
ERA, 30(11): 4178–4190. 

DOI: 10.3934/era.2022211 

Received: 07 July 2022 

Revised: 30 August 2022 

Accepted: 08 September 2022 

Published: 21 September 2022 

http://www.aimspress.com/journal/ERA 

 

Research article 

Optimal assignment of infrastructure construction workers 

Haoqing Wang1, Wen Yi2,* and Yannick Liu1 

1 Faculty of Business, The Hong Kong Polytechnic University, Hung Hom, Hong Kong 
2 Department of Building and Real Estate, The Hong Kong Polytechnic University, Hung Hom, 

Hong Kong 

* Correspondence: Email: wenyi0906@gmail.com. 

Abstract: Worker assignment is a classic topic in infrastructure construction. In this study, we 
developed an integer optimization model to help decision-makers make optimal worker assignment 
plans while maximizing the daily productivity of all workers. Our proposed model considers the 
professional skills and physical fitness of workers. Using a real-world dataset, we adopted a machine 
learning method to estimate the maximum working tolerance time for different workers to carry out 
different jobs. The real-world dataset also demonstrates the effectiveness of our optimization model. 
Our work can help project managers achieve efficient management and save labor costs. 
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1. Introduction 

Transportation infrastructure connects cities, facilitates human’s social activities and plays an 
important role in urbanization and economy [1–3]. And, transportation infrastructure needs to be 
renovated and maintained frequently because of factors such as traffic safety, urbanization and new 
travel demands [4]. In the process of transportation infrastructure construction, a large number of 
workers are required to engage in high-intensity labor work [5] and the costs are high [6]. New 
technologies, such as automation technology and communication technology, are widely applied in 
transportation infrastructure construction (see [7–13]). And, many studies have put forward new 
methodologies for solving problems in transportation infrastructure [14–16]. Unlike machines, 
workers are full of uncertainty in the process of work, and their productivity is affected by many factors. 
For example, construction workers will feel tired after working continuously for a period of time, and 
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workers’ different physical fitness levels mean that they feel different degrees of fatigue [17]. As 
construction workers play an irreplaceable role in projects, attention should be paid to allocating 
workers to suitable jobs to achieve efficient project completion while taking into account their 
professional skills and individual characteristics. In this study, we explore the optimal assignment of 
transportation infrastructure construction workers in consideration of their skills and maximum 
working tolerance time as determined by fatigue level and other physical indicators. 

The worker assignment problem is a classic research topic in the field of transportation. Yan et 
al. [18] adopted a scheduling model to allocate port state control officers in maritime transport; they 
took into account the officers’ needs for rest and lunch. Zhang et al. [19] paid attention to the railway 
infrastructure maintenance planning problem and developed models and algorithms to solve this 
problem efficiently. Wen et al. [20] proposed algorithms to predict the railway volume, which could 
be the reference of the worker assignment. Chargui et al. [21] solved the worker assignment problem 
in container terminals by using heuristic methods which balance the workers’ workload the moving 
distance. Yi and Wang [22] explored the optimal laborer assignment program by considering worker 
safety; their findings can help to save money, time and manpower on projects. Yi and Wang [23] also 
developed a mixed-integer linear model to solve the construction worker schedule problem in hot 
weather. Skibniewski and Armijos [24] developed models that are both applicable to worker 
assignment and equipment evaluation. Park et al. [25] put forward a simulation model to minimize the 
transportation time in high-rise residential building projects; their model identifies the optimal zoning 
divisions, which further improves workers’ efficiency. Lim et al. [26] pointed out that increased data 
volumes have led to better-informed decision-making in transportation. Big data is indispensable in 
the research on intelligent transportation [27–29]. Cheng et al. [30] used the real-world license plate 
recognition data to validate their proposed model. Qu et al. [31] developed data-driven models to 
generate a fundamental diagram for freeway traffic. Lee et al. [32] adopted digital imaging methods to 
inspect coating rust defects in bridges. Avetisyan et al. [33] used data analysis to evaluate metrics 
related to sustainability in construction processes. The above literature review states that the worker 
assignment problem is important in the field of transportation, and that data can bring new insights. 
However, few studies have focused on the worker assignment problem in transportation infrastructure 
while considering the workers’ maximum work durations by adopting a real-world dataset. 

