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Abstract

This study targets enhancing profitability in a Peruvian construction company through the integration of Total
Productive Maintenance (TPM), Lean Manufacturing and Human Resources Management tools. Historically, the
construction sector in Peru has faced challenges such as material shortages, labor inefficiencies, and operational
disruptions due to socio-political unrest, contributing to a profitability decline. This research responds to these
challenges by proposing a model that applies Lean tools—Just-In-Time for material procurement efficiency, Total
Productive Maintenance and Autonomous Maintenance for improved machinery reliability, and Standard Work and
One-Point-Lesson for labor productivity. Additionally, a human resources strategy was designed to address the
inadequate management and training of labor forces. The implementation of this model significantly improved
operational outcomes, as evidenced by four key performance indicators: Profitability increased from 3.8% to the
targeted 8%, Machinery availability enhanced, reducing downtime and operational delays, Maintenance compliance
achieved 100%, and Labor productivity increased by 79%, demonstrating a substantial reduction in labor-related
inefficiencies. These results underline the effectiveness of combining TPM y Lean Manufacturing principles with
strategic human resources management to tackle the root causes of inefficiency in construction operations, positioning
the model as a benchmark for similar companies in culturally and geographically analogous settings.

Keywords
Productivity, Lean Manufacturing, TPM, Standardized Work, Human Resources Management, Peruvian Construction
Sector.

1. Introduction

The construction industry, which generates a total of USD 10.7 trillion globally, stands out as one of the most
significant sectors in economic terms (Deloitte, 2023). It is important to note that, in 2021, the sector recovered to pre-
pandemic levels. This growth is attributed, in part, to growth expectations driven by population increase (Eberhardt et
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al., 2019). However, despite this favorable outlook, the industry faces considerable market uncertainty, characterized
by inflation, high-interest rates, rising costs, supply chain setbacks, and material and labor shortages (Deloitte, 2023).

In the local context, between December 2022 and January 2023, the sector experienced a drop of almost 12% due to
political-social conflicts, which generated unfavorable conditions for private spending (inflation, negative interest
rates, and confidence) (CAPECO, 2023). Subsequently, a 9% decrease was recorded in the first half of 2023 compared
to the same period of the previous year, reflected in a 6.1% drop in the sector's GDP caused by a lower execution of
private projects and an increase in self-construction. In addition, there was a modest 0.2% growth in the construction
sector's sales compared to the previous year. At the national level, the industry faces additional risks, such as high
state obstruction, the negative impact of the El Nifio phenomenon on the execution of works, and declining sectoral
expectations (-1%) (CAPECO, 2023).

In this context, this article aims to investigate a company's operations in the construction sector in Peru to analyze the
leading causes of low profitability. This analysis is intended to propose a model that integrates lean manufacturing
tools, such as Just-In-Time, to address delays in materials procurement; Total-Productive-Maintenance to implement
preventive maintenance improvements; Autonomous-Maintenance to implement an automatic maintenance plan;
Standard-Word, to create standards of equipment use; One-Point-Lesson to train collaborators on machinery; A human
resources plan to address the lack of a human resources management area, improve communication, implement
training and incentive programs, and address the problems of low labor productivity and the limited availability of
machinery and equipment.

This paper addresses a significant knowledge gap by focusing on improving profitability in a Peruvian construction
company through a model that integrates Lean Manufacturing and human resources tools. Although the existing
literature on the application of Lean in construction is extensive, most studies focus on conventional construction
companies, leaving a gap in research on how this approach can specifically benefit companies in particular geographic
and cultural contexts, such as construction companies in Peru. In addition, while numerous papers explore human
resource management strategies in various sectors, more research must be used to integrate these strategies with Lean
Manufacturing principles in Peru's construction context. The contribution lies in filling this gap by proposing an
innovative model that combines Lean Manufacturing tools with a human resources plan tailored to a Peruvian
construction company's specific needs and challenges, thus offering a comprehensive and results-oriented approach
to improve profitability in this sector.

