AMERICAN Journal of Engineering,
Mechanics and Architecture

GLOBAL RESEARCH NETWORK Volume 2, Issue 6, 2024 ISSN (E) 2993-2637

Improving the Method of Forming a Set of Machines and Systems in
the Construction of Residential Buildings

Gulhayo Ergasheva
Researcher, Tashkent University of Architecture and Civil Engineering

Abstract: The construction of residential buildings involves a complex integration of various
machines and systems to ensure efficiency, safety, and cost-effectiveness. This study aims to
improve the method of forming a set of machines and systems in the construction of residential
buildings by analyzing current practices, identifying inefficiencies, and proposing a systematic
framework. Findings reveal that traditional machinery selection and integration methods are
predominantly based on empirical knowledge and supplier recommendations, leading to
inefficiencies such as over-reliance on specific machines, lack of coordination, high downtime,
and safety incidents. To address these issues, the study proposes a decision support system
(DSS) for machinery selection, integration of Building Information Modeling (BIM), predictive
maintenance systems, and enhanced training programs for operators. The proposed framework
promises to enhance efficiency, reduce costs, and improve safety, though its implementation may
face challenges including initial investment costs, industry resistance to change, and technical
integration complexities. A critical evaluation of the framework underscores its potential benefits
while addressing the obstacles that need to be overcome for successful adoption. This study
provides a detailed analysis and offers practical recommendations for improving machinery and
system integration in residential building construction, contributing to better project outcomes
and industry practices. Future research should focus on developing detailed implementation
guidelines and assessing the long-term impacts of the proposed framework on the construction
industry.
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Introduction. The construction industry is fundamental to the development of modern
infrastructure and the enhancement of living standards worldwide. As a primary component of
urban development, residential buildings demand sophisticated orchestration of various
machines and systems to adhere to quality standards, comply with safety regulations, and stay
within budgetary limits. Traditionally, the selection and integration of these machines have relied
heavily on empirical knowledge, industry norms, and supplier recommendations. While this
approach has facilitated the completion of numerous projects, it often lacks the precision and
adaptability needed to meet contemporary construction challenges. Despite the critical role of
machinery and systems in construction, the industry has been slow to adopt systematic
methodologies for their integration. This reluctance stems from several factors, including the
high initial costs associated with new technologies, resistance to change within the industry, and
the complexity of integrating new systems with existing processes. Consequently, many
construction projects suffer from inefficiencies such as suboptimal machinery combinations,
increased project durations, higher costs, and safety incidents. The rapid advancement of
technology offers a unique opportunity to address these inefficiencies. Technologies such as
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Building Information Modeling (BIM), predictive maintenance systems, and advanced decision
support tools have the potential to revolutionize the construction industry. BIM, for instance,
allows for detailed 3D modeling of buildings, which can facilitate better planning and
coordination of machines and systems. Predictive maintenance systems can monitor machine
health in real-time, reducing downtime and maintenance costs. Decision support systems (DSS)
can use data analytics to recommend the best combination of machines based on specific project
requirements. However, the adoption of these technologies is not without challenges. The initial
investment required for these advanced systems can be prohibitive, especially for small to
medium-sized construction firms. Furthermore, the construction industry is traditionally
conservative, with many stakeholders resistant to changing established practices. The integration
of new technologies also requires a comprehensive understanding of both the new systems and
the existing processes, which can be a significant hurdle. This paper aims to improve the method
of forming a set of machines and systems in the construction of residential buildings. The
primary objectives are to identify the current shortcomings in the process, analyze the potential
for automation and integration, and propose a framework that can enhance efficiency, reduce
costs, and improve safety outcomes.

Current Shortcomings in Machinery and System Integration

Current practices in machinery selection and integration often lead to several inefficiencies. For
instance, an over-reliance on specific types of machinery can result in underutilized resources
and increased project costs. Poor coordination between different systems and machines can cause
workflow disruptions and delays. Additionally, inadequate planning and scheduling can lead to
machinery being idle for extended periods, further increasing costs and project durations. Safety
is another critical concern. Improper use of machinery, lack of proper training for operators, and
insufficient maintenance can lead to accidents and injuries. According to the Occupational Safety
and Health Administration (OSHA), a significant number of construction-related accidents are
due to machinery mishaps, highlighting the need for improved integration and training. Potential
for Automation and Integration.

