neglecting these Je:ormations,
is 437 kg/cms .

AMR #381 (Feb 13552
193. Kozak, K., The streng.n of the concre'e and ' wund stressing
wires of ntressed concrete scructures affected by puisating forces

{in French),"Acta Technica. 4+ 172, 91-310 (1964).

AMR #6501 (1967)




194, Kuzaiy, A.l1., and Shevelo, V.M.J'The influence of incomplete
elasticicy on the dynamic forces in a rope of variable length,
analyzed by an asymptotic method (in Russian) /)| Prikl. mekhanika 1,
1, 4i-50, 1955; Ref, Zh, Mekh, 1556, Rev. 4845.

The purpose of the present investigation is to demonstrate that
the incomplete elasticity of a cord of variable length has a waterial
influence both quantiratively and qualitatively on the bchaviur of the
dynamic furces arisirng duriag the lifting of the lcad. It is assumed
in this investigation that tae law of yariation of the hoisting rate
(r.tational speei . f the winding drum can be described by a trapezoidal
broken line. Qualitative anaiysis leads the author to the conclusion
that (or a given nois-ing rate v, = v, + at it is possible to Zndicate
a particular limiting value of the coefficient of incomplete elasticity
o up at which, for all velues of R o 5, the forces in the cord will
grow, while for X)X np they will decrease, The coefficient ® character-
izes thc avsorpti~n of energy by the oscillations of the cord. N.V,
Zvolinskii, USSR Courtesy Referativnyi Zhurnal (Tramslation, courtesy
Ministry of Supplv, England).

AMR #1560 (1957}
195, Lamb, H., Statics, Cambridge Univ. Press, England, 3rd Ed., 1928,

196 Landweber, L , "Hydrodynamic Forces on an Anchor Cable' DIMB
Report R-317, Nov. 1947,

This report presents curves from which the magnitude and direction
of tne tensions in the anchor cable can be determined when the drag of
the ship, velocity of the current, depth of the water and type and length
cf the anchor ceble are known. Formulas are givea for ship drag, curreat
parameter, treaking strength of wire-rope and chain cables, safe working
lozds on cables ard holaing poser of an anchor

197. Lindveber, L and M.H. Protter, "The Shape and Tension of a
Light Flexible Cable in a Uniform Current,'J. of App. Mech. pp.
Al21-A146, 1947,

[his paper deals with several cases of towing cable in which the
frictional forces as well as the aormal forces are taken into account
ir ceterminin: the configuration of the cable. The weight of the cable
is neglected Several towline situations of practical interest are
ccosidered as applicatione of use of envations and curves presented in
tne paper
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198. Laura, Patricio A and Mario J. Casarella, Discussion of the
paper "A Three Dimensional Dyn:umic Analysis of a Towed System" Journal
of Hydronautics Vol ", No. 4. by Schram and Reyle) Vol 3, 1969.

199. Llaura, P.A and Casarelia, M.J., "A Survey of Publications on
Mechanical Cabples auad Cable Systems," Report 68-1, Themis Program
No. 893, NOOOls-68-4-0%06-0ul, lastitute of Ocean Scier:e and
Enginee: ing, ihe Catholic Ca:iverstity of America, Washineton, D.C.,
December 1963

260, Laura, Patricio & ; Hendrik.s Vanderveldt and Paul Gaffney,
"Acoustic Detection ¢ Structural Failure of Mechanicai Cables)'
Journal of the Acousttcal Sorie y of Ameri:a, 1967 (Letter to the
tditnr).

201. layland, < L . ~ao, AR S., and *'msdale, H.A., Experimental
iovistiration of to -‘@n in stranded -ining wire ropes,' Instn. mech.
Enars. Proc., (E; iE, 8, 323-33€6, 19.2-1953,

Moduiue of rigidity ia primarily dependent upon construction
(number of wiros andttrands), varies somewhat with type of lay
and lutr:cetson, and is rather independent of load and diameter.
An approximation may be had :; dividing the modulus of rigidity
of steel by the totsl aumber of wires and mltiplying by the cosine
of the helix angle iris gives good results except when more than
75 wires ars used, ic which event friction apparently leads to higher
values

Consideravie dat: are provided for angular ceflection in laying
aad urlaying Jdirection, rotation due to temsion, and exrension due to
rotation,

AMR #3158 (Gct 1954)

202, Leites, A.V., "Testing Cables and Wire," Zavodskaya Latoratoriga,
16, 6, 1950, p. 758 (in Russtian)

Diffi{culties in preventing the method of securing wire cr cabie
specimens In tensile tests from influencing results is considered.

203, i2onex Jr., T.J., "Corrosion fnalysis of 204 Stainless Steel

Wire Rop2 and F:ttings fror a8 NOMAD Bucy Mocoring System After 34 - Months
Continuous Seivice in fle Qulf of Mexico,” NRL Memorandum Report 2405,
September 1969

Samples studied of a 1250 ft length cf sta:nless steel wire rope
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(3/4 ia, diameter - 6 X ¥9 Varriogton - IWRC 7 X 7) and ssacciated
stainless steel tube thimbles and cahle clamps. This rope was in
continous use for 34 months in the Gulf of Mexico zs the upper
portior of the Nomad buoy acoring system, No significant corrostec
was reported for the top 1000 ft., which was weli lubricated and
cathodically protected. However, the lower 250 ft., wnich was jacketed
with neoprene for abrasion protection, was relativcly severely corroded.
Recommended that mere inspection of external wireus of stainless
rope is not adequate to determine extent of corrvsive damage since
rrimary mechanism of corzosisn in stairless rteel is by crevice
corrosion or tunneling. Alsc recommended that in critical applications
the wire rope be replaced at first sign of rope deterioration.

204, W, lethersic! "The measurement of the coefficient of internal
friction of solid rods by reasonance ucthod."J. appl. Phys. 1, 18-22
(Jan. 1950).

It is usual to assumethat lengitudinal resonant frequenci.s of a
cylindrical rod arc not atfectad by presence of internal friction.
This assumption is suificiently accurate for metals and certain
crysials such as quartz, It is not accurate cnough for measuremernt
cn plastics, the materials of interest to author. Paper 48 cevoted
to introducticn of secoud-craer approximations in formulas for com-
puting coefficients cf viscosity from vibration data. In the
main body ot paper it is assumed that, after Stokes, viscour cffects
arise only frum time rates °f shear strain. Near the end an additional
treatment is given which includes friction arising Jrom time rates of
volume changes. It ie showr that reglezt of second approximation to
resonant frequency wil) introduce err~rs ir internal dawping calcula-
tions of the order of 12 per cent, whereas its inclusion will reduce
thew to 1 per cent. It {s alss po:int2d out that zzistence of a
volume viscosity can be detected by measurem=n:t "ipcn same specimen
tirst with torsion waves, and then with longitudinal. Papar is
recomsended a8 a good cummarcy of appropr.ate furwmlas for calculating
viscous coefficients from vibration experimevts which determine width
of reasonance as convantiionally d2fined.

AMK 71945 (1550)
205. Lex, W.I., "Operation, Maintznance an. Inspection of Wire Rope",

U.S. Coast Guard, Proceeding of the Mer~h-nt Mariaa Council, pages
91-96 (May, 1968).

206, Lex, W,I., "Tests on this Wire Rove Yatigue .lachine Proved that
Lubricsnts do Penetrate Wize Rope,” Eng. M. ¥, J , 1554, 175, Juns,
ppl 9¢-98,

Tests show value of correct external lubrication for ropes. Fib~rs
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preserved longer; corrosion retarded; friction reduced, fatirue onset
delayed, lives prolonged for ropes, drums and sheaves.

207. Lin, T.Y.,"Cable friction in post-tensioning,Prcc. Amer. Soc.
cfv. Engcs. 82, ST 6, (J. Struct. Div.), Pap 1107, 12 pp., Nov 1956.

AMR #1788 (1957)

208, Lindstrand, E.,"Wire drawings - a literature survey (in Swedish),!
Jernkontorets Aann. 142, 3, 105-127, 1958,

AMR #4544 (1958)

202. Little, Arthur D., Inc., "Stress Analysis of Ship-suspended
Heavily Loaded Cabled for Deep Underwater Lmplacements', Prepsred
for Bureau of Ships, August 1963,

2i0. Litton Systems Inc., McKiernan Tervy Marine Div., "Study and
Design of Cable Fairing for Drag and Mechanical Reliability Improve-
ment", E4-9250, July 1964.

211, Lueg, W, "Improving the Quality of Drawing Tools by Controlling
Die Profile by Modern Measuving Methods," Stalh and Eisen, Vol. 71,
pp. 157-170 (1951).

212, lueg, W., and Treptow, K.-H,,"lubricants and lubricant carriers
in steel wire drawing (in German),'Stahl.u. Eisen 72, 8, 399-416,
Apr. 1952,

213, iueg, W., and Treptow, K.H.,"New {nvestigations on the drawing
and "pushing-in" of steel rods. Part 1, Part 2, (in German),b!Stahl u.
El{sen 75, 3, 1620169, Feb. 1955; 75, 12, 769-776, June 1955.

Part 1 describes a comparative experimental and theoretical
study of the forces required in (a) pushing round bars into, and (L)
pulliang them through a8 draving die. Authors show that, for a con-
stant percentsge reduction of crcss section, the force for purhing
{extrusion) is higher than for normal drawing; furthermore, that the
specific draving (extrusion) force decreases gradually with incroas-
ing bar cross section and approaches an asymptotic value,

In pa @ (I, the elastic distortion (diame:rical expansion or con-
tractior) of the bar as it leaves the die vas studied. This elastic
strain wvas generally positive, but for any specific die angle it varied
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with the length of the cylindrical die extension, its value invariably
reaching a minimum at a certain length of said extension. The minimum
way vither slightly positive or negative, dspending on the die angle.

AMR #2949 (1956)

214, Lutchansky, M., "Axial Stresses in Armor Wires of Ben: Submarine
Cables," Trans of the ASME, Journal of Engineering for Industry,
August 1969,

A mathematical model is presented to describe the axial stresses
induced in the helically wound armor wires of a submarine cable bent
wer o oarem,  The model represents the wire-core intraction and
yivlu: a simple description of the stress concentration at a rigid
‘e lusion such as a clamp or apparatus housing, "‘rec field"” expression
obtainec for stresses away from an inclusivn al.-- abtained and shows
cffect of entire range of interactiun stitlnesses from frictionless
slin ts infinite iunteraction shear stifiness. At the latter limit
beamlike outer fiber stresses are produced. Beamlike stresses also
produced for limiting case of infinitesiwally thin wires and infinitely
long lay-length (wires running parallel to cable axis).

215. Lyst, J.0., and Babilon. C.F.," Detecting fatigue cracks in notched
fatigue specimens by changes in electric reaistance,'Mater. Res. and
Stands. 2, 6, p. 485, June 1962,

This paper describes a method of detecting cracks, in a fatigue
specimen, by measuring the changes in the eletrical resistance of the
surface by direct-current conduction. Both resistance and crack
length were observed to increase as fatigue life was consumed. In
rotating-bear fatigue tests, cracks propagated slowly until the crack
covered about 5 pepcent of the cross-sectional area, after which the
rate of propagation increased rapidly to failure., Fatigue cracks as
small as 0.005 in. deep could be detected in 0.330-in dismeter spec-
imens by this method, and cracks could be detected when the change in
resistance was a small as 2.5 percent.

~MR #7041 (1962)

216. Mack, C.,* The tension in strings wrapped slantvise round cylinders
vhen friction 1is proportional tc a power of the normal reaction,” Brit.
J. appl. Phys. 7, 8, 294-296, Aug. 195¢6.

Paper derives expressions for atring tension and normal reaction for
title string, assuming that limiting firction arts (1) in direction of
string, and (2) parallel to axis of cyliinder.

AMR 418 (1957)
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217. Majors, H., Jr. M Studles in cold-drawing. Part I. Effect of
cold-drawing on steel; Part 1i. Cold-working 25-0 aluminum," Trans.
ASME 77, 1, 37-48, 49=56, Jan 19355,

In both papers the effect of draving l-in. diam rods down to 11/16
in. in various sequences is reported, Propzrties investigated were
tensile, torsion, :-nc hardness. Microstructure was studied and re-
sidual stress measurements made. In the case of steel, a limited
oumber of impact tests were carried out to investigate the effect of
drawing sequence on ithe transi i n temperature. For buth metals it is
concluded that the properties are affected in a similar ma~ner, The
tensile yield strength has very little effect, and sequence in drawing
has no effect on the trie stress-strain diagram in tens:oa. The re-
sults of the torsion tests are inconclusive, and further work is
svegested. Hardness is independent of drawing s=aquence and no variatiocn
in hardness across a section was observed. Microstructure was found to
be uniform across section and very little affected by seq.ence  Re-
sidual stress was found to be grea:iy affected botk in magnitude and
distribution.

AMR #883 (1958)

218, Mak, S.L., Tulenkov, F.K., and Shteinberg, L.B ,"A machine for
fatigue testing rope wire,% Industr. Lab, 28, 1, p. 117, July 1962
(Translation of Zavod. Lab 28, 1, p. 114, Jan 1962 by Instrument
Society of America, Pitsburgh, Pa.).

Paper describes briefly a wire testing apparatus built on al&:.he,
which 18 claimed to mccurately reproduce stressed condition >f wires
of a rope,

AMR #4471 (1564)

219, Marckland, E. " The deflection of a cable due to a single po'nt
load,YPhil, Mag. (7) 42, 322, 990-996, Sept. 1951.

