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  Preface


This book provides a comprehensive guide to crane operation, covering various types of cranes and associated tasks involved in operating them safely and efficiently. It begins with an introduction, followed by chapters dedicated to defining different types of cranes, including static cranes like tower cranes, derrick and portal boom cranes, bridge and gantry cranes, personnel and materials hoists, slewing mobile cranes, truck-mounted/vehicle loading cranes, and non-slewing mobile cranes. Each chapter delves into the specific features, functions, and operational considerations of the respective crane types. 
The book also discusses essential tasks and procedures involved in crane operation, such as planning work tasks, preparing for tasks, performing tasks, and packing up after completing tasks. For each crane type, it outlines steps for planning and preparing work tasks, including identifying task requirements, assessing work area conditions, establishing lifting capacities, and implementing hazard identification and risk control measures. Additionally, it covers pre-start crane checks, setting up cranes correctly, conducting operational checks, and assessing weather and environmental conditions.
Furthermore, the book details procedures for performing work tasks, including determining safe lifts within crane capacity, positioning crane components over loads, connecting lifting equipment and gear, and monitoring load and crane movements. It emphasizes the importance of constant communication, adherence to safe work procedures, and vigilant monitoring during crane operation to ensure safety and efficiency.
Finally, the book provides guidance on packing up after completing work tasks, including stowing and securing crane components, applying motion locks and brakes, shutting down the crane, and conducting post-operational checks for compliance with legislative responsibilities and manufacturer requirements. Overall, the book serves as a comprehensive resource for crane operators, covering all aspects of crane operation and safety procedures.
The crane information provided within this book is intended to be general in nature and may not encompass all aspects of crane operation. It is important to note that each item of crane plant has its own specific characteristics and operational requirements that may vary. Crane operators are strongly advised to consult the manufacturer's guides and manuals prior to the operation of any crane to ensure compliance with safety standards and operational procedures.
Furthermore, it is crucial to acknowledge that crane operations and terminology can differ across jurisdictions. Crane operators should be aware that regulations and guidelines pertaining to crane usage may vary depending on the location. Therefore, it is essential for crane operators to familiarize themselves with the applicable laws, regulations, and standards in their respective jurisdictions.
Additionally, crane operators are urged to review workplace policies and procedures before operating any crane. Workplace-specific protocols may exist to address unique hazards and safety considerations, which must be adhered to for safe crane operation.
Moreover, it is important to recognize that in many jurisdictions, crane licensing requirements apply. Crane operators are responsible for ensuring that they meet all jurisdictional legislative requirements relevant to their sites of practice. This may include obtaining appropriate licenses, certifications, or permits to operate cranes legally and safely within their jurisdiction.
Sample load charts, specifications, interpretations and calculations are used throughout this book for demonstration purposes only and should not be taken to be sued in any other manner.  Every crane model is accompanied by its own distinct load chart, which may vary depending on the crane's configurations and is supplied by the crane’s manufacturer. They are not portable from one model to another, and operators must always ensure they are referring to documentation relevant to the plant they are operating.
While efforts have been made to provide accurate and informative crane information, users are reminded of the need for due diligence and compliance with applicable regulations, manufacturer guidelines, workplace policies, and licensing requirements to ensure safe and lawful crane operations.
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  Chapter one
Introduction 


A crane is a type of heavy machinery used for lifting and moving large and heavy objects. It typically consists of a hoist, wire ropes or chains, and sheaves, all mounted on a horizontal boom, which is often connected to a vertical mast. Cranes are commonly used in construction sites, manufacturing facilities, shipping yards, and other industrial settings to lift and transport materials, equipment, and goods. They come in various types, including tower cranes, mobile cranes, overhead cranes, and gantry cranes, each designed for specific applications and site conditions. 
The invention of cranes is attributed to the ancient Greeks, who developed them around the late 6th century BC. Archaeological evidence suggests that these early cranes were powered by humans or animals, such as donkeys, walking inside a wheel to lift weights. They were predominantly used in the construction of buildings and in the loading and unloading of ships (Chant & Goodman, 2005).
The Industrial Revolution marked a significant turning point for crane technology, with the introduction of steam engines, electric motors, and internal combustion engines powering these machines. Today's cranes often incorporate simple machines with sophisticated technologies, including computer systems, to enhance lifting capabilities and safety measures (Talbott, 2007).
Crane operators are responsible for operating stationary or mobile cranes to lift, move, and position heavy objects, often found at various locations such as wharves, shipyards, and construction sites. Given the potential consequences of errors in crane operation, this role entails a significant level of responsibility.
Key tasks and duties include operating cranes to lift and relocate items as directed, conducting inspections and maintenance on equipment, ensuring ground conditions are suitable for crane setup, placing support materials under outrigger pads when necessary, positioning the crane accurately, and attaching loads securely. Additionally, crane operators monitor cabin instruments to ensure loads remain within safe limits and follow ground team signals for load placement.
Successful crane operators possess a range of skills, both technical and interpersonal. These include strong communication skills to understand and follow instructions, mechanical aptitude for conducting inspections and maintenance, coordination for precise load movement, teamwork for effective collaboration with ground personnel, mathematical and physics knowledge for load management and stability assessment, physical fitness for performing tasks efficiently, and a thorough understanding of safety protocols to ensure a safe working environment.
Working as a crane operator offers various benefits, including competitive wages and high demand for skilled operators in the construction industry. Crane operators typically work in outdoor environments such as construction sites, mines, and shipyards, often exposed to various weather conditions. Despite the challenges, the role provides opportunities for meaningful contributions to large-scale projects and a supportive work environment characterized by teamwork and camaraderie.
Individuals may opt to pursue a career as crane operators for several compelling reasons. Firstly, the field offers a high earning potential. Crane operators typically command competitive salaries, particularly as they gain experience and develop specialized skills. For individuals seeking stable and lucrative employment opportunities, the financial rewards associated with this profession can be highly appealing.
In terms of renumeration or financial rewards associated with the role of Crane Operator, in Australia in 2024, the typical gross salary for a tower crane operator averages $99,001 per year, corresponding to an hourly rate of $48. Additionally, they may receive an average bonus of $1,960 (Salary Expert, 2024). These salary figures are derived from data obtained directly from employers and anonymous employees through salary surveys. For those with entry-level experience (1-3 years), the average salary stands at $72,532, while more experienced senior-level operators (8+ years) command an average salary of $121,358 (Salary Expert, 2024). The typical annual salary for a Mobile Crane Operator amounts to $97,709, translating to an hourly rate of $ 47. The salary range typically falls between $70,253 and $ 117,544 for professionals in this field.
In Canada, the average annual salary for a Mobile Crane Operator is $74,423, with an hourly rate of $36. The salary range typically falls between $53,510 and $89,531 for Mobile Crane Operators (Economic Research Institute, 2024). 
In Germany, the average annual salary for a Mobile Crane Operator is €59,456, with an hourly rate of €29. The salary range typically falls between €42,749 and €71,526 (Economic Research Institute, 2024).
In Japan, the average annual salary for a Mobile Crane Operator is JPY 5,544,659, equating to JPY 2,666 per hour. The salary range typically spans between JPY 3,986,610 and JPY 6,670,225 for Mobile Crane Operators (Economic Research Institute, 2024).
In Poland, the average gross salary for a construction crane operator is 90,871 zł annually, with an equivalent hourly rate of 44 zł. Additionally, they typically receive an average bonus of 1,745 zł. These salary estimates are derived from data collected directly from employers and anonymous employees. For those entering the field with 1-3 years of experience, the average salary for a construction crane operator is 66,579 zł, while senior-level operators with 8 or more years of experience earn an average of 111,150 zł annually (Salary Expert, 2024).
The average pay for a Mobile Crane Operator is £42,109 a year and £20 an hour in the United Kingdom (Economic Research Institute, 2024). The average salary range for a Mobile Crane Operator is between £30,277 and £50,657.  The average crane operator salary in the United Kingdom is £38,925 per year or £19.96 per hour. Entry level positions start at £27,300 per year while most experienced workers make up to £50,700 per year (talent.com, 2024).
In the USA, the average annual salary for crane operators is $46,122, which equates to $22.17 per hour (Economic Research Institute, 2024). Entry-level roles typically begin at $37,043 annually, while seasoned professionals can earn $71,224 per year. In the United States, the average annual salary for a Mobile Crane Operator is $66,630, with an hourly rate of $32. The salary range typically falls between $47,907 and $80,156 for Mobile Crane Operators (Economic Research Institute, 2024).
Moreover, there is a consistent demand for crane operators across various industries, including construction, shipping, manufacturing, and logistics. This perpetual need for skilled professionals in the field ensures job security and creates opportunities for career advancement.
One of the attractive aspects of this profession is the diverse array of work environments it offers. Crane operators may find themselves working in dynamic settings such as construction sites, ports, warehouses, and industrial facilities. For those who enjoy working outdoors and thrive in varied work environments, this diversity can be particularly enticing.
Operating a crane necessitates the acquisition of technical skills, spatial awareness, and the ability to perform under pressure. As such, individuals who relish the opportunity to learn new skills and master complex machinery may find the profession intellectually stimulating and fulfilling.
Crane operators play a pivotal role in numerous construction and industrial projects, contributing to the completion of tasks such as erecting buildings and safely manoeuvring heavy machinery. Witnessing tangible outcomes of their work can instil a sense of accomplishment and job satisfaction among crane operators.
Additionally, the profession may offer opportunities for travel, especially for those engaged in large-scale construction projects or industries with operations in diverse locations. This prospect of experiencing new places and cultures can be appealing to individuals with a sense of adventure.
Finally, operating a crane presents both physical and mental challenges. Successfully manoeuvring heavy loads requires physical stamina, while maintaining focus and attention to detail is essential for safe and efficient operation. For individuals who thrive on challenges and enjoy hands-on work, the profession provides a fulfilling blend of physical and mental activity.
Becoming a crane operator presents a rewarding career path for individuals seeking financial stability, job security, skill development, and the opportunity to make a tangible impact across various industries.

