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Abstract

This study aims to analyze reinforced concrete bridge design based on structural performance, cost efficiency, and resistance
to traffic loads. A quantitative approach was employed through structural analysis simulations and comparisons of three
bridge design alternatives with a span of 12 meters and a width of 7 meters. The evaluated parameters included flexural
capacity, shear forces, deflection, material requirements, and estimated construction costs. Hypothetical simulation results
indicated that all alternatives satisfied the assumed structural assessment criteria. Alternative B achieved a flexural
utilization ratio of 0.896, a deflection of 11.10 mm, and an estimated cost of IDR 208,850,000, representing 5.73% savings
compared with the reference design. This study demonstrates the potential of integrated evaluation to improve bridge design
efficiency.
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INTRODUCTION

Bridges are among the transportation infrastructures that play a strategic role in supporting interregional connectivity,
improving public accessibility, and facilitating the distribution of goods and services. Bridges not only serve as connecting
structures between areas separated by rivers, valleys, or other geographical barriers but also constitute essential
infrastructure supporting social activities and economic growth. Within road transportation networks, bridges must provide
safe, comfortable, and sustainable transportation services throughout their design life. Therefore, bridge structural design
requires comprehensive technical considerations, particularly regarding the ability of the structure to withstand various load
combinations. Thakkar et al. (2023) explained that bridges are vital components of modern transportation systems; however,
they are vulnerable to various factors that may reduce structural performance and safety. This condition indicates that the
quality of bridge design is a critical factor in ensuring the sustainability of transportation infrastructure.

The development of road and bridge infrastructure requires the implementation of structural systems capable of
accommodating transportation demands while considering technical and economic aspects. One of the most widely used
construction types is reinforced concrete bridges, as concrete has a high capacity to resist compressive forces, while
reinforcing steel enhances the structural capacity to withstand tensile forces. The combination of these two materials enables
the development of structural elements capable of resisting applied loads and being designed in various geometric
configurations. Nevertheless, the use of reinforced concrete does not automatically guarantee construction efficiency and
safety if element dimensions, material properties, and reinforcement requirements are not properly designed. Kaveh et al.
(2022) demonstrated that the optimization of reinforced concrete bridge structures can be achieved by adjusting geometric
dimensions, concrete compressive strength, and reinforcement configurations to obtain designs with lower costs and
environmental impacts. Therefore, the selection and design of reinforced concrete structures should be based on a balance
between structural capacity and the efficient utilization of construction resources.

Structural performance is one of the primary indicators in determining the effectiveness of reinforced concrete bridge
design. This performance relates to the ability of a structure to maintain its strength, stiffness, stability, and serviceability
under loads acting throughout its design life. Structural performance analysis is generally conducted by evaluating the
responses of bridge elements to bending moments, shear forces, stresses, deformations, and potential concrete cracking.
Furthermore, the interaction between the bridge deck slab, main girders, diaphragms, bearings, and substructure must be
considered to ensure effective load transfer mechanisms. Zhou and Chen (2024) explained that the structural response of
reinforced concrete bridges to vehicular loading may be influenced by dynamic vehicle-bridge interactions. Therefore,
structural evaluation requires an understanding of both global structural responses and the local behavior of bridge
components. This demonstrates that structural performance analysis should not rely solely on nominal strength capacity but
must also consider structural behavior under operational loading conditions.

In the bridge design process, loading is a major factor determining the magnitude of internal forces and the required
dimensions of structural elements. Loads acting on bridges may originate from the self-weight of the structure,
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superimposed dead loads, vehicular traffic, braking forces, environmental effects, and other specific conditions. Bridge
design must account for relevant load combinations to ensure that the structure satisfies safety and serviceability
requirements. In Indonesia, SNI 1725:2016 concerning Loading for Bridges is widely used as a technical reference for
bridge loading analysis, including provisions related to loads, load factors, and load combinations (Badan Standardisasi
Nasional [BSN], 2016). Proper application of loading provisions is essential because errors in identifying or combining
loads may result in overly conservative designs or structures with inadequate capacity. Therefore, loading analysis must be
conducted systematically according to the characteristics of the proposed bridge.

