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The state of bridges in Indonesia is concerning, with only 1.2% of the
18,990 national bridges classified as being in good condition. A
significant number of bridge failures stem from inadequate
maintenance, highlighting the urgent need for a structured and
effective quality management approach. This research develops a
Work  Breakdown  Structure (WBS)-based Quality Management
System  (QMS)  framework  specifically  for  concrete  bridge
maintenance to enhance performance and ensure adherence to
national standards. The QMS encompasses three main stages—
inspection, maintenance, and rehabilitation—comprising 10 activities
systematically  aligned  with  bridge  maintenance  requirements.
Quantitative findings from expert validation showed high suitability
of the QMS framework, with average scores of 4.0 to 5.0 across
content, format, and performance effectiveness. Statistical analysis
with 33 respondents revealed a strong positive correlation (r = 0.768)
between the QMS and key maintenance performance indicators such
as structural safety and bridge importance, explaining 54.9% and
59.9% of the variance, respectively. Qualitative insights emphasized
the enhanced organization and durability of maintenance processes,
supported by 10 Standard Operating Procedures (SOPs), work
instructions, and checklists. This study's novelty lies in integrating
WBS into QMS for concrete bridge maintenance, providing a
structured methodology for achieving consistent and high-quality
outcomes. The implementation of this framework is anticipated to
significantly improve the safety, reliability, and sustainability of
bridge infrastructure in Indonesia.
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1. Introduction

For centuries, bridges have been fundamental to human civilization, serving as crucial links that facilitate
the movement of people [1], goods, and services across natural barriers such as rivers, valleys, and
oceans. Globally, bridges play an essential role in economic development, connecting urban centers, rural
areas, and even entire nations [2]. According to the World Economic Forum (2021), modern bridges are
an integral part of infrastructure systems that support global supply chains, trade, and economic growth
[3]. With the global population steadily increasing and urbanization accelerating at an unprecedented rate,
the demand for resilient and reliable bridge infrastructure is higher [4]. However, challenges such as
climate change [5], aging infrastructure [6], and increased traffic loads pose significant threats to the
structural integrity of bridges worldwide [7]. These challenges underscore the importance of
implementing effective maintenance and management systems to ensure public safety and long-term
sustainability [8].

Despite the increase in the number of bridges, their condition in Indonesia remains concerning. According
to the Ministry of Public Works and Housing (PUPR) (2022), there are 18,990 bridges on national roads
[9], with 15.31% in poor or damaged condition. Many bridges suffer from light to severe damage,
highlighting the need for better maintenance and quality management. The deterioration of bridges, as
observed over the years, poses significant risks to public safety and infrastructure reliability [10]. Bridge
failures are a recurring issue in Indonesia, often as a result of poor quality management and inadequate
maintenance practices [11]. One of the primary causes of these incidents is the heavy traffic that imposes
excessive loads on structures, which many bridges are not equipped to handle [12]. Moreover, the
degradation of materials, compounded by insufficient maintenance, further increases the risk of collapse
[13]. The Kutai Kartanegara bridge collapse in 2011 is a notable example of such failures, demonstrating
the devastating effects at the micro, mezzo, and macro levels, from individual losses to national economic
1mpacts.

To prevent further bridge failures, it is important to implement a QMS to monitor and maintain bridge
conditions [14]. An effective QMS ensures that inspections and maintenance are conducted according to
established standards, thereby minimizing the risk of collapse [15]. As highlighted by various studies, the
durability and structural performance of infrastructure, including concrete and reinforced beams, depend
significantly on systematic maintenance and timely interventions [16]. For instance, Mortazavi and
Shakiba (2023) emphasized the importance of proper reinforcement in RC beams for enhancing structural
integrity [17]. A robust QMS is essential for managing construction quality and maintaining the safety
and longevity of bridge structures [18]. Regular inspections and timely interventions are key to ensuring
that bridges remain in optimal condition for public use [19]. Considering the growing concerns over
bridge conditions in Indonesia [9], this research aimed to explore the development of a QMS WBS-Based
as a novelty, specifically for the maintenance and preservation of concrete bridges. By improving the
existing QMS, the objective of this research is to improve the performance and durability of bridges,
reducing the risk of failure and ensuring that they continue to serve as critical infrastructure [19,20].