2. Literature Review

2.1. Lean Practices in Construction Sector

Lean Manufacturing originated after World War II in the automotive industry in Japan after the application of the
Toyota production system (Saieg et al., 2018; Singh et al., 2018); subsequently, in the construction industry, it would
focus on eliminating waste and improving efficiency at all stages of the construction process (Rekha et al., 2016;
Koskela, 1992). Its application seeks to reduce costs, improve quality, and shorten lead times, thus improving the
efficiency of construction projects (Jurik et al., 2020; Jamil & Fathi, 2016). Lean practices have shown that companies
are three times more likely to achieve on-time delivery and twice as likely to meet budget (Aslam et al., 2020).
Effective implementation of Lean in construction involves significant cultural and organizational change, where
collaboration between all stakeholders in the value chain is critical (Sacks et al., 2018; Marhani & Jaapar, 2013). In
construction, where projects are often complex and subject to constant variations, the application of Lean can be
particularly beneficial to increase the profitability and competitiveness of companies in the sector. However, there is
still a wide gap in applying this methodology, especially in small and medium-sized Peruvian companies (Heravi &
Firoozi, 2017; Lopez-Uchuya, 2022).

2.2. Just in Time (JIT)

Just-in-Time (JIT) is a management philosophy that seeks to deliver needed materials, components, or services at the
exact time they are required, thus avoiding unnecessary storage and reducing associated costs (Ogunbiyi, 2014). In
construction, the application of JIT can help minimize lead times, optimize the use of resources, and improve
efficiency in project execution (Hei et al., 2024; Enshassi et al., 2019). Studies have shown that JIT implementation
in construction can reduce production times and excess inventory in raw materials, incomplete and finished goods,
decreasing inventory costs (Kong et al., 2018; Phan & Athigakunagorn, 2022). However, its implementation in the
construction industry presents unique challenges, such as managing the variability inherent in construction projects,
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effectively coordinating multiple activities and actors, and special training (Bamana et al., 2019; Moussaoui et al.,
2021).

2.3. Total Productive Maintenance (TPM)

Total Productive Maintenance (TPM) in construction focuses on maximizing the efficiency of equipment and
machinery by preventing failures and optimizing maintenance processes (Tsuchiya, 1992). Research led by Heravi et
al. (2019) and subsequent studies by Cabrera et al. (2022) have highlighted the importance of implementing TPM in
construction companies to reduce downtime, improve equipment reliability, and increase overall project productivity.
Unlike the traditional practice of reactive maintenance, where one waits for failures before intervening, TPM promotes
a proactive and systematic approach to prevent problems and optimize asset performance (Al-Aomar, 2012; Asay &
Wisdom, 2002). In construction, where the intensive use of equipment and machinery is critical, implementing TPM
seeks to reduce unplanned downtime, increase equipment availability, and improve production quality (Palomino-
Valles et al., 2020).

2.4. Autonomous Maintenance (AM)

In the construction industry context, autonomous maintenance involves training field workers to take responsibility
for maintaining and caring for their tools, machinery, and equipment used in construction projects (Cabrera et al.,
2022). This is based on the understanding that workers directly involved in operations have detailed knowledge of the
equipment and can identify potential problems early. Construction workers should be trained to perform tasks such as
regularly cleaning equipment and tools to prevent the accumulation of dirt and debris that could affect their
performance (Shin & Ahmad, 2011). In addition, they are taught to perform periodic inspections for signs of wear,
damage, or malfunction and to take corrective action or report problems to maintenance teams as needed (Semrau &
Horzela, 2021).

This approach not only helps to optimize equipment efficiency and reduce unplanned downtime on the job site but
also promotes a sense of responsibility and care among workers towards company assets, contributing to improved
productivity and quality in construction projects by ensuring that equipment is in optimal working condition (Amad
et al.,2011; Burawat, 2019).

2.5. Standardized work (SW)

The lean approach to standardized work is based on establishing precise and uniform processes for each stage of the
project, from planning to execution (Toussaint & Berry, 2013). This structure provides a solid foundation for
improving efficiency, reducing waste, and ensuring the quality of the work performed (Monden, 2015). Recent
research has shown that applying standardized work in construction leads to several significant advantages, including
increased productivity, better resource management, reduced costs, and improved customer satisfaction (Fazing &
Saffaro, 2016; Annosi & Bruneta, 2018). In addition, standardized lean work fosters an organizational culture of
continuous improvement. By establishing measurable and transparent processes, construction companies can identify
areas of opportunity and develop strategies to optimize their operations on an ongoing basis (Fazinga et al., 2018;
Puvanasvaran et al., 2018).

