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Abstract 

Optimization of tower crane positioning is essential in precast building construction to ensure that a crane is in the right position to 

offer the best value for placing precast elements. The first goal is the optimization of transportation distances made by tower cranes, 

which will address the issues of efficiency and cost. This is done in a way that provides for minimization of the distances that lie 

between the trailer parking where elements are parked, the tower crane, and the construction installation point. However, current 

research fails to address the dynamic movement efficiency of trailers, especially when handling multiple trailers and several models 

of tower cranes, making this scenario an optimization problem that is classified as NP-hard due to the likelihood of causing a 

combinatorial explosion. This work endeavors to present a new mathematical model that has been applied to the Genetic Algorithm 

(GA). The ideal demand-generated model is designed to solve the optimal model and position of tower cranes and the prospective 

positioning of trailers for parking. The feasibility and applicability of the method exploited in the study are also established through 

a project case study. When adopting the proposed planning model compared to the earlier planning scale, comparisons highlight a 

small yet significant saving of 6% in time and cost when lifting elements instead of providing them from the trailers by setting up 

a new on-site stockyard. In addition, a great deal of enhancement is also observed in the final solution aspects, where the developed 

GA has even reduced the operational time and cost by half a percent each. The results of this research offer best-practice approaches 

to the position analysis of tower cranes in precast building construction to bring scalability and cost optimization to bear on the 

construction business. 

 

Keywords- Tower crane position analysis, Precast building, Dynamic trailer parking, Genetic algorithm, Optimal solution. 

 

 

 

1. Introduction 
At present, precast construction is widely employed in tall buildings within urban areas (Lawson et al., 

2012; Shan et al., 2019). The method statement encompasses the use of precast elements manufactured in 

facilities and their assembly at specific construction sites (Masood et al., 2021; Zhang and Pan, 2021). 

Tower cranes, which function as extensive lifting equipment for assembling elements at construction sites 

(Kaveh and Vazirinia, 2018), need precise positioning determined by calculations of crane height, operating 

radius, and permissible load (Nadoushani et al., 2017), alongside considerations of the installation and 

removal procedures. Their efficiency drastically affects construction speed and, hence, the project duration 

and overall cost (Lu and Zhu, 2021). Therefore, a significant amount of attention needs to be paid to the 
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choice of the tower crane model and its location (Zhang and Pan, 2021). This means that at precast building 

construction sites, tower cranes are chosen to lift the precast elements from trailers onto the evolving 

structure. 

 

The fixed load and dimensions of individual elements necessitate accurate alignment of the permissible 

load and allowable radius of tower cranes with project specifications (Hyun et al., 2021). To minimize crane 

costs, efforts should focus on reducing their lifting load and the distances traveled during the installation of 

building structures (Ji and Leiti, 2020). In urban areas with limited construction space, stacking a substantial 

number of precast elements is often unviable. Instead, the precast elements are transported to the sites via 

trailers and lifted directly from the trailers for installation onto the structure using the tower crane. It means 

that while choosing the position and model of the crane, one should not neglect the different positions of 

the trailers. Otherwise, overestimation of the allowable load of the tower crane due to the relative positions 

could be so harmful as to cause severe accidents. Even the direct lifting approach, wherein precast elements 

are directly lifted from a trailer to a structure (Thomas and Ellis, 2017), does not take into account dynamic 

trailer-parking positions, which remain essential variables in tower crane position analysis. 

 

In traditional construction processes, there is a very relevant role for tower cranes, such as lifting concrete 

formwork, reinforcement steel bars, and concrete. In the first step, it is important to analyze the location of 

the crane by taking into consideration the building site and then place the stock yards around it. Optimizing 

tower crane positions traditionally focuses on minimizing processing duration and cost. In 1983, a scholar 

proposed an optimization model aimed at reducing the processing cost of the crane by determining the 

optimal crane position on the site (Rodriguez-Ramos and Francis, 1983). Building upon continuous 

advancements in computer technology, Zhang et al. (1999) made significant progress by developing a 

mathematical model for only one tower crane to reduce the duration of transit (Zhang et al., 1999). Then, 

the scholar team further improved this approach by incorporating the stacking positions of materials as 

variables. They presented a mixed-integer mathematical model to determine both the tower crane's position 

and the material stockyard (Huang et al., 2011). The scholar team developed an optimization approach for 

simultaneously arranging numerous tower cranes and materials, taking into account tower crane capacities 

within conflicting ranges (Ji and Leiti, 2020). Another research team proposed that the method for selecting 

the model of the tower crane as well as the site where it should be installed should be made using a mixed-

integer linear programming approach. It is adopted to recognize which trailer to park in an available location 

and to match each precast element type with its corresponding installation site (Zhou et al., 2023). However, 

their model still contains a large number of variables and constraints, which may require a long 

computational duration and easily get stuck in local optimal solutions. The advancement of building 

information modeling technology has induced a progressive shift from construction planning to BIM 

platforms, including tower crane planning. In 2015, Wang determined the tower crane arrangement and 

equipment location planning by using a BIM and an optimization model based on the Firefly Algorithm 

(Wang et al., 2015). A comprehensive mathematical model for selecting tower crane models, numbers, and 

locations was presented. This model includes a four-dimensional simulation for conflict management in 

tower crane operations (Younes and Marzouk, 2018). The working procedure in precast buildings is more 

complicated than in traditional ones because heavyweight and bulk elements are involved with element 

rotation, positioning, and assembly assistance. 

 

For example, Lei et al. (2013) discussed path verification by an automated system in which they considered 

the jib length of the tower crane as one of the critical factors influencing it (Lei et al., 2013). Similarly, Han 

et al. (2015) considered the strategic jib length of a tower crane through their 3D simulation model for 

conflict analysis (Han et al., 2015). While there may be some parallels in analyzing the position of tower 

cranes for traditional and precast construction, truck-based precast building projects significantly differ in 
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their own complications that necessitate direct application. 

 

Since the weight and volume of precast products are constant, it is important that the lifting capacity of the 

crane remain stable. Furthermore, precast constructions present a distinct crane planning difficulty since 

the materials used in them are fixed, whereas traditional construction uses a variety of materials. 

Researchers have looked into a number of ways to enhance tower crane performance in the past. presented 

an optimization approach to reduce the duration and costs associated with stationary crane work (Lin et al., 

2020). Their approach enables efficient engineering processes to increase both computational and 

durational efficiency. However, it is crucial to emphasize some limitations of their work, specifically the 

lack of a solution on how to reach the maximum height of only two tower cranes and the slow operation. 

In contrast, Wu et al. took broader aspects into account in the development of crane station decision-making, 

which comprised working duration, crane height, and the possibility of working delays (Wu et al., 2020). 

