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Abstract. Construction is one of the industries with a long history and the largest scope in the world. In Vietnam, despite experiencing the Covid-19 pandemic, the market demand for townhouse construction is forecasted to still have a high growth rate because most of them are self-built houses and are less sensitive to short-term changes in the economic environment. There are many researches and solutions proposed to improve labor productivity, reduce costs or shorten the project schedule. However, it is very difficult to satisfy all three factors at the same time. To solve this problem, the simulation approach is considered one of the most effective methods. Using Stroboscope simulation, this study records the actual construction time of the column workers at the construction site, thereby calculating the probability distributions and modeling the implementation process. The research results will help construction managers observe and evaluate potential conflicts or problems, such as resource allocation, number of workers, etc., and then make effective solutions to reduce construction time and increase labor productivity.
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Introduction
Currently, the supply and consumption of townhouses in Ho Chi Minh City and surrounding areas are both higher than the previous period. For example, in the first six months of 2021, the market supply is 1,908 apartments and the consumption is 1,483 apartments while in the first 6 months of 2022, the market supply is 5,145 apartments and the consumption is 3,848 apartments (increased by 269,65% and 259.47% respectively) [1]. This proves that the demand for housing, especially in the townhouse segment in Vietnam is very high. On the other hand, in general, construction contractors in Vietnam are mostly small and medium-sized enterprises with low technical skills and specialization. Therefore, the research and improvement of labor productivity is a solution that not only accelerates construction speed but also balances revenue and budget, increasing competitiveness in the market [2]. Although, there are many different methods to improve and enhance labor productivity. This study used the Stroboscope simulation method because it could analyze and evaluate the reasonableness in the arrangement of workers and resource allocation based on the simulation of discrete events through the calculated probability distribution functions based on the actual construction time of workers at the construction site. Then, it will simulate the concrete pouring of the column because this is an important component in the construction work. On the other hand, in the construction of townhouses, the column cross-section is usually constant so the proposed methods can be widely applied in other works. The research results will contribute to providing solutions to help construction enterprises arrange and allocate resources reasonably to reduce construction time, contributing to increasing labor productivity.
Research Background
There are many studies on improving labor productivity using discrete event simulation in construction management worldwide [2-7]. For example, Martinez, et al. [8] introduced the Stroboscope as a programming language for construction process simulation. The programming language provides access to the state of the simulation and the properties of resources. It allows the creation of realistic models that can make utilization, consumption, and production of resources stochastic; perform dynamic resource allocations; characterize resources created at runtime by combining other resources; and make dynamic decisions regarding the sequence of operations. Martinez and Ioannou [9] presented an overview of the Stroboscope and illustrates how it can be used to model a complex example taken from classic simulation literature. The study analyzed an airplane service center to illustrate the capabilities of the language, not the operations of an airplane service facility. Complex and realistic problems such as the example presented can be modeled, analyzed, and optimized quite easily, Ioannou and Martinez [10] used the Stroboscope simulation system to compare two alternative construction methods for rock tunneling. The probability of choosing the less expensive construction method based on a single run increases from 55% to 96%, the variance of the difference in cost decreases by two orders of magnitude, and the 95% confidence interval for the expected difference in cost given by 4,000 independent pairs is given by only seven matched pairs.
Ioannou and Martinez [11] mentioned the disadvantage that decision-makers often do not have the training nor the time to check the validity of simulation models prepared by others and thus have little confidence in the results. The study proposed an “Animation technique” that can be used to verify, debug and validate simulation models. The study presented a simulation model for the movement of people inside a building served by a single elevator with fairly complex control logic that was verified using Stroboscope and Proof Animation. 	Panas and Pantouvakis [12]  used discrete event simulation to model the installation of 34 submersible well foundations and then determined a progress curve to compare with reality. The simulation model evaluation results are close to reality when the difference was very small.  Messinella [13] used a stroboscope simulation application of tunneling by blasting method, applied in the Deo Ca project (a mountain in central of Vietnam). The model has optimized the layout of the excavator line - the soil transport vehicle and the working time of the loader because this is the stage that takes up a large amount of time in the whole cycle.