2.7. One Point Lesson (OPL)

Lesson-in-point is based on learning from mistakes and challenges in real-time by fostering a culture of immediate
feedback and corrective action; this tool allows construction teams to proactively address problems and avoid their
recurrence on future projects (Miqueo et al., 2020). Existing research supports the effectiveness of the lesson-in-point
in construction, highlighting its ability to reduce unproductive time (Szwedzka & Kaczmarek, 2018). Studies have
identified lesson-in-point as a fundamental practice to drive continuous improvement in construction by facilitating
the rapid identification of problems and the implementation of solutions; this tool contributes significantly to
operational efficiency (Miqueo et al., 2020).

2.8. Human Resources Plan

Human resource planning in construction encompasses identifying, acquiring, and effectively managing the talent
needed to successfully carry out construction projects (Fita & Bezo, 2015; Margherita & Bua, 2021). Studies led by
Babalola and Aigbavboa (2022) have explored the importance of human resource planning strategies specific to the
construction industry, considering the need for communication skills and workforce management in dynamic and
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often unpredictable environments. In addition, research by Adegbenga and Adebimpe (2019), Babalola and Aigbavboa
(2018), and Cesario and Magalhaes (2016) have highlighted how effective human resource planning can contribute to
improved productivity, talent retention, and job satisfaction in construction companies.

3. Contribution

3.1. Fundamental Contributions

The proposed model stands out for its ease of application, efficiency, and low cost. Its main objective is to improve
the profitability of the construction company selected as a case study. This model integrates Lean Manufacturing tools,
such as Just-In-Time, Total Productive Maintenance, Autonomous Maintenance, Standard Work, and One-Point-
Lesson, together with a human resources plan to increase the productivity of the company's human resources and
optimize the availability of machinery.

The model's approach was based on the company's diagnosis, which included interviews with collaborators and
managers. This analysis elaborated on a tree of problems that synthesized the leading and root causes of the low
profitability of construction execution projects.

This analysis identified two essential tools to address the company's profitability issues. First, Lean Manufacturing
tools will help solve problems such as the low availability of machinery and equipment, multiple shutdowns due to a
lack of spare parts, and the high rate of breakdowns. Secondly, other Lean Manufacturing tools are integrated with the
human resources plan to optimize labor productivity, addressing problems such as the lack of human resources
policies, low knowledge of machinery, low commitment on the part of employees, and inadequate use of equipment.
Figure 1 shows the proposed model, which describes a process-based approach. It begins with identifying the problem
of low profitability in construction projects, which currently stands at 3.8%. Next, the first component is detailed,
which proposes the optimization of equipment availability through the use of tools such as Just-In-Time, as well as
the integration of predictive and autonomous maintenance. Then, the second component is presented, which aims to
increase labor productivity through tools such as Standard Work and One Point Lesson, together with a human
resources management plan. Ultimately, an improvement in profitability is expected to be achieved, approaching the
8% target.

INCREASE IN LABOR
PRODUCTIVITY

Just in time Standard
q Work

‘o—_a E One Point
2L Lesson

L4248

EQUIPMENT AVAILABILITY
OPFTIMIZATION

.l
TPM & - HHRR

AM r -l__] Plan
Yo

Figure 1. Proposed Model

3.2. Proposed Model

The proposed model consists of two main components. The first focuses on optimizing the availability of machinery
and equipment used in project execution processes. To achieve this objective, three Lean Manufacturing tools are
implemented: Just-In-Time, which seeks to identify parts acquisition processes and establish relationships with
reliable suppliers; Total Productive Maintenance, which improves preventive maintenance processes; and
Autonomous Maintenance, which trains employees in inspections, cleaning and lubrication of equipment.

The second component seeks to improve human resource productivity through two Lean Manufacturing tools:
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Standard Work, which generates standard documents on operating each machine from start to finish, and One Point
Lesson, which trains employees on machinery and its main components. In addition, a human resources management
plan will be implemented since the company needs an established area, policies, and communication channels.