2. Literature review & hypotheses development

2.1. Work breakdown structure of concrete bridge maintenance

Work Breakdown Structure (WBS) is an important tool used in project management to organize the
project's scope into manageable sections. According to the PMBOK Guide (2000), WBS is defined as a
deliverable-oriented grouping of project elements that defines the scope of work [21].
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In bridge maintenance, WBS helps define the scope by breaking down the work into components, making
the project easier to manage and control [22]. For example, maintenance of a concrete bridge's
superstructure involves several tasks that are part of a hierarchical system. Based on the previous WBS
research outlines a 5-level hierarchy for bridge maintenance, with Level 1 being the “Project Name” and
Level 5 being the most detailed activity.

Table 1 below shows an activity classification that will be a basis for maintaining and rehabilitation of a
concrete bridge, while the details of the WBS will be attached in Appendix A

Table 1. Bridge Maintenance Work Activities Classification.

Project Name Work Package Work Scope Reference

Inventory Inspection (PUPR, 2022), (Jasa Marga, 2022)

Bridge Inspection Detailed Inspection (PUPR, 2022), (Jasa Marga, 2022)

Work Regular Inspection (PUPR, 2022), (Jasa Marga, 2022), (JICA, 2018),
Special Examination (PUPR, 2022), (Jasa Marga, 2022)
Mali;lftiedng:nce Maintengnce Regular Maintenance (PUPR, 2018), (FHWA, 2018), (JICA, 2018)
Work (Preventive) Periodic Maintenance (PUPR, 2018), (Erbiyik. 2022)
Repair (JICA, 2018)
Rehabilitation Replacement (PUPR, 2022), (Wu C., et al, 2021), (FHWA, 2018)

(Corrective) Element Modification (PUPR, 2022)

Reinforcement (JICA, 2018), (Wu C., et al, 2021)

The use of WBS enables more efficient management of bridge maintenance projects [23,24]. WBS
facilitates the clear assignment of responsibilities, effective resource allocation, and the simplification of
management processes. By breaking down tasks into smaller, manageable components, WBS ensures that
all necessary maintenance elements, such as inspection of main girders and pavements, are considered to
ensure the bridge’s longevity and safety.

2.2. Concept of quality management system

A QMS is a structured framework of coordinated activities designed to ensure consistent delivery of
products or services that meet customer and regulatory requirements [18]. According to ISO 9001:2015, a
QMS enables organizations to systematically manage processes, ensuring efficiency, effectiveness, and
continuous improvement. According to the Indonesia Ministry of Public Works and Housing (PUPR), a
QMS refers to a system consisting of coordinated activities aimed at directing and controlling an
organization in terms of quality [25]. In the implementation of a QMS, the following components are
essential in the development phase:

2.2.1. Quality policy

The quality policy forms the backbone of an organization’s commitment to implementing a QMS [26]. In
line with global standards such as ISO 9001:2015, the quality policy is essential for directing activities
aimed at improving overall performance, reducing inefficiencies, and ensuring that services meet or
exceed stakeholder expectations [26]. To effectively implement the quality policy, all personnel must
strive to improve processes, minimize failures, improve the competency of human resources, and
continuously meet required service standards. This commitment to quality should be understood and
actively adopted across all levels of the organization.
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2.2.2. Quality objectives

Quality objectives translate the organization’s commitment to quality into measurable targets [27].
According to ISO 9001:2015, these objectives must be in line with the quality policy, be measurable, and
focus on improving service conformity and customer satisfaction [28]. According to the specifications
derived from the SMART framework (Specific, Measurable, Achievable, Realistic, and Time-bound),
quality objectives are set by top management and tailored to the vision and mission of each unit. These
specifications are regularly monitored and evaluated to ensure they remain relevant and achievable,
promoting continuous improvement at all levels [28].