Paper gives aethod for the calculation of influence coefficients
for vertical loads and deflections of a uniform cable These c<o-
efficients, which are functions of the applied icad, are required
for the analysis of suspension bridges after the manner of A.G Pugsley
{J. Inst. civ. Engrs. 32, p. 226; Struct. Engr. 27 p 327]). Experiments
oa a 5-ft chain agree very well with the calculations

AMR #1025 (1952)
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220, Martin, U E.,"An -~ vriter 'on for low-cycle fatigue,' ASME
Trans. 83 D (J Basi:z Engug ) 4, 565-371, Dec 1961

A low cy ler fatipgue -rirerion is proposed which employs as an
iudex of darz te pertion of the plastic-gtralin hysterecis which
i« associatea with the wirki-hardening segment of the striss-strain

<istueas Tuls damag: wor-energy relation provides a theore%ical
1o oo e plystie strein-cycle life vjuation

NEas = C

whi-h was prev sus'ly advanced cmpi:.cally

AMK " 6ERT g

ceke Maoo) N MTie U1 L0 L stect dhre dinder dtresses 20 Verv Small

Lerdti oo, Mree ol the Tt oowtion of Mechar:i:al Engineers, Vol 128,
Lish, oa e

<22, Mcload, h W and W = 2,wers, "Torque Belanced W-re Rope and
Armored Cables", ::ansactions of the 1964 Bouy Technology Sumposium

Torque-baianced wire ropes and armored :abtles offer signigizanc
advantages by reducing stre:t " and the amcunt >f evergv stored in tha
cable The paper discusses -able properties and cperational probiems
A f1gure of merit Q is defined as

S
02 (—?
! ‘Pl
where
E: Modulus of El.:.c1city
S: Ulcimate S ~ngth
PI: effective den.:*v o! ma~eria. .n water
ot s Measyre, t;tan:un 15 "ny best materiai. S'ee. ¢ duorew
toilow. e parieetor L ALy evlinee -
s~ell o stretoy
223 . Medvedik, S L ,'ivimi  ztresse~ "u fables of ¢-ines (1n

- -

Russian),” Teoriva Mash:in 1 M vhanizmov n. 96 27, 135-119, 1962

This {s an analytical and expermental sivdy. The crane me:han::m
is reduced to @ linear svstem f{ spring and masse~ The results are
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useful for the design of cranes and other weight-lifting equipment.

AMR #2298 (1%966)

224, Meebold, R., (sbles and “neir p-a - ical use [Die Drahtseile
in der Praxis), 2nd rev, ed., Berlin, Springer-Verlag, 1953, vi +
108 pp., 121 figs. . 12, .

- -

Book 4 al: wiin construction and application of wire ropes
Under comstruction, foullowinz items are covered: Principal t,pes of
vire ropes; sTranu arrangements; strength and design . [ je.; wire
marerials: rario of wire to rope diameter; number cf wires 1n strands
and wire arrangements Under appl:catioun, the folluwing items are
covere”: Lire of wirc ropes as aficzied by nature of service; methods
of fa:t2ning rope ends; methods of binding ropes; wear. locsening,
untwistir-, and distortion in ropes; types of wire-rope {ailures;
ccrrosion in wire ropes and prevention of cor csion. A brief bibliog-
raphy completes thz hock,

AMP. #1319 (1953)

225, Megyeri, J.,) Exact calculation of loading on cable supports
(in lungarian),'Melyepitestudomanyi Szemle 7, 11/12, 375-381, Nov./
Dec. 1957.

Distinction is made between actual cable tension and irs hori-
zontal componernt. Effects of wind loads and of friction at the
supports are considered. Deviation from results of approx.mate
anaiysis is found greatest when concentrated loads are apri:ed wmid-
wvay between consecutive supgorts. Numerical tables are given, and
also a nomogram for finding critical load c~mbinations,

AMR #73 (1959)

226. Mehta, P R , "Static and Dynamic Stresses in Overhead C{-ndu:-ors’
Spring Conference, Transmission and Distribution Session, Cheyenne,
Wyoming, April 22, 1968.

227, Meier, J H., "Energy Transwission by Stress Waves i- Fri<matical
Bars," Experimental Mechanics, May 1965, pp. 135-141,

This paper deals with energy transmission bv stress waves :n
prismatical bars. LExperimen:s were conducted orn sStraight aund curved
bars. The effects of cross-saction impedan-e wismatch and length mis-
match of impacting bars in studied. The author is apcarently unavare
of the technical literature available on vibrations and effects of
dispersion in curved bars.
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228, Michel, Douglas, Pikul, R.P. sn2 Kosser, A.F., "Forces due to
Travelling and Standing Waves in Cables" Interim Report No. C-70;
The Kaman Aircraft Corporation, August 1954.

If an antenna-supporting vehicle is disturbed from its steady
state flight by a gust, then it, in turn, will disturb the end of
the cable to which it is attached. This disturbance will travel
down the cable to ‘. mooring point, reflect and travel up the
cable to the vehicle and disturb it again. It is clear that the
cable dynamics must be included when designing an automatic position
stabilimhs device for the vehicle, The purpose of the present
report 18 tc devise methods for determining the transient force
at the mooring point due to a disturbance of the vehicle.

229, Middleton, G.w. and J.W.N. Fead, "Fundamentai Cable Analysis"
Developments in Mechanics, Vol. 4, Johnson Publishing Ce, (Pro-
ceedings of the Tenth Midwestern Mechanics Conference) pp 631-645.

This study contains equations which are derived for simple cables
giving a direct solution under the condition of uniform horizontal
distribution of dead, ice, and wind loads. Thi:z analysis is different
from previous cable treatments in that it specifies “re maximum force
in the cable rather thaa assuming the amount of sag in the cable
Equations are also derived for cables which carry ccncentrated loads
in addition to the above loads. When the maximum force which 1. to
appea~ in each caule of an antenna system is specified and the :ables
are considercd as inextenszible, it is proved that the system :s deter-
ainate,

The equations are not linear, and an iterative prucess 1is required
to obtain a solution of the equations. Such a process is described
hi:re. The results are listed for comparison, and these were obtained
by computation and by measurement from a model.

230, Mi{awo, E., Aida, T., and Higami, H., "Fatigue Tosts of Wires for
Wire Rone," Sulyokwal - Shl, 1954, 12, Oct., 378-395 (In Japanese’

Performed rotating bend fatigue tests on rope vire oi tvo s:ize:
and s@mse strength. Impact tensile strength dropped suddeniy after a
certain number of cycles; this number was shown to be lower for the
thicker wire vhich alsc had a lower eidurance and fatigue limit.

231. Military Specification - Cabli, Electronic, Tow, for Submarine
Application, MIL-C-23812A (Ships), 1y Fedb, 1965.
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232, Miller, Eugine and W.C. Webster*, "An Analysi{; of Large Object
Lift Systems' ASME Underwater Technology Division, .967 Natioral
Conference,

The raising (or lowering) of a very large object, such as a sub-
marine, in the copen 3cu is an extremely difficult and costly operation,
A major problem is the large seaway induced forces and motions. This
paper deals with analysis and contrcl of these forces in two types of
large object lift systems. One system involves use of two surface
ships lifting & submarine with cahles The other svstem consists of
standard winches on minimum response surface floats insteddof conven-
tional surface ships.

* See alao: Technical Report 613-1; Hydronautics Incorporated, Dec. 1966.

233, Hoore, H.F., "Fa:i.gue Testing of Wire." Wire and Wice Products,
Vol. 12, May 1937, pp. 2135-23%,

Discusses various types of machines for fatigue testing of wiie.

234, Montague, P,,".Load distribution in overhead stranded conductors,
Inter. J. Mech. Sci. 2, 3, 277-293, Apr. 1961.

Author attempts to forecast the load taken by esch strand of a
steel-cored aluminum conductor at different total cabie loads by
cousidering the fundamental load-strain characteristics of the steel
and alumirum elements, Teaperature and creep effects are not con-
sidered. Cold workirg may influence experimentai values.

AMR #107 (1962)

235, Moorman, P.B.B.,"Continuous prestressing, Prct Amer. Soc «civ
Engrs. B8l, Separ. no. 588, 21 pp., Jan. 1955.

Author discusses the influence of posttensioning on starically
indeterminate structures, such as continuous beams, by introducing
equivalent loads corresponding to the bending moments caused by an
eccentric cable. Cables with parabolic curvature are studied
espgcially, and numerical examples are given together with a -
commencatior for analysis and desigu procedure

AMR #1656 (1955)

236. Moriles, K.C., Shear-vcolume no*hed of solving tensions in cables,
Journal of the Struc.urai Divisten, Pru-:edingre of the American Sccietv




of Civil Engineers 94, ST 1, 111-118 (Jan. 1968).

A simple cxpression is given for the length of a cable in terms
of its span lengti:, the tension in the cable, and the "Shear-volume,"
the last being the integration of the square of the transvers~ shear
force V over the span of the cable. The derivation assumes small sag
of the cable and is based on the usual relation V » dM/dx in which M
is the bending momert.

AMR #7182 {1968)

238. Nakamura, K., and Nakamura, Y.,'Low temperature annealing of
drawn wire,J. mech. Lab. Tokyo 2, 2, 25-28, 1956.

Paper presents results of a limited investigation conducted upon
medium-alloy patented steel wires, such as might be used for sus-
pensio:. .ridge cables, to deteramine effects of temperature rise dur-
1ug crawing and effects of various sequences of drawing and low-
vemperature ainnealing. Data indicate that tensile strength increases
an¢ Zuctility decrea<es with increase in temperature during drawing.
Data alsco indicate that a final low-temperature annealing following
drawing operations will increase tensile strength significantly;
apparently this occurs whether or not the patented wire was fully
annealed before drawing,

AMR #2939 (1957)

239. Nishioka, T., "Surface Condition acd Fatigue of Wire Rope,"
Wire World International, 8 (3), 67-73 (May - June 1966).

240, Nowinski, J.,"A series of experiments concerning the effe-t of
scale on the rupture of steel wires (in Polish)."

The scale effect, {.e., the effect on strength of absolute dimen-
sions of structural parts, and the dispersion of the strength itself
have a common background cue *~ natural nonhomogeneity of materials,

in already published papers, phencwena having a statistical
character are explained for brittle materials., The results of the
author's experiments concerning the rupture of S-cm and 50-cm steel
vire samples, 4.5 mz in diameter, lead to the conclusion that the
scale effect appears also for nonbrittle materials.

AMR £494 (1958)

241, Ncwinski, J. L. ,"Transverse perpendicular impact on a cable of
a highly elastic materfal,* AlIAA Journal 5, 2, 332-333 (Technical
Notes), (Feb 1967).
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By the stress-strain relation furnished by the theory of finite
elastic deformation, author derives and ciscusses the formulas for
the velocity of propagation of longitudinal and transversal waves and
for the velocity of impact in a cable of rubber-like materials.

AMR #4728 (1967)

242, O'Brien, W.T., Behavior of loaded cable systems,''Journal of the
Structural Division, Proceedings of the American Society of Civil
Engineersg 94, ST 10, 2281-2302 (Oct. 1968),

Author analyzes load-deflection characteristics of a freely
suspended cable system subjected to & point load in any direction.
Effects of various system parameters are exanmined. Res3ults are given
in equation, tabular, and graphical form. Psper is theoretical, not
experimental. Application is to suspension bridge cables and similar
systems,

AMR #6977 (1969)

243, O'Brien, W.T., and Francis, A.J.,"Cable movements uader two-
dimetsional loads, Proc. Amer. Soc. Civil Engrs. 90, ST 3 (J. Struct.
Div.) (Part 1), 89-123, June 1964.

The problem of deterwmining the deflected shape of a suspended
cable subjected to a general tvo-dimensional system of gradually
applied concentrated loads is quite involved. The tedium results
from the nonlinear stitfness characteristics of a suspended cable,

The authors have nearly solved the equations of static equilib-
rium for the various load points by the process of succeesive approxi-
mations. In their analysis they considered all the effects such
as temperature change, yielding of the suppor:is and slipping of the
cable at the support. The three numerical examples fully demonstrate
the use of the method. The results are tabulated and compared with
the ones obtained using the existing procedures. It is quite evident
that the features of the method of this paper are greater accuracy and
reduced computational effort. The authors also included two appendi:ces
in wvhich they derive the basic equations of suspended cables and
correction formlas.

The paper {s self contained, analytical in {ts approach and very
easy to understand.

AMR #5614 (1964)

244. O'Brien, T.,"General solution os suspended cable prodiews,"
Journal of the Structural Div:sicn, Proceedings of the American
Soclety of Civil Enginczers 93, ST 1, 1-16, (Feb. 1967).




The problem of cable displacements under an out-of-plane system
of gradually applied concentrated and distributed loadings is pre-
sented by the auti.or with the thoroughness of a PhD. dissertation.
This study is continuation of a previcus one in which in-p'ane system
cf luading v.; considered {O'Brien, W.T., and Francis, A.J., AMR 17
(15643, Rav, >61aj, ,

The r=thod of analysis of the paper is geniral and as such can be ;
used for the solution of uny suspended cable problem, Equally impor-
tant, very good agreement was obtaived with teste perfcormed on ex-
perinventai models.

The appioach used, in the paper, is basically analytical The
basic formulations of the problems are presented very clearly but
the computational procedures are not suff‘ciently detailed.

The level of maturity or experienc» expected of the reader is
high,

AMR #925 (1968)

245. Okubo, H.,"The torsicn and stretching of spiral rods - I, Quart.
appl. Math, 9, 3, 263-272, Oct. 1951.

An analysis is presented to dztermine the torsional deformaction
and stretching of spiral rod-. The 2quations of equilibrium are ex-
pressed in terms of displac sents. They arr developed into forms
which are independent of the position of the section, and, therefore,
thcy are independent of one coordinate. author achieves this by
translation and rotation of a system of coordinate axes of a section
which is perpendicular to the axis of the helix. by fixing this {
system of axes to the section, it is translated and rotated ahout the
axis of the helix together with the section along the spiral rod. 1In
this matter, the stress distribuiion in the sectiou in relation to the
coordinate axes is constant for all sections. Difieiential equations
of displacemcnts are integrated for the special case of a small helix
angle., Resuiting expressions for displacements and stiesses contain
threc arbitrary plane harmonic functions which can be determined when
the shape of the section is known, As an appiication of the generai
solution, author considers a spiral rod of elliptirasl cross section
and =valuates a numerical example. He arrives at the result that,
while shape of cross section of & straight rod is not deformed by
twist, the c¢ross secticn of a spiral ellipric rcd changes. The ellipse
becomes f[latter or rcunder depending upor the axial eloogaticen cr
contraction which takes place ir a spiral rod when it e cwisted. In
solving the same nuamericai problem icr stretching, suthor finds chat
the spiral rod is subjected to tvist when it is pulled axially.