It is important to note that the main objective of this model is to improve the profitability of a construction company
in Peru. Figure 2 provides a detailed explanation of the above.
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Figure 2. Flow diagram of the proposed model

3.3. Model Indicators

Below are the indicators used to verify compliance with the research objective, divided into three sections: general
problem, leading causes, and root causes.

General Problem Indicator

First, the general problem, as mentioned above, refers to the company's low profitability, which the following indicator
can measure:

(Net Project Profit)
(Total Project Cost)

% Profitability = x 100

Indicators of root and leading causes
a) Low availability of machinery and equipment

The indicators associated with the most significant cause of low profitability, attributed to the limited
availability of machinery and equipment, are presented below.

__ (Total Operating Time —Stoppage Time)

% Availabilit
% y Total Operating Time

x 100

This root cause will be addressed through the use of three Lean Manufacturing tools: JIT, TPM, and AM, which
will be evaluated through the following indicators.

i) To solve the problem of delays in the acquisition of materials, the Just In Time tool will be
implemented with the indicator:
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Spare Parts Acquisition Time (days) = Spare Parts Receipt Date — Spare Parts Order Date

i) Likewise, for the problem of the low amount of preventive maintenance performed, the TPM tool
will be evaluated using the following indicator:

# of compliant items audited

*100%

%Maintenance Audit Compliance = o total ltems audited
L L

iii) Similarly, to address the lack of autonomous maintenance, the following indicator is presented:

. # ime d k
%Downtime Rate due to Lack of Spare Parts = of bowntime due to Lack of Spare Parts 100%

# os Total Downtime

b) Low Labor Productivity

In addition, the second cause is related to low employee productivity and the following indicator is used to evaluate
this:

Standard Time for Tasks Completed

x100

% MO Efficiency =

Actual Time Spent

Two lean manufacturing tools, SW and OPL, will address this issue, along with a human resources management
plan. These will be evaluated using the following indicators:

i) To resolve the lack of standards in the use of machinery, the Standard Work tool will be applied
and evaluated using the following indicator:

Cycle Time (sec) = Y(Time of each Activity)

i) The One Point Lesson tool will be implemented to solve the lack of knowledge about the machinery
on the part of the collaborators, evaluated with the following indicator:

Number of Failures

100

Failure Rate (%) =

Total Number of Equipment

iii) The following indicator is considered for the human resources plan:

# employees who left the company

% Turnover Rate = x100

# employees at the beginning+# employees at the end

4. Validation

4.1. Initial Diagnosis

The construction company under study has a 26-year track record in the market and has executed more than X projects
throughout Peru. However, despite its extensive experience, the company is characterized by being family-owned and
needs more efficient management, which has resulted in low profitability in the construction projects executed.

Following the diagnosis conducted through interviews and calculations, summarized in a problem tree, it was

identified that 2023 profitability was 3.8%, while a target of 8% was expected to be reached. The leading causes of
this situation are attributed to two main aspects. On the one hand, there was a low availability of machinery, which
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operated at 60% capacity.

Among the leading causes of this problem are shutdowns due to lack of spare parts due to delays in the acquisition of
materials, with an average delay of 15 days and a cost of 405,136 PEN, representing 5. 35% of total indirect costs;
high levels of breakdowns due to the lack of predictive and autonomous maintenance activity, with only 52% of
maintenance carried out compared to the expected 100%; and inadequate use of equipment by operators since there
are no standards or training on the parts and procedures for using the machinery.

On the other hand, low labor productivity, which barely reaches 42%, also contributes significantly to low profitability.
This problem is attributed to the lack of a human resources policy, as the company lacks an area and established
communication channels; the low level of knowledge of the machinery by the operators, with only 22% having higher
education and only 10% of the operators being trained by the company; and the low level of commitment of the
collaborators due to the lack of a rewarding process and labor instability, as most of the contracts are weekly, resulting
in 2% labor stability.

