
ma-chine: an assemblage of parts...that transmit forces, motion, and energy one to
another in some predetermined manner and to some desired end...
-Webster's Third New International Dictionary 

 

In and of itself, wire rope is a machine. The geometry - or configuration - of its cross-

section and the method and material of its manufacture are precisely designed to

perform "in some predetermined manner and to some desired end." Hence, as befits

any useful machine, it is imperative that the rope's potential use be fully recognized,

that its functional characteristics be understood, and that procedures for proper

maintenance be scrupulously adhered to. By giving active recognition to these

generally accepted concerns, the user can be reasonably certain that maximum

service life and safety will be realized for every rope installation or application.

 

A thorough understanding of wire rope characteristics is, of course, a primary

essential. This means familiarity with operating conditions, design factors, rope

grades and constructions. Full recognition of their inherent use-potential derives from

a realization of the great number and wide variety of wire ropes available for general

and special operating needs. It is of special importance that the user become familiar

with the particular characteristics of the various constructions in order to make the

right selection for a given function.

 

Fabricated to close tolerances, wire rope is inspected at all significant manufacturing

intervals to assure the user of a uniformly high quality product. Immediately after

manufacturing, wire rope care becomes an absolute necessity. At no time can a

proper regard for care and maintenance be neglected; this rule must be overserved

in handling, shipping, storage and installation procedures. Following this - after the

rope is placed in operation - approved maintenance practices and rigorous

inspection (of both the rope and its associated equipment) must be carried out on a

continuing basis. Only through strict adherence to these care and maintenance

procedures can there be positive assurance that the rope will perform with optimal

safety and efficiency throughout its entire life span.

 

The reader is urged to consult with the wire rope manufacturer as to the specific

application planned. In the final analysis, responsibility for design and use decisions

rests with the user. 
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Wires are the basic building blocks of a wire rope. They lay around a

"center" in a specified pattern in one or more layers to form a strand.

The strands are helically laid together around a center, typically

some type of core, to form a wire rope.

 

The strands provide all the tensile strength of a fiber core rope and

over 90% of the strength of a typical 6-strand wire rope with an

independent wire rope core.

 

Properties like fatigue resistance and resistance to abrasion are

directly affected by the design of strands.

 

In most strands with two or more layers of wires, inner layers

support outer layers in such a manner that all wires may slide and

adjust freely when the rope bends.

 

As a general rule, a rope that has strands made up of a few large

wires will be more abrasion resistant and less fatigue resistant than

a rope of the same size made up of strands with many smaller

wires. 
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WIRE ROPE CLASSIFICATIONS & FEATURES
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Single Layer
The most common

example of the single layer

construction is a 7

wire strand. It has

a single-wire center

with six wires of

the same diameter

around it.

Seale
This construction has two

layers of wires around a

center with

the same number of wires in

each

layer. All wires in each

layer are the same

diameter. The

strand is designed

so that the large

outer wires rest in

the valleys between

the smaller inner wires.

 

Filler Wire
This construction has

two layers of uniform-size

wire around

a center with the inner

layer having half the

number of wires

as the outer layer.

Small filler wires,

equal in number to

the inner layer, are

laid in valleys of the

inner layer. 

Warrington
This construction has

two layers of wires

around a center

with one diameter of

wire in the inner layer,

and two diameters

of wire alternating

large and small in

the outer layer.

The larger outerlayer

wires rest in the

valleys, and the

smaller ones on the

crowns, of the inner

layer. 

Combined Patterns
When a strand

is formed in a single

operation using two

or more of the above

constructions, it

is referred to as a

“combined pattern.”

This example is a

Seale construction in

its first two layers. The third layer

utilizes the Warrington construction, and

the outer layer is a Seale construction.
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All rope of the same size, grade and core in each classification have the same minimum breaking force

and weight per foot. Different constructions within each classification differ in working properties. Consider

these features whenever you're selecting a rope for a specific application.