Our study had two objectives. First, we developed an integer programming scheme [34,35] to 
help decision-makers to maximize daily project efficiency while taking into account the workers’ 
maximum working tolerance times and professional skills. The solutions of our proposed model can 
help project managers to make optimal assignments of workers. Second, using real-world data, our 
work provides insights into predicting workers’ maximum work durations, and our proposed model is 
proven to be effective. The theoretical and practical contributions of our study are summarized below. 

1) Theoretical contribution. The existing literature does not take into account the individual 
characteristics of workers when formulating worker assignment plans. As workers’ health and safety 
are essential factors influencing plan-making and job conducting, this paper contributes to the area of 
transportation infrastructure health and safety by demonstrating models considering workers’ health 
and safety. Moreover, this study adopted real-world data from infrastructure construction workers in 
Hong Kong to delineate the physical features of different workers and estimate their maximum work 
durations by using an advanced machine learning method. And, the real-world dataset also proves the 
applicability of our optimization model. 

2) Practical contribution. Our proposed integer programming model can help project managers to 
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make an optimal assignment plan to maximize the workers’ efficiency in practice, which will further 
contribute to saving labor costs. 

The reminder of this paper is organized as follows. Section 2 develops our mathematical model. 
Section 3 presents the numerical experiments to show the applicability of our proposed model. And, 
the conclusions are drawn in Section 4. The main symbols used in this study are listed in Table 1. 

Table 1. Feature and label explanations. 

Sets 

𝑀 
𝐽 

Set of types of jobs, 𝑖 ∈ 𝑀 
Set of workers, 𝑗 ∈ 𝐽 

𝑀  Set of jobs that Worker 𝑗 has the expertise to carry out, 𝑀 ⊂ 𝑀 

Parameters 

𝑇 Rest time to recover (minutes) 

𝑡  A construction worker 𝑗 has to take a rest after performing Job 𝑖 for 𝑡  minutes 

𝑚  Binary parameter that equals 1 if Worker 𝑗 can carry out Job 𝑖, and 0 otherwise 

𝑄  Job 𝑖 should be conducted for at least 𝑄  minutes for a working day 

𝑊  The daily working minutes of Worker 𝑗 when he conducts Job 𝑖 

Decision Variables 

𝑥  Binary decision variable that equals 1 if Worker 𝑗 performs Job 𝑖, and 0 otherwise 

2. Integer optimization model 

A construction site often has multiple jobs going on at the same time, so we use 𝑀 1,… ,∨ 𝑀 ∨  
to denote the types of jobs, 𝑖 ∈ 𝑀, such as bar bending, concreting, digging and welding. There are a 
total of 𝐽 ∨ workers in the construction site, so 𝐽 1, … ,∨ 𝐽 ∨  is used to denote different workers. A 
worker can have the expertise to carry out different jobs. However, in order to facilitate management 
and assessment, a worker will only conduct one type of job per day in practice even if he is versatile. 
We use 𝑀  to denote jobs that Worker 𝑗 can do. For example, suppose that there are three types of jobs 
at a construction site, i.e., cutting steel bars (𝑖 1), laying walls (𝑖 2) and painting walls (𝑖 3), that 
is, 𝑀 1,2,3 . Worker 1 has the expertise to carry out the jobs of cutting steel bars and painting walls, 
and Worker 2 is competent in cutting steel bars, laying walls and painting walls. Then, 𝑀 1,3  and 
𝑀 1,2,3 . We must have 

∪ ∈ 𝑀 𝑀.                                                                         (1) 

That is, there is at least one worker that has the expertise to conduct every job in 𝑀. To simplify notation, 
we replace the set 𝑀   with the binary parameter 𝑚   that equals 1 if Worker 𝑗  can perform Job 𝑖 . 
Mathematically, 

𝑚
1, 𝑖 ∈ 𝑀
0, 𝑖 ∉ 𝑀 , 𝑖 ∈ 𝑀, 𝑗 ∈ 𝐽.                                                          (2) 