2.2.3. Standard operating procedures (SOP)

Standard Operating Procedures (SOPs) are important documents outlining the specific methods necessary
to ensure consistent quality across an organization [29]. These procedures serve as a foundation for
maintaining quality control and ensuring compliance with both internal and external requirements [30].
Subsequently, SOPs should cover key elements such as objectives, scope, roles, and responsibilities, and
must be approved by top management to guarantee their applicability. This ensures that all work units
adhere to standardized processes, ultimately leading to a more efficient and effective operation.

2.2.4. Work instructions

Work Instructions (WI) provide detailed guidelines on performing specific tasks to meet quality
standards. Developed by experienced personnel and approved by top management, WI are designed to
ensure accuracy and consistency across various activities [31]. The WI provides step-by-step instructions
and may include flowcharts for clarity, ensuring that all processes are in line with the organization's
quality objectives. These instructions are important for ensuring that tasks are performed correctly and
efficiently, particularly in complex or high-risk operations.

2.2.5. Checklists & quality records

Checklists are practical tools used to verify that all necessary tasks have been completed according to
defined standards [22]. As highlighted in the Project Management Body of Knowledge (PMBOK),
checklists promote consistency and quality by ensuring that all important steps are followed and no key
tasks are missed. Checklists can range from quality assurance to equipment inspections and risk
assessments, providing a simple and effective method for maintaining control over processes and
ensuring project success. Therefore, Quality records serve as evidence that a QMS has been properly
implemented. These records include documentation such as reports, drawings, photos, and minutes of
meetings, and these records provide transparency and accountability throughout the organization [32].
Quality records are essential for audits and reviews, ensuring that all processes are traceable and are in
line with established standards.

2.2.6. Quality manual

The Quality Manual is a comprehensive document that governs the implementation of a QMS across all
units of the organization. This manual includes the scope of a QMS application, quality objectives, and
process interactions that support quality assuorrance. The Quality Manual is periodically updated to
reflect changes in a QMS, ensuring that it remains relevant and effective. This document is a key
reference for maintaining quality standards and guiding the organization towards continuous
improvement [25].
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2.3. Bridge maintenance performance indicator

Bridge maintenance performance is a critical metric used to evaluate the effectiveness of bridge
maintenance and repair activities. To evaluate the performance of bridge maintenance and repair, specific
indicators are necessary to serve as evaluation tools for the results of such activities. Performance
indicators are measures accompanied by a rationale and realistic objectives, facilitating effective
diagnostic processes and supporting appropriate decision-making within diverse organizational structures
[33]. According to Ivankovic (2021), there are 6 important performance indicators for bridges, as follows
[34]:

2.3.1. Structural safety

Structural safety is an indicator that assesses a bridge's ability to maintain its structural stability when
subjected to loads or other environmental influences [35]. The evaluation of this indicator consists of 3
levels, including (1) no impact on the bridge if 1 component fails, (2) affecting specific parts of the
bridge, and (3) impacting the entire bridge.

2.3.2. Traffic safety

This indicator evaluates the extent to which a bridge provides traffic safety for its users. The evaluation of
traffic safety considers 4 levels of impact on the environment [36], including (1) no impact on traffic
flow, (2) restricting speed limits, (3) causing traffic diversion due to congestion, and (4) resulting in road
closures.

2.3.3. Durability

Durability assesses how long a bridge can withstand loads and environmental influences without
requiring intensive repairs or maintenance [37,38]. Durability is heavily influenced by the materials used
and the quality of construction. The evaluation of this indicator considers 2 levels of impact, including (1)
no impact on the durability of other components and (2) affecting the durability of other components.

2.3.4. Bridge general condition

This indicator evaluates the general condition of the bridge, including its performance and structural
health. Assessing the general condition of the bridge helps understand how well the bridge functions in
the context of maintenance [39,40].