To address these problems, tools will be proposed to optimize the profitability of construction projects in the company
studied based on a detailed analysis of the causes and root causes identified in the problem tree. Figure 3 shows the
problem tree that summarizes the diagnosis made in the case study

Non-existence of the human
resources area

Lack of human

A resources policies

Inefficient internal communication

g 38%
between workers and executives

/

/
v e R =

/ Low level of 5 Low educational level
4 Low labor productivity 1 knowledge in -
/ N BERVIERY 10% ~al Absence of a training program
\_\\
Low ’f B Low level of " Few work incentives
profitability in /

construction (
execution
projects

commitment T~
((48% i

Stoppages due to lack

Job instability

Delays in acquisition of materials

\
\ A ofspare pa (Purchases)

\ e / . Poor preventive maintenance
! Low availability of /
.

I High level of =
machinery R breakdown: T,
\ @ ™~ No autonomous maintenance
60% P
pl Improper use of > Lack of standards

equipment g

Lack of trainings

010/0162010/00/010X0,

Figure 3. Problem tree diagram

The pilot implementation technique was developed over six months to validate the proposed model. The results of
each implemented tool will be shown below.

4.2. Implementation of the JIT Tool

The Just-in-Time (JIT) tool addresses the problem of lack of spare parts due to delays in the procurement of materials,
resulting in delays of up to 15 days and high spare parts costs. The implementation of JIT has demonstrated a
significant reduction in the delivery time of materials needed for projects in the field.

Initially, a JIT team was formed, consisting of 2 employees from the operations area, followed by training with a
subject matter expert.

Then, the materials required for each project were identified, including those of recurrent use, such as cement, coarse
sand, crushed stone, and structural pipes. Reliable suppliers, such as Celima for cement, El Paisa for coarse sand and
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crushed stone, and Koplast for structural pipes, were selected to establish a weekly and monthly purchasing process
to optimize delivery times according to each required order quantity.

Subsequently, a training program was implemented in the logistics area to inventory stored materials, thus facilitating
the timely start of field activities and minimizing waiting times between material delivery and construction start. In
the following months, the tool's progress will be periodically evaluated. The Table 1 below illustrates the structure of
the tool.

Table 1. Implementation of JIT Tool

. . Delivery Ordering Ordering Qs .
Material Supplier Time Frequency Quantity On-Site Projects

Cement Celima One day Two times per 20 bags Fundo Pradera -
week Pachacamac

Coarse Sand El Paisa One day Three times per 10 m? Villa Algmeda Lima
week Sur - Chilca

Crushed Stone | El Paisa One day Three times per 10m?3 Villa Algmeda Lima
week Sur - Chilca

SFructural Koplast One day One time per According to | Sol de Ica XXVI—

Pipes month need Ica

4.3. Implementation of the TPM Tool

Two main routes for implementing the Total Productive Maintenance (TPM) tool have been followed: autonomous
and predictive maintenance. In the case of autonomous maintenance, a dedicated team was formed and received
specialized training.

Subsequently, a document detailing the inspection, cleaning, and lubrication procedures required for the backhoe
loader machine was prepared. In addition, a training campaign was carried out to train as many operators as possible
in these tasks. A document compiling the five main autonomous maintenance procedures was created to facilitate their
daily application and affixed as stickers on each machine. Finally, corrective actions were implemented to address any
problems identified during the process. On the other hand, in the case of predictive maintenance, several key steps
were followed. First, a dedicated predictive maintenance team was assembled and provided with training.

Figure 4 shows a photographic record of the condition of the machines before and after maintenance was taken using
experts in the field. Two representative cases were selected to show the impact of autonomous maintenance: one
related to a dirty air conditioner with 500 hours of use and another related to low pH refrigerant, changed every 12,000
hours. A comprehensive audit of the current maintenance process was conducted, and the new preventive maintenance
process was implemented. Subsequently, a new audit was conducted to evaluate the effectiveness of the new approach.
Finally, corrective actions were implemented to improve the process further.
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Before After Before After

Figure 4. Implementation of the TPM Tool

Subsequent analysis revealed a significant improvement in equipment performance and a noticeable reduction in
unplanned downtime. Figure 5 shows the result of the maintenance audit, clearly shows the progress of the
construction company's performance after the TPM tool.