Traffic loading is one of the aspects requiring particular attention in reinforced concrete bridge design because it is
moving, variable, and repeatedly applied. Differences in vehicle types, axle configurations, vehicle weights, speeds, and
positions on the bridge deck may produce variations in structural responses. Under certain conditions, heavy vehicles may
generate dynamic effects that increase stresses and deformations in bridge elements compared with static loading
conditions. Zhou and Chen (2024) reported that repeated traffic loading can cause fatigue damage accumulation in
reinforced concrete bridge decks, particularly when influenced by vehicle-bridge interaction, road surface irregularities,
and the proportion of heavy vehicles. Accordingly, structural resistance to traffic loading should be evaluated not only
based on the capacity to withstand maximum loads but also by considering structural responses to loading patterns that may
affect bridge serviceability and durability.

In addition to structural strength and resistance to traffic loads, serviceability is an important consideration in
evaluating the feasibility of a bridge design. A structure with adequate strength capacity may not necessarily provide
optimal service performance if it experiences excessive deflection, uncontrolled cracking, or changes in stiffness that affect
user comfort. Such conditions may reduce service quality and potentially accelerate structural deterioration over time.
Stoilova (2024) explained that reinforced concrete bridges may undergo various deterioration processes caused by
environmental influences and damage mechanisms developing during their operational life. Therefore, bridge design must
consider the relationship between structural strength, serviceability, and material durability. Evaluating these parameters is
essential to ensure that the proposed design not only meets initial construction requirements but also supports the long-term
functionality of the bridge throughout its service life.

Cost efficiency is another essential aspect of bridge design, particularly in infrastructure projects with limited
construction budgets. The construction cost of reinforced concrete bridges is influenced by several components, including
concrete volume, reinforcing steel quantities, formwork, construction methods, and material and labor requirements.
Excessively large structural dimensions may increase material consumption and construction costs, whereas reducing
dimensions without adequate analysis may compromise structural capacity. Therefore, cost efficiency should not be
understood merely as an effort to achieve the lowest construction cost but rather as a process of developing an economical
design while satisfying all technical and safety requirements. Kaveh et al. (2022) demonstrated that optimization approaches
applied to reinforced concrete bridge elements enable the identification of more efficient design configurations through
adjustments to structural parameters. These findings emphasize the importance of integrating technical analysis and cost
considerations into bridge design decision-making.

The relationship between structural performance and cost efficiency becomes increasingly important because every
modification to design parameters may affect material requirements and structural responses. Increasing girder dimensions,
for example, may improve stiffness and certain structural capacities, but it also increases self-weight and concrete volume.
Similarly, changes in concrete strength or reinforcement quantities may affect cross-sectional capacity and material
procurement costs. Therefore, selecting an optimal design requires evaluating several design alternatives using measurable
technical and economic parameters. A study on the optimization of highway bridge superstructure configurations published
in Heliyon (2024) demonstrated that structural configuration selection can be conducted using a decision-support approach
that considers construction costs, implementation time, and technical characteristics. This approach indicates that selecting
the most appropriate structural alternative should be based on systematic comparisons rather than a single design parameter.

One of the common challenges in reinforced concrete bridge design is determining a structural configuration that
satisfies safety requirements while ensuring efficient material utilization. An overly conservative design may produce a
structure with substantial reserve capacity but potentially increase construction costs without providing benefits
proportional to the additional material consumption. Conversely, a design that places excessive emphasis on cost reduction
may introduce risks if flexural capacity, shear capacity, deflection, and responses to traffic loading are not comprehensively
evaluated. This challenge becomes increasingly complex when variations in vehicle loading must be considered alongside
changes in structural dimensions and reinforcement requirements. Kaveh et al. (2022) emphasized the importance of
optimizing bridge structural design parameters, while Zhou and Chen (2024) highlighted the need to consider responses
resulting from traffic—structure interactions in structural analysis. These studies indicate that design evaluation integrating
mechanical and economic aspects plays an important role in developing rational bridge design alternatives.

Previous studies have contributed significantly to the development of methods for analyzing and optimizing bridge
structures. Kaveh et al. (2022) developed an optimization approach for reinforced concrete bridge columns and pier caps
by considering construction costs and carbon emissions. Zhou and Chen (2024) investigated fatigue damage assessment of
reinforced concrete bridge decks through a dynamic vehicle-bridge interaction approach. Meanwhile, Stoilova (2024)
reviewed various deterioration processes affecting reinforced concrete bridges that may influence structural performance
throughout their service life. These studies demonstrate the advancement of bridge evaluation approaches in terms of
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material optimization, structural behavior under vehicle loading, and structural durability. However, each study has a
different focus and scope, indicating that opportunities remain to develop a design assessment framework that integrates
structural performance parameters, cost efficiency, and responses to variations in traffic loading.