In the above example, 𝑚 1, 𝑚 0 and 𝑚 1. 
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During a working day, construction workers need to have a rest to recover. The rating of 
perceived exertion (RPE) is an indicator widely used to measure the physical fitness level of workers 
as they are working [36,23]. The RPE is an integer that ranges from 1 to 10. A larger value of RPE 
implies that workers are more tired [37]. When the RPE value is 8, it indicates that workers are very 
tired and they cannot fully control their actions. Therefore, a construction worker needs to take a rest 
when his RPE value reaches 7. Suppose that the worker can recover after 𝑇 minutes of rest. The value 
of RPE and the rate of its increase are affected by many factors, such as the type of job, the environment 
and the physical quality of workers [38]. Suppose that a construction worker 𝑗’s RPE value reaches 7 
after he performs Job 𝑖 for 𝑡  minutes, i.e., a construction worker 𝑗 should have 𝑇 minutes of rest after 
conducting Job 𝑖 for 𝑡  minutes. Obviously, if a construction worker 𝑗 is not competent in Job 𝑖, the 
value of 𝑡 will be 0. That is, 

𝑡 0,𝑚 1
𝑡 0,𝑚 0 , 𝑖 ∈ 𝑀, 𝑗 ∈ 𝐽.                                                         (3) 

As the legal working time is 8 hours per day, the daily working minutes of Worker 𝑗 can be calculated 
by using the following formula if he conducts Job 𝑖: 

𝑊 8 60.                                                                 (4) 

According to the progress, Job 𝑖 must be conducted at least 𝑄  minutes in a working day. In order 
to improve the project schedule, decision-makers need to decide what job each worker will undertake 
each day to maximize the total workload, i.e., to maximize the total working minutes of all workers. 
We define a binary decision variable 𝑥  to represent whether Worker 𝑗 performs Job 𝑖 for the working 
day. Then, the worker assignment plan considering the degree of fatigue can be obtained via the 
following optimization model. 
[M1] 

𝑚𝑎𝑥∑ ∑ 𝑊∈∈ 𝑥                                                                (5) 

subject to 

∑ 𝑥∈ 1, ∀𝑗 ∈ 𝐽                                                                 (6) 

𝑥 𝑚 , ∀𝑖 ∈ 𝑀, 𝑗 ∈ 𝐽                                                             (7) 

∑ 𝑊 𝑥∈ 𝑄 , ∀𝑖 ∈ 𝑀                                                           (8) 

𝑥 ∈ 0,1 , ∀𝑖 ∈ 𝑀, 𝑗 ∈ 𝐽.                                                           (9) 

Objective function (5) maximizes the total working time of all workers in a working day, i.e., 
Objective function (5) maximizes the workload for a working day. Constraint (6) ensures that a 
construction worker can only do one job each day. Constraint (7) ensures that a construction worker will 
only be assigned to jobs for which he is competent. Constraint (8) guarantees that the daily progress of 
each job meets the requirements. Constraint (9) places the domain of decision variables. [M1] is an 
integer programming model that can be solved by state-of-the-art optimization solvers [39–41]. 
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3. Case study 

3.1. Estimating the maximum work duration 

As mentioned in Section 2, a construction worker has to stop to take a rest after 𝑡  minutes of 
work, and 𝑡 , a key parameter in [M1], is determined by many factors. For example, high temperatures 
will affect the physical condition of workers, and different workers may react differently to heat stress 
depending on their physical fitness level [42]. Older workers with vascular disease, which is usually 
associated with a drinking habit, may be more sensitive to heat stress. We collected a real dataset from 
an infrastructure construction project in Hong Kong. In this project, workers mainly engaged in two 
types of jobs: bar bending and bar fixing. We collected data from 550 workers, and the dataset 
contained variables related to the working environment (e.g., temperature), each worker’s physical 
fitness level (e.g., age and RPE), job type (bar bending and bar fixing) and work duration. That is, this 
dataset contained information on the values of RPE because it contained data on different workers in 
different environments who have worked for long times. The detailed information about the dataset is 
shown in Table 2, and the distribution of variables is shown in Figure 1. 

Table 2. Interpretation of the dataset. 