However, the methods they proposed do not possess a user-friendly format for implementation at the 

grassroots level, nor are they capable of handling external affairs like the construction of a neighboring 

building. Riga et al. discussed contingency measures on the problem of determining the ideal place for a 

tower crane that include any existing problems with adjacent building structures and constriction access 

(Riga et al., 2020). The scholars developed an integrated modeling system to solve scheduling problems 

involving two cranes, reducing calculation duration (Tarhini et al., 2021). In addition, they introduced a 

heuristic method with the goal of improving the model's efficiency in processing, enhancing the quality of 

solutions, and reducing calculation duration. A genetic algorithms (GAs) model was proposed; however, it 

focused solely on one tower crane and one trailer position (Hyun et al., 2021). The scholars introduced an 

improved mathematical model to optimize crane station selection, making the work more efficient (Amiri 

et al., 2022). However, their models do not integrate with building information modeling (BIM) software 

interfaces, limiting their effectiveness in construction. The tower crane placement selection problem, also 

known as the Quadratic Assignment Problem (QAP), seeks to increase lifting efficiency and ensure that 

handling equipment meets criteria while addressing the tower crane lifting problem. This involves such 

factors as those associated with the Traveling Salesman Problem (TSP), for example. Optimization issues, 

including but not limited to tower crane layout planning, are considered in the context of exact, 

approximate, and heuristic solutions. The types of algorithms commonly used in real-life problems, like 

branch-and-bound, optimization, etc., are frequently computation-intensive. Greedy and local search 

algorithms are other methods that have been deemed more suitable for solving these problems than absolute 

optimization techniques. Non-mathematical approaches like heuristic methods and techniques, including 

genetic algorithms (GA), provide efficient solutions and are employed for field layout optimization. 

 

In the analysis of tower cranes for tall precast building projects, the process of directly transporting 

prefabricated components from trailers to the structures is known but has been largely ignored (Zhang and 

Pan, 2021). Determining the trailer loading station is an important variable in the crane station layout. 

Therefore, the contribution of this article relates to the distance of tower cranes, considering the dynamic 

trailer position, tower crane model, lifting capability with crane jib lengths, and site selection and 

optimization. We also employ binary variables to determine the tower crane's type and location, along with 

whether the trailer was delivered and parked in its desired location. This includes disclosing the desired 

information for the product in the desired context and providing information for the product of the 

equipment, all with the aim of reducing crane costs. We will develop a mathematical model using a genetic 

algorithm based on available engineering data to optimize crane positions and select dynamic trailer 

positions in precast building projects. We will determine the best crane configuration and location, as well 

as the optimal parking area for trailers, to reduce crane costs. To achieve these objectives, this study 

conducts a comprehensive investigation of the key issues concerning permanent crane accommodation 

planning in precast building projects based on a comprehensive information review. 
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The goal of this research is to enhance the efficiency of trailer distances to their points of need and from 

trailers to tower cranes, considering the location of trailers and different loads. Multiple cranes are 

considered an alternative to having many trailers parked at the same time. Based on these conditions, a 

mathematical model has been established to determine the best locations for moving the crane station and 

parking lot in tall precast building construction projects. The problem of optimization is tackled using the 

genetic algorithm (GA) approach, with the purpose of minimizing tower crane costs by choosing an optimal 

crane type, location, and trailer parking position. The examples are given just to explain that the use of the 

mathematical model is effective enough. The proof of the pudding, as they say, lay in the eating, and 

therefore, the following examples would best illustrate the validity and strength of the model. 

 

Section 2 provides an account of the formulation of the movements relating to the tower crane, the decision 

variables, crane capacity constraints specific to the chosen type of tower crane, the objective function, and 

the genetic algorithm approach. The application of the methodology used in the research is then affirmed 

and supported through the use of a project case study as outlined under Section 3 of the study. Section 4 

contains the results or findings from the related discussion, while Section 5 employs them to make some 

inferences. 

 

2. Model Formulation 
A mathematical model has been developed to aid in the selection and positioning of tower cranes in the 

pre-construction stage of tall precast building projects. The purpose is to reduce crane station expenses by 

taking into account tower crane type, positioning, and material delivery. In this paper, we present a 

mathematical model that is developed using information obtained from the study, which comprises preset 

crane positions and limited configurations. Crane height is critical in attaining building heights as set by 

the number of sections. In addition, the trailer capacity has been determined to ensure that the requirements 

of the construction site are met and that it remains consistent during transportation from factory to site. The 

specific project material should have details on where these are needed (location, type, weight, quantity) 

and for what purpose they are meant. A crane's fixed operational costs are determined by its type and 

operating hours. The tower crane's principal function is to begin from the supply point, move materials to 

the installation point, and then return to the supply point, thus facilitating the next work cycle. 

 

The crane station travels the same two distances throughout lifting operations: the first half with the load 

and the second half without it. In addition to the tower crane's speed, the tower crane operator's experience 

also affects the working speed. Each tower crane has twice the capacity as per the model, and this implies 

that they move at the same speed, whether loaded or empty. The height of the tower crane is not captured 

by this model; instead, it looks into such factors as jib length, lifting capacity, productivity, and the cost of 

the crane. Since a specific crane is selected, additional structural enhancement of the other section of the 

tower must be done to achieve maximum lift height. The present scenarios are when the jib is long enough 

and can handle heavy weights suitable for different situations in tower cranes. Nevertheless, sometimes a 

case where a building cannot reach a tower crane’s maximum lifting height arises, leading to the wrong 

choice. Additionally, prefabricated structures also require the use of tower cranes for assembling products, 

unlike cast-in-place construction. However, assembly duration delays required for erection assistance 

through tower cranes have more effect on job accomplishment than those needed to deliver materials 

because of differences in manufacturing complexity and performance rates among workers. As such, there 

is no consideration in its model about how long it takes to assemble a building compared to how long it 

takes for constructing officers to lift their tools. The trailer may be moved and parked; hence, things cannot 

be left behind once they are delivered at appropriate locations. Traffic congestion can be avoided by having 

the next trailer that arrives at the loading area stop where the previous trailer stopped. As a result, the model 

provides different components based on the assumption that the trailer parking lot can be utilized 
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repeatedly. 

 

2.1 Model Assumption 
In addition, some considerations are shared in this article. First, in all lifting tasks, tower cranes are assumed 

to operate at the same speed, whether they are loaded or unloaded. Second, the maximum lifting height is 

assumed to be suitable for the height of the building. Third, it is assumed that collisions between tower 

cranes do not occur. Fourth, the influence of installation duration on the fixed working duration of the crane 

is disregarded. Finally, it is assumed that multiple items can be provided in a single trip from the station. 

 

2.2 Movements of Tower Cranes 
The tower crane's actions incorporate both flat and upright portions. The tangent motion of the boom and 

the radiating motion of the hook along the boom make up the two components of the trajectory of motion 

in the plane displacement, as illustrated in Figure 1. In Figure 1, (𝑥𝑖, 𝑦𝑖 , 𝑧𝑖)  represents the position 

coordinates 𝑖 of the tower crane, (𝑥𝑗, 𝑦𝑗, 𝑧𝑗) denotes the trailer parking coordinates 𝑗 of the trailer, and 

(𝑥𝑘 , 𝑦𝑘 , 𝑧𝑘) signifies the installation coordinates 𝑘. 

 

The plane separation between the installation point, the trailer parking space, and the tower crane's 

placement is indicated by Equation (1) through Equation (3). 