2.3.5. Availability indicator

The availability indicator assesses the accessibility of the bridge, specifically how often the bridge can be
accessed without disruptions [41]. This indicator operates at the system level and provides an overview of
the bridge's performance when maintenance and repair activities may affect its availability to users.

2.3.6. Bridge importance

This indicator assesses the role of the bridge within the transportation system [42]. At the network level,
the importance of a bridge is determined by 5 criteria such as road category, average daily traffic (ADT),
detour distance, the longest span of the bridge, and the total length of the bridge.

2.4. Hypotheses development

A QMS consists of a collection of documented procedures and standardized practices designed to ensure
that a product's processes meet specific requirements [43]. In the context of maintenance and
rehabilitation for bridges, these activities must adhere to set specifications and work standards.
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Fig. 1. Framework of WBS-Based QMS.

The conceptual framework (as shown as in fig.1) for this research highlights the relationship between a
QMS and maintenance performance. Previous investigations identified challenges in Indonesia's bridge
maintenance processes, due to inadequate quality management (Suite, 1995; Cokronegoro, 2010). A well-
implemented QMS can address these challenges by ensuring compliance with established specifications
and quality standards, improving the performance of maintenance and rehabilitation activities. This
research posits that the independent variable, a QMS for concrete bridge maintenance, positively
influences the dependent variable, which is the maintenance performance of the bridge. Therefore, the
hypothesis formulated from this framework is that the development of a QMS in maintenance and
rehabilitation activities will lead to improved performance outcomes.

3. Methodology

3.1. Research design & variable

This research uses a quantitative approach to analyze the relationship between a QMS implementation
and bridge maintenance performance in Indonesia. This investigation is divided into 2 stages:

1. A QMS Enhancement: This stage involves designing a QMS specifically for bridge maintenance,
integrating elements from existing frameworks and literature to improve maintenance
performance.

2. Statistical Analysis: The second stage focuses on evaluating the impact of a QMS on bridge
maintenance using statistical methods, such as regression and correlation analysis, to measure
performance indicators like efficiency, safety, and sustainability.

Also, there are variables used, as in table 2:

Table 2. Component Variable of WBS-Based Quality Management System.

Code Variable Code Indicators Reference
X.1.1 Clear and documented
Easy to understand and can be
X.1.2 .
<1 litv Poli communicated to all related personnel 1SO 9001:2015
) Quality Policy X.1.3 Compiled based on applicable regulations '
X 14 Focus on the goals of the company or
o organization
Can be measured and evaluated
X.2.1 .
periodically
X.2.2 Focus on products and customers
X2 Quality Objectives X.2.3 Compliance with applicable regulations ISO 9001:2015
X.2.4 Consistent with established quality policies
X.2.5 Communicated and updated periodically
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Code Variable Code Indicators Reference
X.3.1 Clear and easy to understand
Efficient and effective procedures in its
X.3.2 . .
implementation
SOP X33 Measurable success Ministerial
(Standard X.34 Dynamic or adaptable to needs Regulation of
X.3 Operational X.3.5 User-oriented PAN-RB No. 35 of
Procedure) X.3.6 Comply with applicable legal provisions 2012
It can be used as a legal product that is
X.3.7 obeyed, implemented, and protects
employees from lawsuits
X 41 Work instructions are clear and easy to Mini
4. understand inister of PUPR
X.4 Work Instructions X.4.2 Measurable success No. 4 of 2009 and
X.4.3 Dynamic or adaptable to needs SNIISO
A 9001:2015
X.4.4 User-oriented
X.5.1 Fully documented and organized o
X.5.2 Compliance with applicable regulations Minister of PUPR
. . - No. 4 0f 2009 and
X.5 Quality Records X.53 Recorded in an actual (timely) and relevant SNI ISO
o manner (in accordance with procedures) 9001:2015
X.54 Clear and easy-to-identify
Easy to understand and can be
X.6.1 .
communicated to all related personnel Minister of PUPR
X.6 Quality Manual X.6.2 Oriented to applicable regulations No. 4 of 2009 and
X 63 Can be used as a legal product that is ISO 9001:2015
o obeyed, and applied by all parties
Y1 Structural safety (Ivankozxz)l;:,lz)’\. ctal,
Y2 Traffic safety (Ivankc;xg;,ll)‘k. ctal,
.. Ivankovic, A. et al,
Maintenance Y3 Durability ( 2021)
Y Performance (Ivankovic, A. et al
Y4 General condition of the bridge ) 02’1) ’ ’
Y5 Auvailability of bridge performance (Ivankc;xgg,l;%. ctal,
Y6 The importance of the bridge (Ivankc;xgg,l;%. etal,

