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Abstract

This article aims to analyze productivity issues during the implementation of plastering works on the case study of
a residential complex. The results of the study revealed that establishing a proper work schedule and adhering to
the Takt schedule resulted in a 19% increase in plastering productivity compared to non-Takt schedules.
Furthermore, the study identified the existence of waste, which had a negative impact on the progress of the
plastering work and could have been prevented through better project planning during the initial project phases.
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1 Introduction

Productivity in construction is an important factor that can greatly impact the success of a
project. It refers to the amount of output or work completed in a given time period and can be
influenced by various factors such as the quality of materials and equipment used, the efficiency
of workers, the effectiveness of management and planning, and the overall project design [1].
Improving productivity in construction can lead to cost savings, increased profitability, and
timely project completion. However, it can be a complex challenge, requiring careful analysis
and implementation of various strategies and tools to optimize processes and resources [2].
Construction productivity specifically pertains to the measure of output or work completed per
unit of labor, materials, and resources employed in construction projects. It evaluates the
efficiency and effectiveness of the construction process and is essential for project managers
and stakeholders to ensure timely project delivery and cost-effectiveness. Labor productivity
refers to the measure of output or work accomplished per unit of labor input. It assesses the
efficiency and effectiveness of workers in each timeframe. Labor productivity is a crucial metric
for evaluating the performance of a workforce and identifying opportunities for improvement
in various industries, including construction [3].

Construction projects are often complex, involving multiple tasks and resources that must be
carefully coordinated to ensure successful completion. Lean construction can be very helpful in
improving construction processes and reducing waste. Lean construction is a methodology that
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aims to eliminate waste and improve efficiency in construction projects by focusing on
continuous improvement, value creation, and collaboration among all stakeholders [4], [5], [6].
One lean tools that can help with improving productivity is Takt time planning, a method that
originated in manufacturing but has been adapted for use in construction [7], [8], [9].

Takt time planning is a method of scheduling work that is based on the time available for
production and the rate at which work must be completed. In manufacturing, takt time refers to
the rate at which a product must be produced in order to meet customer demand. In construction,
takt time planning involves breaking down the construction schedule into smaller tasks and then
scheduling those tasks based on the available time and resources [10], [11]. A construction
schedule is a detailed and time-bound plan that outlines the sequence of activities, tasks, and
milestones required to complete a construction project. It includes start and finish dates for each
activity and helps project managers and stakeholders monitor progress, allocate resources, and
manage the overall timeline of the construction project. The construction schedule is a vital tool
for ensuring that the project is completed on time and within the allocated budget [3].

To begin the Takt time planning process, the construction team must first establish the overall
project timeline and identify the key milestones that must be met along the way, this can be
usually done by the last planner. The team must also determine the total number of working
hours available for the project, as well as any other constraints, such as limited access to the site
or the availability of materials and equipment. Once these parameters have been established,
the team can begin to divide the project into smaller tasks that can be completed within the
available time. The next step would be to divide the workstations into work areas that have
similar work volumes. The takt time planning process also involves identifying the resources
that will be needed to complete each task, such as labor, materials, and equipment. The team
must ensure that these resources are available when needed and that they are used efficiently to
minimize waste and maximize productivity. One key benefit of takt time planning is that it can
help to identify potential bottlenecks and other issues that could delay the project. For example,
if a particular task is scheduled to take longer than the available time, the team may need to
allocate additional resources or adjust the schedule to ensure that the project stays on track.
Another benefit of takt time planning is that it can help to improve communication and
collaboration among the construction team. By breaking the project down into smaller tasks and
establishing clear timelines and resource requirements for each task, the team can work together
more effectively to ensure that the project is completed on time and within budget [10], [12],
[13].

Signs of effective work practices often include [14]:

e Fluidity of work: This refers to the smooth flow of work, where work crews are able to
move from one work area to another without unnecessary breaks. It also includes the
efficient utilization of production resources, such as materials, machines, workers, and
finances, without delays or bottlenecks.

e Uniformity of work: Uniformity of work refers to the consistent and planned level of
productivity maintained by workers within designated workspaces over a specific period
of time. It encompasses not only the equal distribution of working hours but also the
deliberate effort to ensure that each worker performs their tasks with a standardized level
of productivity. By adhering to this principle, work crews aim to achieve a sense of
regularity and stability in their output, thereby minimizing disruptions or variations in
the work process.
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e Rhythmicity of work: This refers to the repetition of work in certain or consistent
rhythms. This can include having a set pace or rhythm for completing tasks, which can
help maintain productivity and avoid unnecessary delays.

The main goal of this article is to analyze the productivity issues during the implementation of
plastering works on the case study of residential complex Popradska. The purpose of this study
can be categorized into two main objectives: i) to map the process of performing plastering
works by manually monitoring workers at least once a week; ii) to design an improved work
schedule by utilizing Takt time planning to enhance workers productivity.

The result of the mapping will be a time-space display of the duration of the work and the
location of the workers. After the mapping, the takt time will be determined and an analysis of
the real productivity that workers could achieve will be made.