The potential for automation and integration in the construction industry is vast. Building
Information Modeling (BIM) can enhance the planning and visualization of construction
projects, allowing for better coordination and reduced risk of conflicts. Predictive maintenance
systems can prevent unexpected machinery breakdowns by using real-time data to predict when
maintenance is needed. This proactive approach not only reduces downtime but also lowers
maintenance costs and extends the lifespan of the machinery. Decision support systems (DSS)
can optimize machinery selection and usage. By analyzing project-specific requirements and
machine capabilities, DSS can recommend the most efficient and cost-effective combination of
machines. This systematic approach can significantly enhance resource utilization, reduce
project costs, and improve overall efficiency.

Proposed Framework. To address the identified inefficiencies and harness the potential of
advanced technologies, this paper proposes a systematic framework for forming a set of
machines and systems in residential construction. The framework includes:

1. Decision Support System (DSS): A tool for machinery selection that considers project-specific
requirements, machine capabilities, and cost factors. This system will utilize data analysis and
optimization algorithms to recommend the best combination of machines for each project.

2. Building Information Modeling (BIM): The integration of BIM to facilitate the planning,
visualization, and coordination of machines and systems. BIM will help identify potential
conflicts, improve communication between stakeholders, and enhance overall project
management.

3. Predictive Maintenance Systems: The implementation of predictive maintenance systems to
monitor machine health and schedule maintenance proactively. This will reduce downtime,
lower maintenance costs, and ensure that machines are always in optimal working condition.
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4. Training Programs: The development of enhanced training programs for machine operators to
improve safety and efficiency. These programs will focus on proper machinery usage,
maintenance procedures, and safety protocols.

Improving the method of forming a set of machines and systems in the construction of residential
buildings is crucial for enhancing efficiency, reducing costs, and ensuring safety. This paper
comprehensively analyzes current practices, identifies key inefficiencies, and proposes a
systematic framework for improvement. While the adoption of new technologies and systems
presents challenges, the potential benefits make it a worthwhile endeavor. Future research should
focus on developing detailed implementation guidelines and assessing the long-term impacts of
the proposed framework on the construction industry.

Methods. The methodology for this study involves a multi-faceted approach including a
comprehensive literature review, field surveys, and case studies. This approach ensures a robust
and well-rounded analysis of current practices, technological advancements, and theoretical
models related to the integration of machinery and systems in the construction of residential
buildings. Each component of the methodology is designed to provide unique insights and
validation for the proposed framework.

Literature Review

The literature review encompasses scholarly articles, industry reports, and technical standards. It
focuses on four key areas:

1. Current Methods of Machinery Selection and Integration: This section reviews existing
practices in the construction industry regarding how machinery and systems are selected and
integrated into projects. It highlights the reliance on traditional knowledge, empirical data, and
supplier recommendations.

2. Technological Innovations in Construction Machinery: This part examines the latest
technological advancements in construction machinery, including automation, robotics, and
smart machinery. It also looks at how these innovations are being adopted in the industry and
their impact on project efficiency and safety.

3. Impact of Machinery on Construction Efficiency and Safety: The review analyzes studies and
reports on the effects of different types of machinery on construction efficiency and safety. It
considers factors such as machinery performance, downtime, and safety incidents.

4. Theoretical Models for Optimizing Machinery Usage : This section explores various
theoretical models that have been developed to optimize machinery usage in construction
projects. It includes mathematical models, simulation tools, and decision support systems.

Field Surveys

Field surveys are conducted at ten residential construction sites of varying scales and
complexities. These surveys aim to gather first-hand data on current practices and challenges in
machinery and system integration. The data collected includes: Types of Machines and Systems
Used: Information on the variety and specifications of machinery and systems employed at
different construction sites. Frequency and Duration of Machine Usage: Data on how often and
for how long each type of machinery is used during the construction process. Downtime and
Maintenance Issues: Records of any downtime experienced by machinery and the reasons for
maintenance. Safety Incidents Related to Machinery: Documentation of any safety incidents
involving machinery, including causes and outcomes. The field surveys provide practical
insights into the real-world application and performance of machinery and systems in residential
construction.

Case Studies

Three case studies of recent residential construction projects are analyzed to provide a detailed
examination of machinery and system integration in practice. These case studies cover:
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1. Machinery Selection Criteria: The factors considered when selecting machinery for the
project, including cost, performance, and compatibility with other systems.