Maximuw and miniriz normal stressrss occur at the ends of the minor.
and mdjor axes of the ellips- . The maximum shegring stress is ar btoth
ends of the miner axis.,

AMR #1662 (Junz 1950)




246, Oschatz, H., "Testing of Wire in Fatigue," Draht, German ed.,
1955, o, Jan., 12-213.

Description of various fatigue - testing machines manufactured by
Schenk for tests of wire and springs. Rotating bend, push-pull and
programed variable amplitude tests are described.

247, Ostroumov, G.A.,! Theory of thermal processes during liquid draw-
ing of wire under steady-state conditions M Soviet Phys., - Tech. Phys,

4, 2, 208-214, Aug. 1959, (Translation of Ah, Tekh, Fiz. 29, 2, 239~

247, FPeb, 1959 by American Institute of Physics, New York, N.Y.).

Authors consider a ligquid wmetal jet leaving (at Z = 0 and ve-
locity V) a furnace, having the tempcrature of the furnace as exit
temperature, In the region Z)> 0 the cylindrical jet is surface-
cooled (heat-transfer coefficient is prescribed). Author determines
the temperature distribution as function of Z and r, restricting him~
self primarily to the slowest decaying term of an fufinite -eries, He
slso treats the case where, at Z = 0, heat of fusion release occurs
(the jet freezes), and applies the results to the case of zone melting.
Checking of paper is difficult, because author states only results and
gives no details of aralysis,.

AMR #2532 (1960)

248. Otto, P.,'Rope creep on sheaves (in Dutch),' Ingenieur 65, 31,
W.139-W,146, July 1953.

The forces in a cable before and behind a driven or driving
sheave being different, "creep" of cable over part of sheave must
occur owing to varisticn of elogation of cable in contact with shesve.
Paper gives theoretical analysis of cable force distribution, amdunt
of creep, and frictional energy accompanying creep. Results are :-om-
pared with previously publiished ones, showing some imprcvements it
present analysis; a numerical example of application is given

AMR £2126 (July 1954)

249, Owade, S, ACalculation of tensile and torsional stiffnesses of
siugle-lay cables,* Proc. Zad Japan nat. Congr. appl. Mech., 1952; Nat.
Committec for Theor. apcl. Mech., May 1953, 159-164.

Author spplies Kirchhoff's thin rod theory to obtain effect of
contact pressure on stiffness of cables in a core-side vire cadle
combiration under tension and torsion. Author olLtains expre.:lons
for these stiffnesses and points ou: that they agree well with re-
fults of experimencs,

AMR #2307 (August 1955)
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250, Pankratov, S.A., and Volkov, B.N.,'Calculation of tensions in
long ropes and suspensions,’Russian Engineering Journal 46, 12,

29-31 (1966). (Translation of Vestnik Mashinostroeniya 46, 12, 29-31
(1966) by Production Engineering Research Association of Great Britisnm,
Melton Nowbray, United Kingdom).

Bending stress in a pretensioned rope without sag subjected to
vibration without damping is investigated. The vibration is assumed
to be due to a sinusoidal function v = Y gin (" x/1) sin ({Lt) tn
which y is the transverse displacement, x is the coordinate along the
rope, 1 is the length of the rope,SL is the frequency, and t is :he
time. It was found by experiment that the moment of inevtia (bending
stiffness) of the rope is a function of tension, Equation for bend-
ing moment anchorage is given, from which stresses in rope strands
can be determined.

AMR #8821 (1968)

251, Pelczynski, 7.,"A study of cracks in extruded metal (in Polish),"
Obrobka Plastyczma 1, 2, 23-40, 1959.

In an extruding prccess without cracks the conditionZ) r must be
satisfied (Z = the capaci.y of metal of cold-working, r the resis-
tance against crushing).

The existing methods of preventing cracks by the choice of the
optimum temperature and extrusion velocity enable us to change the
quantity r. It is pointed out that the value of Z may be influerced
by a suitable form of the die., Experiments are described concerning
the extrusion of a brittle alloy through dier of various forms. The
test results confirm the efficacy of the new method of preventing
cracks,

AMR #5849 (1962)

252. Penkcv. A.M., and Vorobeikov, A.M.,'Fatigue machine for testing
steel cable wires with complex loading (in Russian%“lavord. Lab. 21,
7, 860-862, 1955; Ref. Ah Mekh. 1956, Rev 5556.

Description of a machine for fatigue tests of a wire of diameter
between 0.3 and 3.0 m= for combined loads by temsion, bending and
torsion, in which the tensile stress is constant, the bending over
the arc of the circle of given angle is also variable. The frequency
of the cycles is up to 500 a minute.

AMR #261% (1958)
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253, Pepper, P.A., aud Streich, J.,) The steady, rectilinear towing
of a weightless hydrofoil-cable system in a non-vniform stream,i Edo
Corp. (College Point, N.Y.) Rep. 5709 (Contract No, 3582(00)), 17
pp., Jar, 1962,

AMR #6822 (1962)

254, Peterson, R.E ,'The role of stress distribution in fatigue,"
Experimental Mech L, 4, 1C5-115, Apr 1961.

255, Peterson, V.C. and Tamor, D., "Tests Show How Sea Water Affects
Wire-Strand and Repe,' Materials Protection, 7 (5), 32-34 (May 1968).

25€6. Pode, Leonard,‘A method of determining optimum lengths of towing
cables "David W. Teylor Mod. Basin Rep. 717, 14 pp., Ap:. 1950.

269, Pollock, P.J., and Alexancer, G.W., Dynamic stresses in wire
ropes for use on vertical hoists) "Wire ropes in mines'; Proc. Counf.
Ashorne Hill, Sept. 1950, Instn. Mining Metall., London, 445-462,
1951, §J.

Employing Laplace transform, asuthor soives the equation of motion
of an elastic rope of free length L and mass nlL, supporting a -age of
mass M at the bottom and moving vertically downward when a deceleration
is applied at the top by means of brake drum Then he olk:tains expressions
for dynamic tensions in cases of constant rate and steadily increasing
rate of deceleration, etc., damping and change of length of rope dur-
ing the braking period being neglectad. Perfe:zt reflection of stress
wagves at the drum has been assumed.

Author dedures that snything in the pature of a shock or sudden
change of accelecation is undesirable and that a definite maximum rate
of deceleration, limited by goverring, is preferable 5 a gredual
but steedy increase of the rate of deceleration up to the instant when
the drum i1s brought to rest and the deceicration suddenly falls :o
zero. Aralysis also shows that the wmost favorable building-up per:icd
under a steady increase of rate of deceleration is t (necessarily less
than the total braking period) = 27YL/(c’ ), ihe fundamental pericd of
oacii'ation of the system, where ¢ is the velocity of stress priopagation
in the r.pe and \1 tan Al = al/M, and, furthe:, this rate of dececleration
attained, having been kept steady for a suitable period, should be grad-
ualiy reduced to zero over a similar period of time %c¢ similar advantage
Mumerical practical data are tgken to elucidate and corrrspond closely
vith the anslysis made. Author believes that his analysis 1s an improve-
ment on that of J, Perry and D. Saith [Proc. "rstn. mech, Engrs 123,
p. 537, 1932). Tensions ai the bortom of the rope, vhich are considered
more important, are also obtained in cases of dropping a load into a
harging skip, skip loading with varying load, and pickup from rest.

AMR #2577 (September 1952)
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261, Pomp, A., and Duckwitz, C.A., "Fatigue Tests on Steel Wires
Under Alternating Load," Mitteilungen aus dem Kaiser-Wilhelm-Institut
fur Eisenfourschang, 13, 1931, pp. 79-91.

Patented ~ud drawn wire of carbon content of .43 to .83 percent
reduced by drawing frem 44 to 90Z. Subjected to endurance tests
unier varying teusion. Greatest endurance found in wires of low
carbon content.

262, Pomp, A, and Hempel, M., "Fatigue Streungth Diagrams of Notched

and Cold Worked Steels and of l-in. and 1-1/8 in, Screws for Various
Tensile Mean Stresses', Mitteilungen aus dem Kaiser - Wilhelm - Institut
fur Eisenforschung, 1936, vol. 18, No. 14, pp. 205-215,

Determined limiting-stress curves nf fatigue-strength diagrams, For
carbon steels, limiting stress curves for smooth undeformed and for 102
v0ld worked steels were parallel. With zero mean stress the notch effect

greater in the heat treated steel than in untreated carvon steel.

Clear depondence of the mean stress on the notched-bar fatigue
strength is shown. This could be important when analyzing cable fatigue
depending on the magnitude of the effect of the mean stress.

263. Pemp, A. and Hempel, M., "Fatigue Testing of Steel Wires under
Vaiyir- Tensile Stress. I. Influence of the Method of Mamufacturing
the Wire on the Strength under Fluctuating Stress,'" Mitteilungen aus
dem Kai 2r-Wilhel-Institute fur Eisenforschung, 1937, Vol. 19, No. 17,
ppP. 237-246,

Two stcel wires of the same composition, one in the drawn, patented
condition, the other in the tempered state, were subjected to fatigue
stressing under varying tensile loads in air and under the water spray.
The composition of the steel, the construction and mode of operation of
the testing aachine, and the method of calibrating it are described,
together with the conditions observed during the tests and the inter-
pretation of the results. In tests on the wire in the as-delivered
condition no effects due to manufacturiag method could be determined; in
addition, the gradients of the varying stresses used confirmed that the
alternating stress was independent of the mean stresa. The decreage in
strength under fluctuating tensile stress with simultaneous corrosion
vas found tc be approximately 45.5 per cent, for both type. >{ wire
When the wires were deformed by bending prior to testing, the strength
under fluctuating stiress decreased and the corrosion-fatigue strength of
vires so treated was equal to about a third of the strength under
fluctuating stress of wires similarly treated and tested in air. Pre-
deformation of the wires in torsion exerted a more unfavourable effect
on the fatigue strength of the tewpered wire than on that of the drawnm,
patented wire, The extent of the additional deformation by torsional
stress appeared also to exert an effect on the strength under flucruat-
ing stress.
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264, Pomp. A. and Hempel M., "Fatigue Testing of Steel Wires under
Varying Tensile Stress, II. - Influence of the Drawing Cenditions on
the Patigue Strength of Steel Wire in Tension under Stiesses Fluctuat-
ing Between a Minimum and a Maxioum Value,' Metteilungen aus dem
Kaiser-Wlhelm-Institut fur Eisenforschung, 1938, Vol. 20, No. 1, pp.
1-14,

The fatigue strength under tensile stresses f uctuating be:ween
maximum ard minimum values was determined on 36 steel wires of the
same chemical composition produced from rods of *he same ini:ial
diameter with diferent degrees of reduc.ion per pass, different drawing
media, and a die angle of 15°. To determine the fatigue scrength the
Wohler curves were plotted diagrammatically, and It was found that with
increasing cold-working the angle of bend in the Wohler curves before
resching the limit of 2 X 10° flictuations remained practically constant
for series drawn under any given set of conditons. In the case of the
steel wires investigated, no definite relationship between the fatigue
strength and the reduction per pass or the lubricant was observed for
equal total reductions, nor did it prove possible to correlate the fatigue
strengths obtained with bend- or torsion-test data. Nevertheless the
fatigue 7alues obtained ran a closely parallel course to the tensile-
strength values.

265. Fomp, A. and Ruppik, H., "Influence of the Rate of Rumning Through
in the Lead Patenting of Steel Wire on the Strength Properties of the
Drawn Wire," Mitteilungen aus dem Kaiser-Wilhelm-Institut fur Eisen-
forschung, 1935, Vol. 17, No. 23, pp. 259-274; Stahl and Eisen, 1936,
Vol. 56, Aug 6, po. 899-903,

A 0.66 per cent. carbon steel wire vas patented with various
quenching and lead-bath tewperatures and with three different spe-ds
of passage through the bath. The time during which the wire remaiczed
at a temperature above Aj (determined by the speed and furnace temper-
ature and length) was measured by a thersiciuple welded to the wire.
The results show that & change in the rate of passage has s marted in-
fluence on the properties of the wire in their relation to the quenching
and bath temperatures. The most suitable conditions for patentinz and
draughts in draving for the attainment of ths best properties in the
vire, particularly the flexibility and torsion number, are indicated.
The suthors have also sought for a meaning of a maximum in the torsion
number observed after medium draughts in draving the wire.

266, Powell, R.B., All American Engineering Co, Wilmington, Del,
A Study of the Causes of Wire Rope Failure ia Cceanographic Service,
Sept., 1967 (Rept., n.N-576), (Contract N62306-67-c-~0287) AD-658871




267. Protection of Cables,"Neoprene protects cables," Under Sea
Technology Preprint P 795.

Flexible csbles are used 10 connect the power generators on the
tender ship to the drilling platform which together make up the Arab-
drill Z now operating in the Arabian Gulf, More than 15 km (9 miles)
of cables make up the link,

To protect the cables sg2ainst the conditions-the continual move-
ment of the ship, the temperature, and occasional {mmersion in salt
water - the cables are jacketed in Du Pont Neopreme. In the two years
the system has been operating, there has been no cable failure in
Arabdtill ‘3._or in the smaller installation of Arbdrill 1.