2 Methods

This article aims to analyze productivity issues during the implementation of plastering works
on the case study of residential complex Popradska. Building SO 104 - Apartment building "B"
is designed as a separate rectangular building with overall dimensions of 81.58 x 20.71 m. It
consists of three sections (Figure 1), which are connected on 2 underground floors within a
shared garage, which is also connected on the 2nd floor by a tunnel to parking facility G
(building site SO 106 G). The building is designed as a 3-section, detached 9-storey building (2
underground and 7 above-ground floors) [15].
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Figure 1: Case study residential complex Popradska: apartment building "B", divided into three
sections with marked work zones: (a) 2.th Floor plan, (b) section C-C [15]

In order to fulfill the goal of the study, three main research steps were established:
1. Initial analysis and evaluation of existing literature.
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In order to prepare a relevant and up-to-date article on the impact of Takt-time planning on
plastering performance, an initial analysis and evaluation of existing literature and practice was
carried out. Two sources, namely the Web of Science and SCOPUS databases, were utilized to
obtain up-to-date information. The search engine was utilized with keyword combinations such
as "Construction productivity" and "Takt-time planning” as well as "Construction schedule™
and "Takt-time planning.” This made it possible to create a theoretical basis for the study.

2. On-site data collection through manual observation, photo documentation and interviews
with workers.

The next step after the initial literature review is to create a methodology for gathering and
examining data from a case study. The case study residential complex Popradska is located in
Kosice, Slovakia. Plastering work was chosen as the main process for the data gathering as it is
an important part of interior construction. Three teams that perform plastering work were
selected for productivity measurement. Each team consisted of three workers with the same
work skills. At this stage, the progress of the plastering work will be mapped by manually
monitoring the performance of workers using Excel forms on mobile on a weekly basis. The
data used in this article were collected over a period of five months. The mapping will result in
a spatio-temporal display of work duration and workers' location.

3. Design an improved work schedule using Takt-time to improve productivity.

At this stage, an analysis of the actual performance will be carried out to determine the required
takt time. A takted work schedule will be prepared based on actual performance with better use
of spatio-temporal management principles. One working zone is equal to one floor in one
section. Underground floors were not taken into account, since work was not executed there,
therefore the total number of working areas is 21. In Figure 1, it can be seen that section number
2 is smaller in area than sections number 1 and 3, which are equal. The difference in the areas
of the working zones should be taken into account when determining the duration of the takt.

3 Results and Discussion

Mobile forms of monitoring were used to document the execution of plastering work. The forms
were prepared in Excel and placed on Google Drive in order to enable editing this file through
phone and computer without having to download it. The used form consisted of date, work
zone, section number, number of the apartment, completion indicator for each construction for
the plastering (ceiling and walls), number of work team, and the number of workers in
subsequent team. For the ease of documenting each work zone in the form was named according
to its floor and section, for example 1.1 work zone represents (1.NP, section B1). The evaluation
of the level of completion of the construction was made in percentage and based on the
subjective opinion of the author during the visual screening. The example of the used
spreadsheet is presented in Figure 2.

Plastering work monitoring form Date:

Work Section Apartment Completion Completion Work Number of

zone indicator indicator team workers
for ceiling  for walls

2.1 Bl 201 100% 100% 1 3

2.1 Bl 202 100% 50% 1 3

Figure 2: Example of output from monitored data of plastering works



SSP - JOURNAL OF CIVIL ENGINEERING Vol. 18, Issue 1, 2023

Since it was important to reflect the true production process, the work status had to be
documented at least once a week, with a re-creation of the movement of workers through
personal interviews with workers. The results of mapping the direction of the work of individual
work teams are depicted in Figure 3.

From picture 3, it can be observed that the work process is disorganized, irregular, and
unnecessary breaks occur. Teams work at different speeds without smoothness, uniformity, and
rhythm, which are three fundamental characteristics of an effective construction process.
Additionally, it is evident that the direction of process organization was not controlled since the
teams initially worked in a horizontal-ascending direction, but subsequently, the direction of
plastering started to show a chaotic nature. Such inconsistent organization can have a negative
impact on the efficiency and flow of the work process.

Figure 3: The results of mapping the direction of the plastering work of individual work teams on a
typical plan of the 3" floor and in section ( -team Ne 1, -teamNe2,  -team Ne 3)

The data collected is a detailed record of the progress of work over a period of five months,
with daily updates. However, to make it easier to visualize and analyze the data, it was decided
to group the daily progress updates into working weeks instead and create a simplified form of
a table that shows the progress made during each week. This type of data aggregation can be
helpful for identifying patterns and trends in the progress of work overtime and can make it
easier to spot areas where progress is lagging or where adjustments may need to be made. The
results of the data collection are depicted in Figure 4.

The completion indicator column is used to track the progress of construction, where each floor
is divided into sections that need to be completed. The green color indicates that the section has
been fully completed (100%), the red color indicates that the section has not been started yet
(0%), and the yellow color indicates that the section has been started but is not yet complete,
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with an approximate percentage of completion being assigned. This system allows for a quick
visual representation of the progress being made on the project.