Category Variable name Explanation 

Working environment Temperature 
Temperature (℃) of the construction site when 
workers work 

 Relative humidity 
Relative humidity (%) of the construction site when 
workers work 

Worker physical fitness 
level 

Age Worker’s age 

 BMI Body mass index 

 Alcohol drinking habit 
Variable that equals 1 if a worker drinks alcohol 
occasionally, 2 if a worker drinks alcohol usually and 
0 otherwise 

 Smoking habit 
Variable that equals 1 if a worker smokes occasionally, 
2 if a worker smokes usually and 0 otherwise 

 RPE The rating of perceived exertion 

Job type Job nature 
Variable that equals 0 if a worker engages in bar 
bending and 1 if a worker engages in bar fixing 

Work duration Work duration How long the worker has worked (minutes) 

We use a vector 𝑒 to denote the working environment variables, vector 𝑎 to denote each worker’s 
physical fitness variables, variable 𝑏 to denote job type and variable 𝑡 to denote work duration. Then, 
we can train a machine learning model 𝑡 𝐹 𝑒, 𝑎, 𝑏   to estimate the maximum work duration after 
which the worker’s RPE will reach 7 and he has to stop to have a rest. We adopted extreme gradient 
boosting (XGBoost), which is a tree-based model, to obtain the maximum work duration. XGBoost 
has advantages in making predictions. The first advantage is that high accuracy can be obtained 
because a regular term has been added to prevent overfitting; and, XGBoost supports many types of 
classifiers. The second advantage is the high training speed. XGBoost does column sampling and 
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subsampling, and it ranks feature importance and only selects highly correlated features for prediction. 
XGBoost has proven to be very effective and robust in many studies [18]. The hyperparameters were 
determined by GridSearchCV. We randomly removed 10 samples from the dataset for later numerical 
experiments. That is, we use the trained XGBoost network to predict the 10 workers’ maximum work 
durations by their feature variables. (Because we want to estimate the maximum work time before a 
worker’s RPE reaches 7, the RPE values of these 10 samples will was set to 7.) The detailed 
information and the results are shown in Table 3. 

 

 

 

Figure 1. Distribution of variables. 

The feature importance of the trained XGBoost model is shown in Figure 2. We can see that the 
RPE plays the most important role in predicting the worker’s work time. And, job nature ranks second 
in importance, which is in line with real-life practice, as different types of jobs have different work 
intensities. Smoking and alcohol habits have similar degrees of importance. The temperature and 
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relative humidity are not particularly important. 

Table 3. Input feature variables and results of XGBoost model. 

No. 

𝑎 𝑒 𝑏 �̂� 

Temperature 
Relative 
humidity 

Age BMI 
Alcohol 
drinking 
habit 

Smoking 
habit 

RPE 
Job 
nature 

Work 
duration 

1 30.9 76 24 18.63 1 1 7 0 85.80 

 30.9 76 24 18.63 1 1 7 1 54.94 

2 29.4 79 29 26.15 2 1 7 0 95.26 

 29.4 79 29 26.15 2 1 7 1 99.67 

3 30.6 74 20 17.01 0 1 7 0 91.94 

 30.6 74 20 17.01 0 1 7 1 80.37 

4 28.2 79 54 19.76 0 0 7 0 47.94 

 28.2 79 54 19.76 0 0 7 0 53.09 

5 31.5 66 55 18.94 2 1 7 0 91.20 

 31.5 66 55 18.94 2 1 7 1 60.23 

6 28.8 75 42 20.48 0 1 7 0 44.73 

 28.8 75 42 20.48 0 1 7 1 50.00 

7 30.2 76 24 18.63 1 1 7 0 65.05 

 30.2 76 24 18.63 1 1 7 1 60.59 

8 30.4 76 20 17.01 0 1 7 0 88.10 

 30.4 76 20 17.01 0 1 7 1 71.81 

9 30.4 76 20 17.01 0 1 7 1 88.10 

 30.4 76 20 17.01 0 1 7 1 71.81 

10 30.9 68 42 20.48 0 1 7 0 101.11 

 30.9 68 42 20.48 0 1 7 1 68.81 

 

Figure 2. Feature importance. 
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3.2. Worker assignment 

Next, we used these 10 samples to conduct a case study, i.e., |𝑀| 2, where Job 1 is bar bending 
and Job 2 is bar fixing, and |𝐽| 10. We set 𝑇 15 minutes, 𝑄 2000 minutes and 𝑄 1800 minutes. 
Suppose all workers have the expertise to carry out the two types of jobs; the maximum work duration, 
i.e., 𝑡 , is shown in Column 10 of Table 3. For example, 𝑡 85.50 and 𝑡 80.37. The model was 
solved by using CPLEX Python API 20.1.0. The optimal objective value was 4009 minutes, and we 
report the results in Table 4. Therefore, five construction workers were assigned to carry out bar 
bending, and five workers were assigned to conduct bar fixing. The computing time for this case was 
less than 1 second. It is worth mentioning that the technology of state-of-the-art integer linear 
optimization solvers is mature, and that the computing efficiency is mainly affected by the number of 
decision variables and constraints. As our integer programming model is simple and there are not too 
many workers at a construction site at a time, i.e., not too many decision variables, the solution 
efficiency of our model is sufficient for practical needs. 