3.2. Population and sample

This research is conducted in 2 stages, each with specific population criteria:

1. Stage 1: Delphi Method (Expert Validation):
o Participants: Experts with at least 5 years of experience in bridge maintenance and a QMS

principles.

o Sample Size: A minimum of 5 experts, selected for their expertise to refine the QMS

framework.

2. Stage 2: Survey of Respondents:

o Participants: Professionals with 1 to 3 years of civil engineering experience, particularly in
bridge maintenance.

o Sample Size: A minimum of 15 respondents, using purposive sampling to ensure
participants are knowledgeable in both bridge maintenance and QMS.
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3.3. Data collection and analysis methods

Data collection and analysis are structured as follows:

1.

2.

Stage 1: Delphi Method (Expert Opinion Collection):
o Data Collection: Structured questionnaires were sent to experts to gather a valuable
understanding of QMS implementation in bridge maintenance.
o Analysis: Thematic analysis to identify key trends and themes from expert responses.
Stage 2: Survey of Respondents (Quantitative Data Collection):
o Data Collection: A structured survey with closed-ended Likert scale questions and open-
ended questions to assess a QMS and maintenance performance.
o Analysis: Statistical methods (e.g., regression, correlation) will be used to explore the
relationship between QMS and maintenance performance, with thematic analysis of open-
ended responses for qualitative insights.

4. Results & discussion

4.1. Enhanced quality management system

The development of a QMS for bridge maintenance and repair is in line with the framework set by the
Ministry of Public Works and Housing (PUPR) Regulation No. 4 of 2009. A QMS is structured across 6
validated components, based on research questions RQ1 to RQ10, ensuring alignment with the standards
for concrete bridge maintenance. The QMS document adheres to the Project Management System Report
format used by the Ministry of Public Works of Indonesia, consisting of 5 chapters:

1.

Chapter 1: Introduction

This chapter provides the background, objectives, and scope of the QMS for concrete bridge
maintenance and repair.

Chapter 2: Literature Review

This chapter explains the general principles of Quality Management Systems and their relevance
to the construction and maintenance of bridges.

Chapter 3: Quality Manual

This section outlines the quality policy, objectives, organizational structure, and responsibilities. It
includes the process flowchart and a list of relevant documentation for bridge maintenance work.
Chapter 4: Procedures, Duties, and Responsibilities

This chapter details the SOPs for the 10 main stages of concrete bridge maintenance and repair.
Chapter 5: Work Instructions, Checklists, and Quality Records

It provides WI, checklists, and quality records for the 10 key stages of bridge maintenance.

A QMS was validated through expert feedback obtained from 5 professionals with extensive
experience in bridge maintenance and repair. This feedback was collected using questionnaires
and interviews. These experts included directors, academics, and quality managers with years of
experience ranging from 10 to 45 years. The validation process used an ordinal scale from 1 (not
suitable) to 5 (highly suitable), resulting in the following conclusions:

1. Format and Presentation: The average score for the document's format and presentation was
4.0 and 4.7, indicating that the format was appropriate.

2. Content and Component Suitability: a QMS components and the general content received
scores between 4.3 and 5.0, showing that the content is highly relevant to bridge maintenance
work.
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3. Performance Indicators and Effectiveness: The system’s effectiveness in improving
maintenance performance was rated between 4.3 and 4.7, confirming that a QMS is effective
and can improve the structural safety, traffic capacity, durability, and overall condition of
bridges.