𝜌(𝐶𝑖, 𝑆𝑗) =  √(𝑥𝑖 −  𝑥𝑗)
2

+  (𝑦𝑖 − 𝑦𝑗)
2

                                                                                                      (1) 

𝜌(𝐶𝑖, 𝐷𝑘) =  √(𝑥𝑖 −  𝑥𝑘)2 +  (𝑦𝑖 − 𝑦𝑘)2                                                                                                    (2) 

𝜌(𝑆𝑗, 𝐷𝑘) =  √(𝑥𝑗 −  𝑥𝑘)
2

+  (𝑦𝑗 −  𝑦𝑘)
2

                                                                                                    (3) 

 

Equation (4) illustrates the relationship between the distances 𝜌(𝐶𝑖, 𝑆𝑗), 𝜌(𝐶𝑖, 𝐷𝑘), 𝜌(𝑆𝑗, 𝐷𝑘), and the angle 

𝜃 in accordance with the principles of trigonometry in three-dimensional space. 

𝜌(𝑆𝑗, 𝐷𝑘)
2

=  𝜌(𝐶𝑖, 𝑆𝑗)
2

+  𝜌(𝐶𝑖, 𝐷𝑘)
2

− 2𝜌(𝐶𝑖, 𝑆𝑗)𝜌(𝐶𝑖, 𝐷𝑘) cos 𝜃      (0 ≤ θ ≤ π)                                   (4) 

 

Define 𝑇(𝑖,𝑗,𝑘)
𝑟  as the period necessary for the hook's radial motion along the boom, and 𝑉𝑛

𝑟 as the speed 

associated with this motion. Equation (5) defines 𝑇(𝑖,𝑗,𝑘)
𝑟 . 

𝑇(𝑖,𝑗,𝑘)
𝑟 =  

|𝜌(𝐶𝑖, 𝑆𝑗)− 𝜌(𝐶𝑖, 𝐷𝑘) |

𝑉𝑛
𝑟                                                                                                                           (5) 

 

In 1999, Zhang et al. developed an equation to represent the motions required in estimating the processing 

duration of a tower crane. This equation was used to describe the distance traversed by the tower crane in 

order to determine its processing time. In addition, we use Equation (4) to help with the computation stated 

in Equation (6). 

𝑇(𝑖,𝑗,𝑘)
𝜔 =

cos−1{(𝜌(𝐶𝑖, 𝑆𝑗)
2

+𝜌(𝐶𝑖, 𝐷𝑘)
2

−𝜌(𝑆𝑗, 𝐷𝑘)
2

) 2𝜌(𝐶𝑖, 𝑆𝑗)𝜌(𝐶𝑖, 𝐷𝑘)⁄ }

𝑉𝑛
𝜔      (0 ≤ cos−1 𝜃 ≤ 𝜋)                              (6) 

 

The synchronization of tangential and radial movements in the plane relies on the proficiency of the 

operator. To quantify this alignment, we introduce a constant value denoted as '𝜇' measuring the coherence 

level between tangential and radial motions. The constant value '𝜇' ranges from 0.0 to 1.0, wherein greater 

values signify superior alignment. For plane motion, if radial motion is more discrete, the plane processing 
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duration 𝑇(𝑖,𝑗,𝑘)
ℎ  is longer. The expression for 𝑇(𝑖,𝑗,𝑘)

ℎ  is ultimately provided in Equation (7). 

𝑇(𝑖,𝑗,𝑘)
ℎ = 𝑚𝑎𝑥(𝑇(𝑖,𝑗,𝑘)

𝑟 , 𝑇(𝑖,𝑗,𝑘)
𝜔 ) +  𝜇 ∙ 𝑚𝑖𝑛(𝑇(𝑖,𝑗,𝑘)

𝑟 , 𝑇(𝑖,𝑗,𝑘)
𝜔 )                                                                          (7) 

 

 
 

Figure 1. Tower crane motions. 

 

 

Let 𝑇(𝑖,𝑗,𝑘)
𝑣  represent the upright movement duration of the tower crane, and represent the hook speed in the 

upright direction, as expressed by Equation (8). 

𝑇(𝑖,𝑗,𝑘)
𝑣 =  

(|𝑧𝑘− 𝑧𝑗|+2ℎ)

𝑉𝑛
𝑣                                                                                                                                    (8) 

 

Furthermore, the upright motions of the tower crane are noticeably aligned with those of the plane. To 

quantify this alignment, the constant '𝜎' is added, with values ranging from 0.0 to 1.0. A higher '𝜎' indicates 

a less proficient operator, allowing the tower crane to move more plainly in an upright and plane way. As 

a result, Equation (9) describes the tower crane's extended single processing period 𝑇(𝑖,𝑗,𝑘). 
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𝑇(𝑖,𝑗,𝑘) =  𝑚𝑎𝑥(𝑇(𝑖,𝑗,𝑘)
ℎ , 𝑇(𝑖,𝑗,𝑘)

𝑣 ) +  𝜎 ∙ 𝑚𝑖𝑛(𝑇(𝑖,𝑗,𝑘)
ℎ , 𝑇(𝑖,𝑗,𝑘)

𝑣 )                                                                          (9) 

 

2.3 Decision Variables 
The binary variable 𝛼𝑛 indicates if the tower crane model was chosen. If the tower crane model 𝑛 is not 

selected, the value of 𝛼𝑛 is zero, as shown in Equation (10). The total of the binary variables for each 

potential tower crane model in Equation (10) equals one if just one model is chosen to be installed in the 

construction project, as indicated in Equation (11). 

𝛼𝑛 =  {
1, 𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑛𝑔 𝑡𝑜𝑤𝑒𝑟 𝑐𝑟𝑎𝑛𝑒 𝑡𝑦𝑝𝑒 𝑛 
0, 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

                                                                                               (10) 

∑ 𝛼𝑛
𝑁
𝑛=1 = 1                                                                                                                                                (11) 

 

Implement the binary variable 𝛽(𝑛,𝑖) to check if the tower crane model is in position 𝑖. In Equation (12), 

𝛽(𝑛,𝑖) is one when the tower crane model 𝑛 is in position 𝑖; otherwise, it is equal to zero. When it is limited 

to only one place, as shown in Equation (13), the sum of the results of the binary variables from Equation 

(12) for all the probable places in which placing can be allowed will add up to one. 

𝛽(𝑛,𝑖) = {
1, 𝑃𝑙𝑎𝑐𝑖𝑛𝑔 𝑡𝑜𝑤𝑒𝑟 𝑐𝑟𝑎𝑛𝑒 𝑡𝑦𝑝𝑒 𝑛 𝑎𝑡 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑖
0, 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

                                                                         (12) 

∑ ∑ 𝛽(𝑛,1)
𝐼
𝑖=1

𝑁
𝑛=1 = 1                                                                                                                                  (13) 

 

The integer variable 𝛾(𝑗,𝑘) indicates whether the element at the trailer parking position 𝑗, identified by the 

integer index 𝑆𝑗, is lifted and installed at the installation point 𝑘, as shown in Equation (14). 