Maintenence Audit

Organization

Management Planning

Obtained Score
e Expected Score

=== [mplementation Score

Supply gExgcution

Employee's skill

Figure 5. Before and after TPM implementation
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4.3. Implementation of the SW Tool

A dedicated team was formed to implement the Standard Work tool, and its members received specific training. Next,
each process, from start-up to shutdown of the backhoe, was photographed to document the steps required to operate
the machinery correctly.

Next, the equipment needed to operate the backhoe was identified in detail. These photographs and specifications
were compiled into a document serving as the operating standard. This document was used in three training sessions
for the operators to familiarize them with the established procedures.

Finally, an audit was conducted to evaluate the effectiveness of the implementation, and all relevant observations were
recorded for future improvements. Figure 6 shows the processes and equipment required to operate the backhoe loader
according to the established standard.

. . [ Lline | Area | Position | Product/Activity
Standard wo'klng Dlugrum | Construction | Field | Operator | Sequence of use of the backhoe loader

Required p | protective equipment (PPE) Tools and equipment

Review of external parts. Inspect
position of mirrors, nuts, lubrication
and engine levels.

Secure parking position. Digging arm
retracted, bucket on the ground
and neutral outriggers.

Climb on the backhoe (3 Check if the control and shift Verify that the rear controls are
support points). lever are in neutral. in neutral.

A Documents SHE / LPP“s

A Documents SHE / LPP's

Make contact with the key and check
Verify that The seat height is Put on your seat belt. fuel levels and gearbox fransmission Start and wait 3 minutes for warm-up Conduet opsrci\oha\ fests before
executing field work

temperature.

A Documents SHE / LPP’s A Documents SHE / LPP’s A Documents SHE / LPP’s (A Documents SHE / LPP’s A Documents SHE / LPP’s
N° Ne N° N° N°

Enereenay | Inepection || Qulty | enjiomertel| Securty | oY% REPORTING PROCEDURE (What should i do if i need help?)

MNumber Re quired Manitoring Time(Sec)

C QA a3

adequate for the operator.

# Dosument | Review Date Field Description Date of Definition Approvers
Author [ Quality | SHE [ Manager
16/04/2024 scvaummhumhc% Jorge Zapata ‘

Figure 6. Standard work implementation

4.4. Implementation of the OPL Tool

A team consisting of a machinery expert and the safety manager was formed to implement the Lesson at a Point tool.
This team received training on the tool to understand its practical application. A detailed document was then developed
that identified and presented each part of the backhoe loader and the systems that must be verified before operating
the machine. The expert validated each part and system to ensure accuracy and relevance.

Subsequently, a training session was designed and implemented for the operations area. It provided clear and practical
instructions on properly using the backhoe, focusing on verifying critical systems prior to each operation. This training

was conducted under the supervision of the expert team and tailored to the personnel's specific needs.

Once the training session was completed, an audit was conducted to evaluate its effectiveness, and areas for
improvement were identified. Based on feedback received during the audit, adjustments and improvements were made
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to ensure the training was as effective as possible. Figure 7 shows the Instructional Lesson Point of CAT Backhoe
Loader inspection before use.

One-Point Lesson (LUP-OPL)

Number of LUP 20/04/2024

® CAT Backhoe Loader Pre-use Implementation .
5 Inspection Date April-24

Manager | Coordinator| Security |prepared By
H
el O Basic Knowledge Mario NA Oscar
S Jorge Zapata /|
Il . Rodriguez / . Pumahuanca /|
@ [£] Case for improvement General Supervisorde| ©p oo

Security

g Manager Instructor]
sl 0O Problem

The loader must be in perfect condition for fast and
efficient maneuvers.

A
|
Y Testing the
Testing \> Excavator
the — System
Charger -
System | L /
S — -
oo
&
A
Testing the l
Steering
System / 4 |
| /—/ L ¥ It is important to
./ . | ensure the
» ‘ T::;::igs:; ‘ | Testingthe stability of the
L excavator arm to
The steering SYEl=m Siabiesy ‘ avoid technical
system should be | System | failures  and/or
inspected as it \—/ accidents.
allows the driver to S
steer the front A
wheels to guide the It is necessary to clean and maintain the
vehicle. The transmission system must be stabilizers as they are responsible for the
in optimal working order as it capacity and correct lifting of heavy loads.
allows the transfer of power from

the engine to the undercarriage
(arm and bucket).