Local Variations in Definitions and Terms
In the context of crane operation, "dogging" refers to the role of a worker who assists the crane operator by providing guidance and communication during lifting operations. The term "dogman" or "dogger" is often used interchangeably with this role.
The primary responsibilities of a dogger include:
	Load Position Reporting: The dogger observes and monitors the position of the load being lifted. They communicate this information to the crane operator, especially when the load is out of the operator's direct line of sight or obscured by obstacles.

	Signal Communication: Doggers use predetermined hand signals or verbal commands to direct the crane operator regarding load movement, positioning, and any necessary adjustments. Clear and effective communication between the dogger and the operator is crucial for safe and precise crane operations.

	Safety Oversight: Doggers play a key role in ensuring that lifting operations are conducted safely. They assess the surrounding environment for potential hazards, such as overhead obstacles, power lines, or uneven terrain, and communicate any safety concerns to the crane operator.

	Assistance with Rigging: In some cases, doggers may assist with the rigging and attachment of loads to the crane's hook. They ensure that the load is properly secured and balanced before signalling the crane operator to lift.



Overall, the role of a dogger is essential for maintaining safety and efficiency during crane operations. By providing clear communication, monitoring load movements, and assessing safety risks, doggers help minimize the risk of accidents and ensure that lifting tasks are carried out smoothly and effectively.
In some contexts, "dogger" and "swamper" may refer to similar roles, particularly in industries involving heavy equipment and machinery like construction, logging, or crane operation. However, there are also differences in the specific tasks and responsibilities associated with each role.
A "dogger" typically refers to a worker who assists the crane operator during lifting operations, providing guidance, communication, and safety oversight as described in the previous explanation. Doggers focus on ensuring that loads are lifted, moved, and positioned safely and accurately.
On the other hand, a "swamper" often refers to a worker who assists with various tasks related to equipment operation and maintenance, including loading and unloading materials, cleaning equipment, and performing minor repairs. While a swamper may also assist with rigging and signalling during crane operations, their responsibilities may be broader and encompass a range of support duties beyond just crane operation.
The terminology can vary depending on the industry and region, so while there may be overlap in the tasks performed by doggers and swampers, the specific duties and titles can differ based on the context of the work environment.
The usage of terms like "dogger" and "swamper" can vary depending on the region and industry. Here's a breakdown of where these terms are commonly used and some other variations of the role:
	Dogger:
	Australia and New Zealand: The term "dogger" is commonly used in Australia and New Zealand, particularly in industries such as construction, mining, and maritime.

	United Kingdom: The term "dogger" is also used in the UK, primarily in the context of maritime operations, referring to a worker responsible for handling mooring lines on ships or assisting with cargo handling.




	Swamper:
	North America (United States and Canada): The term "swamper" is commonly used in North America, particularly in industries like logging, trucking, and heavy equipment operation. A swamper typically assists with various tasks related to equipment operation and maintenance.

	United Kingdom: In the UK, "swamper" can also be used in the context of trucking or transportation to refer to an assistant who helps with loading and unloading cargo or assisting the driver with various tasks.






Other variations or similar roles may include:
	Rigger: A rigger is responsible for setting up and securing rigging equipment for lifting operations. They ensure that loads are properly attached and balanced for safe lifting and movement.

	Signalperson or Signaller: A signalperson, also known as a signaller in some regions, is responsible for communicating with the crane operator using standardized hand signals or radio communication to guide the lifting and movement of loads.

	Ground Crew: This term is more general and may encompass various support roles on the ground, including doggers, swampers, riggers, signalpersons, and others involved in crane operations and equipment handling.

	Spotter: In some contexts, particularly in industries like construction or warehouse operations, a spotter may be responsible for guiding equipment operators to ensure safe movement and positioning in tight or hazardous areas.



These roles and terms may have regional variations and can be influenced by the specific industry practices and terminology used in different countries or regions.
Throughout this book, references to dogging encompasses the various essential functions on a construction site, with the primary responsibility being skilled in the safe use of slinging techniques to secure loads. An individual appropriately trained in dogging is referred to as a dogman or dogger, holding a crucial role across construction, demolition, heavy vehicle industries, shipping, freight, and related sectors.
The dogger assumes the principal responsibility for meticulously selecting and inspecting lifting equipment to securely sling a load, highlighting their significant role in ensuring site safety. Failure to properly secure loads with slings, hooks, and chains can pose significant safety risks, underscoring the necessity for thorough training and licensing of doggers.
Additionally, doggers are proficient in guiding plant operators to manoeuvre loads safely around the site. In addition to securing and slinging loads, they assist crane, telehandler, and excavator operators in navigating challenging visibility conditions. Through the use of hand signals, whistles, and two-way radios for communication, doggers effectively direct plant operators to safely deposit their loads.
In the US, the equivalent role to a dogger would typically be referred to as a rigger or a signal person. These individuals are responsible for rigging and signalling during lifting operations, ensuring that loads are properly secured and guiding equipment operators to manoeuvre loads safely. They play a crucial role in maintaining safety on construction sites, similar to doggers in other parts of the world.
In the UK and around Europe, the equivalent role to a dogger would typically be referred to as a slinger or a banksman. These individuals are responsible for slinging loads and providing guidance to equipment operators during lifting operations, ensuring safety and efficiency on construction sites. They perform tasks similar to doggers, including selecting and inspecting lifting equipment, guiding equipment operators, and communicating effectively using signals and radios.
References to swamper, slinger, signal person, banksman throughout this book are take to be that of a dogger as defined above. 
The terms "tons" and "tonnes" both refer to units of mass or weight, but they are used differently in various regions and contexts.
	Tons: In the United States and some other English-speaking countries, "tons" typically refers to short tons or US tons. A short ton is equivalent to 2,000 pounds or approximately 907.185 kilograms. This unit is commonly used in industries such as construction, transportation, and manufacturing in these regions.

	Tonnes: In many other parts of the world, including most English-speaking countries outside of the United States, "tonnes" is used. A tonne, also known as a metric ton, is a unit of mass in the metric system. It is equivalent to 1,000 kilograms or approximately 2,204.623 pounds. The metric tonne is the preferred unit of measurement in most scientific, engineering, and international trade contexts worldwide.