𝛾(𝑗,𝑘) =  (𝑆𝑗|𝑆𝑗 ∈ 𝐼𝑛𝑡𝑒𝑔𝑒𝑟)                                                                                                                       (14) 

 

2.4 Permissible Load of the Tower Crane 
The permitted load of a tower crane is limited by variables such as distance and construction. Rigging and 

pulley weights are included in the tower crane lifting capability calculation. To ensure the selected tower 

crane meets the permissible load, the parameter 𝑊(𝑖,𝑗,𝑘)
𝑚𝑎𝑥  is presented. 𝑊(𝑖,𝑗,𝑘)

𝑚𝑎𝑥  indicates the model-n tower 

crane allowable maximum load at position 𝑖, taking into account the crane jib length '𝐿𝑐 ' while conveying 

an element from the trailer parking j to installation point 𝑘, where 𝑊(𝑖,𝑗,𝑘)
𝑚𝑎𝑥  is dependent on the distances 

between 𝑖 and 𝑗 (𝜌(𝐶𝑖, 𝑆𝑗)) and 𝑖 and 𝑘 (𝜌(𝐶𝑖, 𝐷𝑘)) where 𝑊(𝑖,𝑗,𝑘)  is the weight of the element lifted by the 

tower crane at position i from the trailer parking at position j to be positioned at installation point 𝑘. 

 

Tower cranes are limited in the maximum load they can carry due to many factors, such as structure and 

distance. Tower crane lifting capability is calculated with rigging and pulley weights considered. This is 

assured by the parameter 𝑊(𝑖,𝑗,𝑘)
𝑚𝑎𝑥 , which ensures that the weight to be lifted by the tower crane conforms to 

the permissible weight. It refers to the maximum weight that a model-𝑛 tower crane in its position is allowed 

to lift while carrying an element from trailer parking to the installation point; this considers the length of 

the crane jib '𝐿𝑐 '. The distances between 𝑖 and 𝑗 (𝜌(𝐶𝑖, 𝑆𝑗)) and 𝑖 and 𝑘 (𝜌(𝐶𝑖, 𝐷𝑘)) determine 𝑊(𝑖,𝑗,𝑘) . 

𝑊(𝑖,𝑗,𝑘) denotes the weight of an element that the tower crane at site 𝑖 has lifted from the trailer parking at 

site 𝑗 and will install at installation point 𝑘. This implies that there are also finite values for the crane jib 

length, '𝐿𝑐 ' of the selected tower crane, which guarantee that the distances between 𝑖 and 𝑗 (𝜌(𝐶𝑖, 𝑆𝑗)) and 𝑖 

and 𝑘 (𝜌(𝐶𝑖, 𝐷𝑘)), do not exceed the crane jib length '𝐿𝑐 '. If the point is within the crane jib length, '𝐿𝑐 ' not 

to exceed the allowable load in case of trailer parking and installation, we have introduced a penalty constant 
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value '𝑝(𝑖,𝑗,𝑘)'. Equation (15) shows how this continuous value is multiplied with the objective equation to 

reduce the fitness value in case of conflict, taking a high or infinity value. 

𝑝(𝑖,𝑗,𝑘) = {
∞, 𝑊(𝑖,𝑗,𝑘) > 𝑊(𝑖,𝑗,𝑘)

𝑚𝑎𝑥  𝑜𝑟 𝜌(𝐶𝑖, 𝑆𝑗) 𝑜𝑟 >  𝐿𝑐   

1, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
                                                                          (15) 

 

2.5 Objective Function 
Equation (16) represents the objective equation, which expresses the total processing cost (TC) of 

employing a tower crane to lift elements from the trailer parking to the installation position in a workable 

solution. Equation (9) yields 𝑇(𝑖,𝑗,𝑘), which represents the total duration invested in a single tower crane 

operation. This also includes the set-up time required to drive the component from the trailer parking area 

to the installation location. 𝑇(𝑖,𝑗,𝑘)  also denotes the time the tower crane consumes in returning to the 

following trailer parking location, which assists subsequent lifting activities. An example of the operating 

costs specific to tower cranes '𝑛' is 𝐶𝑛. Equation (16) multiplies the penalty value from Equation (14) to 

further integrate it using the penalty value from Equation (15); this is used to modify the total processing 

cost (TC) when in conflict with the tower crane's capacity limitations, including maximum allowable weight 

and crane jib length. This ensuing modification directly affects the fitness value of the solution when there 

are conflicts, which decreases. 

𝑇𝐶 =  ∑ ∑ ∑ ∑ 𝑝(𝑖,𝑗,𝑘)(2 ∙  𝑇(𝑖,𝑗,𝑘))𝐶𝑛
𝐾
𝑘=1

𝐽
𝑗=1

𝐼
𝑖=1

𝑁
𝑛=1                                                                                    (16) 

 

2.6 The Applicability of the Proposed Approach to Different Construction Contexts 
The methodology proposed can be extended to many other construction scenarios. In addition to the precast 

members, construction materials like rebar, formwork, and concrete are also lifted into positions by tower 

cranes. Some building materials, nevertheless, might need to be lifted more than once. The number of lifts 

is determined by the total weight of building materials to be hoisted by the tower crane at position 𝑖 from 

the construction material stockyard at location 𝑗 and placed at installation point 𝑘, denoted as 𝑊(𝑖,𝑗,𝑘). The 

type-𝑛 tower crane at position 𝑖 has a maximum lifting capacity, denoted as 𝑊(𝑖,𝑗,𝑘)
𝑚𝑎𝑥 . 

 

The parameter 𝑁(𝑖,𝑗,𝑘)
𝑚  denotes the number of building materials of type 𝑚 requested at position 𝑘. This can 

be regarded as the number of durations 𝑘 that need to be hoisted by the tower crane at position 𝑖 from the 

building material stockyard. This may be calculated using Equation (17). Precast components typically have 

a single 𝑘 point and need only one component. This is because the model is more site-specific, and the total 

weight of the components exceeds the coordinates' reference unit. Construction materials can vary in 

weight. As a result, the number of lifts necessary can have a significant influence on the total operating cost 

(TC), as shown in Equation (16). To calculate the total operational cost (TC) for lifting various building 

materials, the parameter 𝑁(𝑖,𝑗,𝑘)
𝑚  must be taken into consideration. 

𝑁(𝑖,𝑗,𝑘)
𝑚 = 𝑟𝑜𝑢𝑛𝑑𝑢𝑝 (

𝑊(𝑖,𝑗,𝑘)

𝑊(𝑖,𝑗,𝑘)
𝑚𝑎𝑥 )                                                                                                                      (17) 

 

In another real-world application, the proposed model in this paper can be employed in a building project 

including several tower cranes. In the situation provided in this paper, the number of tower cranes remains 

unchanged, and Equation (18) necessitates that the total number of tower cranes selected stay constant. 

However, this strategy limits the minimum safety distance among tower cranes. While there may be no 

direct conflict zones between tower cranes, delays can still occur as a consequence of avoidance or 

coordination work, which is impacted by a number of factors that cannot be thoroughly analyzed in this 

study. As a result, this study assumes that tower cranes will not collide, hence eliminating the implications 

of delay length. It is critical to maintain a minimum safety distance '𝜌𝑠𝑎𝑓𝑒𝑡𝑦 ' among tower cranes. In 
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generally, '𝜌𝑠𝑎𝑓𝑒𝑡𝑦 ' is recognized as 2 meters, although it can be varied according to real need and site 

conditions, as long as it does not dip below the minimum safety distance required by worldwide standards. 

Equation (18) represents the distance between any two tower cranes. The safety distance between the ends 

of the crane jib length '𝐿𝑐 ' of the tower crane must not exceed the minimum safety distance '𝜌𝑠 ' stated in 

Equation (19). 