 

 

 

 

 

 

The primary function of the rope's core is to serve as the

foundation for the strands - to keep the rope round and the

strands properly positioned during operation. Your choice

of core will have an effect upon the rope's performance.

 

Three types of cores are commonly used:

 

Fiber Core - Polypropylene is standard, but either natural

sisal (or hemp) fiber or other man-made fibers are

available on special request.

 

Independent Wire Rope Core - Literally an independent

wire rope with strands and a core, called IWRC. Most wire

ropes made with steel core use an IWRC.

 

Strand Core - A strand made of wires. Typically, strand

cores are used in utility cables only. 
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Fiber Core

Strand Core

Note: Classifications are the same in 7 and 8 strand
wire ropes; Unusual operating conditions often require
ropes of special design

IWRC
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Galvanized-to-finished size wire starts as a smaller diameter bright wire

and is then coated with a zinc layer that increases the diameter to the

designed finished size. Galvanized-to-finished size wires are 10% lower

in strength than the same size and grade bright wire. Therefore, ropes

made with these wires have minimum breaking forces that are 10% lower

in strength when compared to their bright version.

Drawn galvanized wire is bright wire galvanized just prior to it being

drawn down to its final finished diameter. This leaves a much thinner zinc

coating than is on galvanized-to-finished wires. Drawn galvanized wires

are equal in strength to the same size and grade of bright wire.

Therefore, ropes made with these wires have minimum breaking forces

that are equal to their bright versions

 

 

Bright Wire - Most wire ropes are made with uncoated (bright) high-carbon

steel wires. The chemistries of the steel and the wire drawing practices are

varied to supply the ultimate combination of tensile strength, fatigue

resistance, and wear resistance in the finished wire rope.

 

Galvanized Wire - Galvanized Wire is often used to improve corrosion

resistance of wire ropes. The following two types are used:

 

 

 

Zinc Aluminum Alloy Wire - Traditional wire rope corrosion protection relies

on pure zinc applied to the surface of the wires. Using a zinc-aluminum alloy

significantly improves on the traditional galvanizing process.

 

Combining the passive corrosion inhibition of aluminum oxidation with the

active and passive effects of zinc results in approximately three times the

amount of corrosion protection compared to standard zinc coated wires. The

coating also provides an anodic feature that heals over the exposed steel

when the wire is abraded or scratched

 

Stainless Steel Wire - This is a special alloy containing approximately 18%

chromium and 8% nickel. It has high resistance to many corrosive conditions

and is used extensively in yachting ropes and control cables 
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Preforming helically shapes the wires and strands into the shape they will

assume in the finished wire rope. It improves handling and resistance to kinking

by conforming the strands to the position they take in the wire rope. It also helps

to minimize internal stresses within the rope's structure

 

Today, preforming is virtually standard in most non-rotation-resistant (standard)

ropes. But, some specialty ropes may be non-preformed due to their unique

designs and operating characteristic requirements

 
 

The most common strength grades of wire rope are Extra Improved Plow Steel

(XIP/EIP) and 1960 grade. For many applications these are the grades

supplied. XIP/EIP grade wire ropes have approximately 15% higher minimum

breaking forces over the same ropes made with the former standard of

Improved Plow Steel (IPS).

 

The next step up in strength grades includes Extra Extra Improved Plow Steel

(XXIP/EEIP) and 2160 grade. The minimum breaking forces of XXIP/EEIP

grade wire ropes are approximately 10% higher than their XIP/EIP grade

versions. 

 

The minimum breaking force values associated with IPS, XIP/EIP, XXIP/EEIP,

and XXXIP/EEEIP are typically expressed in pounds (lbs) and/or short tons of

2,000 lbs.

 

The 1570, 1770, 1960, and 2160 values in the ISO grades indicate the number

of newton force units required for each square millimeter of area of cross-

sectional metal in a rope to make up its minimum breaking force. The

associated minimum breaking force values are typically expressed in

kilonewtons (kN) or metric tons of 2,204 lbs.
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The direction strands lay in the rope - right or left. When you look down a rope, strands of a right lay rope

go away from you to the right. Left lay is the opposite. It doesn't matter which direction you look.