Table 4. Results of case study. 

No. Job 1 (bar bending) Job 2 (bar fixing) 
Worker 1 1 0 
Worker 2 0 1 
Worker 3 0 1 
Worker 4 0 1 
Worker 5 1 0 
Worker 6 0 1 
Worker 7 0 1 
Worker 8 1 0 
Worker 9 1 0 
Worker 10 1 0 

Table 5. Optimal solutions of sensitivity analysis. 

No. 
𝑚 0 𝑄 1000 minutes 𝑡 60 minutes 
Job 1 Job 2 Job 1 Job 2 Job 1 Job 2 

Worker 1 1 0 1 0 0 1 
Worker 2 1 0 1 0 1 0 
Worker 3 0 1 1 0 0 1 
Worker 4 0 1 0 1 0 1 
Worker 5 1 0 1 0 1 0 
Worker 6 0 1 0 1 0 1 
Worker 7 0 1 0 1 0 1 
Worker 8 1 0 1 0 1 0 
Worker 9 0 1 1 0 1 0 
Worker 10 1 0 1 0 1 0 

Then, we conducted sensitivity analysis to analyze the influence of each parameter. Suppose that 
Worker 2 is not up to bar fixing, i.e., 𝑚 0 . The optimal objective value is 3993 minutes; the 
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solutions are shown in Columns 2 and 3 of Table 5. We can see that Worker 2 transitions to Job 1 and 
Worker 9 transitions to Job 2 because of the minimum requirements of 𝑄 . Suppose that 𝑄 1000 
minutes. The optimal objective is 4014 minutes (see Columns 4 and 5 of Table 5 for optimal solutions). 
Worker 2 and Worker 3 both transition to Job 1 because the minimum working minutes for Job 2 are 
met and the two workers perform Job 1 more efficiently.  Suppose that 𝑡 60 minutes. The optimal 
objective value is 3975 minutes; Worker 1 and Worker 2 will swap the types of jobs as shown in 
Columns 6 and 7 of Table 5. This is because Worker 1 is now more efficient at Job 2 and both jobs 
have minimum time requirements. 

4. Model extension 

In Section 3, our goal was to maximize daily productivity and help project managers to develop 
worker assignment plans for a working day. However, before the start of a project, decision-makers 
may want to have a holistic view of the manpower needed throughout the entire project. Different from 
daily plans, the long-term plan usually pays attention to cost. We use the subscript 𝑡  to represent 
different days and 𝑡 ∈ 𝑇. The binary variable 𝑥  indicates whether Worker 𝑗 performs Job 𝑖 in a day 𝑡. 
We use 𝑃  to denote the minimum time requirements for Job 𝑖 for the entire project. Then, [M1] can be 
extended to an optimization model for cost minimization from a long-term perspective. 
[M2] 

 𝑚𝑖𝑛∑ ∑ ∑ 𝑥∈∈∈  (10) 

subject to 

 ∑ 𝑥∈ 1, ∀𝑗 ∈ 𝐽, 𝑡 ∈ 𝑇 (11) 

 𝑥 𝑚 , ∀𝑖 ∈ 𝑀, 𝑗 ∈ 𝐽, 𝑡 ∈ 𝑇 (12) 

 ∑ ∑ 𝑊 𝑥∈∈ 𝑃 , ∀𝑖 ∈ 𝑀 (13) 

 𝑥 ∈ 0,1 , ∀𝑖 ∈ 𝑀, 𝑗 ∈ 𝐽, 𝑡 ∈ 𝑇. (14) 

Objective function (10) minimizes the total manpower for a project, i.e., Objective function (10) 
minimizes the labor costs. Constraints (11) and (12) have the same meaning as Constraints (6) and (7), 
respectively. Constraint (13) guarantees that the total working time meets the requirements. 
Constraint (14) places the domain of the decision variables. [M2] is also an integer programming 
model that can be solved by using state-of-the-art optimization solvers. 