A QMS was designed to improve structural integrity, traffic management, and durability of bridges, with a
WS tailored to bridge maintenance. The quality policy adheres to national maintenance standards and
allows for periodic updates. Expert validation confirmed that a QMS is well-suited for bridge
maintenance work and effectively improves maintenance performance.

4.2. Bridge performance evaluation

This section discusses the relationship between a QMS for concrete bridge maintenance and repair
(variable X) and bridge maintenance performance (variable Y). The content analysis focused on the
indicators for variable X to variable Y (Detail calculation attached on appendix B) Additionally, an
assessment was conducted to determine the influence of both variables in improving bridge maintenance
and repair performance.

4.2.1. Data sufficiency test

The data sufficiency test concluded that a sample of 33 respondents was sufficient to represent the
findings of this research. The minimum sample size requirement based on statistical analysis was
achieved, as indicated by the sample size adequacy score (Kaiser-Meyer-Olkin measure = 0.803), which
is well above the acceptable threshold of 0.5.

4.2.2. Homogeneity test

The homogeneity test grouped respondents into 4 categories, including company, position, work
experience, and education. The results indicated that there were no significant differences in
understanding or perception among respondents from different companies (p = 0.578), positions (p =
0.427), or educational backgrounds (p = 0.639). However, differences in perceptions were found among
respondents based on work experience, with p-values less than 0.05 (p = 0.041), indicating a statistically
significant divergence in perceptions regarding QMS and maintenance performance.

4.2.3. Validity test

In this research, the validity test confirmed that all indicators for both variables X and Y were valid. Each
of the indicators showed a factor loading greater than 0.7 (ranging from 0.711 to 0.893), which exceeds
the minimum acceptable threshold of 0.5, thereby confirming the validity of the measurement model.

4.2.4. Reliability test

The reliability test showed that the Cronbach's Alpha value was 0.955, indicating that the questionnaire
used was highly reliable and could be trusted to produce consistent results. All constructs exhibited strong
internal consistency, with Cronbach’s Alpha scores for individual constructs ranging from 0.890 to 0.967,
well above the recommended threshold of 0.7.

4.2.5. Correlation Test

The correlation test measured the relationship between a QMS and bridge maintenance performance (as
shown as in table 3). The Pearson correlation coefficient between variable X (QMS) and variable Y
(maintenance performance) was 0.768, indicating a strong positive correlation between the 2 variables.
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This strong correlation supports the hypothesis that a QMS positively influences bridge maintenance
performance.

Table 3. Correlation Test Results.

VARIABLE Y.1.1 Y.1.2 Y.1.3 Y.14 Y.1.5 Y.1.6
X.1.1 0,324 354" 0,165 424 0,087 0,260
X.1.2 483" 353" 0,172 422 0,212 439"
X.1.3 0,335 518 0,201 473" 0,269 0,338
X.14 0,293 0,322 -0,084 0,246 484" 0,130
X.2.1 364 0,300 0,111 0,275 0,340 0,312
X.2.2 374 408" 0,132 0,315 409" 354"
X.2.3 0,289 358" 0,031 396" 0,209 390"
X.2.4 0,297 444 0,214 406" 388" 452"
X.2.5 0,235 0,334 0,097 0,305 0,231 476"
X.3.1 0,286 360" 0,160 0,329 0,142 0,270
X.3.2 575 538" 0,212 493" 0,219 522
X.3.3 0,187 0,100 0,138 0,092 0,163 0,233
X.3.4 520" 0,311 0,040 0,284 451 6277
X.3.5 467" 482" 0,181 0,289 0,341 6517
X.3.6 353" 373" 0,240 413" 0,255 47T
X.3.7 496" 439" -0,057 0,338 397 0,329
X.4.1 400" 486" 385" 5317 393" 388"
X.4.2 457 0,289 0,300 347 363" 365"
X.4.3 409" 403" 0,149 0,300 456" 482"
X.4.4 0,253 5217 -0,065 0,217 0,269 402"
X.5.1 0,286 473" 368" 433" 418" 366"
X.5.2 0,224 4147 0,244 379" 0,111 0,146
X.5.3 0,260 496" 0,285 453" 0,253 0,214
X.5.4 490™ 607" 423" A472% 0,277 0,331
X.6.1 0,104 0,217 0,097 0,199 0,129 609"
X.6.2 0,333 0,279 0,092 0,255 0,121 7617
X.6.3 0,199 0,093 -0,147 0,152 0,108 .729*