Based on the preceding discussion, the research gap underlying this study is the need for a comparative evaluation
that simultaneously integrates structural performance, construction cost requirements, and the responses of reinforced
concrete bridges to variations in traffic loading. Previous studies have addressed these aspects using different approaches
and research objects; however, selecting a design for a particular bridge project still requires an integrated assessment based
on consistent parameters and constraints. The proposed novelty of this study lies in the application of a multicriteria
evaluation framework to compare design alternatives based on flexural and shear capacities, deflection, concrete and
reinforcing steel requirements, cost estimates, and changes in structural responses under different traffic loading scenarios.
Through this approach, the relationship between changes in design parameters and their technical and economic
consequences is expected to be explained more quantitatively, ensuring that the selected alternative not only prioritizes the
lowest cost but also satisfies safety and serviceability requirements.

Based on the aforementioned background, this study aims to analyze reinforced concrete bridge design based on three
primary aspects: structural performance, cost efficiency, and resistance to traffic loading. The analysis focuses on evaluating
the capacity and responses of structural elements, calculating material requirements and estimating construction costs, and
comparing the effects of traffic loading variations on bridge behavior. The evaluation results are subsequently used to
identify design alternatives that satisfy technical requirements while achieving greater efficiency in material utilization and
construction costs. This study is expected to contribute scientifically to the development of an integrated reinforced concrete
bridge design approach and provide technical considerations for engineers, designers, and infrastructure construction
practitioners in selecting bridge designs that are safe, economical, and capable of delivering sustainable transportation
services.

RESEARCH METHODOLOGY
3.1. Research Design and Approach

This study employed a quantitative research approach using descriptive and comparative analytical methods based
on structural modeling. The quantitative approach was adopted to examine the relationships among reinforced concrete
bridge design parameters, loading characteristics, structural responses, and construction cost requirements. The comparative
method was applied to evaluate different structural configurations based on structural safety, serviceability, and material
efficiency. The research involved structural mechanics calculations, numerical modeling, and construction cost estimation
to ensure that each parameter could be evaluated objectively using measurable indicators. The methodology was developed
based on limit state design principles commonly applied in bridge engineering, as outlined in the technical guidelines issued
by the Directorate General of Highways (2021). The research focused on the superstructure of a reinforced concrete
highway bridge, particularly the bridge deck slab, main girders, and structural stiffening elements. The evaluation
considered bridge geometry, material properties, support conditions, and vehicular loading characteristics. To ensure
consistency and comparability, all design alternatives were assessed using the same bridge span, width, loading provisions,
and structural safety criteria. This approach enabled a systematic investigation of how variations in structural configurations
influence bridge performance and construction costs.

3.2. Data and Data Sources

The data used in this study consisted of structural analysis results, numerical modeling outputs, and secondary
information obtained from engineering design documents, technical standards, scientific publications, and construction unit
price references. Geometric parameters included bridge span length, total bridge width, deck slab thickness, main girder
dimensions, girder spacing, and bearing system characteristics. Material properties consisted of concrete compressive
strength, reinforcing steel yield strength, material density, and modulus of elasticity. Loading data included structural self-
weight, additional permanent loads, and vehicular traffic loads determined according to the applicable bridge design
standards. Material requirements were estimated by calculating concrete volumes and reinforcing steel quantities for each
structural configuration. Construction costs were determined using unit prices appropriate to the project location and
implementation period. All collected data were organized systematically to establish consistent input parameters for
structural modeling, design evaluation, and comparative analysis. The use of standardized parameters ensured that
differences in analytical results could be attributed primarily to variations in structural configurations rather than
inconsistencies in the underlying assumptions.

3.3. Structural Design and Modeling Procedures

The structural design process began with the development of a reinforced concrete bridge model based on
predetermined geometric dimensions, material properties, and structural system characteristics. The model represented the
interaction among the bridge deck slab, main girders, diaphragms, and supporting elements to simulate the distribution of
loads throughout the bridge superstructure. Numerical structural analysis was designed to be conducted using finite element
modeling software, such as SAP2000 or equivalent structural analysis applications. The modeling procedure included
defining structural element properties, establishing boundary conditions, specifying bearing characteristics, and applying
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appropriate load distributions. Particular attention was given to ensuring that the structural model adequately represented
the actual load transfer mechanisms and expected structural behavior. Model verification was incorporated through
examinations of force equilibrium, support reactions, and comparisons between numerical results and simplified structural
mechanics calculations. This verification procedure was intended to minimize potential modeling errors and improve the
reliability of the analytical results. Following verification, the structural models were evaluated under relevant loading
combinations to determine internal forces, displacements, and other structural responses required for subsequent
performance assessments.