While both "tons" and "tonnes" are units of mass or weight, "tons" typically refers to the short ton used in the United States, while "tonnes" refers to the metric ton used in most other parts of the world. It's important to clarify which unit is being used in a specific context to avoid confusion when working with lifting plant.

Crane Operator Licensing and Training
Crane operating licenses, also known as certifications or qualifications, are regulatory requirements or voluntary credentials that individuals must obtain to operate cranes safely and legally in various jurisdictions worldwide. These licenses typically demonstrate that the operator has received appropriate training, possesses the necessary skills, and understands the safety protocols associated with crane operation.
Legislative frameworks for Crane Operator Certification exist in numerous countries to ensure the safe operation of cranes. For instance, in the United States, OSHA regulations implemented in April 2019 aim to enhance crane operators' knowledge and training to minimize accidents. These regulations shift the responsibility for operator readiness onto the employer and encompass various construction equipment, including mobile cranes, tower cranes, and digger derricks (Skiba, 2020). Compliance with these regulations mandates that crane operators must be certified or licensed and receive continuous training to operate new equipment.
Similarly, in Australia, crane operators must obtain a high-risk work license to operate a range of cranes. Before obtaining a national license for high-risk work, individuals must undergo assessment by a registered training organization (RTO) to evaluate their training, skills, and knowledge under realistic workplace conditions (Skiba, 2020).
In Singapore, becoming a Registered Crane Operator entails passing a relevant crane operator course conducted by an accredited training provider (ATP) and obtaining certification within six months before applying for registration. The Singaporean government, through the Ministry of Manpower (MOM), is actively advocating for higher standards in crane operator competence to mitigate accidents. Initiatives include biennial health checks for crane operators over the age of 50 and stricter regulations for mini crane usage (Skiba, 2020).
In Europe, the certification of crane operators varies among Member States, ranging from compulsory to optional regulations. Efforts are underway to develop a European Operator Licensing System (ECOL) aimed at mobile crane operators. This system requires participants to be at least 18 years old and hold a valid EU class-C driving license.
In the United Kingdom, the Construction Plant Competence Scheme (CPCS) issues skills cards for crane operators, indicating their competency to operate specific types of cranes safely. While participation in the scheme is not mandatory, it provides employers with assurance of an individual's competence and skills (Skiba, 2020).
The following is an overview of crane operating licenses in different parts of the world:
	United States: In the United States, crane operators must comply with Occupational Safety and Health Administration (OSHA) regulations. OSHA's crane standard requires operators to be certified or licensed, and it outlines specific training, evaluation, and certification requirements. Certification programs are offered by accredited organizations, and operators may need additional endorsements for specific crane types or tasks.

	Canada: Canada has provincial regulations governing crane operator certification. Certification requirements vary by province but generally involve completing a training program, passing written and practical exams, and obtaining a license from the appropriate provincial regulatory authority.

	Australia: In Australia, crane operators are required to hold a high-risk work license issued by the relevant state or territory regulatory authority. To obtain this license, operators must complete formal training and assessment conducted by registered training organizations (RTOs) and demonstrate competency in operating specific types of cranes.

	United Kingdom: The United Kingdom's construction industry operates under the Construction Plant Competence Scheme (CPCS). Crane operators can obtain certification through accredited training providers by passing both theoretical and practical assessments. The CPCS issues competence cards indicating the operator's qualifications.

	European Union: European Union member states may have their own regulations regarding crane operator certification. However, efforts are underway to establish a European Operator Licensing System (ECOL) to standardize certification requirements and promote mobility within the EU. Training institutes offer ECOL training, and participants must meet age and licensing prerequisites.

	Singapore: In Singapore, crane operators must complete relevant training courses conducted by accredited training providers (ATPs) and obtain certification. The Ministry of Manpower (MOM) oversees crane operator registration and sets competency standards to enhance safety and reduce accidents.

	Japan: Japan has certification programs for crane operators administered by industry associations and government agencies. Operators must undergo training and pass examinations to obtain certification. The Japanese government regulates crane operation to ensure compliance with safety standards.

	Other Countries: Many other countries have their own regulations or industry standards for crane operator licensing and certification. These may include training requirements, competency assessments, and periodic renewal processes to ensure continued compliance with safety standards.



Overall, crane operator licensing and certification requirements vary by country, but they generally aim to ensure that operators have the necessary skills, knowledge, and training to perform their duties safely and effectively, thereby reducing the risk of accidents and promoting workplace safety.
Globally, there is a lack of uniformity in training approaches and requirements for crane operators. Training methods vary widely and may be integrated into national systems, mandated by regulatory bodies, aligned with specific competency standards, endorsed by industry organizations, or conducted independently of formal training structures (Skiba, 2020).
Internationally, numerous crane operation training programs exist outside of national or obligatory frameworks. These programs are offered by various entities such as industry associations, employers, professional bodies, vocational education providers, and equipment suppliers. In some countries, particularly on the international stage, there are comprehensive and well-established competency frameworks tailored for crane operation.
Crane operators require comprehensive knowledge and skills to ensure the safe and efficient operation of cranes. Here are the key aspects they need to be familiar with (Skiba, 2020):
	Preparation for Crane Operations:
	Conduct pre-start and start-up checks for equipment.

	Identify and rectify or report faults or defects.

	Confirm attachment of lifting gear according to workplace procedures.

	Ensure the work area is clear and safe.

	Assess ground suitability for crane operation.

	Determine appropriate paths for crane operation and load placement.

	Identify and address hazards using risk control measures.




	Commencing Crane Operations:
	Position, stabilize, and level the crane before lift operations.

	Interpret load charts accurately.

	Confirm load weight within crane capacity and operating radius.

	Configure crane for the specified lift.

	Prepare loads for lift in accordance with crane limitations and rigging requirements.

	Access crane safely according to manufacturer specifications.




	Operating Within Equipment Capacities:
	Perform pre-operation checks.

	Utilize crane controls to lift and position loads safely.

	Monitor equipment performance using indicators and alarms.

	Manage hazards and risks during operations to ensure safety.




	Crane Travel (where relevant):
	Plan a suitable route for crane travel.

	Monitor and manage hazards along the route.

	Follow relevant standards, guidelines, and organizational procedures during crane travel.




	Completing Crane Operations:
	Shut down crane following correct procedures.

	Park, secure, and conduct post-operational inspection according to workplace procedures.




	Housekeeping Activities:
	Clear work area and dispose/recycle materials appropriately.

	Manage or report hazards to maintain a safe environment.

	Complete required record-keeping and distribution as necessary.






Additionally, crane operators must be knowledgeable about various aspects related to crane operations, including:
	Relevant legislation, regulations, and standards.

	Crane and hoisting terminology and systems.

	Causes of crane incidents and accident prevention.

	Site hazard recognition.

	Equipment performance and limitations.

	Load charts and capacity calculations.

	Safety procedures for working near power lines and assembling/disassembling crane components.

	Proper use of lifting accessories, wire ropes, and chains.

	Environmental conditions affecting crane operations.

	Crane operator's authority to halt operations.



This comprehensive understanding ensures that crane operators can safely and effectively carry out their responsibilities.
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  Chapter two
Cranes Defined 


There are two primary crane categories: static and mobile. A static crane is fixed, lifting loads along a set path. See Figure 1 for an example. Conversely, a mobile crane is mounted on wheels or treads, allowing mobility between job sites, an example shown as Figure 2.. Unlike static cranes, mobile cranes can perform "pick and carry" operations, moving loads to different locations using their wheels or treads. Depending on the model, some mobile cranes may require outriggers, counterweights, or on-site assembly. 
[image: Figure 1:  A tower crane on the Alexan Waterloo apartment tower under construction at 700 East 11th Street, Austin, Texas, United States. Larry D. Moore, CC BY-SA 4.0, via Wikimedia Commons.]
Figure 1:  A tower crane on the Alexan Waterloo apartment tower under construction at 700 East 11th Street, Austin, Texas, United States. Larry D. Moore, CC BY-SA 4.0, via Wikimedia Commons.