4.2.6. Linear regression analysis

Linear regression analysis showed that a QMS significantly influenced certain performance indicators of
bridge maintenance.

e The variable Y.1.1 (Structural Safety) was significantly influenced by the development of a QMS,
with a standardized beta coefficient () of 0.741 and an R-squared value of 0.549 (p < 0.001),
explaining 54.9% of the variance in structural safety. This shows that improving the QMS has a
substantial effect on the structural integrity of bridges.

e The variable Y.1.6 (Bridge Importance) was also significantly influenced by a QMS, with a
standardized beta coefficient (B) of 0.774 and an R-squared value of 0.599 (p < 0.001), accounting
for 59.9% of the variance. This underscores the important role of the QMS in maintaining bridges of
high importance.

From these findings, the hypothesis stated in subsection 2.4 (H1) is accepted. This research confirms that
the development of a QMS (variable X) for concrete bridge maintenance and repair has a significant
positive effect on bridge maintenance performance (variable Y). This shows the importance of
implementing a robust QMS to improve both the safety and overall performance of bridge maintenance
efforts.

10
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5. Conclusion

This research evaluated the impact of a QMS on the performance of concrete bridge maintenance and
repair in Indonesia. The analysis demonstrated that a well-designed QMS significantly enhances key
performance indicators, particularly structural safety and operational importance. The results showed that
QMS improvements accounted for 54.9% of the variance in structural safety and 59.9% in bridge
importance, highlighting its critical role in ensuring both the safety and prioritization of maintenance
activities. These findings underline the practical benefits of implementing a robust QMS, including more
effective inspections, timely interventions, and improved organizational efficiency in bridge maintenance.
This study reinforces the necessity of adopting comprehensive quality management practices to support
the long-term reliability and safety of Indonesia’s bridge infrastructure.

In terms of research reliability, the instrument used for data collection demonstrated high consistency,
with a Cronbach's Alpha value of 0.955, confirming that the results are dependable and repeatable.
Additionally, the validity of the indicators for both QMS frameworks and bridge performance was
verified, ensuring robust and reliable data. These findings highlight the strength of the research design in
providing an accurate and valuable understanding of the relationship between QMS frameworks and
bridge maintenance performance. The research also found that respondents' perceptions were largely
homogeneous across different groups based on company, position, and education, reflecting a consistent
understanding of QMS frameworks within the industry. However, significant differences emerged among
respondents with varying levels of work experience, with more experienced professionals offering distinct
perspectives on the operational prioritization of bridges. This underscores the influence of practical
experience in shaping views on the effectiveness of quality management systems in bridge construction
and maintenance.

A strong correlation (r = 0.768) was identified between a QMS and overall bridge maintenance
performance, further reinforcing the idea that a well-implemented QMS leads to better maintenance
results. This finding supports the research hypothesis (H1) and underscores the importance of investing in
quality management systems to enhance the durability, safety, and operational efficiency of bridges. In
conclusion, this research confirmed that a well-developed QMS significantly improved bridge
maintenance performance, both in terms of structural safety and operational importance. The practical
implications of this research suggest that both government agencies and private companies should
prioritize the development of comprehensive QMS frameworks for bridge maintenance. Additionally,
future research should explore other factors that may further enhance the impact of a QMS on
maintenance performance. By focusing on continuous improvement in quality management practices, the
bridge maintenance sector can ensure safer, more reliable infrastructure throughout Indonesia.
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