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This book looks at all types of cranes and deals with container and
grab unloader cranes in some detail.

The objective has been to give a general overview of this very wide
subject and then to provide positive, practical guidance to anyone
involved in the design, speci�cation, selection, or operation and main-
tenance of cranes.

A crane is often a very large and complex piece of equipment and
this book analyses many of the individual components and design fea-
tures that can be found on a typical crane. Components such as brakes,
wire ropes, electrical drive systems, automatic sensors, wheels, rails,
buffers, cable reels, festoons, hoppers, overload preventers, and anti-
collision systems are discussed in some detail along with advantages
and disadvantages of various component types. This book also shows
how to correctly �size� and calculate a number of these components.

Furthermore, various design features and preferred solutions are dis-
cussed such as the effect of wind on cranes, design standards, welding
methods, structural design and fatigue calculations and, �nally, main-
tenance.

Anyone involved in crane speci�cation, selection, operation, and
maintenance should �nd the level of detail invaluable when considering
potential problem areas, especially some of the �rule of thumb� recom-
mendations. Crane manufacturers facing problems of detail design will
�nd this book useful in understanding the overall background and
environment in which cranes work.

C J Hall BTech, CEng, MIMechE
Chief Engineer

Thamesport, UK
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I am pleased to present the second edition of Cranes � Design, Practice,
and Maintenance. I have been very heartened by the response to the
�rst edition of the book and I hope that those who use this updated
version, �nd it even more helpful in their work.

In this new edition, I have brought the section on legislation up-to-
date, included a number of exciting new technical developments, and
described new equipment that provides advances to the use of cranes.
Some important material on new systems for materials handling is
added. Many new photographs have also been included.

As this book goes to press, I am working with the publishers to
make further information available electronically. Further informa-
tion can be found via the publisher�s website at www.pepublishing.com.
We hope to show new and fascinating designs of some crane builders,
designers, consultants, and information from academic sources.

I hope you enjoy using this book.

J Verschoof
11th July 2002
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It is the intention of this book to give all those who have anything
to do with hoisting cranes and hoisting equipment a clear source of
information on the most important and interesting aspects of this vital
and complex equipment.

Who will �nd this information useful?

This book is designed to help all those involved in the use, maintenance,
purchase, speci�cation, design, and construction of cranes. These com-
plicated and expensive devices deserve specialist attention and require
a detailed understanding of their workings. Directors, consultants, tech-
nicians, engineers, project managers, maintenance contractors, and
those involved in the design of cranes will �nd useful material here.

The author aims to provide understanding of the construction, com-
ponents, and calculations required for the safe and ef�cient operation
and designs of cranes.

The analyses, formulae and calculations included here provide the
�rst principles, theory, and numerous examples, so that the reader, hav-
ing understood the basic principles and the methods of calculation, can
go on to calculate or recalculate certain problems. It is hoped that the
years of experience in the crane industry, which have led to this publi-
cation, will assist those grappling with practical problems today.

Numerous photographs and diagrams are included, showing various
pieces and types of equipment in action. Above all, this volume is for
the practising engineer whether working with this equipment every day,
or occasionally coming into contact with cranes.
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The problem ‘how to lift a load’ is as old as humankind. From the
earliest times people have faced this problem. Dragging and carrying
were employed until the invention of the wheel, when carts, which could
be driven or pulled, were built. People worked together to lift loads or
to move heavy objects.
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As civilization developed and labour could be organized, structures
such as the pyramids were built. The Egyptians lifted and moved enor-
mously heavy stone blocks in the construction of these vast tombs.
Theories vary, but it is believed that they used a sort of cradle and
employed the forces of momentum and equilibrium to manoeuvre the
otherwise impossibly unwieldy blocks. Horses and other animals were
harnessed to provide the power to deliver the motive force for lifting
and moving heavy objects.