The relationship between the direction strands lay in the rope and the direction wires lay in the strands. In

appearance, wires in regular lay appear to run straight down the length of the rope, and in lang lay, they

appear to angle across the rope. In regular lay, wires are laid in the strand opposite the direction the

strands lay in the rope. In lang lay, the wires are laid in the same direction in the strand as the strands lay

in the rope.

The length along the rope that a strand makes one complete spiral around the rope core. This is a

measurement frequently used in wire rope inspection. Standards and regulations require removal when a

certain number of broken wires per rope lay are found. 

The first two meanings of "lay" are descriptive of the wire and strand positions in the rope. The third meaning

is a length measurement used in manufacturing and inspection.

 

 

 

 

The lay of a rope affects its operational properties
 

Regular lay is more stable and more resistant to crushing than lang lay, while lang lay is more fatigue

resistant and abrasion resistant. For standard non-rotation-resistant ropes, lang lay use is normally limited to

single layer spooling and when the rope and load are restrained from rotation.
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With each application, your choices of wire ropes can be many. How do you know which one works best for

you? Ropes include a combination of properties that give them specific performance abilities. Before you

choose, it pays to look closely at each rope's special properties.

 

No Single Wire Rope Can Do It All
All wire ropes feature design property tradeoffs. In most cases, a wire rope cannot increase both fatigue

resistance and abrasion resistance. For example, when you increase fatigue resistance by selecting a rope

with more wires, the rope will have less abrasion resistance because of its greater number of smaller outer

wires.

 

When you need wire rope with greater abrasion resistance, one choice is a rope with fewer (and larger) outer

wires to reduce the effects of surface wear. But that means the rope's fatigue resistance will decrease. That's

why you need to choose your wire rope like you would any other machine. Very carefully. You must consider

all operating conditions and rope properties.
 

CHOOSING THE RIGHT ROPE FOR YOUR APPLICATION
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The Basic Properties of Wire Rope
 

How do you choose the wire rope that's best suited for your job?

Following are the mos common properties to be considered when

selecting a rope for an application.

 

Strength
 

Wire rope strength is usually measured in tons of 2,000 lbs. In published

material, wire rope strength is shown as minimum breaking force (MBF) or

nominal (catalog) strength. These refer to calculated strength figures that

have been accepted by the wire rope industry.

 

When placed under tension on a test device, a new rope should break at

a figure equal to - or higher than - the minimum breaking force shown for

that rope.

 

The values in this handbook apply to new, unused rope. A rope should

never operate at - or near - the minimum breaking force. During its useful

life, a rope loses strength gradually due to natural causes such as surface

wear and metal fatigue.
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Fatigue Resistance
Fatigue resistance involves metal fatigue of the wires that make up a

rope. To have high fatigue resistance, wires must be capable of bending

repeatedly under stress - for example, a rope passing over a sheave.

 

Increased fatigue resistance is achieved in a rope design by using a large

number of wires. It involves both the basic metallurgy and the diameters

of wires.

 

In general, a rope made of many wires will have greater fatigue resistance

than a same-size rope made of fewer, larger wires because smaller wires

have greater ability to bend as the rope passes over sheaves or around

drums. To reduce the effects of fatigue, ropes must never bend over

sheaves or drums with a diameter so small as to bend wires excessively.

There are precise recommendations for sheave and drum sizes to

properly accommodate all sizes and types of rope.

 

Every rope is subject to metal fatigue from bending stress while in

operation, and therefore the ropes' strength gradually diminishes as the

rope is used.

 

Crushing Resistance
Crushing is the effect of external pressure on a rope, which damages it by

distorting the cross-section shape of the rope, its strands or core - or all

three.

 

Crushing resistance therefore is a rope's ability to withstand or resist

external forces, and is a term generally used to express comparison

between ropes.