5. Conclusions 

In this study, we first developed an integer optimization model to help decision-makers to develop 
construction worker assignment plans with the goal of maximizing the daily productivity of all workers 
while taking into account the workers’ individual physical characteristics and maximum working 
tolerance times. Then, we used a real-world dataset from infrastructure construction workers to 
conduct a case study. We adopted XGBoost to estimate the maximum work durations for different 
feature variables classified as the working environment, worker’s physical fitness level and job type. 
We also explored the influence of each of the parameters set in our proposed model. Our findings will 
guide managers to develop optimal worker assignments, maximize productivity and reduce labor costs. 
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Moreover, our findings are also applicable to other infrastructure construction projects apart from 
transportation-related infrastructure construction projects. In future studies, we will consider linking 
our dataset with social and engineering variables to seek optimal solutions that improve overall 
engineering efficiency and even social efficiency. This work is not without limitations. First, we did 
not consider uncertain external interference factors, such as rainy days. Second, we did not make too 
many comparisons in the selection of machine learning methods. 

Acknowledgments 

This study was supported by a start-up grant of The Hong Kong Polytechnic University (Project 
ID P0040224). 

Conflict of interest 

The authors declare that there is no conflict of interest. 

References 

1. S. Wang, L. Zhen, D. Zhuge, Dynamic programming algorithms for selection of waste disposal 
ports in cruise shipping, Transp. Res. Part B Methodol., 108 (2018), 235–248. 
https://doi.org/10.1016/j.trb.2017.12.016 

2. S. Wang, D. Zhuge, L. Zhen, C. Y. Lee, Liner shipping service planning under sulfur emission 
regulations, Transp. Sci., 55 (2021), 491–509. https://doi.org/10.1287/trsc.2020.1010 

3. W. Sun, P. Bocchini, B. D. Davison, Resilience metrics and measurement methods for 
transportation infrastructure: the state of the art, Sustainable Resilient Infrastruct., 5 (2020), 168–
199. https://doi.org/10.1080/23789689.2018.1448663 

4. Y. Shen, C. Wang, Optimization of garbage bin layout in rural infrastructure for promoting the 
renovation of rural human settlements: case study of Yuding village in China, Int. J. Environ. Res. 
Public Health, 18 (2021), 11633. https://doi.org/10.3390/ijerph182111633 

5. J. Yuan, W. Yi, M. Miao, L. Zhang, Evaluating the impacts of health, social network and capital 
on craft efficiency and productivity: a case study of construction workers in China, Int. J. Environ. 
Res. Public Health, 15 (2018), 345. https://doi.org/10.3390/ijerph15020345 

6. M. Skibniewski, C. Hendrickson, Automation and robotics for road construction and maintenance, 
J. Transp. Eng., 116 (1990), 261–271. 

7. Y. Lu, Y. Li, M. Skibniewski, Z. Wu, R. Wang, Y. Le, Information and communication 
technology applications in architecture, engineering, and construction oraanizations: a 15-year 
review, J. Manage. Eng., 31 (2015), 4014010. https://doi.org/10.1061/(ASCE)ME.1943-
5479.0000319 

8. C. Lu, C. Liu, Ecological control strategy for cooperative autonomous vehicle in mixed traffic 
considering linear stability, J. Intell. Connected Veh., 4 (2021), 115–124. 
https://doi.org/10.1108/JICV-08-2021-0012 

9. Q. Tian, Y. H. Lin, D. Z. W. Wang, Autonomous and conventional bus fleet optimization for 
fixed-route operations considering demand uncertainty, Transportation, 48 (2021), 2735–2763. 
https://doi.org/10.1007/s11116-020-10146-4 



4188 

Electronic Research Archive  Volume 30, Issue 11, 4178-4190. 

10. Q. Tian, Y. H. Lin. D. Z. W. Wang, Y. Liu, Planning for modular-vehicle transit service system: 
model formulation and solution methods, Transp. Res. Part C Emerging Technol., 138 (2022), 
103627. https://doi.org/10.1016/j.trc.2022.103627 

11. D. Huang, S. Wang, A two-stage stochastic programming model of coordinated electric bus 
charging scheduling for a hybrid charging scheme, Multimodal Transp., 1 (2022), 100006. 
https://doi.org/10.1016/j.multra.2022.100006 