268, Prus, A.A.,” A new machine for torsion tests on wire (in Russian),'
Zavod. Lab 21, 4, p. 489, 1955; Rev, no., 1364, Ref. Zh. Mekh, 1956,

A description of the layout and construction of a machine with a
pendulum for measuring the torsional moment and a separate meter for
the angle of twist of the sample, This latter is determined as the
difference of the angles of rotation of two gear wheels attached on
the wire saasple under test; which excludes distortion of the readings
by the effect of the mackine grips. A registering devace is incorpor-
ated,

Machines have been built on this principle up to 40 - 400 kg/cm.

AMR #2551 (1957)

269. Pungel, W., "The Effect of After Treatmer: on the Properties

of Steel Wire," Stahl and Eisen, 1942, Vol. 62, Oct. 8, pp. 853-858;
Oct 15, pp. 876-879; Iron and Steel Institute, 1945, Translation Series
No. 253 (English Translation of the above).

The author review experience gained by the Vereinigte Stahlwerke
A ~G., concerning the effects of heat-treatment and deformation on
che propertizs of steel wire., Tempering at between 250° and 350°C.
increased the elastic limit and tensile strengch of drawn steel wire,
whilst tempering at higher temperatures had the opposite effect; the N
reduction in tensile strength was greater the greatér the reduction of i
area on draving and the longer tempering time. The reduction of area '
in the tensile test decreased vith decreasing temperature below 250° C ;
at above 250°C, it increased with increasing tempering temperature for
small reductions on drawing, but for large reductions it decreased; fcr
medium reductions on draving the reduction of area was not affectea by
the texrering temperature.

8s




270, Rahlfs, P., and Masirg, G.,”Investigation of the Bauschinger
effect in torsion of wires (in German),'Z. Metallk. 42, 12, 454~
459, Dec. 1950.

Authors report torsicn tests on wires {(0.8-1.0 am) of carbonyl
iron, soft iron, navd copper, vrass, tin-trones, aluminum, alumi-
num-manganses aiioy, aluminum-magesium rlloy, Tests consisted in
initial twis-ing weli inro the plastic range, followed by reversed
twdoting through the elactic and into the plastic range. Divergenzies
between the load-deformation relation during reversal and that pre-
dicted from the :nitial loading relation were partly due to strain-
hardeninyg, pa:tly to tne Baushinger effect. Iron, bras, and tin-
bronze showed & relatively strong Bauschinger effect, while copper,
aluminum and aluminum alloys showed a relatively weak effect.

AR #3000

271. Rakoff, “rank B,, "Effects of Certain Ship Motions on Cable
Ter: ions in Systemc for Handling Submerged Bodies,' Undervater Sound
Lab., Report Nc. 552, August 1962,

Conditions for zero towline tension of any fishship combinaticn
are studied. The report shows that the towline tension is zero when
the downward magnitude of the accelerati~n >f the towpoint of the ship
is greater than the downward acceleration of the fish. This phenomenon
can occur because the only forces available to accelerate the fish
are its water weight and its vertical drag. The report 2ives equations
describing the path of the towed bady and the consequence of the ult:i-
mate recapture of the body.

272, Reemsnyder, L S., Correlation of fatigue limit with true st:ess-
true strain behavior,' Materials Research & Standards 7, 9, 390-19;
(Sept. 1967\

It has been widely accepted that the ratio of fatigue limit t»
tensile strength (for a given test stress ratic) 1is relatively :.n-
stant. Recently, hovever, a correlatisn was shown between the rotat-
ing bending ‘atigue limit and the true st-ess-true strair parameters
of cteels. This paper extends the correlation to axial load fa::gue
tests of lov and medium strength steeis Error analysis shows that
fatigue limits may be estimated with ac:zeptable precisicn for strain
hardening exponents greater than 0.1

AMR #2609 (1968)




273. Rinhart, Fred M., "Corrosion of Materials in Hydrospacs," U.S.

Navy Fourth Symposium on Military Oceanography, Proceeding, 1, 265~
288 (1967).

274, Reynolds, E.S., "Proper Lubrication of Wire Rope Pays,” Pit and
Quarry, 56, 112-115 (Sept. 1963).

275. Rhodes, R. and Turner, F.H., "Design of End-Blocks for Post-
Tensioned Cables," Coacrete 1, 12, 431-434 (Dec. 1967).

276, Ricnardson, William S., "Buoy Mooring Cables, Past, Present and
Tuture" Transactions, 2nd International Buoy Techmology Symposium,
1967, Washington, D.C.

The author states that -he most serious problem in buoy technology
is the design of mrooring caoles. No single technical development is
as important te the future of oceanography as the ability tc woor buoys
in the open ocean for extended periods of time. The different modes of
failure of cavles are analyzed.

277. Rigo, Jare H., "Corrosion kesistance of Stranded Steel Wire in
Sea Water," Materials Protection, 5 (4), 54-5& (April 19eS).

278. Ringleb, F.0., "Motion and Stress of an Elastic Cable Due to
Impact,” ASME Summer Conf. Berkeley, Caoif., Juns 1957. Pap. 57-APM-
10, 9 pp.

Relation between impact strees and impact velocity in general
case of an oblique impact at a cable has been determined. Rele-
tion includes as special cases Saint-Venant's formula for the
longitudinal, and suthor's formula, given 1n 1948, for the perpen-
dicular impact stress. Using a slight approximation, general for-
mula has been represented by a graph for which impact stress can
be determined for a given impact velocity, a given impact angle,
and any practical values of the cable material constants and its
initiazl stress. It has been verified that the impsct energy and
the kinetic and strain energy of the cable are correctly balanced
because of the oblique impact relation., Measureld impact stresses
are compared vith theory in case of perpendicular impact for three
different cable diameters.

AMR #397 (1958)
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279. Riparbelli, C., "On the Relation Among Stress, Strain and
Strain Rate in Copper Wires Submitted to Longitudinal Impact," Proc.
Soc. exp. Stress Anal. 14, 1, 55-7C, 1956.

Series of exploratury tensile impact tests on copper were made
to investigate mechanism of plastic deformation. Resuits confirmed
earlier observation that velocity of elastic wave is constant and
independent of any plastic {low. Rate of piastic flow was found to
approximate linear function of "excess of stress'", the difference be-
tveen dynamic stress and stati: stress for same plastic strain,

AM: #2047 (1957)

280, Ritter, Owen, "Determination of a Reliable Wire Rope System
for Application to the Deep Submergence Systems Program NS5SP/Large
Object Salvage System (LOSS),'" Code 027, NSRDC, O-t. 1Y%~

Problem of reliability of 1ift system where bending fatigue is
considered the most critical problem. States that *tairigue ynder
axial loading is neglibible Discusses work by Drucker and Tachan
as the only thecretical method of estimating fatigue of wire ropc.
Noted lack of NASL or rvope industry iuvestigations into the validity
of Druckers analysis. Makes recommendations based on best practice
for desigu of system. Recommendation cf full-scale test of system.

281. Robertson, S.C., and Dunstant, R.A., "Berding of Wire Ropes in
Flying Foxes," J, Instn. Engrs., Austral. 25, 3, 45-51, Mar 1953

In this study tne cable is analyzed as a beam lcaded with an
axial tension force and concentrated lateral loads from the carrier
wheel cor wheels. This assumptior leads to the usual hyperbolic
soluticn.

The principal assumptions are that the sag of the cable is fairly
small, generally not exceeding 1:/10 of the span, although the results
are roughly true for a <ag of 1/5 of the span, and -bhat the elast:c
lizit is not exceeded.

Expressions for the bending moment and the equivalent tension due
to bending momen: are given for the case of a single wvheel carrier on
s flying fox, und also for the cases of double- and multiple-vheel
carriers.

These expressions define,in normal conditions,upper limits to che
bending moment and the equivalent tensicn. Values determined f: =m
them will not generally be exceeded in practice, nor will the actuai
mowents and equivalent tensions be less, except possibly 1n the :ase
of very flexible rcopes passing cver exceptionally large sheaves :n
single- or prrhaps double-vheel carriers in a flving fox with a re-
latively large sag ratic,




The results may be extended to ropes passing over sheaves
generally, provided that the angle turned through by the rope does
not exceed 45° as an abgolute maximum.

Some practial results are given, including rough figures to
indicate the conditions wvhen the elastic limit of the wires is
exceeded.

AMR #747 (March 1954)

282. Poeblirg Wire Rcpe Co., "Roebling Wire Rope Handbook," Trenton,
New Jerscy, 1366,

283. Rosetti, U., "Fatigue Strength of Wire Ropes. Endurance Test
Under Combined Bending and Temsion," (in Italian), Ingegnere 27, 7,
763-771, July 1953,

Emphasis is placed on -orrect and exact determination of cable
strength under dynamic test. A new fatigue-testing machine is
described and the advantages and adaptability of the equipment used
are discussed briefly. Experiments were coniucted on several types
of wire ropes. Comparative results ¢ the behavior of every type
under fatigue test are also presented.

AMR #246 (March 1954)

484. Rossnagel, W.E., "Handbook of Rigging," McGraw Hill Book,
Co., New York, (1964).
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285. Rowland, E.H., "Graphic Analysis of Guyed Masts," Structural En-
gineer, L5, 5, 147-102 (May 1968).

When a mast is displaced from the initial position by wind loading,
changes in length of stay chords cccur, causing changes in initial ten-
sions in the stays. Author presents a graphical method for relating
theae changes to the initial tensinns, and for determining a set of
initial tensions which will assure the desired straight-line deflec-
tion of the mast. Results indi:ate that heavy stays with moderate ini-
tial tensions are preferable to light stays with high initial tsnsion.

Method contains arrroximations but may be accurate enough for
many apriications, particularly in preliminary designs. No account
is taken of wind lodadings on s*ays themselves or of vibratory ef-
fects. Faper should be of interest to designers of tall racio and
televisicn tovwers and similar scructures.

AMR #4981 {19A9)

286, Sachs, 5. and Sieglerschmiac. He, "Tensile and Bending Tests
in Cable Wires," Metallwirtschaft. 8, Feb 8, 1929, pp 129-138.

287. Safety test for wire rope, *low Wire Rope Tes’er Promotes Safe-
ty, Increases Service Life,” Metal Mining and Processing, July 196l.

Describes use of an electomagnetic device to inspect mine
heists and augment visual inspection.

288. Salcsamu, C., and Aczel, C., "Theoretical Analysis of a New
Viscoelastic Ccnstant for Solids Drawn Into Wires,® (in French),
Comptes Rendus Hebdomadaires des Seances de l'Academie des Sciences,
Series A, Sciences Mathematiques 264, 11, 524-526,(March 1957).

AlR #6920 (1969)

289. Savin, G.M.. "Basic Dynamic Zquations of a Mine Lifting
Cable(load lifting)(in Russian)," Applied Mechanics, 1, 1, 5-°2,
1955; Ref. Zh, Meih. 1956, Rev. no. 2122,

. D the selection of the relationships tetween the ztresses and the
lgzitudinal deformations of the cable, author tses hizself on the
oscillograms of free oscillations of the end lcad Qo’ tLtained at
varicus valuas of the initial amrlitudes and length of the rope.

The basic squations of the dymanics of & cable are irrived during
1lifting of the lcad

) J* E v '/,37-& - _ 2T p
F(F) - (58 - 3T
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K 428 m-T(opd+R
& dJd¢ - ’

o

wiers & is the weight of the iinear length of the cable, i the
va.lation in the length, £ the absolute elongation of the cable
cf a length x, Q the weight of the load, T the stress in the cable
and R the force of resistanca to the movement of the load.

At the same time, the following bourdary and initial condi-
ticns are considerec

4* dv 4tu 4w
weryro TR S GO ()

W) xm +maxt, (a{t){;o = My

: \2u
at k(1 +izm )5

where <+, is the velocity when moving the loaa, K the longitudinal
rigidity = ,m,,m, are constants, § the damping decrem.ut.
Ir the case 6f a small lifting de>th

wix€) = x ¢(x)
the problem is simplified a:d reduced to integration of the equa-
tion

L d? Yo dé .S R A
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in the boundary conditions

el

6(3‘):»‘\\ ) dt 3

2ased on the method of moments and sitarting trom the basic
equations, a new system of integral differential equations is plot-
tod, by using which it 31+ possible to obtain approximate sclutions of
thie pioblem in question. At the sam e time the particular cases are
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indicated, for which the necessary solutions can be obtained fairly
simply.

AMR #2791 (1957)

290. Savin, G.M., "Dynamic Forces in & Hoisting Rope on Raising a Load
from an Immovable Foundation," (in Russian), Dopovidi Akad. Nauk Ukrain.
RSR no. 2, 140-147, 195L; Ref. Zh. Mekh. 1956, Rev. no. 1652.

The rope is regarded as an elastically tough filament. The dynamic
equation is lerived for a mine hoisting rope, assuming the damping to
be proportional to the velocity. Twc stages of the process of hoisting the
load are examined; the lifting of the load off a stationary founda-
tion, and its rurther raising. The probleir of determining the maxi-
mum stresses in the rope during hoisting is reduced to finding the first maxi-
rum in peak stress at the beginning of the second stage of hcisting,
which is attained within a wvery short time interval-according to the
authofs calculations, thc error should not exceed 1 §. The author is of
the opinion that, in determining the dynamic forces inthe rope, the change
in lengt: ¢! the latter and its incomplete clasticity may be ignored.

R #2L70 (1957)

291. Savin, C.M. and Goroko, C.D., "Elastic Parameters of a Naturally
Twisted Thread,” (in Ukrainian), Dopovidi Akad. Nauk UkrSSR no. 8, 828-832,
1959; Ref. Zh. Makh. no. £, 1550, Rev. 10967.

The property of ropes to untwist under longitudinal stress and to
become elongated as they untwlst is ccnsidered. The concept of a natu-
rally twisted thread with three elastic parameters, the longitudinal
and torsional rigidity and also the coefficient of an-twisting(the elon-
gation on untwisting through unit angle), is introduced. Tre problem
ig regarded as linear. Two examples of the calculation of rupes are given.