The Middle Ages saw the development of wooden-built slewing
cranes that are well known from the harbours of the day. Breughel, the
painter, depicted huge Belgian horses in some of his paintings, drawing
loaded sledges and powering wooden cranes to hoist large loads. Some
hoisting mechanisms were driven by a number of men walking a tread-
mill or by capstans. Huge wooden cranes were constructed for hoisting
masts and other weighty items in shipyards.
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Man gradually developed the technologies of using water, steam, and
other power sources. For example, James Watt introduced the efficient
use of the steam engine. As greater and greater forces were generated
it became necessary to give a dimension to this power so that it could
be measured and described. The term ‘horsepower’ was coined and this
represents 75 kgm�sec.

Electricity followed as another manifestation of power. The develop-
ment of engineering science to generate, transmit, and store electrical
power gave rise to great advances in the complex application of man-
made power to move objects. The development of manufacturing tech-
niques in the making of steel-plate and profiles, the knowledge of how
to bolt and rivet, and other systems to construct large and strong struc-
tures gave rise to the possibility of the manufacture of water-driven,
steam-driven, and electrically driven cranes.
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Enormous advances now mean that huge loads can be lifted by
offshore- and derricking- and slewing cranes where hoisting capacities
of 2000 tons or more are routine. Figures 1.1.4 and 1.1.5 illustrate the
development of cranes over relatively short periods of time and show
the vast differences in size and lifting capacity. Figures 1.1.6 and 1.1.7
show typical cranes that are in use today.

Acknowledging the great strides made by our predecessors, in
advancing the technology, science, and engineering which has trans-
formed our ability to lift, hoist and move vast objects of huge mass,
and looking forward to the challenges and problems of today and
tomorrow, the following saying is appropriate:

Hats off for the past, coats out for the future.
(Winston Churchill)
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Archimedes said:

Gi�e me a le�er long enough and a place to stand and I will lift the world.

While, in theory, this would seem to be true, in practice it is not of
course possible. There are real practical limitations. How much work
can a man do?
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– Using a handle: maximum 8–12 kilogram force on a stroke of
approximately 0,4 m

So A�K�S�8�40�320 kg cm�32 Nm

– Using a hand driven winch: during a maximum of approximately
15 minutes maximum 8–12 kilograms on a radius of approximately
0,4 m and with a circumference speed of approximately 1 m�sec

– The pulling force on a rope for hoisting by one man is about 25 kg
during short periods.

Power consumption by one man is approximately:

– During normal walking 30 Watt
– During fast walking 60 Watt
– During fast running 160 Watt
– During working in the garden 140 Watt

(1 Joule�1 Wattsec)

The power driving a fast modern hoisting winch can reach up to 1700
kilowatts or more. Handling, driving and steering a powerful modern
crane is a complicated and technically demanding operation. In later
sections we examine some of the issues and problems involved.

/��

Please note that in all the calculations offered in this book the following
standard European notation is used, instead of the English�American
notation.

Example

� �0,90 instead of � �0.90

M�
46 · 81,95

2
instead of M�

46�81.95
2

N��
12,74 · 2

0,9
instead of N��

12.74�2
0.9

or N��
12.74 · 2

0.9

This is done in order to make the formulae somewhat clearer in print
and for ease in reading.
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All dimensions are given in metres or millimetres. When tons are men-
tioned, these are metric tons (1t�10 kN�1000 kg.) Gravity is normally
calculated as g�10 m�sec2 instead of g�9,81 m�sec2.

A number of manufacturers are exampled and mentioned in this vol-
ume, this does not mean that these are particularly recommended. Nor
does it mean that other equally respectable and technically sound manu-
facturers and equipment are not recommended. The examples are
merely a matter of the author’s experience and personal familiarity. All
those concerned with this type of equipment should make their own
decisions as to which equipment is most suitable to fit their purpose.
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There are many types of cranes, some of which are illustrated in Figs
1.3.1 to 1.3.13.