The primary difference between a static crane and a mobile crane lies in their mobility and setup process:
	Static Crane:
	Static cranes, also known as stationary cranes or tower cranes, are fixed to a specific location during operation.

	They are typically installed on-site using a large base or foundation and a vertical mast, which provides stability.

	Static cranes are commonly used for lifting heavy loads over relatively short distances, such as in construction projects where materials need to be moved vertically within a confined area.

	While static cranes offer high lifting capacity and stability, they lack mobility and must be disassembled and reassembled at each new location, which can be time-consuming.




	Mobile Crane:
	Mobile cranes are designed for mobility and can be easily transported to different worksites.

	They are mounted on wheels or tracks, allowing them to move around the worksite and access various areas where lifting is required.

	Mobile cranes come in various configurations, including truck-mounted cranes, rough terrain cranes, and all-terrain cranes, each suited for different terrain and lifting requirements.

	Mobile cranes are often preferred for projects that require flexibility and rapid setup, as they can be quickly deployed and repositioned as needed.

	While mobile cranes offer versatility and convenience, they may have lower lifting capacities compared to static cranes, particularly for very heavy loads or when lifting at great heights.






The main distinction between static and mobile cranes is their mobility and setup process: static cranes are stationary and require on-site assembly, while mobile cranes can be easily transported and quickly set up at different locations (Al‐Hussein et al., 2001).
[image: Figure 2: Liebherr mobile crane in Munich. High Contrast, CC BY 3.0 DE, via Wikimedia Commons.]
Figure 2: Liebherr mobile crane in Munich. High Contrast, CC BY 3.0 DE, via Wikimedia Commons.

Ship’s cranes are a little different. A ship's crane, as shown in Figure 3 and Figure 4, is not typically considered a static crane. While some ship cranes may have fixed components or be permanently installed on a vessel, they are designed to be mobile and adaptable to various maritime operations. Ship cranes are used for loading and unloading cargo, handling containers, and performing other tasks aboard ships and at ports.
[image: Figure 3: Crane onboard the heavy-lift ship La Paimpolaise, lifting a hatch cover. Hervé Cozanet, CC BY-SA 3.0, via Wikimedia Commons.]
Figure 3: Crane onboard the heavy-lift ship La Paimpolaise, lifting a hatch cover. Hervé Cozanet, CC BY-SA 3.0, via Wikimedia Commons.

Ship cranes often have features that allow them to rotate and extend their reach, providing flexibility in accessing cargo holds and reaching different areas of the ship. They may be mounted on rails or tracks on the deck of the vessel, allowing them to move along the ship's length or from side to side.
[image: Figure 4: Sormec Marine Cranes on board of vessel. MiriamGagliardo, CC BY-SA 3.0, via Wikimedia Commons.]
Figure 4: Sormec Marine Cranes on board of vessel. MiriamGagliardo, CC BY-SA 3.0, via Wikimedia Commons.

Overall, ship cranes are more akin to mobile cranes in terms of their functionality and mobility, as they are designed to operate in dynamic maritime environments and are capable of moving and adjusting to different tasks and conditions.
Selecting the appropriate crane for a specific site involves considering various factors such as the type of loads requiring lifting, the height and horizontal distances involved, the swing radius, duration of lifting operations, utilization factor, degree of mobility needed, and compatibility with other equipment like concreting plants. Each of these factors plays a crucial role in determining the most suitable crane model to optimize efficiency and safety in lifting operations.
While static, mobile, and ship's cranes serve different purposes and operate in distinct environments, they share some common similarities:
	Lifting Capability: All three types of cranes are designed to lift heavy loads, whether it's construction materials on a building site (static and mobile cranes), or cargo on a ship (ship's crane). They utilize various mechanisms such as hoists, cables, and winches to perform lifting operations.

	Mechanical Components: Static, mobile, and ship's cranes all consist of similar mechanical components, including booms, jibs, hoists, and control systems. These components enable them to manipulate loads and perform lifting tasks efficiently.

	Safety Considerations: Safety is paramount in the operation of all types of cranes. Static, mobile, and ship's cranes must adhere to safety regulations and standards to ensure the well-being of workers and prevent accidents. This includes proper maintenance, regular inspections, and adherence to load capacity limits.

	Operator Training: Operating any type of crane requires specialized training and certification. Whether it's controlling a static crane on a construction site, manoeuvring a mobile crane at different job sites, or operating a ship's crane on a vessel, crane operators must undergo comprehensive training to safely and effectively handle the equipment.

	Load Handling Techniques: Regardless of the type of crane, operators use similar load handling techniques to lift, lower, and position loads. This includes proper rigging techniques, load balancing, and coordination with ground personnel or crew members to ensure safe and efficient operations.

	Application Flexibility: While each type of crane is optimized for specific applications and environments, they all offer some degree of flexibility in terms of their capabilities. For example, mobile cranes can be outfitted with different attachments or accessories to adapt to various lifting tasks, while ship's cranes may have features such as telescopic booms or cargo grabs to accommodate different types of cargo handling operations.



Overall, while there are distinct differences between static, mobile, and ship's cranes, they share commonalities in terms of their function, mechanical components, safety considerations, operator training, load handling techniques, and application flexibility.
Lifting capability is a fundamental aspect shared by static, mobile, and ship's cranes. These specialized machines are engineered to hoist and transport heavy loads efficiently and safely across a range of settings. Whether it's lifting construction materials at a construction site or handling cargo aboard a ship, cranes serve as indispensable tools in a range of industries. Their lifting prowess enables them to manoeuvre loads that would otherwise be impractical or impossible for manual labour alone.
Each crane type employs a variety of mechanisms to achieve lifting tasks. Hoists, cables, and winches are among the essential components utilized to lift and manipulate heavy loads with precision and control. These mechanisms are meticulously engineered to withstand significant weight and stress, ensuring reliable performance even under demanding conditions. Whether it's raising materials to towering heights on a construction site or loading and unloading cargo on a vessel, the lifting mechanisms of cranes enable seamless operation and efficient workflow.
Hoists, cables, and winches are essential components of cranes and other lifting equipment. Here's an overview of each and how they work:
	Hoists: Hoists, as shown in Figure 5 are mechanical devices used to lift and lower heavy loads vertically. They consist of a motorized drum or pulley system around which a cable or chain is wrapped. When activated, the motor turns the drum or pulley, causing the cable or chain to either lift or lower the load. Hoists are commonly used in conjunction with cranes, overhead lifting systems, and elevators.

	Cables: Cables are strong, flexible strands typically made of steel wire ropes used to transmit force in lifting applications. In crane systems, cables are attached to the load being lifted on one end and to the hoist or winch on the other end. As the hoist or winch activates, the cable winds around a drum or pulley, lifting or lowering the load. Cables are designed to withstand heavy loads and provide reliable lifting capabilities.

	Winches: Winches, as shown in  are mechanical devices used to pull or hoist heavy loads horizontally or at an angle. They consist of a drum around which a cable or rope is wound, as well as a motor or manual crank mechanism to rotate the drum. When the winch is activated, the drum rotates, winding the cable or rope onto the drum and pulling the load attached to the other end. Winches are commonly used in applications such as vehicle recovery, marine operations, and construction.



Hoists, cables, and winches work together to lift, lower, and move heavy loads in crane and lifting applications. The hoist provides vertical lifting motion, while cables transmit force and winches provide horizontal pulling or hoisting capabilities. Together, these components form the essential machinery for a wide range of lifting tasks in various industries.
[image: Figure 5: Bridge Crane with Wire Rope Hoist. Rvancopp, CC BY 3.0 US, via Wikimedia Commons.]
Figure 5: Bridge Crane with Wire Rope Hoist. Rvancopp, CC BY 3.0 US, via Wikimedia Commons.

[image: Figure 6: Winch, crane mounted on a Tatra truck. Horst74, CC BY 3.0, via Wikimedia Commons.]
Figure 6: Winch, crane mounted on a Tatra truck. Horst74, CC BY 3.0, via Wikimedia Commons.