 

When a rope is damaged by crushing, the wires, strands and core are

prevented from moving and adjusting normally during operation.

 

In general, IWRC ropes are more crush resistant than fiber core ropes.

Regular lay ropes are more crush resistant than lang lay ropes. Six strand

ropes have greater crush resistance than 8 strand ropes or 19 strand

ropes.
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Abrasion resistance

increases with fewer,

larger outside wires

per strand

Fatigue resistance

increases with more,

smaller outside wires

per strand.
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Resistance to Metal Loss & Deformation
Metal loss refers to the actual wearing away of metal from the outer

wires of a rope, and metal deformation is the changing of the shape

of outer wires of a rope.

 

In general, resistance to metal loss by abrasion (usually called

"abrasion resistance") refers to a rope's ability to withstand metal

being worn away along its exterior. This reduces strength of a

rope. 

 

The most common form of metal deformation is generally called

"peening" - since outside wires of a peened rope appear to have

been "hammered" along their exposed surface.

 

Peening usually occurs on drums, caused by rope-to-rope contact

during spooling of the rope on the drum. It may also occur on

sheaves.

 

Peening causes metal fatigue, which in turn may cause wire failure.

The hammering - which causes the metal of the wire to flow into a

new shape - realigns the grain structure of the metal, thereby

affecting its fatigue resistance. The out-of-round shape also impairs

wire movement when the rope bends.

 

Resistance to Rotation
When a load is placed on a rope, torque is created within the rope

as wires and strands try to straighten out. This is normal and the

rope is designed to operate with this load-induced torque.

However, this torque can cause loads to rotate. Load-induced

torque can be reduced by specially designed rotation resistant

ropes.

 

In standard 6 and 8 strand ropes, the torques produced by the

outer strands and the IWRC is in the same direction and add

together. In rotation resistant ropes, the lay of the outer strands is

in the opposite direction to the lay of the inner strands, thus the

torques produced are in opposite directions and the torques

subtract from each other. 

 

Depending upon your application, other wire rope properties such

as stability, bendability or reserve strength may need to be

considered. 
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"Squared Ends"
Typical example of

breaks due to fatigue

"Crushing"
Typical example of

external pressure on a

wire rope
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The actual diameter of a wire rope is the

diameter of a circumscribed circle that will

enclose all the strands. It's the largest cross-

sectional measurement as shown here. You

should make the measurement carefully with

calipers. 

 

Allowable Tolerance in Wire Rope
Diameter
Wire rope is normally made slightly larger

than its catalog (or nominal) size. The

following chart lists the size tolerances of

standard wire rope.

 
 

DESIGN FACTORS

The design factor is defined as the ratio of the minimum breaking force of a wire rope to the total load it is

expected to carry.

 

Use of design factors provides rope installations with reasonable assurance of adequate capacity for the

work to be done throughout a rope's service life. Considerations in establishing design factors include the

type of service, design of equipment and consequences of failure.

 

In most applications, the selection of a rope based on the proper design factor has been made by the

equipment manufacturer. In an application where a different rope is to be used, or in a new application,

check government and industry regulations for the required design factor. Different rope types on the same

application may have different design factor requirements. 

 

HOW TO MEASURE WIRE ROPE DIAMETER
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True Diameter

Correct

Incorrect
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How to Use Design Factors
Standards and regulations require that design factors be applied to the rope's minimum breaking force to

determine the maximum working load. To determine the maximum working load for which an operating

rope may be used, divide the rope's minimum breaking force by the required design factor. This is the

rope's maximum working load. There may be other limiting factors in an application that make the

maximum load the equipment can handle less than the rope's maximum working load.*

 

Remember an installation is only at the prescribed design factor when the rope is new. As a rope is used, it

loses strength and literally is "used up."

the
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DESIGN FACTORS

*NOTE
The rated capacity of

a wire rope sling

incorporates both a

design factor and a

splicing or attachment

efficiency
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