There is now a choice of drives, electric or hydraulic. The main elec-
tricity supply may be directly from a power station. This power is
usually delivered as a medium or high-tension voltage, typically 10 kV,
which will be transformed into, for example, a 500 Volt supply, on the
crane itself using the crane’s own transformer.
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Diesel engines are also used as the motive power for cranes and trans-
porters. These engines power the generators and oil pumps. The gener-
ators drive the electric motors and the oil pumps serve the oil-driven
motors or hydraulic cylinders for the different mechanisms.

Straddle carriers, which lift containers and transport them at high
speeds, are grouped with lifting equipment, along with container lifters
which are mounted on trucks and barges. Reach stackers, draglines,
and many others also belong to this family.
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In the container business, the containers are referred to as TEUs. A
TEU is a 20 ft equivalent unit. A 20 ft container is one TEU, and a
40 ft container is two TEUs. In converting the number of TEUs to the
number of ‘moves’ it can be assumed that a ratio of 1 :1 of 20 ft to
40 ft containers does not exist today. Therefore, a TEU factor of 1,5 is
produced. As the proportion of 40 ft containers seems to be increasing,
the TEU factor will rise, and in the near future it will be reasonable to
assume a TEU factor of 1,6.
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In container handling operations managers often say that they expect
and achieve a high number of ‘cycles’ or ‘moves’ per hour. Theoretically
the time a duty cycle takes can be calculated, but factors that can dis-
turb or affect efficiency must also be taken into account. Many oper-
ators state that they would like to calculate using a capacity of 100–
125 containers per hour per ship using a maximum of three to four
container quay cranes, working together loading or unloading one ship.

Example

– Container vessel 4000 TEU

– Number of containers with a TEU 4000�1,5�2666 cont.
factor of 1,5

– Number of containers to be unloaded 2666 · 0,6�1600 cont.
in the particular harbour�60%

– Assumed number of containers which �1200 cont.
have to be loaded

– Total number of containers which �2800 cont.
have to be handled

– Total of the time which the vessel is 24 hours
to be allowed to stay moored

– Needed as average hour capacity 2800�24�117 cont.�hr

What are the disturbances and how great is their impact?

The following disturbances must be considered.

2�
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(Normal, real operation time, without disturbances�100%)

– Time for lashing�unlashing –

– Time to unlock�lock semi-automatic container cones –

– Dealing with hatch covers –

– Hoisting�lowering the boom –

– Breakdown of the crane –

– Break for meals�refreshments –
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– Shift changes –

– Waiting for transportation ashore –

– Loss of time due to jammed twistlocks –

– Delays due to the vessel –

– Waiting time to start work –

– Time to examine control seals, any damage, and –
the CSC plate

Total %

It is vital to be aware that, under certain circumstances, the total of
these disruptions can be up to 30–40 percent of the potential operation
time. It is often assumed that capacity increases when the movements
are automated or semi-automated, but the level of improvement in
capacity varies from harbour to harbour and from operative to opera-
tive. The capacity of a container quay crane will be greatest when a
skilled crane driver is being used. However, people do tire but auto-
mation never becomes fatigued in the same way. Therein lies the
difference!

In the USA the following productivity measures have been developed
by, among others, the National Ports and Waterways Institute. The
data here are by kind permission of Dr A. Ashar.
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The definition of a grab unloader is a ship-to-shore unloader with a
built in hopper. The maximum capacity of these unloaders can be from
1500 tons per hour up to 6000 tons per hour. Unlike a continuously
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running conveyor whose capacity can be easily defined, the definition
of the unloading capacity of the intermittently working grab-unloader
is less simple.

Different terms are used:
(a) maximum capacity;
(b) free digging capacity; and
(c) average capacity.

