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UNIT-I Wire Ropes
• Construction of wire ropes; 
• Various types of rope used in mining; 
• Factor of safety (FOS) of rope;
• Care and maintenance of rope in use and also in storage; 
• Splicing of haulage rope; 
• Calculation of size of winding rope; 
• Examination of rope; 
• Life of rope and norms for discarding a rope; 
• Rope capel and recapping.



Flexible Load Handling Attachment: Steel Wire rope

Advantages over chains:

Lighter weight, easy to handle

Less susceptibility to damage from jerks

Silent operation even at high working speeds

More reliable and durable 

Longer life

Less liable to kink

High efficiency

Withstand shock and load

Low cost 



Wire Ropes

Strand

• Wire rope is several strands of metal wire twisted into a helix forming a composite 

rope, in a pattern known as laid rope. Larger diameter wire rope consists of 

multiple strands of such laid rope in a pattern known as cable laid.

• If the wire is to be used in wet shaft the wire are galvanised (i.e. coated with 

molten zinc).



What are the applications of wire rope?

• Construction. 

• Mining.

• Manufacturing.

• Transportation.

• Lifting. The lifting industry comprises 

cranes and hoists, both mobile and 

fixed.



Strength can be increased by: 
• Increasing the diameter of the wire rope 
• Increasing the tensile strength of the individual wires 
• Decreasing the air voids between the wires
• Using a steel core construction.

Flexibility can be increased by:
• Using more wires of a smaller diameter 
• Decreasing the tensile strength of the individual wires 
• Using a fiber core.

Robustness, or resistance to physical damage:
• Increased by using fewer wires of a larger diameter 
• Using a steel core
• Coatings can be applied to protect against corrosion.

Characteristics of a wire ropes:

(1) Strength (2) Flexibility (3) Robustness (4) Fatigue strength and corrosion 
resistance (5)

Wire ropes contd........ 



Type of rope
Based on used
• Standing rope
• Running rope

Based on construction
• Stranded rope
• Non-stranded rope







• A rope in which the wires are not laid up in strands but in concentric sheaths,
and in opposite directions in the different sheaths, which gives the rope non
spinning properties.

• The outer sheaths are composed of specially shaped interlocking wires, and
there is no hemp core in the rope.



The disadvantages of locked coil 
ropes (non-strand rope)

1. Its construction is somewhat difficult.

2. Its interior cannot be lubricated from outside.

3. It cannot be spliced.

4. It is not so flexible.

5. It is somewhat difficult to cap as compared with the
stranded ropes.



Stranded rope

• Stranded rope is build up of strands and each strands 
consists of a numbers of concentrically twisted wires 
lead in the form of helix round a central steel wire. 

• Strand consists of a single centre wire, called king wire, 
covered by multiple (i.e., 6) concentrically laid wire and 
its commonly used for haulages.

• The king wire in strand is of triangular cross-section.



What makes up a wire rope?

The three components of a wire rope include

• Wires

• Strands

• core.

Depending on the use and customer specifications,

these ropes are made from stainless steel, iron,

steel, bronze, Monel metal, and high-carbon steel,

with the latter being the most widely used.





Fiber Core:

• May be made of a hard fiber such as manila, hemp, plastic, 
paper, or sisal. 

• Serves as a cushion to reduce effects of sudden strain.

• Acts as an oil reservoir to lubricate the wire strands (to 
reduce friction).

• Used when flexibility of the rope is important.

• These rope used for haulage and winding purpose.

Wire rope core: Fiber Core



Wire Strand Core: 

• Resists more heat than a fiber core.

• Adds about 15% to the strength of the rope 

• Wire strand core makes the wire less flexible than fiber 
core 

Wire rope core: Wire Strand Core

Anatomy of a wire rope: 



Independent Wire Rope Core: 

• Is a separate wire rope over which the main 
strands of the rope are laid 

• This strengthens the rope and provides 
support against crushing. 

• Supplies maximum resistance to heat.

• Used for subjected to shock loads e.g. coal 
cutting machinery.

Anatomy of a wire rope: 

Wire rope core: Independent Wire Rope Core: 



Wire rope Strands: STRAND CONSTRUCTIONS:

Strands are designed with various combinations of wires and wire sizes to produce the
desired resistance to fatigue and abrasion. Generally, a small number of large wires will
have more abrasion resistant and less fatigue resistant than a large number of small wires.

The basic strand has wires of the same size wound around a centre.

Provides excellent abrasion resistance but less fatigue resistance. When 
used with an IWRC, it also offers excellent crush resistance over drums.