𝜌(𝑐𝑖,𝑐𝑖
′) =  √(𝑥𝑖 −  𝑥𝑖

′)
2

+ (𝑦𝑖 −  𝑦𝑖
′)

2
                                                                                                      (18) 

𝜌(𝑐𝑖,𝑐𝑖
′) − 𝑚𝑎𝑥(𝐿𝑐 − 𝐿𝑐

′ )  ≥  𝜌𝑠𝑎𝑓𝑒𝑡𝑦                                                                                                         (19) 

 

On a more general basis, mobile tower cranes are also very popular in the construction of bridges; its means 

of mobility are based on tracks or wheels to move around the construction site and to carry out its functions. 

However, it will be necessary to add constraint equations to the mobile tower cranes, which is beyond the 

scope of this work, indicating a possible topic for future research. 

 

2.7 Genetic Algorithm 
 

Start

Define

 the locations of Dk.

Generate the initial 

chromosome population                

of β(i,j,k). 

Define specifications of  

candidate tower cranes

Generate the initial 

chromosome population           

of αn. 

Define the available 

locations of  all      

 trailer parking Sj.

Transfer the chromosomes 

into Sj(xj, yj, zj).

Generate the initial 

chromosome population                

of β(n,i).

Define the available 

locations of               

tower crane Ci.

Transfer the chromosomes 

into Ci(xi, yi, zi).

Define the feasible 

trailer parking locations 

for each demand point.

Evaluate the fitness value 

of the chromosome 

population.

Select the better 

chromosome population

Has the termination 

condition been reached?

Produce the offsprings 

for the next generation 

using crossover and 

mutation operations.

No

Solutions

Yes

 
 

Figure 2. Genetic algorithm flowchart. 
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Figure 2 demonstrates that the evolutionary algorithm initially captures potential tower crane demands. 

The first chromosomal population is then applied to provide a sample of tower cranes from the potentials. 

The three-dimensional coordinates indicating the potential tower crane site locations are then established 

by declaring the demand spots and trailer parking. The chromosomal population is then formed, and each 

one is assigned to different position points, such as tower crane positions and trailer parking positions for 

each installation. The first generation's fitness value is calculated using the given fitness equation. 

Reproductions are used to improve chromosomes through crossing and mutation, culminating in the 

generation of new children. This iterative procedure continues until a termination condition is met, which 

is commonly defined as the absence of any further change or improvement in the fit-ness value after a set 

number of iterations, such as 5,000 attempts. 
 

2.7.1 Create chromosomes that represent the selection of tower cranes, namely random numbers that are 

between 0 and 1, where 𝛼1, 𝛼2, 𝛼3,…, 𝛼𝑛  ∈ (0, 1), as shown in Figure 3. 

 

 
 

Figure 3. Chromosomes for selecting tower crane type. 

 

 

For instance, assume that there are five kinds of tower cranes in project: TC1, TC2, TC3, TC4, and TC5, 

whose requirements are as follows in Table 1. TC1 was chosen as the first population, followed by TC3 and 

TC5. Figure 4 illustrates the chromosomes associated with the tower crane type in each instance, according 

to Equations (10) and (11). 

 
Table 1. Example of candidate tower crane specification. 

 

Typ

e 

Crane jib 

length 
Cost 

Hook lifting 

speed 

Boom rotation 

speed 

Trolly radial 

speed 

Coefficient of 

motion 
Lifting capacity 

 (m) 
(THB/mi

n) 
(m/min) (θ/min) (m/min) α β 

10 

m. 

20 

m. 

30 

m. 

40 

m. 

50 

m. 

TC1 30 1.5 35 0.65 35 0.25 0.75 7 6 5   

TC2 30 2 40 0.7 40 0.25 0.75 8 7 6   

TC3 40 2.5 45 0.75 45 0.25 0.75 9 8 7 6  

TC4 40 3 50 0.8 50 0.25 0.75 10 9 8 7  

TC5 50 3.5 55 0.85 60 0.25 0.75 12 11 10 9 8 

 
 

 

 
 

Figure 4. Example of chromosomes for selecting tower crane type. 
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2.7.2 Define coordinates of the available locations of tower crane 𝐶1(𝑥1, 𝑦1, 𝑧1), 
𝐶2(𝑥2, 𝑦2, 𝑧2)...𝐶𝑖(𝑥𝑖, 𝑦𝑖 , 𝑧𝑖). 

 

For example, if the available locations of the tower crane are composed of a total of five positions, which 

are C1(30, 50, 0), C2(45, 45, 0), C3(65, 50, 0), C4(30, 62, 0), and C5(50, 60, 0), respectively. 

 

2.7.3 Generate chromosomes for the feasible tower crane location, i.e., random numbers 𝛽(𝑛,1), 𝛽(𝑛,2), 

𝛽(𝑛,3).. 𝛽(𝑛,𝑖)  ∈ (0, 1), as illustrated in Figure 5. 

 

 

 
 

Figure 5. Chromosomes for the tower crane location. 

 

 

Consider five locations of the tower crane: C1, C2, C3, C4, and C5, as shown in the Figure 6. These five 

locations are (30, 50, 0), (45, 45, 0), (65, 50, 0), (30, 62, 0) and (50, 60, 0) respectively. Assume that by 

sampling the location of the tower crane, three responses have been determined which are: position C2 for 

the first population, position C4 for the second population, and position C1 for the third population. 

Equations (12) and (13), where 𝛽(𝑛,𝑖) determines whether the tower crane type n is located at location 𝑖, 

will result in the results depicted in Figure 6. 

 

 
 

Figure 6. Example of chromosomes for the feasible tower crane location. 

 

 

2.7.4 Transfer the chromosomes for the feasible tower crane locations into 𝐶𝑖(𝑥𝑖, 𝑦𝑖 , 𝑧𝑖). 

 

For example, from the chromosomes representing feasible tower crane locations in Figure 6, in step 3, it is 

possible to assign the following positions: C2(45, 45, 0) for the first population, C4(30, 62, 0) for the second 

population, and C1(30, 50, 0) for the third population. 
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2.7.5 Define the coordinates of the installation points 𝐷1(𝑥1, 𝑦1, 𝑧1), 𝐷2(𝑥2, 𝑦2, 𝑧2).. 𝐷𝑘(𝑥𝑘, 𝑦𝑘 , 𝑧𝑘). 

 

For example, there are five installation points where precast components should be installed:  D1(25, 50, 

35), D2(30, 60, 35), D3(35, 65, 35), D4(40, 70, 35), and D5(45, 75, 35), respectively, with corresponding 

component weights of 1.5, 2.5, 3, and 3.5 tons at every installation point. 

 

2.7.6 Define the coordinates of available Trailer parking location 𝑆1(𝑥1, 𝑦1, 𝑧1) , 

𝑆2(𝑥2, 𝑦2, 𝑧2)..𝑆𝑗(𝑥𝑗, 𝑦𝑗, 𝑧𝑗). 

 

For example, suppose the available trailer parking spaces have five coordinates: S1(30, 40, 2), S2(40, 40, 

2), S3(45, 40, 2), S4(40, 80, 2), and S5(45, 80, 2). 