Research Methodology
The research process consists of five steps as shown in Figure 1 as follow: 
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Fig 1. Research process
Step 1. Collect actual data on site: Data is collected using a stopwatch combined with a logbook to record the actual time a worker completes a job during the concreting process. This is considered the most important step, in deciding the success or failure of the simulation model. If the data set is not collected correctly, it will affect the model structure, and distort the distributions, which leads to the manager making wrong decisions. Therefore, data collection requires concentration, care, meticulousness, accuracy and objectivity. The collection of data must ensure that all steps follow the concrete pouring process specified in Vietnamese Standard TCVN 4453:1995. [10], including (1) formwork processing; (2) steel rebar processing;  (3) formwork transportation; (4) steel transportation; (5) installation of steel; (6) installation of formwork; (7) support formwork; (8) testing and acceptance; (9) concrete work; (10) concrete transportation; (11) Concreting; (12) concrete lagoon; and (13) formwork removal work.
Step 2. Determine the distribution function: Using Crystal Ball software, we will find different probability distribution functions corresponding to each set of collected data representing each task. The probability distribution functions will be ordered from highest to lowest, that is, the functions will first have the distribution closest to the data set and then descend. Therefore, we usually only use the first probability distribution functions and define their values as the value max; min; mean.
Step 3. Model building: The model was built in Stroboscope must ensure all the tasks listed in Step 1, and assign the values found in Step 2 to each task. For each task, we assign a variable number of workers performing that task.
Step 4. Analyze and evaluate: After carefully checking the model (number of jobs; values, etc.), we proceed to run the simulation and analyze the results.
Step 5. Conclusions and recommendations: This study proposed the results that need to be improved to increase labor productivity, including: (i) total construction time to pour concrete; (ii) total waiting time; (iii) a total number of workers; and (iv) labor costs.
Research Results 
The study was carried out on individual townhouses and construction sites in Ho Chi Minh City. The construction project has a scale of  01 ground floor, 02 floors, and 01 terrace, with a construction area of 4 x 23.3 (m2). Using Stroboscope software to build a simulation model of column concrete pouring. The model adds the probability that the concrete compactor is damaged with the value P = 0.15 (in 20 times of concrete compaction, the machine fails 03 times, probability = 3/20 = 0.15). With the initial default number of workers performing the job at 1, the total construction time is 4.7 (hours), and the total waiting time is 7.8 (hours). Therefore, in order to optimize the construction time, we proceed to increase the number of workers according to the principle that if the number of workers increases, the construction time will decrease, that is, the increase of workers is effective. However, it should be noted that the cost should not exceed the contractor's budget. This iterative method will execute until the optimal number of workers performing each task is determined.
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Fig 2.  Simulation model
The number of workers calculated in Table 1 is understood as the number of people in a team. For example, the team of workers processing formwork is: 03 people, and the team of workers processing steel is: 02 people. In the simulation, the processing of formwork is performed by a team of workers processing the formwork. with the constraint of 01 workers processing 01 formwork sheet. Therefore, the number of workers performing the task is always lower or equal to the worker team has been optimized from the simulation. In the simulation, the human factor is the decisive factor (affecting the probability distribution function) so in case that the same construction area or the same work (concreting work), two different construction teams will give us two different probability distribution functions.
Table 1. Summary table of simulation results
	Casse
Content
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6
	Case 7

	Number of workers processing formwork
	1
	2
	3
	4
	3
	3
	3

	Number of workers processing steel
	1
	1
	1
	1
	2
	2
	2

	Number of workers installing formwork
	1
	1
	1
	1
	1
	1
	1

	Number of workers installing steel
	1
	1
	1
	1
	1
	2
	2

	Number of workers pouring concrete
	1
	1
	1
	1
	1
	2
	3

	Total number of workers 
	5
	6
	7
	8
	8
	10
	11

	Total construction time 
	4,69
	2,96
	2,87
	2,95
	2,64
	2,09
	2,23

	Total waiting time 
	7,79
	5,52
	6,03
	6,55
	6,09
	4,99
	5,52

	Labor costs (milion VND)
	2
	2,4
	2,8
	3,2
	3,2
	4
	4,4


* Note: 1 USD  23.000 VND
Conclusion
This paper applied the Stroboscope to simulate concrete construction of townhouse columns. The simulation model is built by observing and recording the actual construction time of workers at the construction site. There are many factors affecting the working process of workers such as: weather, working environment, etc.. The study's findings will help construction companies set up and distribute resources more efficiently, which will shorten construction times and boost worker productivity.
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