Small wires fill spaces between large wires to produce crush resistance and a 
good balance of strength, flexibility and resistance to abrasion

Outer layer of alternately large and small wires provides good flexibility 
and strength but low abrasion and crush resistance.



Compounded Strand core wire

The rope containing wire of different size and many be arranged in various ways. 

• Compound strand rope (Type – A): 6× 8-6-1

• Compound strand rope (Type – B): 6× 9-9-1 (6 strand, each strand formed 9 outer wire 
around 9 thinner wire around a large central core wire)

• Compound strand rope (Type – C): 6× 12-6 + 6-1 (the rope is more flexible)



The directions of the strand
and rope twist affect some of
the characteristics of rope,
such as flexibility, wear, and
tendency to rotate.

Wire rope lays 





Lang’s lay and ordinary lay

• A rope is of ordinary lay construction if the wire in the strand and 
the strands in the rope are laid in opposite direction. Hence trend 
to balance each other’s rotating tendency. Ordinary lay also known 
as regular lay. They used for place where they are freely suspended 
such as cranes. 

• A rope is of Lang’s lay construction if the wire in the strands are laid 
in the same direction as the strands are laid in the rope. Such 
construction cause the rope to spin. For this reason Lang’s rope 
must never be used if there is a free end to rotates.



Continue…

• The advantage of Lang’s rope lay is that the rope offers 
a better wearing surface than one of the ordinary lay 
and it is also more resistance to bending fatigue.

• Lang’s rope are favoured for winding and haulage 
purpose not only because they present much greater 
wearing surface than the ordinary lay but also because 
they are not liable to break on the crown of the strand 
unlike in ordinary lay.



Lang lay is recommended for excavating, construction, and mining applications
including draglines, hoist lines. This is because of the Lang lay ropes are more
flexible than regular lay ropes. They also have greater wearing surface per wire
than regular lay ropes.

There are two types of lays:

• Right hand lay: the rope resembles a multi-start right hand screw thread.
• Left hand lay: not commonly used for haulage rope or winding ropes used on

drum winder but it sometime adopted for ropes on multi-rope Koepe winders,
where adjacent ropes are of opposite lays i.e. one rope in right hand lay and
adjacent rope of left hand lay. This prevent untwisting of strand.

Wire rope lays 



From figure we observe that 

• The lay is a designation for the direction in which 
the strands are twisted, specified as they spiral 
away from the observer. 

• Right-lay rope is rope with strands that spiral to 
the right (clockwise). 

• Left-lay rope is rope with strands that spiral to the 
left (counterclockwise). 

• The lay of the strands, in combination with the 
twist direction of the yarn or wires, results in 
regular-lay or Lang-lay rope. 



Wire Rope Size Measurement

Results:  Designation of a wire rope: 12mm (12/6/1) wire
Nominal diameter of wire rope : 12mm
No. of strands: 6 
No. of wire in each strands = 12
Core:  1 core 

The rope is measured from a high spot on one side of the rope
to the high spot on the opposite side using calipers. Normally,
new ropes are slightly larger in diameter than the
specifications indicate.



Factors influencing the lifetime of wire ropes:

• Type of wire ropes;
• Diameter of the drums and sheaves;
• Reverse bending
• Speeds with which the wire ropes run through the sheaves
• Ratio between normal working load and the maximum load in the wire ropes;
• Safety factor; being the ratio between the breaking load and the normal working load
• Choice of the hardness in the groove of the sheaves;
• Fleet-angle between the wire rope and the sheave, respectively between the drum groove 

and wire rope;
• Greasing or lubrication of the wire ropes and the frequency of greasing or lubrication;
• Mechanical damage



Fleet angle in wire rope:

Range of Fleet angle for maximum efficiency and service:

< 1.5o for smooth drum

< 2o for grooved drum 

Large fleet angle: results in excessive rubbing of the rope against the flanges of the drum and 

the sheave groove, or crushing and abrasion of the rope on the drum. 



Selection of drum and sheave diameter

For faster  operation of ropes in cranes:
D/d=30

For fast un-loaders:
D/d= 36

Where,
D= sheave diameter or drum diameter, centre to centre of wire 
rope,
d= wire rope diameter.