 

2.7.7 Generate chromosomes for the integer variable 𝛾(𝑗,𝑘) from Equation (14), which indicates whether 

the component at trailer parking location 𝑗, identified by the integer index 𝑆𝑗 , is lifted and installed at 

installation point 𝑘, i.e., random numbers 𝛾(𝑗,1), 𝛾(𝑗,2), 𝛾(𝑗,3),…, 𝛾(𝑗,𝑘)  ∈ Integers, as shown in Figure 7. 

 

 

 
 

Figure 7. Chromosomes for the feasible Trailer parking location for each installation point. 

 

 

For example, in three randomly selections, there are five installation points where precast components need 

to be installed: D1(25, 50, 35), D2(30, 60, 35), D3(35, 65, 35), D4(40, 70, 35), and D5(45, 75, 35). Each 

installation point is paired one-to-one with five available trailer parking locations: S1(30, 40, 2), S2(40, 40, 

2), S3(45, 40, 2), S4(40, 80, 2), and S5(45, 80, 2), as shown in Figure 8. 

 

 
 

Figure 8. Example of chromosomes for the feasible trailer parking location for each installation point. 

 

 

2.7.8 Transfer chromosomes for the feasible Trailer parking location for each installation point into 

𝑆𝑗(𝑥𝑗, 𝑦𝑗 , 𝑧𝑗). 
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For example, from Figure 8, chromosomes for the feasible Trailer parking locations for each installation 

point of the first population can be assigned as follows: S1(30, 40, 2) for D1(25, 50, 35), S1(30, 40, 2) for 

D2(30, 60, 35), S2(40, 40, 2) for D3(35, 65, 35), S4(40, 80, 2) for D4(40, 70, 35), and S5(45, 80, 2) for D5(45, 

75, 35), respectively. 

 

2.7.9 Evaluate the fitness value of the chromosome population, which will vary inversely with the objective 

value at position 'p,' as shown in Equation (17). 

𝐹𝑖𝑡𝑛𝑒𝑠𝑠 𝑉𝑎𝑙𝑢𝑒𝑝 =  
1

𝑇𝐶𝑝
                                                                                                                              (19) 

 

For example, based on the results obtained from steps 1 to 8, the total operational cost (TC), which serves 

as the objective value, is sequentially calculated for each population using Equations (1)-(9) and Equations 

(15)-(16). Subsequently, the fitness value is determined using Equation (18). The fitness value afterwards 

is obtained by Equation (18). 

 

1 0 0 0 0

n = 1 n = 2 n = 3 n = 4 n = 5

0 0 1 0 0

n = 1 n = 2 n = 3 n = 4 n = 5

0 1 0 0 0

i = 1 i = 2 i = 3 i = 4 i = 5

0 0 0 1 0

i = 1 n = 2 i = 3 i = 4 i = 5

1 1 2 4 5

 k = 1 k = 2 k = 3 k = 4 k = 5

2 3 5 3 4

 k = 1 k = 2 k = 3 k = 4 k = 5
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1 0 0 0 0

n = 1 n = 2 n = 3 n = 4 n = 5

0 0 0 0 0

n = 1 n = 2 n = 3 n = 4 n = 5

0 1 0 1 0

i = 1 i = 2 i = 3 i = 4 i = 5

1 0 0 0 0

i = 1 n = 2 i = 3 i = 4 i = 5
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 k = 1 k = 2 k = 3 k = 4 k = 5
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 k = 1 k = 2 k = 3 k = 4 k = 5

Son 1
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Crossover 

Point = 3

 
 

Figure 9. Example of the crossover operation. 
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1 0 0 0 0
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Figure 10. Example of the mutation operation. 
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Figure 11. Example of the re-mutation operation. 
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2.7.10 Crossover and mutation occur. 

Suppose the first and second populations are taken to represent the father and mother, respectively. Next 

will be the crossover operation to be done, where a crossover point is randomly picked and assumed to have 

landed at position 3. Thus, data at positions 4 and 5 are swapped between the father and mother, resulting 

in two new offspring (son one and daughter 2), as seen in Figure 9. A mutation operation follows, whereby 

one data pair is randomly picked to be swapped. Suppose data at positions 1 and 4 had been picked for 

swapping, as illustrated by Figure 10. If the solution obtained after the mutation operation is infeasible, 

such as the tower crane location chromosomes of son 1 having the number 1 in two positions and the 

selected tower crane type chromosomes of daughter 2 being all zeros, it will be adjusted again in the re-

mutation operation to become a feasible solution (son 3 and daughter 3), as shown in Figure 11. 

 

2.7.11 Repeat the operation until the termination condition is met. 

 

2.7.12 The optimal solution has been identified. 

 

3. Application with Case Study 
The case study project is situated in Bangkok, Thailand. It features a high-rise precast residential building 

with a usable area of 300,000 m2 and a construction space of approximately 15,000 m2, as depicted in 

Figure 12. 

 

The building has 30 floors, a total height of 87 meters, a width of 50 meters, and a depth of 20 meters. 

Facades, walls, and staircases are the principal precast elements, with a total of 45 different variants. Table 

2 shows the needed amount for each kind of element as well as the weight of each element in the 

construction.  

 

 

 
 

Figure 12. Tall precast residential building project case study. 
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The tower cranes on this project are essential for both horizontal and vertical transport of various precast 

components. Following technical and economic studies, four potential tower cranes—JP6520, ST6630, 

TC6550, and TC7050—were identified and reported in Table 3. In this study, the jib length for each tower 

crane type is fixed as long as the lifting height meets the building standards. There is a strong sensitivity of 

the tower crane cost to its type and operation period. Since the jib lengths are predefined and the data 

obtained from the rental company's information regarding tower cranes, lifting capacity for each crane at 

given distances could be worked out (see Table 2), as could tower crane operating rates. Figure 13 

illustrates how correlation analysis can be used to derive the lifting capacity equation for the candidate 

tower crane. 
 

Table 2. Precast element installation points for building 1 at 12th floor. 
 

Installatio
n point 

Number of 
components  

Weight of 
component 

Installation point 
coordinates 

Installatio
n point 

Number of 
components  

Weight of 
component 

Installation point 
coordinates 

  (pcs)  (Tones) x y z   (pcs)  (Tones) x y z 

D1 1 3.348 27.9 53.5 34.8 D21 1 0.958 59.7 52.5 34.8 

D2 1 3.348 68.7 53.5 34.8 D22 1 2.11 63.9 61.8 34.8 

D3 1 2.403 30.9 53.5 34.8 D23 1 3.961 30 60.6 34.8 

D4 1 2.461 48.9 52 34.8 D24 1 1.82 37.5 61 34.8 

D5 1 2.461 51.6 52 34.8 D25 1 2.046 40.5 68.1 34.8 

D6 1 2.304 45.3 66 34.8 D26 1 2.046 58.5 68.1 34.8 

D7 1 2.304 54.3 66 34.8 D27 1 2.445 45.3 63 34.8 

D8 1 2.248 27.6 55.2 34.8 D28 1 1.71 54 63 34.8 

D9 1 2.304 43.5 68.1 34.8 D29 1 3.257 63 63 34.8 

D10 1 2.304 55.5 68.1 34.8 D30 1 3.254 66.6 60.6 34.8 

D11 1 2.736 39.9 66 34.8 D31 1 1.82 54.9 51.6 34.8 

D12 1 2.736 59.7 66 34.8 D32 1 1.82 65.4 52.8 34.8 

D13 1 2.736 27.6 60 34.8 D33 1 1.82 44.7 51.6 34.8 

D14 1 2.736 69.9 60 34.8 D34 1 1.52 61.8 52.8 34.8 

D15 1 2.67 27.6 55.8 34.8 D35 1 1.59 58.8 51.6 34.8 

D16 1 2.67 69.9 57 34.8 D36 1 1.59 41.1 51.6 34.8 

D17 1 2.67 69.9 54 34.8 D37 1 3.61 36 53.1 34.8 

D18 1 1.347 38.1 61.2 34.8 D38 1 3.118 45 57.5 34.8 

D19 1 0.98 39 63 34.8 D39 1 3.118 57 57.5 34.8 

D20 1 0.958 39.9 51.6 34.8 D40 1 3.83 51 57.5 34.8 

 

 

 
 

Table 3. Candidate tower crane specification. 
 