The versatility of cranes in their lifting capabilities extends to their ability to adapt to diverse load types and environments. From lifting steel beams and concrete blocks on a construction site to handling containers and equipment on a ship's deck, cranes are designed to accommodate a wide range of loads. Their lifting capacity, combined with the flexibility to operate in various settings, makes cranes indispensable assets in industries where heavy lifting is a routine requirement.
Mechanical components are integral parts of static, mobile, and ship's cranes, facilitating their ability to manipulate heavy loads and conduct lifting operations effectively. These cranes share several common mechanical elements:
	Booms: Booms, see Figure 7, are structural arms that extend from the crane's base and provide reach for lifting operations. They can be fixed or adjustable in length and angle, depending on the crane type and application. Booms are essential for reaching loads at various heights and distances.

	Jibs: Jibs, see Figure 7, are additional arms or extensions mounted at the end of the main boom, providing additional reach and flexibility for lifting and manoeuvring loads. They can rotate or pivot independently of the main boom, allowing for precise positioning of the load.

	Hoists: Hoists are mechanical devices used for lifting and lowering loads vertically. They typically consist of a motorized drum or pulley system around which a cable or chain is wrapped. Hoists provide the primary lifting motion for cranes, enabling them to raise and lower heavy loads safely and efficiently.

	Control Systems: Control systems regulate the operation of the crane, including the movement of the boom, jib, hoist, and other functions. They may include manual controls operated by a crane operator or automated systems controlled by computerized interfaces. Control systems ensure precise and smooth operation of the crane during lifting tasks.



[image: Figure 7: Boom and Jib working in Nijswijk, the Netherlands.  zoetnet, CC BY 2.0, via Wikimedia Commons.]
Figure 7: Boom and Jib working in Nijswijk, the Netherlands.  zoetnet, CC BY 2.0, via Wikimedia Commons.

These mechanical components work together, as shown in the diagram in Figure 8, seamlessly to enable static, mobile, and ship's cranes to manipulate loads with precision and control. Whether lifting materials on a construction site, handling cargo on a ship, or performing maintenance tasks in an industrial setting, these components play a critical role in the functionality and efficiency of cranes across various applications.
[image: Figure 8: Crawler type derrick crane. Wilfredo R. Rodriguez H. edited by Gregory David Harington, CC BY-SA 3.0 , via Wikimedia Commons.]
Figure 8: Crawler type derrick crane. Wilfredo R. Rodriguez H. edited by Gregory David Harington, CC BY-SA 3.0 , via Wikimedia Commons.

Understanding industrial crane terminologies can greatly enhance efficiency and convenience in your work. These include:
Counterweights: Counterweights, as shown in Figure 9, play a crucial role in maintaining the balance of a crane, preventing tipping and ensuring stability while lifting heavy loads. 
[image: Figure 9: Crawler crane with counterweights. Cjp24, CC BY-SA 4.0, via Wikimedia Commons.]
Figure 9: Crawler crane with counterweights. Cjp24, CC BY-SA 4.0, via Wikimedia Commons.

In crane operations, a counterweight, commonly composed of metal or concrete, is positioned opposite the crane's fulcrum to ensure balance and stability while lifting. Crucial components of crane design, counterweights maintain equilibrium, preventing tipping due to heavy loads. By counteracting the load's weight, they ensure safe and efficient crane operation. Counterweights are integral to both crawler and mobile cranes, serving to counterbalance the weight beneath the hook and prevent potential toppling. Given their significance, counterweights may require periodic exchange. Some mobile cranes feature detachable counterweights, essential for preventing forward tipping during operation. Positioned typically at the rear end of the crane, opposite the jib or working arm, counterweights strategically balance the crane by offsetting the load on the jib side. This configuration enhances stability during lifting. Adjusting counterweights is essential to achieve the desired lifting capacity for various loads, accomplished by adding or removing counterweight slabs or blocks to meet project specifications.
Boom: The boom serves as the arm of the crane, facilitating the lifting and adjustment of loads by extending or retracting. It acts like a telescopic or fixed arm, allowing for precise movement of objects closer to or farther away from the crane.
[image: Figure 10: Liebherr mobile crane 450T, Brisbane, with telescopic boom. Kgbo, CC BY-SA 4.0, via Wikimedia Commons.]
Figure 10: Liebherr mobile crane 450T, Brisbane, with telescopic boom. Kgbo, CC BY-SA 4.0, via Wikimedia Commons.

Load Block: The load block, or hook block, encompasses all crane accessories, including hooks, swivels, bearings, pins, frames, and sheaves, connected by hoisting ropes. This assembly ensures safe and efficient load handling. An example is shown as Figure 11.
[image: Figure 11:  A Liebherr 50 t lifting hook and block. © 2010 K. Krallis SV1XV, CC BY-SA 3.0, via Wikimedia Commons.]
Figure 11:  A Liebherr 50 t lifting hook and block. © 2010 K. Krallis SV1XV, CC BY-SA 3.0, via Wikimedia Commons.

Sheaves are components of a load block used in crane operations. They are pulley wheels with grooves designed to hold wire cables or ropes (lines). These grooved wheels spin on axles inside the frame of the block, allowing the line to move freely with minimal friction and wear on the cable. Sheaves serve various purposes in crane operations, including redirecting cables or ropes, lifting loads, and transmitting power. They play a crucial role in facilitating smooth and efficient lifting operations by ensuring the proper movement and distribution of loads.
Slings: Slings, as shown in Figure 12, act as the support system for the crane's hook, providing stability when lifting heavy loads. They are constructed from various materials, including wire rope, chain rope, and synthetic materials.
[image: Figure 12: Slings and Spreader Bar. © Raimond Spekking / CC BY-SA 4.0 (via Wikimedia Commons).]
Figure 12: Slings and Spreader Bar. © Raimond Spekking / CC BY-SA 4.0 (via Wikimedia Commons).

Note a spreader bar is also shown in Figure 12. When it comes to overhead lifting, both lifting beams and spreader bars serve as essential devices for stabilizing and supporting heavy loads safely and efficiently. However, distinguishing between these two hoisting bars and understanding their respective applications can be crucial. While they share many similarities, recognizing their differences is key to selecting the most suitable hoisting bar for your specific needs.
Lifting beams typically consist of a long I-beam structure with a single attachment link centred on the top side, which connects to the hook of the crane or lifting machine (Breitsprecher, 2022). On the underside of the beam, there are two or more connection points evenly spaced out, allowing attachment to the load via hooks or slings. Lifting beams excel in general-purpose lifting tasks that don't require significant headroom, making them ideal for confined spaces like warehouses and sheds. They can also handle multiple loads simultaneously and are particularly effective with lighter and flexible loads. The design of lifting beams enables them to correct for lifting multiple unbalanced loads, reducing the need for multiple load trips (Breitsprecher, 2022).
On the other hand, spreader bars share a similar I-beam design with lifting beams but have two lifting points positioned on opposite sides of the beam instead of a centred single lifting point. Spreader bars are intended to be used with lifting slings, connecting the crane or lifting machine to the ends of the beam (Breitsprecher, 2022). They can feature two or more attachment points underneath the beam for hooking to the cargo during lifting operations. Spreader bars prioritize control in lifting tasks, enhancing load stability and enabling the lifting of heavy-duty cargo that might otherwise break under a singular connection point.
In terms of design, lifting beams are typically heavier and more durable than spreader bars. The singular attachment point at the top of the lifting beam concentrates pressure, making it more susceptible to shearing and bending under heavy loads. Spreader bars, by contrast, are designed to distribute weight more evenly, with the two lifting points compressing the load inward rather than stressing the lifting point and connection points underneath (Breitsprecher, 2022). Additionally, spreader bars work with lifting slings to evenly distribute the load weight, while lifting beams can directly connect to the hook of the lifting equipment without requiring lifting slings.
Outriggers and Stabilizers: Outriggers enhance crane stability by increasing its footprint, allowing for level operation even on uneven surfaces. Proper planning for outrigger space is essential when installing or hiring a crane to ensure safe and efficient operation.
[image: Figure 13: Extended outriggers to level and stabilize the crane. Source: Canva.]
Figure 13: Extended outriggers to level and stabilize the crane. Source: Canva.