AMR #6L71 (1962)

292. Savin, C.M., and Shevelo, V.M., "Dynamic Stresses in Lifting (lcad
lift:ng) Cables for Shallow Mines (in Russian)," Reports of the Aca-
desy of 3ciences of the Ukrainian SSR no. 2, 136-139, 195L; Ref. Zh.
Mekh. 19546, Rev. no. 2121,

The lcagitudinal oscillstions of the lcad J are examined, which
is suspended on a cable t¢ a drum which rotates with a given lirear wvelc-
ity v s v (t) about an immcbile axis. The velccity v {t) is given by a
trapezcidai tachogram of 1ift; slipping <f the cable over the drum is dis-
regarded; the cable is asswmed to be an eiastic viscius thread.

Authors reduce the system cf equationg of motion for ~mllow mines to
the equation

| ANd? P J 8 L 4 ~ 5.4
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a.

. _ dVg
F@+ - 3F)

(in which q is the weight of a linear meter of cabls, ), the area of
metal in the cross section of the cable) particular cases of which are al-
ready known: osl= const(Relei, "Theory of sound," Mcscow, 1955,1, 272);
ok = 0,q» O(N.P.Neronov, Notes of Leningrad Mining Institute, 23, 195~

212, 1949);¢ = O(A. Yu. Ishlinskii, Reports of Academy of Sciences,USSR,
_9__5’ no.5, 939-9L1, 1954).

As a result of the qualitative investigation of the equation on the
whele cycle of the lift, the critericn of damping cf the stresses in the
cable was established. For the purpose of illustration a graph of stresses
{(1,r) was ~dduced, which wcs obtained as a result of the numerical integra-
tico of the eriation for she case of initial values taken from one of the
mires in operatinn.

AMR #3198  (1::7)

2“3. Savin, G.N., "Cn Dynamic Forces in a Liftingz Shaft “able (in Rus-
sian;," Dck’a1i Akad. Nauk SSSR (N.S.) 97, 991-99L, 195L.

A lifting cable hangs over a revolving cylinder with fixed axis
whose circular velocity is given, At the lower end of the cable a load
of weight Q is attached resting on a fixed base. Let the fcrce applied to
the lower end of the cable before lifting the load be T r‘ wvhere 0£€§<& 1.
A8 the cylinder begins to revolve, the lifting cable wi?l &rat stretch
out during an interval of time P , the atiached load remaining fixed on the
support fcr S# 1. The load will start to move upward only after the force
applied to the lower end of the lifting cable attains the value Q. The cable
is considered as an elastic-viscous string, i.e., its stiffness at ben-
ding is neglected. Instead of the equations of motion for an element of the
cable and the attached load, considered in a special case by Neroncv
{ Akad Nauk 3SSR Prikl. Mat. Mekh.(N.S.)l, 91-116, 1937), author intro-
duces an integrodifferential equation (containing a parameter n) which
is equivalent tc the above mentioned equation in the sense that any sclution
of these equations satisfying the vrescribed btoundary conditions satis-
fies alsc this integrodifferential equation. The converse theorem, however
is in general nct true. By means of the integrcdiffere.tial equation
author then construc*s arproximate solutions of the problem under considera-
tion.

avn #50%1 0 (1959)

?%L. Savin, G.'%., "The Dynamic otresses in a Mine Winding Rcpe When Lif-
ting a Load {in fussian)," Ukrain. Mat. Zn. 6, 2, 126-139, 195L; Rev. no.
ul2, Refe Zh. Hekh. 1956,

The protlem cf determirning the dynamic stresses ir « winding ropz
which is wouni cn a druwr rctatirg at a given veleciy vc-f(t) is dava-
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ded into two stages: (1) Removal of the end load Q from the stationary
end. (2) Lifting of the load Q in acccrdance with the given trapezoidal
tachogram.

The rope 1is assumed to be an elastic, viscous rope. Calculation
of the internal resistance is based on Voight's hypothesis. The slipping
of the rope over the drum during 1lifting is neglected. The problem is
set of the solution of the well kncwn equation of motion of the element
of the rope.

LXK ST,

. PER) - X
whe: e, in accordance with what has been said acove, the function of the
stresses

A Su O
T(.xt) = < X +ot -m_t

( ¢ 1is the coefficient characterizing the damping or the dynamic
stresses in the rope) with the folioving limiting and initial condi-
tions

a X ,
(-:}Tt- \)1:-1 ':-\f‘ ) “Lo't) =&

¥ o\ _
w(ix,0) = C‘S“L *-ﬁzT‘- ) C';"t /t‘b =0

(C is the nondimensicnal value indicating the degree of unloading of tl.e
winding rope from the end load Q).

In view of the shortness of time of recording the value r of the
end load Q from the stationary end. The problea of finding the func-
tion u(x,t) in the first stage of thc lift is considerably simplified by ne-
glect of the variation in the length of the rope, and by damping the dy-
namic stresses in it during the time ¥. Solving the wave equation
vhich is o?t’ined from this, by D!'Alembert's method, author finds the

1 (x

function u st) for the first stags, ana the recording time 7 , and know-
ing thesn, he letermines the initial wvalues of the required function for
the second stage of the lift.

The graph: are given of the relationship of the value kxc?/1 to
P/Q,§ and a/g. In this, it is advisable for ease cf calculation with the
given values of a and & according to the given integer values ksc? /1
to determine the fractional values P/Q which correspond to them. The fol-
loving tables are given: (1) the length 1, of the plumb lino of the
rope for 1lift.ng at given values of ks c /1. (2) the values { and
k= c7 /1 for the three values P/Q corresponding tc lift with smsll
(1,= 105m), average(l,s L1(m), and large(l,=1020m) depths.

For describin g the motion of the system load ¢ lifting rope in
the second stage of lifting, the author, vsing the conception of moments
obtains the the integral-differential relationship, on the basis of
which, making a first approximation of tre soluiion in the fom
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u(x,t). xg(t) + xzyb(t)

he reduces the probl:m of detcrmining the dynamic stresscs in the 1lifting
rcpe at the second stage of lifting a load from great depths to inte-
gration of the systcm of twoordinary linear differerntial equations

with variable coefficients.

Ao S162 (19%))

295« lavan, G.N., i Gecrpievskaya, V.V., "Llynami: Forces in a Hoist-
ing Catle “hen the :ac is Taken off from an Immovahle Foundation," (in
fussian), Dop. Akad. lLiuk, USSR no. 3, 205-211, 19SL4; Ref. Zh, Mekh.
nc. 172, 1966, fev, “: G5,

The article turns out tc be a contimiation of the work of G.N.
cavin. 1n determining the maximum forces, the hoisting cable--nov a
fully elast.c aggregate of the variable length-- is replaced by an
i:eal elastic thread cf constant length, the top end of which travels up-
war-. with some (constant) increase in speed.

™wo -~tares of the hcisting are examined: the taking off of the load
fiom an immoval e bi - and its movement upwards. In this way the probe-
.en merges wit: the 1ntegration of heterogenecus wave equation, with initial
ol : boundary condi' ons, corresponding to the first and second stages of
the hoisting. In the rrsults of the examination of this problem, formu-
.as are establishe: ' : tre determination £ tle maximum force in the
c'n.e when the !:a: i ramoved from an immovable foundation:

. - '—-«r\
- J

~

DUCIBLE
. the hoist of 0 fr eiy zus:.ended load NOT REPRO
I
~\ ’
e T and &, respe - vely. are the weight cf the working part of the
cat e and the weight of th~ end load.

T #2697 131958)

2¥6. 3Sawsa, {., "Cn fre suiztic Vinding of Circuiar .ire,® Proc.
ist Japan Hat. “cngr. Appi. Mech., 1951; Nat. Committee for Theor. Appl.
Mech., May 1952, 129-133.

btainings the i mal stress at a point on the ¢ross section of a
~ircular W#ire ~our' rowna o circular mandrel in amanner analagcus to the
ciacle meading of a tar, the tclal tens.cn acting cn the wire is expressec
in termr of the ratiuc ~f the mandrel, that of the wire, the distance

¢ +he r.cutral iirnc in the cress section of the wire from the axis of
the mandrcl, and [run;'s moculus of the wire. rflastic stress components
ar: arincin.e stresces at a peint arc solved under the sesumption of
a large elastic i:imit, ratius of the wire being considered small. These
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incipal stresces are employed in Nadai's ylel: cuncition tc¢ aasess

i rreximately the elastic-plastic boundary and . he «iastic region, ~or=
“crponeing to the yield strength of the materi... ‘alco’ated numerici
Sesults for mclybdenum wire ars presented in the igrus.

eSS (1955)

. “zanlan, R. H. and Uwart, R. L., "Bending ttifiness and sStrain i:
traade Cables,” 1 - ' inter Power Meeting, n~w “ork, .Jan 1968, Tacer

o« 1R LW

*Je .cnneider, L., Mahan, T., and Burton, L. L., "Tow Cable Snap i aug,’
“:M; caper tl- AJ/UNT-8 presented at the Winter innual Meeting, New York,

« Yoy lloe 29 - Dec L, 196L.

he.. tuwing submerged bodies such s oceinographic instrument package,
e t.wcabte may be subjected to severe loadings because of large-

«t "itude ship motions. These motions first sause the cable to become

iack and subsequently subject it “o impact stresses when the tension is
.evered. | single-degree-of-freedom system is used tc represent the

1

_rteme The effect of body censity ana cable compliance in attewuating
'€ iynamic ctresses is discussed.

“44e _cnultink, L., and Spier H., and ilagt, A. v. d., " The uU.asica
f Iiamcnd iaes,” Appl. Sei. Res. (A)5,1, 1-11, 19Sh.

“"he author attempte to explain the chinges in shape of the horer .
iam.nd wire orawing dies,

vnie schuits, A. B,, and Ting, ". C.e T., " Jetermination of the :.itres- -
train Relations in a Wire Under Transverse Impact,” Jourmal of Apolir
. echanics, Trans of the ASMF, Series E, 35, 2, L06-48 (June 1973°,

y've .chults, A. B., Tuschak, P.A., and Vicario, A. A., Jr., “éxperimen
va.uation of Material Bshavior in a Wire Under Transverse Impact," .J. .
‘pot. Mech., Trans of the ASME Series E, 3L, 2, 392-396 (June 19¢7%.

leasurements were made cf the displacement of a thin wire Juring
i.ansverse impact at velocities up to S000 in. per sec. The results arc
compired with the predictions of the rate-independent thecry of plastic
vave propogation. It is concluded that an aluminum-magnesium alloy showe.
no rate dependence, while 0.9999 pure aluminum showed eviucnce cf an i
:rease of strength under impact loading; 0.9995 pure c.vver sh.owed i : .-
"t at ancmalous behavior, being apparently softer at moderate veloucitic:
1! impact and harcer at high ve.iocities.
The axperimental method, while having ths advantage of minimi-
ing the effects of latersl inertia, 1s relatively insensitive to change.
. the material; it is showr by calculation that an increase in flow
‘tress of 20€ gives a change of less than 5% in the measured deformation.
wever the avthors stats that work in progress will result in a mcre
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general technique for determining the stress-strain relations from the
experimental data,

AR #9305 (1967)

302. Schwier, F., "Contribution to the Prcble~ ¢ M: - rical Ageing in
Hard - Drawn, Patented Steel Wires,"(in Gemar. , ‘aki .igen, 72, 2, 3
58-70. Jan 1952, - ¢

Author is primarily concerned vith the mechanical property changes :
that come about through ageing and, in particular, through mechanical
or ,»train aging. Specifically, the influence of temperature and time i
"nd especially the latter on mechanical aging is investigated through

a multitude of tests with drawn wires of different carbon content (.h-

.8 43 and size....see also AMR #917 (19%3)

“03. Segal, A. I., "Calculations for Guy Rope Systems(in Russian),™
Trucl Mcsk. tekhn. in-ta ryh. prom.-sti i Khe-va. no. 5, 103-117, 1953;
#ef, ~n. Mekh. no. 1, Rev. 1151,

The rroblem of the stiff mast guyed with : large number of ropes
irs sclved by the method of deformations, while taking into account the
cna.r stresses due tc tne gravity pull of the ropes, which leads to the
nonlinear relation of the tension of the r opes to the change of position.
The transcendental equations obtained are solved by the approximation
method; first, on the assumption that the rope is inextensible, and
when considering its elastic deformations. Two numerical examples
are given.

AR #3951 (19%8)

30L. Sergeev, 3.T., "Influence of the Mode of Connection Between
"able anc loading Weight Upon the Stresses in the Cable Bent Around a
i'iey (in Aussian),"Prikl. Mekb., 1, 6, 63-70, 1965.

™Me oauthir considers the magnitude ¢” supplementary forces oc-
0t i in or elevator cable due to the running on the pulley. This mag-
ui’ . 1 s on the connection cf the second ends Two such cases are
ccnsl +rea: the moticn along a guide of a cable having a load attached
t¢ its en: (ecievator cable) , and the case of cables which run from one
vulley to anctner. Several particular cases are examined.

AM= #2325 (1966) i

05, Sergrev, S.T., "Investigation of the Prccess of ¥ '~ -: . Lurved
"able on a Puiliey(in ussian;,™ Pr k! Mekh, 1, L, 7-~-. .S},

ir. aecemulating cal:e om0 ley, the vroemsy 0! cmoa tae
curved cable intrcduces an ada o r.. trens b5 clements. o the
results of the investigaticn wiiich o cefn carried cut, it is shown
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that the value of the additional stress, and consequently, of the strain du-
ring the forming period of the cable, attains significant values and in indi-
vidual cases the cxpansion stress is equal to the tensile stress produced by
the load. For the strenmgth calculation of the cable, it appears thijt

these stresses should be takesn into account.

AR #7224 (1967)

306, Sevastano, F., "Selecting Wire Rope for Oceanographic Applications,"
Undersea Technology Reprint R 191, Compass Publications. Reprinted from
Undersea Tech, Feb 1967.