Dimension of grooves on drums and in sheaves:

Drum

Sheave



Ropes are often wrapped over pulleys or around
loads. This bending puts a rope under additional
mechanical stress, which reduces its ability to
withstand tension forces. Bending a rope over a
small diameter can reduce its effective strength by
more than 50%. The bending efficiency is the ratio of
the strength of a bent rope to its nominal strength
rating. The bend ratio is the ratio of the diameter of
a bend to the nominal diameter of the rope. The
bend ratio is also known as the D/d ratio and is
calculated with the following formula:

where
Rbend = bend ratio
D = diameter of rope bend (in in.)
d = diameter of rope (in in.)

Bend ratio



The calculated bend ratio is used to determine 
the rope bending efficiency according to a 
chart or plot. This efficiency data is compiled 
by laboratories that conduct load tests on 
ropes. The efficiency percentage is then used 
with the rope’s working load limit to calculate 
the resulting effective strength using the 
following formula:

Sbend = WLL × ηbend

where
Sbend = rope bending strength (in lb)
WLL = rope working load limit (in lb)
ηbend = bending efficiency



• The strength rating of rope is
its breaking strength. The
breaking strength of rope is
obtained from tests where
samples of rope are tensioned
under increasing loads until
they break.

• Many samples are tested and
the results provide an average
breaking strength for a
particular type and size of
rope.

Breaking strength



• A breaking strength value cannot be used directly 
as a working load limit for lifting. The working 
load limit is the maximum weight that a rigging 
component may be subjected too. 

• Loading a rope up to its breaking strength offers 
no margin of safety for underestimated load 
weight, rope age, or other weakening conditions. 
Plus, slight manufacturing differences between 
the loaded rope and the actual tested samples 
mean that the working rope may break under 
slightly less load. 

• Therefore, safe working load limits are 
established by dividing the breaking strength by a 
safety factor. A safety factor is the ratio of a 
component’s ultimate strength to its maximum 
allowable safe working load limit. 



Many factors must be considered when
determining the necessary strength of
rigging ropes. For example, the use of
multiple slings divides the total load weight
between the slings, which reduces the
strength requirements. However, the use of
other sling hitch arrangements, such as
basket, bridle, or choker sling hitches,
increases the forces on the sling due to
sling angle. Also, bends and attachment
hardware reduce a rope’s efficiency,
lowering its effective strength. After taking
into account all these factors with
additional calculations, the total force on
the sling must not exceed the effective
working load limit.



Various type of fault in wire rope



Various type of fault in wire rope



Various type of fault in wire rope



Various type of fault in wire rope



Various type of fault in wire rope



Inspection of wire rope



Describe care & maintenance of rope

Following points should be kept in mind during the storage and use of wire
rope:-

1. Avoid use of rope with fiber core, when the rope is subject to heat,
fumes and extreme pressure.

2. Buy right construction of rope suitable for the job.

3. Corrosion can be delayed by using galvanized rope.

4. Don’t load the rope beyond its safe working load.

5. Ensure that the rope is strongly seized before it is cut.

6. Flexibility of rope should be suitable to the size of drums and pulleys,
and diameter of rope to grooves.



Continued..

7. Grease the rope and cover properly before storing in a dry ventilated shed.

8. Handle the rope carefully while transporting and uncoiling to avoid kinks.

9. Inspect the rope periodically and lubricate with acid-free lubricant.

10.judge the safe life of the rope for the conditions under which it has to work
and replace it in proper time.



State factors influencing the F. O. S.

1. Depth of wind. 

2. Accelerating force. 

3. Type of construction of rope. 

4. Conditions under which rope is used and the period of use. 

5. Bending of ropes. 

6. Man winding or material winding. 

7. A winding rope is subjected to shock loads



• Splicing is a method of joining two wire ropes permanently without using

special fitting or attachments.

• Splicing of winding ropes, by which men are raised or lowered is not

permitted under mining regulations, but haulage, power transmission, and

aerial ropes can be used after splicing and the splice can be made nearly as

strong as the original rope.

Splicing





Procedure of splicing of wire rope

Procedure :

1. Decide the length of splice.

2. Bring the two ends of the rope to be spliced side by side the length of splice. On each

rope, from the end, beyond length of the splice, tie twine on the rope.

3. Open out strands of the two ropes up to the twine binding and cut the fibre core.

4. Cut out alternate strands of each rope about 30cm from the twine binding.

5. Bring the two ropes face to face so that the cut-out cores meet. Temporarily lash the

separated strands of left hand rope to the strands of right hand rope.

6. Gradually unwind or inlay strands of left hand rope which will be a short strand, and in its

bed insert the meshing strand from right hand rope which will be a long strand.



Continued..