Maximum capacity
This is the maximum capacity that can be reached. It depends upon the
shortest cycle time, the maximum load of the grab, the skill of the
operator, and the shape of the hatch of the ship which is to be unloaded.
Operator skill and hatch configuration, are factors which equally affect
the free digging and average capacity. In fact a crane driver can main-
tain this capacity for only a short period of time. The rating of the hoist
motors and trolley travelling motors must be designed so that working
at maximum capacity does not lead to overloading or overheating that
would lead to further loss of potential maximum capacity.

Free-digging capacity
This is the capacity that can be maintained during a certain time, under
certain conditions, with a skilled crane driver and takes into account
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the assumed discharge trajectory. It does not take into account any time
for shifting the unloader from hatch to hatch, or time for a break, etc.
In addition, the type and conditions of the material which has to be
transported must be defined. Commonly the starting point of the trajec-
tory of the grab is taken in the middle of the hatch of the ship (x co-
ordinate) and the mean low water line (MLW) as y co-ordinate (see
Fig. 1.4.2). The end point of the trajectory should be almost at the
centre of the hopper. Care should be taken with the hatch opening.
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A�erage capacity
The material-handling manager is also very interested in the average
capacity of the unloader. Defining the average capacity per hour is more
complicated because it depends upon how the start and finish of the
job are measured. It is defined as The total amount of material that has
been discharged during a longer period of time di�ided by the number of
hours. During this period a great deal of time is lost in shifting the
unloader from hatch to hatch, removing and replacing the hatches, meal
and refreshment breaks for the working crew, and cleaning up the
hatches with a payloader, etc.

Sometimes it is necessary to consider the ‘turn-around time’ for
determining the average capacity. The turn-around time is then con-
sidered to be from the moment of mooring the ship or opening the
hatches, up to closing the empty hatches or de-mooring the ship.

The average capacity can be roughly indicated as a certain percentage
of the maximum capacity or free-digging capacity. The amount of this
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percentage depends wholly upon the local circumstances, the skill and
enthusiasm of the crane driver and the dock personnel, the type of ship,
the dimensions of the hatches, the ability to clean up those hatches, and
a myriad of other factors.

Larger unloaders are normally semi-automated. The crane driver, sit-
ting in a movable, but stationary cabin, digs in the grab with the help
of the controllers. After having hoisted the grab up to a certain position,
a knob is pushed which starts the automation. The grab automatically
runs towards the hopper, opens, discharges the material, and automati-
cally returns to the point where the crane driver started the automation.
The crane driver then takes command again and lowers the grab further
to fill it. Duty cycles of approximately 45 seconds can be achieved.
However, the average capacity can be as low as 80 or even 60 percent
of the free-digging capacity.

For example, the unloading of medium-sized bulk carriers in a par-
ticular blast furnace plant with ore, gave, under very good conditions,
Fig. 1.4.3.


��� ����� ,��� ����� ���
�




	
����
����
 ��


��� ����� �� ��
 ����  �����
�

��# ��
 ��’ 
��
 �� ���� ��� ������
Wind and storms can inßuence the entire operation of cranes and can
even destroy whole cranes. It is vital to make an accurate calculation
of the wind forces which the cranes will meetÔin operationÕas well as
Ôout of operationÕ. In the 1940s the famous Swedish singer Zarah
Leander sang a beautiful song calledÔDer Wind hat mir ein Lied er-
za¬hltÕ(The wind has told me a song). How true that is.

Wind can be pleasant, strong, a storm, a gale, or a typhoon. The
crane must be able to drive against the windforce, which we call the
Ôoperating limitÕ. This operating limit should be indicated by the com-
pany which asks for a tender. In many parts of the world, this will be
a � � 20 m�sec windspeed (force 8 on the Beaufort scale) which corre-
sponds with a dynamic pressure of the wind ofq�250 N�m 2. During
a storm, this can becomeq�400 N�m 2 or � � 25,3 m�sec (force 10 on
the Beaufort scale means� � 24,5Ð28,4 m�sec).