Terminology for wire ropes is discussed. Discussion of flexibility
in terms of the length of the lay. Abrasion protection is discussed. Also
discussed are strength, corrosion resistance and economical choice of
a cable. Suggests improvements for wire rope. Presents fatigue curves
comparing jacketed and unjacketed cabls (plastic jacket), with jacke-
ted cable showing a definite improvement in fatigue life.

307, Shanley, F.R., "On the Strength of Fine Wires," Rand Corp. RM-2011
(ASTIA ADLLL 288), 19 pp., Sept 1957.

A theory for the axceptionally high tensile strength of very fine
wires (or fibers) is deveioped on the basis that the “core" material
slips at nominal stresses, while the "skin" material must develop a very high
tensile stress in order to completely disrupt the atomic tonds. The re-
sulting couation gives excellent correlation with test data. The phy-
sica: significance of the theory is discussed, as applied to glass and
netal fibers. Juggestions for further study and tests are included.

AMR #112., (1960)

308. Shaslov, V. I., "Cn the Influence ixerted by Thermal Treatment and
Friction on the Intermal Dissipation of Energy in Carbon Steels (in Rus-
s‘an), Trudi Nauchno-Tekhn. Soveshchaniya po Izuch. Rasseyaniya Energii
pr.. Kolebaniyakh U'nrugikh e’., Xiev, Akad. Nauk USSR, 17L.-192, 1958;
Ref. Zh, Mekh., no. 2, 197y, Rev 2702,

Investigation on the changes in the intarnal dissipation of energy
in carbon steels in relation to their heat treatment, regime and dura-
tion of work on the material under the action of cyclic loading and vest...
ese. 88c AMR #2107 (1962)

J09. Shelton, S.M., and Swanger, W.E., "Fatigue Properties of Steel Wire,"
J. of Res. of the Nat. Bu. of Stds, i, Jan 1935, pp 17-32.

E£ffect of surface condition (finish) on the fatigue properties. Effect
of mean stress on limiting range of varying tensile stress determined for
cold-drawvn and galvanized, and heat treated and galvanized, sieel sus-
pension bridge wires, and on h:gh carbon steel wire zinc el :trcoplated.
Concluded that effect was insignificant.
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310. Sherwood, P. W., "How to Stretch the Life of Your Wire Rope," Rock
Products, 69, 125, Jan 1966.

311, Shield, R.T., "Plastic Flow in a Converging Conical Cnannel," J.
Mech. Phys Solids,3. pp 2L6-58 (1955).

312, :hinoda, CG., kajiwara, N., and Kawabe, H., "Dynamical Behavior of a
ylon Zlimoing Rope," T::nnol. Rep. Csaka Univ., 6, 43-52, Mar. 1956.

Dynamic ber.vicr ¢f 1 nylorn ~limbing rope was stuiied. Nylon 1llmm
w.thelards up to H/L cqual .o Us3 for a falling weight of 55kg, H
bing the height of the falling weight and L tue length of the rcpe.
ez ccrrespond t¢ impilsive load of rearly 600 kg for both ropes. Calo-
rimetric study was male 1ur.iy shocx test and compared to the result
of the acasurcarat ¢ temperature rise during static tension test. Nearly
6CC i, wnich coincided with abuve figure , wa: obtained. Nylon rope shows
1 o0t ~hara-teristice for sho » tlediag, but they break easily by lateral file
act.on of a sharp rock adgee ™.s 1s a result of the low melting point
ari. “us.ng of the elenent a* the racture is always observed.

AL #1037 (1968)

313, Siebel, £., "The Present State of Knowledge About the Mechanical Phe-
nomena of Wire Drawing," Stahl Zisen, May 22, 1547, vol 66/67, pp 171~
180,

This article is an excellent review of recent developments in our
understanding of wire drawing. While the author has given an analy-
sis in which some rather broad si plifying assumptions are made, the results
he obtains are fundamentally sound and consistent with experiment. His con
cluding charts are very 1nteresting and may have considerable use in the
actual laying cut of the wire-joint sequence. A ‘ranslation of this article
1ate english would be of great value to American engineers.

AMR #68 (.5u’)

L. Siecv, A., "Prestrassed Suspended Roofs Bounded by Main Cables(in En-
glish),"Putlications of th: Internaticnal Associatica fcr Bridge and Struc-
tur~l ngineering, nc. ¢, 171-136 {19%7}.

This is an analytic.. and experimental study c¢f a simple model of a
custen e roof beunded by main cables. The model consists cf 28 bars «nd
approxamates a Aybar surfar - occundei by parabolic shape in plan. It is well
known that a system of this shaps is unstable. In the case of prestress, hLow-
aver, a cortain degree of stadilization i3 orovided:; the lighter the pre-
strose e stal.ir the system. .n the exrnerimental approach, loais

were applied to ail acints n 220 g oincrements froz O to 230 g The snaly-
tical argrouch 1¢ based r e tma. iy, in spite of the larger
nuseor oY equaticons 1. tmasrve The reasoning was the
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simple presentation in a matrix form. Consequently, a program was pre-
pared for the Philco 2000 computer. Good agreement was found between
theory and experiment.

AMR #365 (1970)

31%. Sinee, G., "The Prediction of Fatigue Fracture Under Combined Stresses
at Stress Concentrations," Buli. JSME, L, 15, LL3-U53, Aug 1961.

316. Single cables, "Single "at les Subjected to Loads," Civil Engi-
nearing Trancactions. Institution of cngineers, Australias, vol CE7,
no. 2, C~uober, 1965,

317. Sirotskii, V. F., Grigorev, N. I., and Artemev, P. I., "The Angles of
Declinaticn cf the load :ifting Cables of Cantry Cranes in Cperational Con-
ditions(in Tussian), ‘lechr.. Transport no. 7, 19-21, 1957; Ref. Zh Mekh.

nc. iU, 195, Rev. 12754,

Results are given of full-scale measurements of the angles of
declinatior 3 -i tne vibration frequencies of load lifting cables of turn-
tablie cranes in actual working conditions. Limits are obtained for the
maximum angles of oscillations of the loads based on the analysis of
oscillograms of L60 cycs of the work done by threes types of cranes. It was
established that the lack of uni“crmity ~€ the data for the cycles can
be attributed to the cranesme:r acontine measures which reduced the swing-
ing of the load. Graphs are sn..n ¢ in:'icite the repeatability of the
largest angles of declination of the load lifting cables expressed in per-
centages of the whole number of cycles investigated, and also graphs
showing repeatability of the oscillation frequencies obtained. Formulas
are given for the maximum angles of declination according to which it is
essential to carry out the calcvlations for the strength of the cranes
and o their mechanis ms; also formulas for those angles of declination
frequently occuring in operational conditions, formulas for the calculation
of the fatigue strensth and power of the . lectric motors.

AMR #6981 (1962)
318, iter, ? .. Stange, W. F., ani Komecnda, R. A., "The Effect of Gal-

loping and Static Stresses on Conducter Fatigue," Techrnickl Session on
Conductor Vibration and Galloping, Sumaer Power Meeting, 1EEZ, 1968.

319. Sidllman, 2., "Scme Tests; o Steel Wire Rope on Sheaves,“ T. F. vol
17, no. 229, U. S, Pureau of Standards, Nerch 2, 1323, pp 227-2i:3,

320, Sleeman, W. C., Jr., "low-Spe=¢ .nvestizaticn of Cable Tension and
Aerodynamic Characteristics of a Parawing ani Spacecraft Cembinaticn,®




NASA TN D-1937, 59 pp., July 1963.

321. Smollinger, C. W., and Siter, R. B., "Influence of Compressive
Forces on the Patigue Parformance of Bethalume Strand Wire," CP 65-237,
presented at the 1965 I7EZ Winter Power Meeting, New York.

322. Smislovi, A., loewer, A. C., and Eney, W. J., "Using SR-L Gages to
Measure Strainr in Wire Strand," Product =ng, 2L, p 21k, April 1953.

Descrirtion of 4 technique for the measurement or stresses in the

indiviual wires of a small steel strand.

2?3, Socke*.a, "Correct Socketing Prevents Premature Rope Failure,®
engineering and ¥ianing Journal, 143, 126, Nov 1967.

32ise 30koiovw, Yu. ., "Approximate Solution of the Basic Equalicn for tiie :
" mamics ¢ Haistins Z&b 2 {in Russian),™ Doo. Akad. :lauk LURSR no.i, !
LL-2‘), lgr" .1ef. le. A‘iek.u. NOe 1, l957g Rev. 9990 z

Tz rumed tnat .ne Lifting of the load off an immovable foun-
datlon is uCCONPllShed in accordance with a trapezoidal tachogram. in
approximate solution is obtained with the help of averaging th e inertia
terms of the equation. It is shown that for the phase of lifting the

load off the immovable “-undation the problem merges into the integra-
tion of a single linear ecquation. Approximate formulas are given for the
determination of the duration of this phase. The examination of the re-
maining phases of the movement is merged with the solution of the system
of two ordinary differental equations. To ascertain the dynamic pull

in the lower end of the cable, an approximate linear differential equatior
of the fourth order is used, '

AMR #3487 (2y5€) Translation by Ministry of Supply, England !

325, Sc. . +. iy, "Determination of Dynamic Forces in Minashaft
Hoiz*ing . . iur Russ.an)," Prikl. Mekh., 1, 1, 23-35, 1955; Ref.
Zh, Mexh . - .0 1956, Rev. B8556.

A meth.. .35 adopted, put forward earlier by the author, of apply-

ing to the approximate solution one diffsrentlal equation in particu-

lar derivatives, dascribing the longitudinal uscillations of a minesna®™t
h\ sting cable, Jeduced by C.N. Savin. The prcblem allies itself to the
integration of the system of two ordinary linear heterogeneous sguitions
wvith raticnal coeffi-ients. From this system an approximate linear iifferer-
tial equation of the fourth order ir ‘~duced tc determine the dynaxmic for-u
in the l.wer cnd of the cable. Two variants {transformations) arcear,
whish are u-eful in the approximate sclution. The guestion is “lscus:sed

n the tenavi.r of the -alculaticns of -he system of tdo eguations deduced
5y the author in the case when the leng*h cf the cadle '9lit! ¢ 'ending
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towards zero.
AMR #2152 (1958) Translation, courtesy of Miniztry of Supply, England

326. Sproles, £. S., and Hoke, J. H., nZinc or Aluminum Costing, Which
Gives the Best Corrosion/Fatigue kesistance?,® Wire and wire Products, L3,
9, 150-152, October 1963.

127, Srawley, J. E., &r 3rown, W. F., Jre, wrracture Tcughness Testing
Methods,"® ASTM Spec Tech Puolication No. 381, pl33.

328, Stange, ¥. F., 'sethods of Measuring and Recording Fending Ampli-
tude," 31 CP A%..60, Presented at the 1965 IEEE Winter Power Meeting,
New Yorke.

329, Stange, W. F., Ault, G. H., ana Capadona, £. A., “Radiographic
Testing »f Cables and Hardware fcr Power, "Materials Evaluation, 27,1,
16-22, Jamuary 1949.

330. Starkey, W. L., and Cress, He.A., "An analysic of Critical Stress and
Mode of Failure of Wire Rope," ASME Amn. Meet., New York, N. Y., Nov-
Dec 1953, Papar 58-A-63, 5 PP

Many wire rope - anufacturers and machine decigners are under the im-
pression that the siyuificant stress in a wire rcpa is the tensile stress
or possibly the strvse due to tension and bending. This paper prowss by
mathematical anaiysis that by far the greatest stress in a wire rope results
frow Yertz corntaet stresses c* points of contast ¢f wirs-on-vire, and
asserts that the usnal mede of failure of a wWre rope is fretting fatigue
initiated at such voints of contact. Design relationships based on these con-
cepts should be of great value to designers who use wire rope.

From auihor's summarv

AR #235k (1959)

331. Steidel, E. F., “Factors Affecting Vibratory Stresses in Cables
Near the Pcint of Support,® Trans AIEE, Part 1113, vol. 78, pp. 1207-
1212, 155Y.

332, Steidel, R. F., "Strains Induced in Transmission- Line Cabies by
Aeolian Vibration, Proc. Soc. Exp. Stress. Anal. 16, 2, 109-118, 1959.

333, Stimson, P. o., "Deep Sea Mocring Cables," Transactions, 2nd
Inte-naticnal Buoy Tech. Symposium, Washington, D. C., 1967,
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33Le sun, T. C., Achembach, J. D., and Herrmann, G., "Effective Stiffness
Theory fcr Laminated Media,™ T. R. No. 47-4, Northwestera University, July
1967,

A method is proposed t« derive aisplacement equations of motion for a
laminated mediums The .cthod is anplied t¢ study the propogation of
free narmonic waves in an acbounded medium,

335. Sunderhauf, ., "The Uge of Aluminum in Cable Technology,® Aluminue,
E, NOa 111'11’-" Peb l‘.)t":'.

A survey of the h stcriczl cevelopnent of the uus of Al in cabls
technology

3. Swift, H. W., "Tne Blasticity of W res and Cables," Engincering, 12,
April 20, 19:6, pp. Su7-548; May 28, pp. 615-617.

Various methcis of testing for the elasticity of wires and the com-
parative accuracy of certain -~ them is discussed.

317e  Swift, H. W., "The Mechanism ¢f a Simple Drawing Operation,™ Engi-
reering, 173, L627, pps L31-435, Oct 195L.

Desciribes the drawing of sheets

338, Taira, S., and Koterasawa, R., "Investigation on Dynamic Creep
and Rupture of a Low Carbon Steel - Bull. JSME L, 1k, 238-2L6, May 1961.

33%., Taira, S., and Mura‘ami, Y., "Residual Stresses Produced by Plastic
Tension in Notched Flate Specimens und Fatigze Sirength," Bull. JSE L, 15,
h‘??-‘:zéo, Aug 19610

30, Telephone, "New Techaiques Used in !ndersea Installation to
Gusrd Catles,™ December 32, 1967.