For optimal operation of the machine, an external inspection is
required prior to use.

Figure 7. One-Point-Lesson implementation

4.4. Implementation of the HR Plan

The implementation of the human resources plan began with creating a detailed document establishing the basis for
the formation of the human resources area in the company. This document included developing a clear and
understandable organizational chart that defined the responsibilities and hierarchies within the department.
Subsequently, a human resources management plan was proposed and developed, outlining internal communication
procedures and policies and practices related to human talent management in the organization. Particular emphasis
was placed on transparency and fairness in the treatment of employees.

In addition, a comprehensive training program was designed for the management team and the operating personnel to
provide them with the necessary skills and knowledge to perform their functions effectively and contribute to the
company's success. These trainings were scheduled to take place over a year and address different aspects relevant to
each level of the organization.
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To motivate and recognize our employees' efforts, we created a rewards program to encourage outstanding
performance and commitment to the company's values and objectives. This program included monetary incentives,
public recognition, and other forms of recognition that would strengthen the sense of belonging and job satisfaction.
Once the document with the human resources guidelines had been prepared, an informative session was held for all
personnel, where the objectives and functions of the new department were explained. The active participation of the
employees was encouraged, inviting them to express their doubts, suggestions, and comments to improve the
implementation process.

Finally, comments were compiled, and the documents were validated with the approval of the CEO and company
managers, ensuring their alignment with the organizational vision and strategy. This step guaranteed the endorsement
and commitment of top management to the success and effectiveness of the company's human resources plan.

5. Results and Discussion

The results of the implementation showed significant improvements in the company's profitability.

Engineering methodologies such as TPM tools and standardized work showed a lower consumption of resources and
time. Profitability increased by 2.3%, reaching the company's expected target. In addition, the delay time for the arrival
of spare parts to the project decreased by 20%, from 15 days to 7 days, through process optimizations in the
procurement of materials. The implementation also showed decreased machine repairs since an audit of planned and
autonomous maintenance was introduced for each machine, which was carried out on time.

Likewise, with the Standard Works methodology, it was possible to demonstrate that there is now a standardized
process for using the machinery, thus reducing operator downtime. This went hand in hand with executing a human
resources plan that focused on selecting trained operators, increasing labor efficiency by 79%. Table 2 shows the
results obtained from the indicators of the Proposed Model after the 6-month pilot.

Table 2. Results of the indicators of the Proposed Model

Indicator Methodology/Tools As Is To Be | Results | Variation (%)
Project profitability (%) Modelo de operaciones | 3.80% | 8.00% | 6.10% 61%
Downtime rate due to lack of spare parts (%) Just Time 22.50% | 2.00% 8.12% -64%
Spare parts acquisition time (days) Just Time 15 7 8 ~47%
Availability rate (%) TPM 36.50% | 5.00% | 10.24% -72%
Maintenance audit compliance rate (%) TPM 49.00% | 100.00% | 76.00% 559,
Breakdown rate (%) OPL 2345% [ 6% | 10.76% -54%
Cycle time (min) Standard Work 15 5 62 -59%
Labor Efficiency (%) Human Resources Plan | 45% 90% | 80.40% 79%

6. Conclusions

It can be concluded that the model that integrates tools such as TPM, Lean Manufacturing, and the HR plan proves
that through this case study, the business objectives were achieved, which has generated a contribution in the
construction sector by being a replicable model in different processes.

One limitation of the case study was the tools' implementation time, which was only six months. To ensure the
sustainability and effectiveness of what has been implemented for extended periods, this should be done through
audits, training, and the standardized work described above. Another limitation is that it could only be developed in
one company, so the results cannot be generalized.

Thanks to this implementation and the positive results that could be obtained in the operational part, a new line of

research could be opened to complement the research in different areas, such as the administrative aspect and/or
document control.
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Finally, improving the construction processes in the field by reducing the delivery cycle time, implementing standard
works, and creating a new area of human capital guaranteed the company's sustainability and profitability.
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