The relation between the wind-speed and the dynamic pressure of the
wind is as follows:

q�1�16 · � 2
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where q�dynamic pressure in kg�m 2 and � � windspeed in m�sec. In
the following pages the Rules for the Design of Hoisting Appliances of
the FEM 1.001; 3rd edition 1987, 10.01; booklet 2 are quoted. (All
extracts of the FEM standards are given by courtesy of the Comite«
National Francüais de la FEM in Paris.)
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The DINÐBSÐISO and CEN standards calculate the wind inßuence in
a manner which deviates slightly from FEM.

In the USA and a number of other countries it is permissible to make
an accurate scale model (scale 1 :50) of the crane and to test the scale
model in an approved aeronautical laboratory, e.g. in a windtunnel.
The model also has to include aerodynamically representative surfaces
for the walkways, stairways, ladders, platforms, and other secondary
details as a minimum requirement.

The results have to be determined for the boom in the operating
positions as well as in the stowed positions and with the trolley located
in the critical point with and without load. Wind testing must involve
wind from several different directions.

In general this could result in a lower wind force on the crane, e.g.
F�c · q · A then becomes for the full crane:F�1,4 · q · A. This is some-
what lower than indicated by the standards.

A crane builder has to state openly how the windforces on the crane
have been calculated and show which motor powers and motor torques
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this has led to. It must be kept in mind that it is a matter of torque
which has to be delivered by the motors to the crane or to the trolley.

M �
N · 9550

n
Nm

where

M �torque in Nm on the motorshaft
N �the motor power in kilowatts
n�number of revolutions per minute of the motor

2 ���
 ���� �
���� �� ��
 ���������
It has been decided that the European Standards will be replaced by
the CEN standards (CEN�Comite «Europe«en de Normalisation). These
CEN standards are now developed (see Sections 5.1Ð5.3).]

To be able to meet the wind force on the crane only it is necessary that

M �
�(c · q · A) · D�2

i · �

where

M �total torque, needed on the motorshaft(s), to drive the crane
against the windforce

�(c · q · A) �total windforce
D�2 �radius of the driven wheel
i �reduction of the gearings between the driven wheel and the driving

motor
i �n motor :nwheel

� �total efÞciency of the drive mechanism

The motors have to be able to deliver the necessary torque also at low
speeds during such a time that the crane driver can drive the crane
against the storm towards the storm pot, where the crane can be
anchored.

Considerations that must be borne in mind for a crane travelling
mechanism are (see also Chapter 3):

Ð the resistance due to nominal travelling;
Ð the resistances due to the inßuence of the wind;
Ð the resistances due to the acceleration of the linear moving masses;

and
Ð the resistances due to the acceleration of the rotating masses.
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The wind speeds and aerodynamic pressures become greater at greater
heights from the ground.
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Container vessels with hatches are well known. The deck-containers are
then loaded on top of the hatches and must be very well lashed with
lashings and semi-automated twist locks (SATLs) to prevent containers
being lost during a storm etc.

Unlashing respective. Lashing the containers, handling the SATLs,
and opening and closing the hull of vessels with hatches takes a con-
siderable time.

In order to overcome these problems, naval architects designed the
so-called Ôhatchless vesselsÕ. These vessels have no hatches and
reinforced cell-guides run from the bottom of the vessel, up to almost
the top of the highest deck-container. Lashing of these deck-containers
and handling the hatches is then no longer necessary. This hatchless
construction saves a lot of work and time during unloading or loading
the vessel; in addition, the danger of losing containers in a storm is
fully avoided.

Nedlloyd and other stevedores have built a number of these hatchless
vessels. Nedlloyd states that they achieved 10Ð15 percent greater pro-
ductivity, although now all containers have to be hoisted over the
higher cell-guides.

The well-known Dutch naval architect Ir. E. Vossnack has made
designs for a series of modernized hatchless vessels which show interest-
ing design details. Figures 1.6.1 and 1.6.2 show some of the design
sketches of Ir. E. Vossnack.
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