1. Testing, "The Testing of Cablesx, Wires, Straps, et-.," Tsentralnyi
Aerogidrodinamicheskii Institut Trud;, USSR, Translation, No. 33, Chap-
4.+ 9 72025}, Available: DD as AD 669 162.

Y2, Tesiing, wire rope, "wire Rope Testing,® Lab Prujsct 930-UL, Ltr
Rpt. 932: MLF: cf, U.S. Naval Applied Science Lab, Brooklyn, March 1968.

3i:3. Texas Insiruments, Inc., “"Zvaluate, Test and Manufacture an Improved
Wire ucpe ard Zable,™ (Sixth Qtly Progress Rpt), Frepared under Ruships

103

A g

e Ca R 26




Contract No. bs-92232, Dec 3i, 1966.

3L, Thompson, F. C., Carroll, J. B,, and Bevitt, £., "The Drawing of
Steel Wire at Elevated ana Sub-normal Tempercture," J. Iron Steel Inst.,
173, part 1, 36-51, Jan. 1953, .

Liscussed among other results the e.fect on mechanical properties
of wire due to drawing at extreme temperatures

345. ‘Thompson, W. E. (Lord helvin), "Cn tae Forces Concerned in the Laying
and Lift of Deep Sea Cables," Math. and Phys. Proceedings, Yol. 2, Cambridge
University Press, wngland, 1889, pp. 153-167.

3L6. Thorpe, T. and Farrell. K. P., "Permanent Moorings," Trans. Inst.
Naval Architects., Vol. 90, pp. 111-153, 19L8.

347. Th. Whyss, "Effect of Secondary Bending and Internal Comprassion on
the Lifetime of Stranded Wire Ropes with Hemp Cores (in Germ:n)," Bauztg.
AT7: 193-198 (Apr 2); 212-215 (Apr 9); 225-228 (Aor 16) 194°.

The paper forms part of a more extensive publication, which will be
issued as report no. 166 of the Swiss Federal Materials Testing Inst.
(E.M.P.A). It consists of three sections, the first of which deals with
the calculation of secondai, bending stresses in stranded wire ropes. It
is shown that these stresces may be of considerable magnitude, which
Yields an explanation of the results of fatigue tests made by Woernle and
Herbst,.

The second section gives an analysis of the loads and stresses be-
tween the component parts of the rope and pulley, caused by axial tension
of and by tranaverse foices on the rope. In adaition, the results of trans-
verse loading tests i the plastic region and of hending and torsion fa-
tigue tests with single wires are communicated.

In the third section the formulas are applied for ropes, the dimen-
sions of which have bteen determined using a design criterion given by
Prucker and Tachau.® Tha stresses determined in this way are in good
agreement with an empirical formula, based on tests carried cut at
£.M.P.A. In a final secticn, the impertant conclusicns of this in-
vestigation have been sumnarized.

see article # 90 of the presert survey

AMR #LLB  (1950)

348. Torque balanceci wire rope, "Torque Balanced Wire Rope," Trans of the
1964 Pucy Technology Symposium, Marine Technology Society, 2u, 25 March 196k,
Washingtcn, D. C.
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3L9. Tsuboi, Y., and Kawaguchi, M., "Design Problems of a Suspension
Roof Structure - Tckyo Olympic Swimming Pools (in English),® Report of the
Institute of Industrial Science, Tokyo University, 15, 2, 111164 (Nowv 1965).

The authors have uescribed the methods of analysis and design of the
swimming pool roof built ir Toky» in 196i . It consists of suspended cable
networks, a system which has become increasingly popular in the last 20 years
and has a considerable inportance in view of its economy and ease of con-
struction.

The authors have described the experimental work carried om 1/100th
and 1/30th scales of the structure, which is instructive,

The catle network has double curvature. The bracing cables are com-
nletely flexible, but the carrying cables have a certain degree of ben-
dirg stiffness. It has been pointed out that the geometry of the struc-
ture can be altered as desired by changing the distribution of bending stif-
ness, wnereas this would not be possible with completely flexible cables.

The computed and experimentally obtained values for deflcction and —=f
strains have not peen compared. It would have been very useful if that had
been aone.

AMR #2221 (1967)

350 Tuman, C., "High Velocity cngagement of Arresting Wires," U.S.
Naval Air Miasile Test Center, Point Magu, California, 19Sh.

351. Tung, D. H. H., and Kudder, R. J., “Analysis ¢f Cables as fquivalent
Two-force Members," Engineerirg Journal N Y, 5, 1, 12-19, Jan 1968.

This paper presents a simplified analysis by treating cables &s equi-
valent two-force members. The nonlinear behavior of cables is accounted
for by introducing the concept of equivalent medulus of elasticity and
equivalent strains. The stresses caused by a change in temparature,super-
imposed lnads, or displacement of supports can be sclved readily,

From author's summary
AR #5908 (1969)

Y2 oroae, n., "Cn the Tension of Towing Hawsers of Ships and Also of
Chiinc .ables of Hooring Buoys,” Mam. Fac. Engng., Kyushu Univ, ¢2, 2, 95-
117, Mar 1963,

Paper contains twec parts. In the first one the author discuyses the
variation of the stress in a towing hawser of ships, due to the influence
of waves and gusts. Many particular cases are analysed, The major assump-
tions are that the cable is inextensible, the weight of the hzwser per
urit length is uniform and ths water resistance on the havser movenent is
neglected. The conclusion is that in order to avoid cutting the cable
due tc different shocks, it is necessary to choose a cadble as long as
pessible and the unitary weight bte as big as possitle.

The second part cf the paper is “evoted to tne mechanics of mocring
buays. The conclusions are similar to the previous: to avoid the rup-
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ture of the chain due to wind and wave effects, the chain must be as
long and as heavy as possible.

The reviewer*wishes to note tanat todzy with the electronic computer
technique one can solve any movement of an extensible cable for any move-
ment of its ends and for any forces which ac* on the cable. In these con-
ditions, the distribution of the strain ana stress can be known at every
moment of time and therefors the amoriizaticn of the shocks by the extene
sion of the cable can be real:z:cd, 1n o1 '2r to prevent the rupture.

# N.¥. Cristescu, foumania ...:ee actici: 59 of *he present survey

AMR #3172 (1904)

351 United States Steel Corn., "Wire Rove Handbook," Columbia-Geneva
Stees Div,., San #rancisco, Calif, 150,

354 Valter, A. A., "Letermination of Losses Due to Stiffness of Cables
Because of tie 3mall Angles cof Contact ~f the Pulley (4in Ruceciar)," Trudi
Penzenck. lrJjustr. ir-ta no. 3, 2L-23, 13%7.

AMR #2426 | 959)

355. van der Lingen, T. W., “Dynamic Behavior of Rope-guided Conveyan-
ces with Reference to Scale Model Testing," So. African Mech. Engr., 4,
S, 153-185, Dec 1961,

Author considers the twe-dimsnsional motion of a mine hoist conveyance
supported by a hoisting cable and four guide ropes. The two degrees cf
freedom considered are horiszcntal translation and rotation in the plane of
the conveyance, Rope elasticity and internal rope friction are excluded
(justification in appendix). The equations of motion set up for the con-
veyance and ropes seem correct , but the boundary conditione, Eq(k),
seem incomprehensible both as far as the coordinate system and also as
far as signs are concerned. It is the experimental results which make
the reviewer feel that they may be correct.

AMP. #4570 (1962}

356. Vanderveldt, H. H., and Gaffney, P.,Patent Application, Differential
Jiamester Extensometer, 19¢9,.

357. Veiler, 5. la., and Likht=an, V. I., "Laws Governing Lubrication
When Metais are Worked Under Pressure," Soviet Phys.-Tech. Phys., 2, 5,
989-995, Peb 1958.(Translation of Zh. Tekh, Fiz., Akad. Nauk SSSR 27, S,
1087-)05L, May 1957 by Amer. Inst. Phys. Tnc., New York, N. Y.)

AMR #L585  (1993)
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358. Vinogradov, V. V., et al., "Deep Sea Mooring," Bull, Scrips Inst.
Oceanography, 8, 3, 271-312, 1963,

359. Voinea, R. ?., and Voinea, D. P., "Contribution to the Strength Cal-
culation of Flexitle £lectrical Conductors (ia Roumanian)," Acad. Repub.
Pop. Romine, Rev Mecan. Appl. 3, 3, 1958.

AR #1375 (1959)

360. Wagerknecht, W. E., "The Production of Stesl Wire," Wire Prod., 2,
Jan 1953, pp L-8.

351, Wagerknecht, W. E., *The Properties of Stsol Wire,” Wire Prod., 2,
Rab 1957, -

Reports that in the production of steel wires fcr wire ropes, a pre-
anneal at 700° C gives a slight improvement in all test values. A decar-
burizing anneal at 1000° ¢ causes the tensile strength and fatigue limdt
to decrease and leads to a marked improvement in the torsion test results.

BISI Bib 13 b

362. Wairwright, H. A., "The Distortion of Metals by Cold Working,"
Proc. of the Inst. of Mechanical Engineers, 137, Nov-Dec 1937, pp. 3li-
322. -

363, Waldron, L. J., and Peterson, M. H., “Cathodic Protection of a
Deep Sea Moor (AUTEC-TOTC II),® U.S. Naval Research Laboratory, Washington,
D. C., NRL Memorandum Report 1338, July 1962,

36L4. Walton, T. S., and Polachek, K., "Calculation of Nonlinear Tran-
sient Motion of Cables,® David W. Taylor Mod. Basin Rep. 1279, SO pp.,
July 1959,

In this paper the system of partial differential equations gover-
ning the nonlinear transient motion of a cable immersed in a fluid is
solved by finite difference methods. This problem may be considered a
generalization of the clascical vibrating string problem in the following
respects: (a) the motior is two-dimensional; (b) large displacements are
permitted; (c) forces due to the weight of the cable, buoyancy, virtual
inertia o1 the medium and damping or drag are includad; and (d) the cable
is assumed to be non-uniform.

The solution of the problu:m is of practical gsignificance in the
calculation of transient forces acting on mooring linea due to the bob-
bing up and down of ships during the period preceding large scale explo-
sion tests.

AMR #1174 (1961) From authors sumsmary
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365. Watt, D. G., "Fatigue Tests on Zinc-coated Steel Wire," Wire and
Wire Products, 19L1, 16, May, pp. 270-285, 29L, 295.

Vibration fatigue tests for strengtns of 110 to 255 kei. “onclu-
ded: (a) endurance limit increases as trusile strength while the endu-
rance ratio decreases; (o) hot-dip gelvarizing lowers endurance limit
of patented wire by 15-29 %; .c) reduction cy arawing increases the endu~-
rance limits of patented and zinc-coated wire; (d) electrolytic rlating
increased the endurance limit over hot-dipping.

BISI Eib 13

3560 Weitull, W., " The Weibull Distribution Function for Fatigue Life,"
Mater. ftes. and 3tards., ¢, S, pp. 405-L11, May 1962.

367. Weichbredt, Rjorn, "Mechanical Signature Analysis, a New'Tool for
Product Assurance end Early Fault Detection," Report No. 68-C-197, Gene-
raL Electri~ R and U Center, Schenectady, New York, June i968.

Sound and vibration signals have teen useful for many years in jud-
ginz the irternmal condition of machinery and structures. An automobile
mechanic listens to an engine for internal defects. A machinist checks
a grinding wheel for cracks by rapping it and listening for a clear or
a dull tone. At General Electric's R & D Center, the interpretation of
scunid and vibration signals is being developed from an art irwo a scien-
tific technique. This technique, Mechanical Signature Analyzis, uses ex-
ternal measurement of sound and vibration signals to diagnoge internal
conditions or malfunctions and to detect incipient failure. Mechanical
Signature Anclysis has great potertial as a unique tool for increasing
the reliability and maintainability of a wide range of components, assem-
blies, and systems. (It seems possible, in principle, to use this ap-
proach in cable systems.)*

# see article #200 of the present survey
368. veisselberg, A., "Magnetic Crack Detecticn and Tts Application in
Rod Drawing Shops," Stahl und Zisen, &L, Dec 19Lk, pp. 791-797.
Description of magnetic powder tasting of stcel bars
369, Williams, A. E., "Steel Wire Ropes," Kew Zea2land éng., 7, Oct 19%2,
pp. 360-363.
Typical examples of wire rope ccnstruction. Imporilance of core is

stressed. Metallurgy of rope wire, particularly the requirements for
elastic modul:is, yield point and fatigue limit are discuased.
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370. Williams, A. I'., "Steel Wirc Ropes; Some Factors Influencing Their
Life," Ircn and Coal Trades Review, 16L, Jan 25, 1952, pp. 187-191.

~iscussion of prcduction of steel wire ropes and materials used
in their manufacture. actcers affecting iife are discusssd, including:
bending stresses, corrosicn, and fatirue.

RISI Bib 13b

371. Williams, A. E., "Ultrascnic inspection of Wire," Wire Production,
2, July 1753, »o L-7.

17?. Willis, J. M. N., (nisman, S. W., apnd Bullen, N. I., "Measure-
=ent and Suppresion cf Tension Waves in Arresting Gear Aope Systems,"
‘erev. ¢es. sount. Lond. Rep. Mem. 2981, 20 ppo, 19‘;70

¢’xporiments wre carried out in crder to measure the effecct of the
tensior waves which are introduced in an arresting gear rope system af-
ter wacement, and Lc try out means of suppressing these waves with a
view tc application to projected arresting gears suitable for entry
sveeds up to 127 and 159 knotse.

R:pe tensions were recorded for a series of tests covering a range
of entry speeds up to 117 knots with a test vehicle weight of SLOO 1b
and up to 151 knots at a weight of 2,450 lb. It is shuwn that the am-
plitude of the tension waves becomes relatively greater with increase
of entry speed and reaches very serious proportions at the maximua speeds
cbtained.