Stabilizers and outriggers come in various configurations, tailored to different crane types, aiming to mitigate rollover risks when the vehicle's combined load and centre of gravity extend beyond its support base. Outriggers elevate the vehicle's wheels from the ground, while stabilizers are predominantly utilized with vehicle loading cranes and do not lift the vehicle's wheels (Safe Work Australia, 2020). Figure 13 shows extended outriggers. Employing outriggers with mobile cranes enhances stability during lifting operations. Regardless of ground conditions, materials like timbers should be positioned beneath the outriggers to distribute the load, except in cases where engineering specifies direct outrigger pad application. Outriggers must be deployed as per the manufacturer's guidelines for the specific mobile crane type, also serving to level the crane. These outriggers should be clearly marked for the operator to identify partial or full extension positions. Crane lifting with partially extended outriggers should only be conducted using cranes approved by the manufacturer and equipped with suitable overload interlocks. For lifts with partially extended outriggers, the appropriate outrigger configuration outlined in the relevant load chart must be adhered to.
Jibs: A jib is a type of boom accessory that extends the length of the crane's boom. It includes variations such as the fly jib, fixed jib, and luffing jib.
A fly jib attaches to the main boom using pin connectors, serving as a lightweight extension with limited capacity. Its angle can be adjusted during setup but remains fixed during operation.
The fixed jib, a higher capacity version of the fly jib, connects to the main boom tip via a hinge. Fixed pendant lines are then used to adjust its angle, making it capable of handling heavier loads. Unlike the fly jib, the fixed jib operates as an axially loaded member, offering greater adjustability in length.
Similarly, the luffing jib utilizes a hinge connection for attachment, with pendant lines connected to a winch line to vary its angle independently from the boom. While sturdy and high-capacity, luffing jibs require skilled operators and additional drums for line management.
The term "fixed pendant lines" refers to the lines or cables attached to a fixed jib on a crane. These lines are utilized to adjust the angle of the fixed jib, which in turn affects how the crane handles heavy loads. Unlike the fly jib, where adjustments may be limited and the jib operates as a moment arm, the fixed jib functions as an axially loaded member.
As an axially loaded member, the fixed jib is designed to bear the load along its axis, distributing the weight evenly and minimizing stress concentration. This design allows for greater adjustability in length, providing more flexibility in adapting to various lifting scenarios and load requirements.
Fly jibs are typically found on small to medium telescoping boom cranes, stowed on the side of the boom for easy deployment. They are limited by the line pull capacity of a single line part.
Fixed jibs, including fly jibs, can be mounted on crawler cranes of various capacities, from 100t to the largest models available. Their typical maximum design capacity is determined by the line pull capacity multiplied by up to three line parts for a single sheave block.
Luffing jibs necessitate cranes equipped with extra drums to manage multiple lines, with lattice boom configurations requiring at least three drums for main boom, luffing boom, and whip operations. Telescoping cranes, requiring only two drums, can manage luffing boom and whip operations efficiently. While specific crane sizes vary, luffer capacities can reach substantial levels, particularly in larger crane models.
Slewing and Non-slewing: In terms of crane movement, a slewing crane lifts and suspends its load before rotating it using a boom rotating mechanism. Conversely, non-slewing cranes lack a rotating base section. Understanding this key difference is crucial as it impacts the design and operation of both slewing and non-slewing mobile cranes.
Mobile non-slewing cranes, as shown in Figure 14 do not feature rotating joints, which aligns with their typically compact profile. These cranes utilize a permanent articulation joint to lift and relocate loads, relying on the mobile truck's drive section for movement. While they lack slewing capabilities, these cranes boast high manoeuvrability due to their four-wheeled chassis. Their crane section is robust, primarily focusing on lifting and lowering payloads.
[image: Figure 14: Non-Slewing mobile articulated crane.]
Figure 14: Non-Slewing mobile articulated crane.

On the other hand, slewing lifters incorporate a rotating turntable section, providing them with greater site versatility and z-axis capability. While the mobile chassis transports the lifter to its destination, outriggers can be deployed to anchor it in place. This allows the arcing boom to operate effectively in crowded construction areas, covering every point on a full 360° circle. As a result, loads located behind the crane can be accessed without the need for complex manoeuvring or reversing the truck.
[image: Figure 15: Slewing Mobile Crane. Antti Leppänen, CC BY-SA 3.0, via Wikimedia Commons.]
Figure 15: Slewing Mobile Crane. Antti Leppänen, CC BY-SA 3.0, via Wikimedia Commons.

A crane is a complex piece of machinery consisting of the components outlined above working together seamlessly to lift heavy loads safely and efficiently. At the heart of the crane is the boom, a long, extendable arm that supports the load. The boom can be fixed or telescopic, allowing it to reach varying heights and distances. It is typically mounted on a rotating platform, enabling it to rotate horizontally to position the load precisely.
Attached to the end of the boom is the hoist, a mechanism used to lift and lower the load. The hoist consists of a motorized drum, see Figure 16,  or winch around which the lifting cables are wound. As the drum rotates, the cables either spool in to lift the load or spool out to lower it.
[image: Figure 16: Winch drums for multilayer wire rope spooling. Alfons Kifmann, CC BY-SA 3.0 DE, via Wikimedia Commons.]
Figure 16: Winch drums for multilayer wire rope spooling. Alfons Kifmann, CC BY-SA 3.0 DE, via Wikimedia Commons.

The lifting cables are a critical component of the crane, providing the means to support the load. These cables are made of high-strength steel and are designed to withstand the weight of the load while maintaining stability. The cables run from the hoist to a hook or other attachment point on the load.
Counterweights play a crucial role in balancing the crane and preventing it from tipping over. These weights are typically located near the base of the crane and are adjusted based on the weight of the load being lifted. By offsetting the weight of the load, counterweights ensure that the crane remains stable throughout the lifting operation.
Finally, the crane's controls allow the operator to manoeuvre the crane and control the lifting process. These controls may include joysticks, levers, or buttons that operate the hoist, boom, and rotation mechanisms. The operator uses these controls to position the crane, raise or lower the load, and adjust the boom as needed.
In operation, the crane operator uses the controls to position the boom and hoist over the load. The hoist is then activated, and the lifting cables spool in, raising the load off the ground. The operator carefully monitors the lifting process, adjusting the controls as necessary to ensure the load remains stable and balanced. Once the load is in the desired position, the hoist is activated in reverse to lower the load safely to the ground.
Overall, the various components of a crane work together in a coordinated manner to lift heavy loads safely and efficiently, making cranes essential tools in construction, manufacturing, and other industries.

[image: image-placeholder]