7. Cut off strand to keep an equal length i.e 0.3 m and tie the strands temporarily

in place.

8. In a similar manner lay strand of right hand rope into the groove formed by

unlaying strand of left hand rope, but stopping the pair about 1/5 of the length

of splice short of the preceding pair.

9. Repeat the process for the pair, strand of left hand rope and corresponding

meshing strand of right hand rope.

10. Bend the splice back and forth until all strands rest firmly in their places. This

also puts them under nearly equal tension.

11. Straighten each tail by removing any spiral formation.



Continued..

12. With a vice and clamps untwist and open the rope at the end crossing,

cut the fibre core at the centre, pull it out and tuck in its place the tail

of the strand. Cut off the fibre core at the end of the strand tail.

13. Shift the vice and clamps to the next crossing and hammer the strands

with a wooden mallet to fix them securely in their place.

14. Repeat the operations at the other five crossings and the splicing job is

complete







Testing of wire rope
The wire is subjected to the following tests carried out according to I.S. specifications:

 Tensile test: The purpose of the tensile test is to determine the breaking force, yield strength, elongation, and modulus of 
elasticity.

 Torsion test: Torsion testing involves the twisting of a sample along an axis and is a useful test for acquiring information like 
torsional shear stress and maximum torque.

 Bending test: A bending test (bending tensile test) is a method of testing materials for their bending strength and other 
important properties. The three-point bending flexural test provides values for the modulus of elasticity in bending (E), flexural 
stress and strain, and the flexural stress–strain response of the material. 

 Wrapping test: 1) A test of wire a given number of times, over a mandrel of its own diameter and then uncoiling. The usual test 
is to wrap eight turns and unwrap seven. The wire must not fracture and the surface must remain free of imperfections. 2) A 
test to evaluate the adherence of zinc coating on galvanized wire; in this case the wire is usually wound over a mandrel larger 
than its own diameter. 

 Looping test: Test ropes were made by adding artificial anomalies to 17.4-m (57-ft) lengths of rope, and then joining the ends 
together with hooks to make a continuous loop.

































• A swage socket is a socket that is 
compressed onto the end of a wire 
rope.

• Swage sockets must be compressed 
in a hydraulic press to achieve the 
necessary binding to the rope. 

• The inside of the socket conforms to 
the shape of the rope strands and 
locks it into place. 

Swage Socket



• A wedge socket is a socket that holds a loop 
of wire rope securely with a wedge that is 
tightened by tension on the rope. 

• Wedge sockets are popular because they 
can be installed and repositioned quickly 
and easily. It also creating a sharp bend on 
the live end of the rope.

• The live end must be in line with the socket. 
The exposed dead-end section must extend 
out of the wedge a minimum of eight rope 
diameters.

Wedge Socket



Calculate the size of wire ropes 
for winding & haulages.

• The size of a wire rope is usually quoted in mm, but the centimetre (cm)
leads to more convenient constants. If it is considered necessary to work
with the rope diameter in mm all the time, the two formulate can be
written as.

• Mass= k (d/10)2 in kg/m, d being in mm and

• breaking strength = s(d/10)2 in kN, d being in mm.



Describe rope capel for haulage 
winding & recapping.

• The end of a rope where the load is to be attached should be a good portion of the rope, free
from worn, rusted, bent or broken wires and free from effects of bending and corrosion.

• The simplest and easiest way to make the rope end suitable for attachment of load is to use a
grooved thimble and bend back the rope end on it and part of the rope before finally
tightening 4-6 rope lips at intervals on.

• The method needs little skill. Such attachment is permissible for haulage ropes and skips
ropes hoisting on inclined planes but not permitted for winding ropes. Rope length under
clips is nearly 30 times rope dia.



Specification of wire rope
• The wire rope factor receives from rolling mills coil of carbon steel rods (0.5 – 0.8% 

carbon, silicon 0.11, manganese 0.48, sulphur 0.033, phosphorus 0.014, rest iron) of 
6 to 13mm dia.

• According to I.S. standard specification no. 1835 of 1961 neither sulphur nor 
phosphorus content in steel for wire should exceed 0.050%).

• The ultimate tensile strength or breaking strength of rod is about 65kg/mm2 
(638MN/m2).

• The ultimate tensile strength of wires used for haulage/winding ropes is generally 
between 140 to 170 kg/mm2.



Factors Affecting Rope Performance:

•Multi-coiling
• Bad coiling
• Small diameter sheaves
• Oversize grooves
• Undersize grooves
• Excessive angle of fleet