Type Model 
Crane jib 

length 
Cost 

Hook lifting 

speed 

Boom 

rotation 

speed 

Trolly 

radial 

speed 

Coefficient 

of motion 
Lifting capacity 

  (m) 
(THB/
min) 

(m/min) (θ/min) (m/min) α β 10 m. 20 m. 30 m. 40 m. 50 m. 

TC1 JP6520 30 1.48 36 0.7 30 0.2 0.7 6 6 5.1   

TC2 ST6630 40 1.87 45 0.7 35 0.2 0.7 6 6 4.8 3.21  

TC3 TC6550 50 2.16 40 0.7 50 0.2 0.7 6 6 3.77 2.86 2.14 

TC4 TC7050 45 2.23 50 0.6 60 0.2 0.7 12 12 9.76 6.93  

 

 



Malaikrisanachalee et al.: Optimal Location for Tower Crane and Dynamic Trailer Parking in…  
 

 

981 | Vol. 9, No. 5, 2024 

 
 

Figure 13. Lifting capacity equation of the candidate tower crane derived from the correlation analysis. 
 
 

The project case study showed six available tower crane jobs. The tower crane positions were indicated 

using coordinate points. Table 4 provides particular coordinates for these accessible sites. Temporary 

pavement has been designated for the precast buildings to serve as trailer entrances and exits. To avoid 

obstructing the pavement, all accessible trailer parking spaces are located on the left side. Each trailer 

parking location is deliberately situated to provide ample space for trailers to make an entry and leave. To 

ensure appropriate trailer parking, the project designated 12 available trailer parking spaces, whose 

coordinates are shown in Table 4. 

 
Table 4. Coordinates of the available location of the tower crane and the trailer parking. 

 

Available locations of the tower crane Available locations of the trailer parking 

Location x y z Location x y z 

C1 33 51 0 S1 27 43.5 2 

C2 49.5 49.5 0 S2 37.5 43.5 2 

C3 66 51 0 S3 48 43.5 2 

C4 33 63.1 0 S4 57.6 43.5 2 

C5 49.5 60 0 S5 67.2 43.5 2 

C6 66 63.1 0 S6 27 70.5 2 

    S7 37.5 70.5 2 

    S8 48 70.5 2 

    S9 57.6 70.5 2 

    S10 67.2 70.5 2 

    S11 72.4 51 2 

    S12 72.4 63.1 2 

    Stockyard 25.5 55.8 0 

 

 

4. Results and Discussion 
Before deciding to directly lift precast components from the trailer for installation at various points on the 

building, the project manager plans the arrangement of these components at a fixed stockyard. 
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Subsequently, the tower crane is employed to lift and install them. The location of the fixed stockyard for 

precast components is illustrated in Figure 12, located on the left side of the building, with its coordinates 

shown in Table 3 (x = 25.5, y = 55.8, z = 2). Since the fixed stockyard is limited to a single position, 

Equations (1), (3), (4), (5), (6), (7), (8), (9), (14), (15), and (16) can still be used as they are. However, the 

coordinates of the fixed stockyard must be set to a specific set: x = 25.5, y = 55.8, and z = 0. 

 

The population size in a genetic algorithm is fixed at 100 individuals in each generation. This GA runs 

through 5,000 generations with a 0.1 mutation rate and one-point crossover, where the crossing point is 

decided randomly. Solution Implementation Using the mathematical model and GA for the automation of 

data computing in the project case study is done through Visual Basic for Applications, known as VBA, 

and the results are shown in Table 5. Table 5: Optimal Locations of Tower Cranes, Types Selected, and 

Locations of Trailer Parking for Every Installation Point. It also embeds the project manager's decision 

about temporarily storing precast components at a fixed yard or lifting them directly from the trailer. The 

GA shows that there is a roughly 1% decrease in operational duration as well as cost per story from the 

initial solution to the final solution. Operational duration and cost improved significantly with the GA, as 

represented in Figure 14 and Figure 15. Furthermore, the results illustrate that lifting precast components 

directly from the trailer rather than from the stockyard can significantly reduce operational duration and 

cost for the tower crane by about 6%, as presented in Figure 16. 

 

 
Table 5. Genetic algorithm results. 

 

Scenario Stage Selected 

tower 

crane 

location 

Selected 

tower 

crane 

type 

Selected trailer parking for each 

installation point Sj(DPk) 

Tower crane 

operational 

duration 

(min) 

Tower crane 

OPERATIO

NAL Cost 

(THB) 

Fixed 

Stockyard 

Initial 

Solution 

C4 TC3: 

TC6550 

Stockyard (D1, D2, D3, D4, D5, D6, D7, D8, D9, D10, D11, D12, D13, 

D14, D15, D16, D17, D18, D19, D20, D21, D22, D23, D24, D25, D26, D27, 

D28, D29, D30, D31, D32, D33, D34, D35, D36, D37, D38, D39, D40) 

1,588 6,860 

 
Final 

Solution 

C2 TC1: 

JP6520 

Stockyard (D1, D2, D3, D4, D5, D6, D7, D8, D9, D10, D11, D12, D13, 

D14, D15, D16, D17, D18, D19, D20, D21, D22, D23, D24, D25, D26, D27, 

D28, D29, D30, D31, D32, D33, D34, D35, D36, D37, D38, D39, D40) 

1,568 4,641 

Dynamic 
Trailer 

parking 

Initial 
Solution 

C2 TC2: 
ZTT651

3 

S1(D4, D5), S2(D10, D21, D25), S3(D16, D22, D23, D34), S4(D3, D14, 
D31), S5(D15, D36), S6(D27, D30, D32), S7(D1, D6, D18, D26, D29), 

S8(D2, D9, D17, D20), S9(D12, D38, D40), S10(D12, D38, D40), S11(D7, 

D8, D11, D13, D19, D24, D28, D35) 

1,497 5,598 

 
Final 

Solution 

C5 TC1: 

JP6520 

S1(D5, D20), S2(D4, D8, D17, D18, D36, D37, D39), S3(D30, D38), S4(D7, 

D33), S5(D35), S6(D11, D15, D19), S7(D24, D25, D27), S8(D1, D6, D9, 

D10, D21, D29), S9(D12, D23, D28, D31, D32), S10(D3, D13, D14, D26), 
S11(D2, D16, D22, D34, D40) 

1,471 4,354 

 

 

 

 
 

Figure 14. Improvement tower crane operational duration using genetic algorithm. 
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Figure 15. Improvement tower crane operational cost using genetic algorithm. 