  
  Chapter three
Static Cranes – Tower Cranes 


A static crane, also known as a stationary crane or fixed crane, is a type of crane that remains in a fixed position during operation and does not move from one location to another. Unlike mobile cranes, which are mounted on trucks or crawlers and can be transported to different job sites, static cranes are permanently installed at a specific location, such as a construction site or industrial facility. 
The primary characteristic of a static crane is its immobility. These cranes are typically anchored to a concrete foundation or other stable structure, ensuring that they remain securely in place while lifting heavy loads. This stability is essential for safely lifting and manoeuvring heavy materials in construction and other industries.
Static cranes come in various configurations and designs to suit different applications and lifting requirements. Common types of static cranes include tower cranes, overhead cranes, gantry cranes, and jib cranes. Each type of static crane has its own unique features and capabilities, making them suitable for specific tasks and environments.  Tower cranes are considered within this chapter and derrick and portal boom cranes in the next chapter. Bridge cranes are discussed in chapter 5.
[image: Figure 17:  Tower cranes London. sludgegulper, CC BY-SA 2.0, via Wikimedia Commons.]
Figure 17:  Tower cranes London. sludgegulper, CC BY-SA 2.0, via Wikimedia Commons.
Tower cranes, for example, are tall, freestanding structures with a vertical mast and horizontal boom that can be raised or lowered as needed. These cranes are commonly used in high-rise construction projects to lift materials to upper floors.
Overhead cranes, on the other hand, are typically mounted on rails or beams attached to the ceiling of a building or structure. They feature a movable bridge with a hoist that can traverse along the length of the crane, allowing for precise positioning of the load.
Gantry cranes are similar to overhead cranes but are supported by upright legs or gantries instead of being suspended from the ceiling. This design provides greater flexibility in terms of the crane's location and movement within a facility.
Jib cranes consist of a horizontal boom or jib that is attached to a vertical mast or wall-mounted bracket. These cranes are often used in workshops, warehouses, and manufacturing plants for lifting and moving materials in a specific area.
Overall, static cranes are essential tools in construction, manufacturing, and other industries where heavy lifting is required. Their stationary design and robust construction make them reliable and efficient for handling a wide range of materials and loads.
Tower Cranes
Tower cranes are easily recognizable fixtures on construction sites due to their towering structures, which consist of a vertical mast and an extended horizontal jib. The jib, which protrudes from the mast, can rotate a full 360 degrees around the mast, aided by a trolley that moves along the jib's length to position the load precisely. Typically used for long-term construction projects or in permanent installations, static cranes like tower cranes excel in lifting and moving heavy loads along predetermined paths, offering stability and safety on-site. There are several types of tower cranes, including hammerhead, luffing, and self-erecting cranes, each serving different construction needs.
[image: Figure 18: Tower Crane (Canberra).  D0a5l0e6, CC BY-SA 4.0, via Wikimedia Commons.]
Figure 18: Tower Crane (Canberra).  D0a5l0e6, CC BY-SA 4.0, via Wikimedia Commons.
Tower cranes are unparalleled in their lifting capacity and height capabilities, making them indispensable for lifting heavy materials to considerable heights. Despite their immense power, tower cranes have limited mobility, as they are fixed to a single area and cannot travel to different locations easily. They offer excellent stability and precision but lack the flexibility of mobile cranes. Tower cranes are particularly beneficial for industrial construction projects due to their unmatched lifting capabilities and stability, but their high cost, maintenance requirements, and labour-intensive installation process make hiring them a more practical option in many cases.
Operating a tower crane is not a solo endeavour. The process of lifting materials involves a collaborative effort among an operator, a swamper or lift director or dogger, and a rigging crew.
The operator, stationed in the crane's cab, oversees its movements and lifting operations. Despite the use of cameras, the operator's direct line of sight is often obstructed during lifting tasks, necessitating reliance on the swamper or lift director or dogger for guidance.
The swamper or lift director or dogger supervises the lifting process from the ground, maintaining direct communication with the operator via radio. Their role encompasses ensuring the safe attachment of the load and verifying that it falls within the crane's capacity. Additionally, they are responsible for clearing the path of travel for the operator.
The rigging crew is tasked with attaching the load to the crane's hook. Their responsibilities include securely tethering the load and ensuring its safe attachment to the crane's lifting apparatus. Together, these individuals form a cohesive team essential to the smooth operation of the construction site's lifting activities.
Tower cranes are classified into three general types: luffing, hammerhead (including topless), and self-erecting cranes (Safe Work Australia, 2015).  Hammerhead, luffing, and self-erecting tower cranes are three distinct types of tower cranes, each with unique features and capabilities.
	Hammerhead Tower Cranes:
	Hammerhead tower cranes are characterized by their distinctive shape, resembling a hammerhead, hence the name.

	They have a horizontal jib that extends from the mast, and the load is typically suspended from the end of the jib.

	These cranes have a fixed horizontal jib angle, meaning they cannot adjust the angle of the jib during operation.

	Hammerhead cranes are commonly used in construction projects where a fixed jib angle is sufficient, such as high-rise buildings and large infrastructure projects.

	They offer high lifting capacities and are well-suited for lifting heavy loads to great heights.




	Luffing Tower Cranes:
	Luffing tower cranes are designed with a luffing jib, which allows for variable jib angles during operation.

	Unlike hammerhead cranes, luffing cranes can adjust the angle of the jib to accommodate varying site conditions and lift requirements.

	The ability to luff the jib enables these cranes to work in confined spaces or areas with overhead obstacles, making them ideal for urban construction sites.

	Luffing cranes are often used in projects where precise load positioning is required, such as in densely populated areas or near existing structures.




	Self-Erecting Tower Cranes:
	Self-erecting tower cranes are unique in that they can be assembled and disassembled on-site without the need for additional equipment or external assistance.

	These cranes are mounted on a wheeled chassis, allowing them to be easily transported and maneuvered around the construction site.

	Self-erecting cranes offer versatility and efficiency, as they can be quickly set up and dismantled, making them suitable for short-term or temporary projects.

	They are commonly used in residential construction, renovation projects, and smaller-scale developments where mobility and ease of setup are essential.






In summary, hammerhead tower cranes have a fixed jib angle and high lifting capacities, luffing cranes feature adjustable jib angles for precise load positioning, and self-erecting cranes offer mobility and ease of setup for temporary construction projects. Each type of tower crane has its advantages and is selected based on the specific requirements of the construction site and project.
Hammerhead Tower Cranes
The distinctive feature of the hammerhead tower crane, as shown in Figure 19, is its vertical mast (tower), accompanied by a horizontal jib that supports the cab. A trolley moves horizontally along the mast, carrying the cable and hook, thereby enabling the hook to be positioned at any location along the mast.
[image: Figure 19: Hammerhead Tower Crane. High Contrast, CC BY 3.0 DE, via Wikimedia Commons.]
Figure 19: Hammerhead Tower Crane. High Contrast, CC BY 3.0 DE, via Wikimedia Commons.
The key components and functions of hammerhead cranes:
	Vertical Mast (Tower): The vertical mast serves as the primary support structure of the crane, providing stability and elevation. Constructed from sturdy steel sections, the mast is anchored to a concrete foundation to ensure stability during lifting operations. The height of the mast varies depending on the specific requirements of the construction project, with taller masts

	
	
	
	
	
	


Luffing Tower Cranes
	
	
	
	
	
	
	


[image: Figure 20: Luffing jib tower crane. Tower crane at London Bridge by Stephen McKay, CC BY-SA 2.0, via Wikimedia Commons.]
Figure 20: Luffing jib tower crane. Tower crane at London Bridge by Stephen McKay, CC BY-SA 2.0, via Wikimedia Commons.
Self-Erecting Tower Cranes
	
	
	
	
	
	
	


	
	
	
	


	
	
	
	
	


	
	
	
	
	


[image: Figure 21:  Self-erecting tower crane arriving at a construction yard as a truck trailer. User:EPO, Attribution, via Wikimedia Commons.]
Figure 21:  Self-erecting tower crane arriving at a construction yard as a truck trailer. User:EPO, Attribution, via Wikimedia Commons.
[image: Figure 22: A partially raised self-erecting tower crane. User:EPO, Attribution, via Wikimedia Commons.]
Figure 22: A partially raised self-erecting tower crane. User:EPO, Attribution, via Wikimedia Commons.
[image: Figure 23: Self-erecting tower crane Potain IGO 36, Building Fairs Brno 2011. Pavel Ševela, CC BY-SA 3.0, via Wikimedia Commons.]
Figure 23: Self-erecting tower crane Potain IGO 36, Building Fairs Brno 2011. Pavel Ševela, CC BY-SA 3.0, via Wikimedia Commons.
		
	
	



		
	
	



		
	



		
	



		
	



		
	



		
	



		
	



		





	
	
	
	
	
	


Tower Crane Siting
	
	
	
	
	
	
	


	
	
	


	
	
	
	
	


Erecting a Tower Crane
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Commissioning
Wind Conditions
[image: Figure 24: Tower crane access ladders. Joe Mabel, CC BY-SA 4.0, via Wikimedia Commons.]
Figure 24: Tower crane access ladders. Joe Mabel, CC BY-SA 4.0, via Wikimedia Commons.
[image: Figure 25: Tower Cranes with guard rails fitted. Tower Cranes at St James' Centre by M J Richardson, CC BY-SA 2.0, via Wikimedia Commons.]
Figure 25: Tower Cranes with guard rails fitted. Tower Cranes at St James' Centre by M J Richardson, CC BY-SA 2.0, via Wikimedia Commons.
Self-Erecting Tower Crane Considerations
Planning for Tower Crane Operation
	
	
	


[image: Figure 26: Tower crane under construction. Tower crane under construction by Thomas Nugent, CC BY-SA 2.0 , via Wikimedia Commons.]
Figure 26: Tower crane under construction. Tower crane under construction by Thomas Nugent, CC BY-SA 2.0 , via Wikimedia Commons.
		