The use of resiliant rope anchorages has resulted in the suppres-
sion of the tension waves tc a large extent, reducvicns in peak ten-
sicns of up to 30% under some conditions having been achieved.

From author's summary
AR #3938 (1958)

373. Wills, W. H., and Findley, J. K., "Manufacture, Properties and
Uses of 18-8 Chromium-Nickel Steel Wire," Trans of the Amer Soc for
Stcel Treating, 20, 1932, pp. 97-112, 112-11kL.

General wire drawirg practice; 18-8 chromium nickel wire; phy-
sical preoperties of wire; corrosion tests

174, Wilscn, B. W., "Characteristics of Deep-se2 Anchor “ables in
Strony Ceean Currents,” A % M College of Texas, Dept. Cceanography
eteorol. TR 204-3, 81 pp., Feb 1961.

37S. Wiisen, B, W., ":lastic Tharacteristics of Noorings," Journal ci the
water~ays and lartors 'ivision, Proceedings of the American Society of
“ivil ‘ngineers, 91, WW L, 27-T6 (..v 1747},
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By reviewing the pertinent literature, author collects many numeri-
cal dete concerning the weight, ultimate strength, fatigue strength, and
elastic preperties of the mooring ropes, which usually consist of steel
wires or fibers (nylon, Dacron, manila, ctc.) woven togetner into
strands and several strands into rcoes. The behavior of mooring ropes
under repeated loading is also treateds Formuias are given for calcu-
lating the dynamic effect exerted by waves on the moored ship and anchor
cable., Several fcrmulas are inserted referring to the geometry of har-
bor moorings and anchor line suspension,

This survey paper fills a long vacant niche in the literature of
mooring operations.

AUR #LTT8 (19€8)

376 winding Rcpe Wire, "Winding Rope Wire, Patenting, and Continuous
‘rawing." Wire Ind,, 19, Aug 1952, pp. 732-735.

377. Wire Rope Gelecticn, "Wire Rope, Its Selection,™ the Rochesier Corp.,
A-1-6%, Culpepper, Virginia,

378« Wire Rope Selection, "Wire Rope, Its Selection, the Rochester Corp.,
A-2-68, Culpepper, Virginia.

379. Wire for Ropes, “Round Steel Wire for Ropes," British Std, BS 2763:
1968, 28 pp., June 1968.

This revised standard employing the metric system of units speci-
fies Lne requirements for cold-drawn steel wire used in the manufaciure
of wire rope. Zinc vlated and galvanized wires are considered with
veference Lo the relevant standards. Thae manufacture; char-cteristics,
inspecticn testing of the wires are dealt with a test for the adhesion
~f the 2inc coating is described in cne of the appendices. An additional
section of the standard ccvers high duty round steel wire (including szinc
plated or gslvanized wire) for winding and haulage ropes. --LDA

Source: <Ccrrosicn Abstracts, Vol. 8, ®o. 6, Nov. 1969, p. 413 line 1.

380. Wire for Ropes (alvanized), "Calvanized Steel Wire Repe for Ships,™
aritish Standard, 2S 365: 1968, 2L p (1968) Kay.

This revised standard specifies the rejqujrements for galvarized
round stranc steel wire rcpes for ships, inciuding rcpes for sta:iiug
rigring, cargo lashings, mocrings, towing and s.mc *voes of cary .
handling genr. T™e metric system of measurement 1s employcd. The
manufacture, characteristics and inspection c¢f '’'.e repes are ccvered
alenp with vesting rrecedures and delivery. The related standands
are idicated. A list cf terms and defiuiticrs {* sed on 1.5.0. pre-
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posals) is included in the appendices. --SDA

cource: Corresion Asbstacts, Vol. 8, iflo. %, p 413, Line 9, Nov. 1969

381, Wire Rcpe landbeook, "Wire Rope Handucok for Western Wire Rope User,"
Col.mbia- Geneve Steel Dwisicnﬂav'o.. 3. Steel, Copyright 1559, san Francisco,
Califcrnia.

¥, Wistreich, J. ., "Frotile Meacurement of Wire Drawing Dies: Recent
erman Developments," Iron and Zoal Trades Rev., Vol. 163, pp. 965.-958
(13‘,)1 Te

383. Yamada, Y., "Cn tne Application of the Thecry of Plasticity to
Hardness Test and Wire Drawing,™ Prnc. lst Japan nat. Congr.
anpl. Mech., 1951; Nzut. Commattee for Theor. aprl. Mech., May 1§52, 231-

"k,

Author considers slip-line fialus for plane-strain indentation by
a evlinder and plane-strain dr-«:ing through a die with cicular entry
for the range of reductir~, where the glip-line field intersects che
axis »f symmetry in » single point. No velreity boundry conditions
are considered.

AMR #133 (17 5)

AR . Yamanouchi, H., amd Hyaski, I., ®"Drawing Force of Fod Through Die,®
.roc. lst Japan nat. Congr. appl. Mech., 1951; Nat. Committee for Theor.
t“..plv Hechc’ Hay 1952, 237-2)40.

Paper gives an approximate stress solution for drawing through a
rcuyh conical die. The shearing stress in the axial direction is assumed
to otey a power law normal to the axis.

Corrections for "change of direction of flow" at entry and exit
are taken from Korber and Eichinger. Apart frem this consideration,
velccities are nct ccnsidered.

AME A1 (1955)

YL

382, Y, 2.T., "(n the Mechanics of Wire Urawing, ASM: Trans. 83 B
(J. ining. Industry) o, 523-530, Neo 1041,

Jirele wir: -resistance strain gage dynamcmeters are designed for
measurin: serarating force and drawing force on a split drawing die, and
the recuits =t the estiraticn of (coeffisient cf friction) are presented.
I=prrtance of the effect of the land or paralled perticn in the die is
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emphasized. Using the estimated value oy, drawing stresses are
calculated and compare: with exparimental da... Drawing stresses de~
rived from the author's cquation are still Tow in comparigson with the
experimental results. This ncint is arguei by Themsen and Kobayashi
in the discussion usiny Hill's slip line sclitions, and reviewer is
cn the side of Thomsen and Kobayashi. A yieid condltionﬂ’ -9 :G"
would be more appropriate than equation (13) in the paper. r

AMR #3297 (1962

38£. Yoshida, S., "Cn the Moments Applied to Wires During the Stranding
Process," Proc. 2nd Japan nat. Congr. Appi. Mech., 1952; Nat. Commi‘tee
‘or Theor. appl. Mech., May 19%3, 109-112.

It is found experimentally that a stranded wiru is twisted mor: easily
than an unrestricted wire and that its tcrscnial strecs-strain characteristic
ic affected by the existerce of stress resulting {1~ the inevitznie bending
soments and torsiovnal momer s which are applied t¢  © during the stranding
process.

In thir raport, the stress produced by combi:.»d beading ar+ twisting,
and the moments applied to a wirs during this prs..ss, are calci:lated
theoretically.

AMR #2308 (August 1955)

387. Yoshida, S., ™Studies on the Torsicnal Stress-3train Characteristic
of a Bent Wire," Proc. 1st Japan nat. Congr. appl. Mech., 1951; Nat.
Committee for Theor. appl. Mech., May 195, 123-127.

Considering the cross seciicn of the bent circular wire to he partly
slastic and partly rlastiec, author determines the tcrsional moments or
such wire under the assumption “hat, in plastic regicn (i.e., after yield-
ing has reached), (1) tensile stress ¥ of wire is constant and equai to
that when it just yields; (2) torsional stress-strain plot beycnd the
yield point is linear, either parallel or makes an angle with the direction
of straii axis; (3) shearing stress 77 is given byO’ + L2« const.
The~ietical torsional stress-strain characteristic curves of copper,
aituminum, and steel wires are plotted and compared with experimental ones
and the author claims the results to be in gcod qualitative agreement.

At #56 (1955)

3:8. Zener, ., “Internal Friction of Wi-es," Nature, 1LO Nov. 1937,
pn 895.
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389. Zinsser, K., "™he Time-Yield of Steel Wires Stressed Within the
dange of Fatigue Under Pulsating Tensile Stre.ses,® (in German), Stahl.
u. “isen 3, 74, 145-151, Jan. 19%4.

AMR #3572 (November 1954)

90. ¢ill, £.T. and Coodacre, R., "Some Aspects of the Fatigue Properties }
of Patented Stee. Wires. II. Hote on the Effect of Low-Temperature Heat
Treatment," Journal of the Iron and Steel Institute, 1935, No. II, pp. 13-
Lr7.

I ou=-te cerature tempering of ccld-drawn wire is an essential process
when the material is used in the form of a spring. The effect of this
treatment on the fatigue properties has been examined fcr four steels of
0.37, 0.55, 0.79 and 0.86 per cent. carbon cor‘eri respectively, drawn to
varying reducticns, frem 25 to 90 per cent., :nd tempered in the range
1°0° C. The wires were free {rom decarburization but nouv pclished. The
follewing pcints were noted:

Generally there 1s an incresse in the limiting fatigue strength, the
optimum temzerature being of the order cf 200° C. (for one steel, 0.79
per cert. carbon, it was 150° C.).

With all the steels examined, there is a critical reducticn, at which
point under certain tempering conditiona the iimiting fatigue stress may
fall considerably below that for the as-drawn condition. This critical
reduction becomes progressively lower as the carbon conient increases.

391. Lennox Jr., T.J., et. al., "Marine Corrosion Studiss: Stress Corrosion
Cracking, Deep Ccean Technology, Cathudic Protecticn, Corrosion Fatigue,®
Naval Research Laboratory, NRL Memorandum Report 1711, May 1955.

Studied cathedically protected tyme 30 stainlass steel wire rope
(7 X 9) and aluminized improved-plow steel rope (6 X & IWRC).

392. Plunkett, R., ®Static Bending Stresses in Catenaries and Drill
Strings," J. of Eng. for Industry, Vol. 89, Series B, February 1967.

The differential equation of bending of a stiff string is ae.ived:

;?9
K e Ncoey @ -2 sin 8w

————e

dz .
whers 0 : siope angle
Axiai elcngaticn is derived. The paper shcws that small stiffness causes
and effect only in bcundary regicns near the end supperts; the devistinn

from thie catenary can be found as a rapidly cenverging series.,
if ~ne assumes that the string is in a flov cuiresit. the problem will
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be interesting from the "cable" view pcirnt,

393s Doskitt, T.J., "The Applicaticn of rlastic Catenary Punctions to
the Analysis of Susoended Cable Structures,® Struct, Engr. L1, 5, i07-
170, May 19€3.

An iterative .rocedure is gi-en for determining the gag and in-
sulator swing nf hiqh-tension cables. The paper consists mainly »f a
collection cf intericlation formulas for the catenary functions, and
A linearized stiffness matrix for small moticns of the cable ends, all
given without derivation because of their straightforward basis.

LR #L0 (1964)

39L. fust, ., ete, al., ®*Evaluaticn <f Titaniwm Alloy Caoles for Air-
Craft Use,® Report No. NADC-AM-6709, Naval Air Develcpment Center, 17
H‘I'Ch 1967-

Descrinticn of resultz of tension and fatigue tests cf titaniua
alloy cables to determine suitability as aircraft control cables and
helicopter rascue cables. Results indicated that the poor fatiguse o‘p Ti
cables make them unsuitable for these uses.

395. Schultz, A.B., "Large Dynamic Deformations Caused by a Force
Traveling on an Extensibls String,® (in English), Intermational
Journal of Solids and Structurss L, 8, 799-809 (Aug. 1968).

An infinitely long, perfactly flexibl- ... ng is subjected to tw.
concentrated forces whicn travel aleng the «*-i-g with constant speed
in opposite directions from a common ~*-itiig point., The ensuing
motions and deformations of the string are descrided. Tae deacription
takes into account large deformations, changes in string tensicn, and
tha transverse and longitudinal waves which propagate.

AMR #5413 {Doc. 1969)

39¢. Skop, R.A., "Cn the Shape of & Cable Tcwed in a Circular Path,™
Naval Research lLaboratory, N2L Report 70u8, Aprii 24, 1970.

397. Vanierveldt, H., Laura, P.A.; and Gaffney II, P.G., "Mechanical
Behsvicr of Stranded Wire Ropes,® Renmort 69-4, Theais “rogram No. 893,
Institute of Ccean Science and Ergineering, Catholic University of
Anmerica, July 1y6°.
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398. Bibliography on Wire Hop:, “Bibliography oa Spec:ll Wire Rope
Protlems," Pattrlle Merorial Inst., Cclumbus Laboratories, Presentad
to the U.S. Favy on 30 July i9A8.

399. Pibliography on Yire, "sibliography on Wire,™ The Iron and Stsel
lnste (Britadn;, Bioliograpnical Series 13, Preparad by ths Library
and Inform1ticn Devt. of the Iron and Steel Inst., Harrisor and Sons
L.td, Londcn.

u20. BRiblicpranny n Wite, "g}gliogqggTy on Wire," The Irsn aud Stsel
Ias®., (Brirair), Piblicgraghical Series 135, 188, (Covers period
e lin8),

201 Biblingrachy on Wire i pe, PWir- ‘¢ lnvestigations at Naval
tinViod Zcience luboratory," libliography, Lab Project 9300-lk,
Teewnira® Meporandum 2, T S0 Naval Appliea 3cience Laboratory,
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2 NDEX

Accoustic detection
of crack initiation 175
of structural failure of cables 200
Aerial tramway (see Suspended cable transport devices)
After treatment of steel wire
effect on properties 269
Ageing of drawn wire
Aircraft arresting gear 17,41,122, 123, 124, 281, 350, 372
Alumir.um
use of in cah.: technology
Aluminized wire r..e,advantages of 2
Ancios cables, wire rope for 32
Anrealing of drawn wire 238
Armor for cables 222, 3L8

sending

moment in a wire rope at an anchorags 250

of lead and leai alloy cable sheathing 83

* wire roces in aireraft arresiing gear

stiffness in stranded cables 297

strai.a in ccnductors 259
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