 

 

 

 
 

Figure 16. Comparison of the results between fixed stockyard and dynamic trailer parking approach. 

 

 

The case study compares the proposed model with the baseline scenario. In the baseline scenario, a fixed 

stockyard will be set up for temporary storage of precast components. These segments are off-loaded from 

trailers through a fixed tower and lifted to be installed at each point provided for installation. Calculations 

using the proposed model confirm that lifting from a fixed stockyard produces other solutions compared to 

when it involves direct lifting from a trailer. In the latter case of a fixed stockyard, the preliminary solution 

was to install a tower crane at position C4, close to the stockyard. This made necessary the use of tower 

crane type TC3: TC 6550 with a crane jib length of 50 meters to lift precast components to installation 

points D14, D16, and D17 located at the extreme eastern end of the building. In the final solution, the tower 

crane has been relocated to position C2, midway along the building's length. It made the tower crane type 

TC1: JP6520, with a length of the crane jib of 30 meters, possible, so it was possible to lift all prefabricated 

elements for assembly in the building in most places during performance. This variation reduced tangential 

and radial movements, making the operational time shorter than in the initial solution. Besides, as TC1: 

JP6520 has a lower cost per minute compared with TC3: TC6550, the operational cost is also lower. For the 

dynamic trailer parking case, the initial solution used tower crane type TC2: ZTT6513 installed in position 

C2, which is the exact position as the final solution for the fixed stockyard scenario. Although the TC2: 

ZTT6513 has a higher cost per minute than the TC1: JP6520, the tower crane could lift precast components 

directly from trailers parked close to the installation points. This reduced both horizontal and vertical 

movements, resulting in lower operational duration and cost compared to installing the TC1: JP6520 at 

position C2 and lifting precast components from the stockyard. In the final solution, the tower crane was 

moved to a position at C5, with its type changed to TC1: JP6520. That way, it was possible to lift precast 

components from a trailer parked on the north side of the building at S6, S8, and S10 to installation points on 

the northern side, for example, D9, D10, D24, and D25. Closer horizontal and vertical movements, compared 

to the installation at position C2, added to the reduced cost per minute of the TC1: JP6520 and the TC2: 

ZTT6513 and further reduced the operational cost. 
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The position analysis of tower cranes in conventional buildings has been extensively investigated, with new 

studies coming every year. Nevertheless, there has been limited study on tower crane position analysis for 

tall precast buildings, especially considering trailer supply components. Prior research has used 

evolutionary algorithms to compute individual towers of cranes and particular locations of component 

supply. Therefore, this paper will deal with the selection of trailer parking locations, considering several 

variables of trailer parking locations in deciding the location of the tower crane. It creates a non-linear 

programming model, recognizing that typical optimization methods frequently result in long processing 

durations and can cause a "combinatorial explosion" problem. As a result, adopting a genetic algorithm, 

which is a meta-heuristic technique, appears more feasible for day-to-day tasks. This methodology is faster, 

more diversified, and more likely to find the global optimal solution than standard optimization methods. 

 

For precast building projects with complicated sites and building designs, the task of picking crane and 

trailer positions becomes increasingly difficult, increasing the computer's computation time while 

maintaining the model's validity. This, however, should be duly considered given the fact that the non-

linear properties of the algorithm add further restrictions. Shortly, we have several dimensions that will be 

taken into consideration in our research agenda: feature screening along multiple parameters, optimization 

algorithms engineered for various objectives, and the relevance of machine learning techniques in huge 

sample volumes and low latency settings. We can also constrain the model or obtain multiple objectives by 

changing weighted criteria. Also, note that this art of using trailers as variables does not account for delays 

in the supply of components from the plant or other disruptions that may occur. This circumstance may 

result in financial losses for the tower crane if supplies are delayed, leaving the crane without materials to 

hoist. Given these costs, the decision between lifting from the storage area and lifting straight from the 

trailer will have to be reconsidered. A more suitable choice will be considered for projects with enough 

storage space. 

 

5. Conclusions 
A potential problem with precast buildings, common within inner-city locations, is that there is usually 

limited construction working space. Most construction sites cannot reasonably stock a large quantity of 

prefabricated elements. Creating a demountable stockyard on spare sites leads to wasted resources, on-site 

storage costs, and excessive double-handling of elements. Moreover, site constraints can ruin the ideal 

location of a stockyard, which creates problems in tower crane layout and increases crane workload and 

costs even more. Elements directly lifted from trailers to the site not only save space but also reduce tower 

crane workload more significantly, culminating in cost savings. 

 

In this respect, the authors have proposed a genetic algorithm model for tower crane planning in tall building 

structure projects to handle these challenges. In this model, the incorporation of tower cranes is considered, 

as is their positioning, or, equivalently, a trailer parking location. Tower crane model and processing time 

are the two important parameters in estimating tower cranes for precast building construction projects. The 

crane model has to weigh permissible at a valid jib length, with its processing time controlled by its distance 

from trailer parking and installation. 

 

In this study, a model was developed that holds the installation position constant to reduce the processing 

distance of the tower crane by using variables of the tower crane and trailer positions. This model 

recommends crane, model, and trailer parking sites on site. Comparing the model developed in the study to 

that of the original design by the project manager reduces the operational length and cost of the tower crane 

by 6% compared to establishing an on-site stockyard. Thirdly, the developed GA improves final solutions, 

lowering operating length and cost by 1%. The experimental results support the effectiveness and validity 

of the model. 
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This work stresses the benefits and distinguishing features of the suggested technique for tower crane 

arrangement planning in tall precast construction projects, contributing significantly to academic discourse. 

It tackles the intricate challenge of optimizing tower cranes and dynamic trailer parking simultaneously, 

incorporating trailer parking as a variable. Additionally, this study has introduced an integer variable to 

indicate whether the component at the trailer parking location is lifted and installed at the installation point. 

Furthermore, we developed a mathematical model to optimize crane location and pick dynamic trailer 

locations in tall precast housing projects utilizing genetic algorithm approaches and accessible technical 

data. As a result, we determine the appropriate crane configuration and placement, as well as the best trailer 

parking site, to save on crane expenditures. Moreover, we can expand the optimization process by 

considering additional factors, thereby transitioning from a single objective to a multi-objective problem. 

These added criteria may include the tower crane's operational time and capacity. 

 

R4This study also has a few limitations. Strict time limits govern the transfer of components via trailer. 

Supply of components late, shipments of the wrong product from the factory, or even disruptions in the 

route of public transport can all interact to substantially impact business operations. Such incidents may 

result in components not being hoisted at the appropriate spot, wasting resources, and causing building 

delays. Furthermore, when designing tower crane layouts, factors such as land costs in metropolitan areas 

and the existence of grid towers near building sites can have a considerable impact on crane positioning. A 

future study could widen to include elements such as production shipment timetables from component 

plants, current traffic conditions, and the specific limits imposed by the construction site on tower crane 

operations. 
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