12. Q. Xu, K. Li, J. Wang, Q. Yuan, Y. Yang, W. Chu, The status, challenges, and trends: an 
interpretation of technology roadmap of intelligent and connected vehicles in China (2020), J. 
Intell. Connected Veh., 5 (2022), 1–7. https://doi.org/10.1108/JICV-07-2021-0010 

13. L. Yue, M. Abdel-Aty, Z. Wang, Effects of connected and autonomous vehicle merging behavior 
on mainline human-driven vehicle, J. Intell. Connected Veh., 5 (2022), 36–45. 
https://doi.org/10.1108/JICV-08-2021-0013 

14. H. Zhang, F. Liu, Y. Zhou, Z. Zhang, A hybrid method integrating an elite genetic algorithm with 
tabu search for the quadratic assignment problem, Inf. Sci., 539 (2020), 347–374. 
https://doi.org/10.1016/j.ins.2020.06.036 

15. H. Zhang, Q. Zhang, L. Ma, Z. Zhang, Y. Liu, A hybrid ant colony optimization algorithm for a 
multi-objective vehicle routing problem with flexible time windows, Inf. Sci., 490 (2019), 166–
190. https://doi.org/10.1016/j.ins.2019.03.070 

16. Q. Su, D. Z. W. Wang, On the morning commute problem with distant parking options in the era 
of autonomous vehicles, Transp. Res. Part C Emerging Technol., 120 (2020), 102799. 
https://doi.org/10.1016/j.trc.2020.102799 

17. A. P. Chan, W. Yi, D. W. Chan, D. P Wong, Using the thermal work limit as an environmental 
determinant of heat stress for construction workers, J. Manage. Eng., 29 (2013), 414–423. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000162 

18. R. Yan, S. Wang, J. Cao, D. Sun, Shipping domain knowledge informed prediction and 
optimization in port state control, Transp. Res. Part B Methodol., 149 (2021), 52–78. 
https://doi.org/10.1016/j.trb.2021.05.003 

19. Y. Zhang, A. D'Ariano, B. He, Q. Peng, Microscopic optimization model and algorithm for 
integrating train timetabling and track maintenance task scheduling, Transp. Res. Part B 
Methodol., 127 (2019), 237–278. https://doi.org/10.1016/j.trb.2019.07.010 

20. K. Wen, G. Zhao, B. He, J. Ma, H. Zhang, A decomposition-based forecasting method with 
transfer learning for railway short-term passenger flow in holidays, Expert Syst. Appl., 189 (2022), 
116102. https://doi.org/10.1016/j.eswa.2021.116102 

21. K. Chargui, T. Zouadi, A. E. Fallahi, M. Reghioui, T. Aouam, Coupling the ILS optimisation 
algorithm and a simulation process to solve the travelling quay-crane worker assignment and 
balancing problem, J. Oper. Res. Soc., 73 (2021), 1532–1548. 
https://doi.org/10.1080/01605682.2021.1907241 

22. W. Yi, S. Wang, Multi-objective mathematical programming approach to construction laborer 
assignment with equity consideration, Comput.-Aided Civ. Infrastruct. Eng., 31 (2016), 954–965. 
https://doi.org/10.1111/mice.12239 

23. W. Yi, S. Wang, Mixed-integer linear programming on work-rest schedule design for construction 
sites in hot weather, Comput.-Aided Civ. Infrastruct. Eng., 32 (2017), 429–439. 
https://doi.org/10.1111/mice.12267 



4189 

Electronic Research Archive  Volume 30, Issue 11, 4178-4190. 

24. M. Skibniewski, A. Armijos, Linear programming approach to construction equipment and labour 
assignments, Civil Eng. Syst., 7 (1990), 44–50. https://doi.org/10.1080/02630259008970569 

25. M. Park, S. Ha, H. S. Lee, Y. K. Choi, H. Kim, S. Han, Lifting demand-based zoning for 
minimizing worker vertical transportation time in high-rise building construction, Autom. Constr., 
32 (2013), 88–95. https://doi.org/10.1016/j.autcon.2013.01.010 

26. K. L. Lim, J. Whitehead, D. Jia, Z. Zheng, State of data platforms for connected vehicles and 
infrastructures, Commun. Transp. Res., 1 (2021), 100013. 
https://doi.org/10.1016/j.commtr.2021.100013 

27. L. Zhu, F. R. Yu, Y. Wang, B. Ning, T. Tang, Big data analytics in intelligent transportation 
systems: a survey, IEEE Trans. Intell. Transp. Syst., 20 (2018), 383–398. 
https://doi.org/10.1109/TITS.2018.2815678 