2. Integration Challenges and Solutions: Issues encountered during the integration of different
machines and systems and the solutions implemented to address these challenges.

3. Cost and Time Impacts of Machinery Usage: Analysis of how the choice and utilization of
machinery affected the project's overall cost and timeline.

4. Safety Outcomes and Mitigation Measures: Evaluation of safety incidents related to
machinery and the measures taken to mitigate risks. These case studies provide a practical
perspective on the effectiveness of current practices and the potential benefits of the proposed
framework.

Results. The results of the study are categorized into three main areas: current practices,
identified inefficiencies, and the proposed framework.

Current Practices

The analysis of current practices reveals several common issues in the selection and integration
of machinery and systems:

» “Over-Reliance on Certain Types of Machinery”: Many projects depend heavily on specific
types of machinery without considering alternative options. This can lead to inefficiencies
and increased costs.

» “Lack of Coordination Between Different Systems and Machines™: Poor integration and
coordination between different machines and systems can cause workflow disruptions and
delays.

» “High Downtime Due to Maintenance and Operational Issues”: Frequent downtime and
maintenance issues are common, often due to inadequate planning and preventive
maintenance.

» “Safety Incidents Linked to Improper Machinery Usage”: Many safety incidents are
attributed to improper use of machinery, highlighting the need for better training and
supervision.

Several inefficiencies are identified through field surveys and case studies: Suboptimal
Machinery Combinations: Inefficient combinations of machinery result in longer project
durations and higher costs. Inadequate Planning and Scheduling of Machinery Usage: Poor
planning leads to idle machinery and wasted resources. Poor Integration of New Technologies
with Existing Systems: Resistance to adopting new technologies and challenges in integrating
them with existing systems. Insufficient Training and Supervision of Machine Operators: Lack
of adequate training and supervision contributes to safety risks and operational inefficiencies.

Proposed Framework

Based on the findings, a systematic framework is proposed to improve the method of forming a
set of machines and systems in residential construction. The framework includes: 1. Decision
Support System (DSS): A DSS for machinery selection based on project requirements, machine
capabilities, and cost factors. This system will utilize data analysis and optimization algorithms
to recommend the best combination of machines for each project. 2. Integration of Building
Information Modeling (BIM): BIM will be used to facilitate the planning, visualization, and
coordination of machines and systems. It will help identify potential conflicts, improve
communication between stakeholders, and enhance overall project management. 3.
Implementation of Predictive Maintenance Systems: Predictive maintenance systems will
monitor machine health and schedule maintenance proactively. This approach will reduce
downtime, lower maintenance costs, and ensure that machines are always in optimal working
condition. 4. Enhanced Training Programs for Machine Operators: Training programs will be
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developed to improve the skills and knowledge of machine operators. These programs will focus
on proper machinery usage, maintenance procedures, and safety protocols.

Discussion. The proposed framework offers several potential benefits, including improved
efficiency, reduced costs, and enhanced safety. However, its implementation presents challenges
such as the initial investment in technology and the need for a cultural shift within the industry.
A critical evaluation of the framework is provided below.

Efficiency: The decision support system and BIM integration can significantly enhance the
coordination and utilization of machinery, reducing project duration and costs. Cost Reduction:
Predictive maintenance and optimized machinery usage can lower operational costs and prevent
expensive downtime. Safety: Enhanced training programs and better machine integration can
reduce the risk of accidents and improve overall site safety.

Initial Investment: The adoption of new technologies and systems requires substantial upfront
investment, which may be a barrier for small to medium-sized construction firms. Industry
Resistance: The construction industry is traditionally slow to adopt new technologies.
Overcoming resistance and ensuring widespread acceptance of the proposed framework will be
challenging. Technical Integration: Integrating new systems with existing infrastructure and
processes can be complex and requires careful planning and execution. Improving the method of
forming a set of machines and systems in the construction of residential buildings is crucial for
enhancing efficiency, reducing costs, and ensuring safety. This study provides a comprehensive
analysis of current practices, identifies key inefficiencies, and proposes a systematic framework
for improvement. While the proposed framework offers significant benefits, its successful
implementation depends on overcoming financial, cultural, and technical challenges. Future
research should focus on developing detailed implementation guidelines and assessing the long-
term impacts of the proposed framework on the construction industry.
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