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ABSTRACT: The optimal layout of tower cranes on construction sites can significantly reduce
project costs and construction duration. Previous mathematical models have failed to simultaneously
incorporate all critical factors affecting the optimal positioning of tower cranes. Moreover, aspects
such as early project completion prior to contractual deadlines have often been overlooked in existing
research. Additionally, comprehensive consideration of various cost components—including crane
rental, installation and dismantling expenses, and labor wages—has received limited attention. This
paper proposes an integer linear programming model to determine the optimal number and locations
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of cranes, addressing several gaps in the literature. The proposed method accounts for essential factors Optimal Layout
including crane capacity, operational radius, diverse material requirements, and limited supply point
capacities. Furthermore, the model guarantees project completion within contractual deadlines. Results

demonstrate that the proposed model not only reduces operational costs but also ensures timely project
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completion while respecting crane capacities and supply point limitations.
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1- Introduction

In the construction of high-rise buildings, the use of
equipment such as tower cranes and hoists has become an
unavoidable necessity. These systems are employed to
transport materials and personnel between various points
within a building under construction. While hoists primarily
facilitate vertical movement, tower cranes are capable of both
vertical and horizontal material handling.

The location of cranes is a critical factor influencing
both the distance and time required for movements between
supply and demand points [1]are evaluated and calculated on
a construction site plot plan .A general algorithm has been
developed to determine the workspace area in the construction
site by preselecting data input satisfying the required crane-
fitting distance and by calculating the crane body area to a
given clearance distance .For each lifted object ,the crane
minimum and maximum radii based on capacity are overlaid
on this work area to produce the feasible mobile crane
position area .This is the first function of an automated crane
selection and positioning program that runs independent of a
CAD) computer aided design. Furthermore, as the distance
between supply points and the crane increases, the crane’s
lifting capacity decreases. This leads to a greater number
of trips and, consequently, longer crane operation times.

*Corresponding author’s email: mojtabamaghrebi@um.ac.ir

Therefore, optimizing the layout of cranes can significantly
reduce project costs by minimizing crane activity duration.
In addition, the optimal positioning of supply points also
contributes to improved crane efficiency.

The use of tower cranes for transporting construction
materials accelerates the construction process and can
reduce certain material handling costs. However, cranes are
among the most expensive pieces of equipment in high-rise
construction projects [2]. While increasing the number of
cranes may raise overall project costs [3], it can also improve
the timely delivery of materials. On-time material delivery
plays a crucial role in shortening project duration and reducing
costs. Thus, determining the optimal number of tower cranes
has a substantial impact on minimizing operational expenses.

In real-world applications, the presence of various
uncertainties necessitates the evaluation of multiple
scenarios to achieve an optimal layout. Due to the high
computational complexity of existing optimization models,
analyzing different scenarios is often time-consuming or
infeasible. This paper addresses this limitation by proposing
a computationally efficient method that enables the rapid
evaluation of multiple scenarios, thereby supporting more
comprehensive and robust decision-making.
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2- Methodology

Existing methods suffer from high computational
complexity, which can challenge decision-making in large-
scale, real-world scenarios. To address this issue, this paper
proposes a low-complexity approach that emphasizes the
most critical factors. The key features and assumptions of the
proposed method are outlined below:

* The proposed model accounts for the building’s demand
for material types as well as the limited capacity of supply
points in fulfilling those demands. The number, location,
and capacity of each supply point are predetermined. Each
supply point is capable of supplying multiple material
types simultaneously.

* The locations of demand points, along with the types and
quantities of materials required at each point throughout
the construction process, are predetermined. It is assumed
that material demand remains consistent across all
working days. The proposed model fully satisfies the
requirements of all demand points.

* For each material request, the model determines the
appropriate supply point and crane based on material
transport time, supply point capacity, crane placement,
and crane capacity and operational radius. Connections
between supply and demand points may be established
via multiple cranes.

o It is assumed that each crane transports only one type of
material per lift and delivers it to a single demand point.
After delivery, the crane returns to the supply point.

» Construction projects are typically required to be
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Fig. 1. Flowchart of the proposed method for determin-
ing the optimal layout of cranes .
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completed within a specified timeframe. The optimal

layout generated by the proposed model ensures timely

project completion.

e The number and locations of cranes required for the
project are determined during the optimization process.
Crane capacity and operational radius are taken into
account in the layout planning.

e The aim of the proposed model is to minimize various
costs, including material transport costs, crane rental, un/
installation expenses, and operator wages.

* Crane heights are determined to address the issue of crane
overlapping and the associated safety risks.

In the proposed methodology, the travel time between
supply and demand points for each trip is first calculated.
Subsequently, a mixed-integer linear programming (MILP)
model is solved to determine the optimal number and
locations of tower cranes, as well as to assign tasks to each
crane. When multiple cranes are installed on a construction
site, the movement paths of some cranes may be permanently
or temporarily obstructed by others. Such obstructions can
often be resolved by adjusting crane heights. To address this,
an integer linear programming (ILP) model is proposed to
optimally adjust crane heights, thereby preventing crane
collisions and minimizing downtime caused by overlapping.
The overall procedure of the proposed method is summarized
in Figure 1.

3- Results

To evaluate the performance of the proposed method,
it was tested on a real-world construction scenario. The
model successfully determined the optimal layout for tower
cranes and supply points in approximately five seconds. The
resulting optimal layout is illustrated in Figure 2.
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Fig. 2. Optimal layout of tower cranes along with their
designated movement paths .
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4- Conclusion

This paper presented two integer linear programming
models for the tower crane layout problem in construction
environments. The first model determines the optimal
number and locations of tower cranes as well as the positions
of supply points, while the second model optimizes crane
heights to mitigate overlapping and associated safety risks.
These models are solved sequentially to obtain an optimal
solution. The results demonstrate that the proposed approach
is capable of reaching an optimal layout within a short
computational time.
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Fig. 1. Flowchart of the proposed method for determin-

ing the optimal layout of tower cranes on a construction
site.
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Fig. 2. Tower crane movements: horizontal movement (left) and vertical movement (right).
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Fig. 3. Building mock-up used in the case study [14].
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Fig. 4. Geometric layout of the case study, including supply and demand points as well as candidate
locations for crane installation.

Table 1. Information on supply and demand points.
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Table 2. Specifications of the tower crane used in the case study.
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Fig. 5. Optimal layout of tower cranes and their corresponding movement paths.
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Table 3. Specifications of tower crane movement paths in the optimal layout.
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Table 4. Duration and operational costs of the optimal layout.
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Table 5. Results of the proposed model without considering the project completion deadline constraint.
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Table 6. Results of the proposed model without considering fixed tower crane costs.
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Fig. 6. Convergence diagram of the proposed model for the case study.
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Table 7. Evaluation of the importance of optimal tower crane height adjustment.
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