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(For Teams of Junior Secondary School Only)

Lifting Path Optimization for Hydraulic Crane
Background

Cranes are one of the most common construction equipment used on construction sites for
transporting materials and building components. Recently, Hong Kong has actively introduced MiC
(Modular Integrated Construction) into various construction projects (e.g., university dormitories,
community isolation facilities, light public housing). It is expected that cranes will be more widely used
in new construction, renovation, and maintenance projects in Hong Kong. Crane-related accidents
(collisions, rollovers, falling objects, etc.) in construction projects occur from time to time. For example,
in 2015, a worker at the construction site of the Hong Kong-Zhuhai-Macao Bridge in Tuen Mun was
suspected of being hit by a loose crane hook and died. In 2020, two tower cranes collided at a site in
Austin, Texas, and more than 20 people were sent to a hospital for treatment. In December 2022, at a
construction site on the Tolo Harbor Highway in Tai Po, a crane’s hook was loose and hit a worker,
resulting in a serious injury requiring amputation. As one of the important machineries on the site, the
safety and effective operation of the crane directly affects the success or failure of the project. In order
to analyse and eliminate construction risks related to cranes, construction projects usually carry out
lifting planning in advance (including crane selection, location planning, lifting path planning, etc.).
Due to the complex environment of the construction site, lifting path planning is the most complex and
challenging among the various tasks of lifting planning. This problem will focus on the lifting planning
of a mobile crane.

Scenarios

At the construction site, the use of the crane must follow the safety guidelines in the relevant
lifting safety manual and the operation manual provided by the crane supplier. To simplify the crane
lifting planning problem, the following assumptions can be made:

*  When the crane is lifting heavy objects, the location of the crane must be fixed, and the

location must not be changed.

*  When the crane is hoisting heavy objects, do not extend or retract the boom to change the

length of the boom.

*  The crane cannot control the horizontal rotation of heavy objects during lifting.

» Constant speed for each operation of the crane (boom luffing, slewing and hook lifting).

*  Obstacles can be assumed to remain static during lifting.

* Try to keep heavy objects within the crane driver's field of vision during hoisting.

Task

The pictures below show a construction site involving equipment replacement. The crane
operator needs to lift a 2900mmX3500mmX1400mm air conditioning unit weighing 1.3 tons from the
initial point (16000, 15000, 0) on the ground to the installation point (45000, 16000, 4000) on the top
of the building for workers to install the unit. The construction team plans to rent a Liebherr LTM 1040-
2.1 hydraulic crane (if not applicable, other models of Liebherr cranes can be suggested to the
construction party) for on-site hoisting work.
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Figure 1. 3D view of the construction site BIM model
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Figure 2. Floor plan of the construction site

et o e

i

Figure 3. South view of the construction site



For the optimization problem of crane lifting path:
1) Establish a cost function for cranes to lift heavy objects;
2) Identify and model the constraints during the lifting process;
3) Design the algorithm, solve the problem, and evaluate the performance of the optimal lifting
path obtained.

Submission

Report submitted by your team should contain a 1-page abstract and the main text should not exceed
20 pages. Appendices and references should follow the main text and do not count towards the 20-page
limit
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