28. S. Wang, R. Yan, A global method from predictive to prescriptive analytics considering prediction 
error for “Predict, then optimize” with an example of low-carbon logistics, Cleaner Logist. Supply 
Chain, 4 (2022), 1–3. https://doi.org/10.1016/j.clscn.2022.100062 

29. R. Yan, S. Wang, Integrating prediction with optimization: models and applications in 
transportation management, Multimodal Transp., 1 (2022), 1–5. 
https://doi.org/10.1016/j.multra.2022.100018 

30. Q. Cheng, S. Wang, Z. Liu, Y. Yuan, Surrogate-based simulation optimization approach for day-
to-day dynamics model calibration with real data, Transp. Res. Part C Emerging Technol., 105 
(2019), 422–438. https://doi.org/10.1016/j.trc.2019.06.009 

31. X. Qu, J. Zhang, S. Wang, On the stochastic fundamental diagram for freeway traffic: model 
development, analytical properties, validation, and extensive applications, Transp. Res. Part B 
Methodol., 104 (2017), 256–271. https://doi.org/10.1016/j.trb.2017.07.003 

32. S. Lee, L. M. Chang, M. Skibniewski, Automated recognition of surface defects using digital 
color image processing, Autom. Constr., 15 (2006), 540–549. 
https://doi.org/10.1016/j.autcon.2005.08.001 

33. H. Avetisyan, M. Skibniewski, M. Mozaffarpour, Analyzing sustainability of construction 
equipment in the state of California, Front. Eng. Manage., 4 (2017), 138–145. 
https://doi.org/10.15302/J-FEM-2017013 

34. L. Zhen, Y. Hu, S. Wang, G. Laporte, Y. Wu, Fleet deployment and demand fulfillment for 
container shipping liners, Transp. Res. Part B Methodol., 120 (2019), 15–32. 
https://doi.org/10.1016/j.trb.2018.11.011 

35. S. Wang, X. Chen, X. Qu, Model on empirically calibrating stochastic traffic flow fundamental 
diagram, Commun. Transp. Res., 1 (2021), 100015. 
https://doi.org/10.1016/j.commtr.2021.100015 

36. W. Yi, A. P. C. Chan, Optimizing work-rest schedule for construction rebar workers in hot and 
humid environment, Build. Environ., 61 (2013), 104–113. 
https://doi.org/10.1016/j.buildenv.2012.12.012 

37. W. Yi, A. P. C. Chan, Optimal work pattern for construction workers in hot weather: a case study 
in Hong Kong, J. Comput. Civ. Eng., 29 (2014), 05014009. 
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000419 

38. A. P. C. Chan, W. Yi, D. P. Wong, M. C. Yam, D. W. Chan, Determining an optimal recovery 
time for construction rebar workers after working to exhaustion in a hot and humid environment, 
Build. Environ., 58 (2012), 163–171. https://doi.org/10.1016/j.buildenv.2012.07.006 



4190 

Electronic Research Archive  Volume 30, Issue 11, 4178-4190. 

39. K. Wang, S. Wang, L. Zhen, X. Qu, Cruise service planning considering berth availability and 
decreasing marginal profit, Transp. Res. Part B Methodol., 95 (2017), 1–18. 
https://doi.org/10.1016/j.trb.2016.10.020 

40. L. Wang, X. Xue, Z. Zhao, Z. Wang, The impacts of transportation infrastructure on sustainable 
development: emerging trends and challenges, Int. J. Environ. Res. Public Health, 15 (2018), 
1172. https://doi.org/10.3390/ijerph15061172 

41. L. Zhen, Y. Wu, S. Wang, G. Laporte, Green technology adoption for fleet deployment in a 
shipping network, Transp. Res. Part B Methodol., 139 (2020), 388–410. 
https://doi.org/10.1016/j.trb.2020.06.004 

42. H. Christensen, K. Søgaard, M. Pilegaard, H. B. Olsen, The importance of the work/rest pattern 
as a risk factor in repetitive monotonous work, Int. J. Ind. Ergon., 25 (2020), 367–373. 
https://doi.org/10.1016/S0169-8141(99)00025-6 

©2022 the Author(s), licensee AIMS Press. This is an open access 
article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0) 