	
	



		
	



		
	



		
	
	



		
	



		
	



		
	



		
	



		
	



		
	





[image: Figure 27: Many hazards can exist in sites where tower cranes are used. Ventilation structure Olbrachtova - a Prague metro D line construction site in Na Strži street. Joker Island, CC0, via Wikimedia Commons.]
Figure 27: Many hazards can exist in sites where tower cranes are used. Ventilation structure Olbrachtova - a Prague metro D line construction site in Na Strži street. Joker Island, CC0, via Wikimedia Commons.
[image: Figure 28: Traffic management applied. Crane at site 33W. Atomic Taco from Seattle, WA, USA, CC BY-SA 2.0, via Wikimedia Commons.]
Figure 28: Traffic management applied. Crane at site 33W. Atomic Taco from Seattle, WA, USA, CC BY-SA 2.0, via Wikimedia Commons.
[image: Figure 29: Tower Crane Operator. Ian Barber, CC BY 3.0 , via Wikimedia Commons]
Figure 29: Tower Crane Operator. Ian Barber, CC BY 3.0 , via Wikimedia Commons
Preparing for Tower Crane Operation
	
	
	
	
	
	
	


[image: Figure 30: Signage on a tower crane at a building construction site in Taichung. 臺中市政府新聞局, Attribution, via Wikimedia Commons.]
Figure 30: Signage on a tower crane at a building construction site in Taichung. 臺中市政府新聞局, Attribution, via Wikimedia Commons.
[image: Figure 31: Tower crane controls. Source: Canva.]
Figure 31: Tower crane controls. Source: Canva.
	
	
	
	
	
	
	
	
	
	
	


Transferring Loads
	
	
	
	


[image: Figure 32: Crane movements. High Contrast, CC BY 3.0 DE, via Wikimedia Commons.]
Figure 32: Crane movements. High Contrast, CC BY 3.0 DE, via Wikimedia Commons.
[image: Figure 33: Operator in the control cabin of a tower crane positioning the jib and hook block over the load. Acabashi, CC BY-SA 4.0, via Wikimedia Commons.]
Figure 33: Operator in the control cabin of a tower crane positioning the jib and hook block over the load. Acabashi, CC BY-SA 4.0, via Wikimedia Commons.
[image: Figure 34: Transferring a load. Globetrotter19, CC BY-SA 3.0 , via Wikimedia Commons.]
Figure 34: Transferring a load. Globetrotter19, CC BY-SA 3.0 , via Wikimedia Commons.
Shutting Down and Securing a Tower Crane
Self-Erecting Tower Crane Operation
		



		



		



		



		



		



		



		



		



		





[image: Figure 35: Counterweights being delivered to site and unloaded.  User:EPO, Attribution, via Wikimedia Commons.]
Figure 35: Counterweights being delivered to site and unloaded.  User:EPO, Attribution, via Wikimedia Commons.
	
	
	
	
	


		
	
	



		
	



		
	
	



		
	



		
	



	


Hammerhead Tower Crane Operating Radius and Rated Capacity
		
	



		
	
	
	
	
	



		
	
	



		
	
	
	



		
	



		
	



		





[image: Figure 36: Example of a load chart for a hammerhead tower crane.]
Figure 36: Example of a load chart for a hammerhead tower crane.
[image: Figure 37: Jib configurations for sample hammerhead tower crane.]
Figure 37: Jib configurations for sample hammerhead tower crane.
	
	
	
	


	
	
	


		
	



		
	





	
	
	
	
	


	


Luffing Jib Tower Crane Operating Radius and Rated Capacity
	
	
	
	


	
	
	
	
	
	


[image: Figure 38: Simplified example of luffing boom load chart.]
Figure 38: Simplified example of luffing boom load chart.
	
	
	
	


[image: Figure 39: Radius and capacities for a sample luffing boom tower crane (Example 1).]
Figure 39: Radius and capacities for a sample luffing boom tower crane (Example 1).
	
	
	
	
	


	
	


	
	
	


	
	
	


	
	
	
	


	
	


	
	


	
	


	
	
	


	
	
	


	
	
	


[image: Figure 40: Alternative luffing boom tower crane (Example 2).]
Figure 40: Alternative luffing boom tower crane (Example 2).
[image: Figure 41: Example jib configurations.]
Figure 41: Example jib configurations.
[image: Figure 42: Jib lengths and angles.]
Figure 42: Jib lengths and angles.
	
	
	


	


	


	
	
	


[image: Figure 43: Calculation to determine angle of boom to lift 4500kg with a 39m boom.]
Figure 43: Calculation to determine angle of boom to lift 4500kg with a 39m boom.
		
	
	



		
	



			
	
	






		



		
	



		
	



		



		



		



		





[image: Figure 44: Sample self-erecting tower crane load chart.]
Figure 44: Sample self-erecting tower crane load chart.
[image: image-placeholder]
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OEBPS/images/b2b7ecbd-b8e3-4d1d-a312-d3bb244efece.png
Jib Fall Radius Capacity | 15 20 25 30 35 40 45 50 55 60
m (max) (max)
m t
60 4 3~12.24 8.0 6.44 | 4.72 | 3.68 | 2.99 | 2.50 | 2.13 | 1.84 | 1.61 | 1.43 | 1.27
2 3~23.38 4.0 4.00 | 4.00 | 3.71 | 3.02 | 2.53 | 2.16 | 1.87 | 1.64 | 1.46 | 1.3
55 4 3~13.17 8.0 6.97 | 5.11 | 4.00 | 3.26 | 2.73 | 2.33 | 2.02 | 1.77 | 1.57
2 3~25.16 4.0 4.00 | 4.00 | 4.00 | 3.29 | 2.76 | 2.36 | 2.05 | 1.80 | 1.60
50 4 3~14.34 8.0 7.63 | 5.61 | 4.39 | 3.59 | 3.01 2.58 | 2.24 | 1.97
2 3~27.4 4.0 4.00 | 4.00 | 4.00 | 3.62 | 3.04 | 2.61 | 2.27 | 2.00
45 4 3~15.03 8.0 8.00 | 5.90 | 4.63 | 3.78 | 3.18 | 2.72 | 2.37
2 3~28.73 4.0 4.00 | 4.00 | 4.00 | 3.81 | 3.21 2.75 | 2.40
40 4 3~15.25 8.0 8.00 | 5.90 | 4.70 | 3.84 | 3.23 | 2.77
2 3~29.15 4.0 4.00 | 4.00 | 4.00 | 3.87 | 3.26 | 2.80
35 4 3~15.42 8.0 8.00 | 6.06 | 4.79 | 3.89 | 3.27
2 3~29.46 4.0 4.00 | 4.00 | 4.00 | 3.92 | 3.30
30 4 3~15.7 8.0 8.00 | 6.18 | 4.85 | 3.97
2 3~30.00 4.0 4.00 | 4.00 | 4.00 | 4.00
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OEBPS/images/936e4a94-167c-41d8-b9b5-ec406a6445c2.png
Counterweight | Jib | Maximum | 28.0 33.5 | 39.0 | 44.5 | 50.0 | 55.0
Load
kg m 14.0t
21749 55.0 20.0 8639 | 7000 | 5708 | 4268 | 3153 | 2255
21749 50.0 22.0 9764 | 7211 | 5869 | 4419 | 3300
21749 44.5 22.3 9886 | 7346 | 5859 | 4510
21749 39.0 22.4 10094 | 7508 | 6050
18642 33.5 22.5 10287 | 7700
18642 28.0 23.0 10450
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Using the tangent function:

tan(a) = Jib l:ngth

Substituting the given values:

tan(24°) = 82

tan(24°) = ;2;

tan(24°) = 0.474

Now, to find the angle a
a = arctan(0.474)

Using a calculator or a trigonometric table, we find:

o~ 25.86°
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