As it was mentioned before, three teams that perform plastering work were selected for
productivity measurement and each team consisted of three workers. However, the number of
workers is not a constant value and could change, so this value should also be monitored. Teams
are depicted in different colors in Figure 4 with the number of workers in each team is shown.
This type of visual representation can be helpful for quickly identifying which teams are
working on the project, how many workers are in each team, and potentially how the workload
is being distributed among the teams.

Figure 4: Spatio- temporal representation of the execution of plastering works by 3 work groups

- color display of work teams, with the number of the workers in each team;
— e === == - SPAtiO-temporal movements of each team;= === = - unproductive time;

®- work has not started; - work in progress; @ - work completed).

In addition, the overall plastering work completion percentage was calculated as the average of
each section's completion rate (1).
According to Figure 4, the overall completion percentage is 69%.

_ Z?=1 X (1)

B n
y - overall completion percentage; x - completion indicator; n — total number of work zones.
From Figure 4, it can be seen that workflow is chaotic, not smooth, there are unnecessary breaks,
teams work at different speeds without consistency. During data collection, several cases of
inefficient use of production resources such as materials, machines, workers were noted, which
led to delays. For example, the lack of adequate water supply and electricity has been identified
as critical issues that could be mitigated by improved project planning during the construction
organization phase.
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Takt time planning principles were used to optimize the plastering workflow. At first, the
direction of the progress of work was designed. The implementation of an organized work
process successfully addressed deficiencies in work organization (Figure 5), which were
previously evident through the chaotic progression of individual teams within the workspace
(Figure 3). By having each team follow a unified horizontal-ascending direction, they were able
to transition seamlessly between floors. This streamlined approach optimizes workflow,
ensuring tasks are carried out sequentially and efficiently, thereby increasing productivity and
minimizing redundancy. The consistent direction assigned to each floor facilitates easy
orientation for individual trades in the work environment, promoting standardized production
procedures. This clear guidance fosters improved coordination, cooperation, and performance
among the various trades, enhancing overall project efficiency.
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Figure 5: The designed direction of the progress of work on the example of a typical plan of the 3rd
floor and in section (_ -team Nel, -team Ne 2, - team Ne 3)

In the next step the length of the takt time was defined based on analysis of the spatio-temporal
representation of the execution of plastering works, were the duration of the work at work zone
weren’t set. The real work rate was defined. It should be noted that the work rate was found not
to measure how much square meters were done within 1 hour, but to determine how many days
it takes to complete the work in one working zone. The green team (number 2) was chosen as a
sample for the work rate calculation because it demonstrated the most effective execution of
work with no significant waste occurrences. Selecting a sample group, such as the green team,
that represents a high level of efficiency and effectiveness in executing work can be useful for
determining work rates or productivity benchmarks. According to the results the average
duration of work for the 2 workers in section B2 is three weeks, whereas in section B3 is four
weeks. Therefore, the production takt time was set at four weeks for each section, but with
different number of workers. Sections B1 and B3 were assigned three workers, while section
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B2 required two workers due to its smaller square footage. It is assumed that the workers are
not working at 100% capacity in order to provide time buffers necessary to eliminate possible
wastes. The designed takt schedule of the execution of plastering works is presented in Figure
6.
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Figure 6: Designed takt schedule of the execution of plastering works by 3 work groups with 4 weeks

takt ("¢ : * - color display of work teams, with the number of the workers in each team;
= mme— == == - Spatio-temporal movements of each team;

® - work has not started; - work in progress; @ - work completed).

As shown in Figure 6, the overall completion rate after implementing takt time principles is
88%, indicating a 19% increase in productivity. Designed schedule is fluid, it means that there
are no unnecessary interruptions or delays in the work process, and resources are being used
efficiently. It is uniform, it means that there is consistency in the work process, which helps
prevent disruptions or inconsistencies. And work is rhythmic, it means that there is a set pace
or rhythm for completing tasks, which helps maintain productivity and avoid unnecessary
delays. All of these factors contribute to a more efficient and effective work environment. In
addition, the workflow is smooth, paced, standardized, there is no unproductive time, therefore
it can be considered efficient.

4 Conclusion

The article's findings are based on plastering work performed on the Popradska residential
complex construction project, which was the subject of the case study.

According to the study findings, it was observed that a correctly established work schedule and
adherence to the Takt schedule led to an increase in plastering workers productivity in 19%
compared to non-Takt schedules. Additionally, the study identified the presence of waste, which
adversely impacted the progress of the plastering work. Specifically, the lack of adequate water
supply and electricity were identified as critical issues that could have been mitigated through
improved project planning during the construction organization phase.
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In conclusion, takt time planning is a valuable tool for construction project planning and
scheduling. By breaking the project down into smaller tasks and establishing clear timelines
and resource requirements for each task, the construction teams can work together more
efficiently and effectively to ensure successful project completion. While takt time planning
may require some additional effort upfront, the benefits in terms of improved productivity,
reduced waste, and greater project success make it well worth the investment.
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