3.4. Bridge Loading Analysis

Bridge loading analysis was conducted by identifying the permanent and variable actions affecting the structure under
serviceability and ultimate limit state conditions. Permanent loads included the self-weight of reinforced concrete
components, pavement layers, safety barriers, and other fixed structural elements. Variable loads primarily consisted of
vehicular traffic actions, including the effects of vehicle positioning and load distribution across the bridge deck. Traffic
loading was evaluated by considering critical loading positions capable of generating maximum structural responses in the
main girders and deck slab. Dynamic effects were also considered where required by applicable bridge design provisions.
The loading analysis referred to SNI 1725:2016 concerning bridge loading requirements and the practical bridge design
guidelines published by the Directorate General of Highways (Badan Standardisasi Nasional, 2016; Directorate General of
Highways, 2021). The evaluation followed the principles of Load and Resistance Factor Design (LRFD), in which the
effects of factored loads are compared with the available design resistance of structural elements. Load factors and
resistance factors were selected according to the relevant technical requirements to ensure that the proposed bridge
configurations satisfied structural safety criteria. This procedure provided a consistent basis for determining critical internal
forces and evaluating the adequacy of structural elements under different loading conditions.

3.5. Structural Performance Analysis

Structural performance analysis was conducted to assess the ability of reinforced concrete bridge components to
withstand applied loads while maintaining acceptable serviceability conditions. The evaluation focused on maximum
bending moments, shear forces, cross-sectional strength capacities, structural deflections, and reinforcement requirements.
Flexural performance was assessed by comparing the bending moment demand resulting from factored loads with the
available design flexural capacity of the structural elements. Similarly, shear performance was evaluated by comparing the
calculated shear force demand with the corresponding design shear resistance. Structural elements were considered to
satisfy strength requirements when the calculated demands did not exceed their respective design capacities. In addition to
strength verification, serviceability performance was examined by evaluating structural deflections under relevant loading
combinations and comparing the results with the allowable limits established by applicable technical standards. Variations
in girder dimensions, deck slab thickness, and reinforcement arrangements were examined to identify their influence on
structural stiffness, strength capacity, and material consumption. The results provided a basis for evaluating the relationship
between structural adequacy and design efficiency, particularly in identifying configurations capable of achieving
satisfactory structural performance without unnecessary increases in material requirements.

3.6. Analysis of Resistance to Traffic Loading

The resistance of reinforced concrete bridge structures to variations in traffic loading was evaluated through a loading
sensitivity analysis involving three loading scenarios. The first scenario, designated S1, represented a reduced traffic
loading condition equivalent to 80% of the reference traffic load. The second scenario, S2, represented the reference
condition corresponding to 100% of the specified traffic load. The third scenario, S3, represented an increased loading
condition equivalent to 120% of the reference traffic load. These scenarios were applied to the same structural models to
examine changes in bending moments, shear forces, deflections, and structural capacity utilization. The evaluation focused
on determining the extent to which increased traffic loading intensity affected the structural responses and available strength
reserves of the bridge components. Structural capacity utilization was assessed by comparing the calculated load effects
with the corresponding design resistance, while serviceability performance was evaluated through changes in deflection.
The loading variation factors were adopted specifically for sensitivity analysis and were not intended to replace the standard
load factors specified in bridge design regulations. Accordingly, the assessment of traffic load resistance was limited to
structural strength and serviceability responses under different loading intensities. Fatigue resistance and the remaining
service life associated with repeated traffic loading were not evaluated within the scope of this study.

3.7. Construction Cost Efficiency Analysis

Construction cost efficiency was evaluated by estimating the material quantities and associated construction costs for
each reinforced concrete bridge design alternative. The analysis focused on construction components affected by
differences in structural configurations, including structural concrete, reinforcing steel, formwork, and other relevant direct
construction activities. Concrete requirements were determined based on the geometric dimensions of the deck slab, main
girders, and other structural elements, while reinforcing steel quantities were estimated by considering reinforcement
diameters, lengths, quantities, anchorage requirements, and reinforcement arrangements. The estimated construction cost
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of each alternative was obtained by multiplying the calculated quantities of individual work items by their corresponding
unit prices and combining the resulting costs. To ensure comparability, consistent unit price references were applied across
all design alternatives, considering the same construction location and implementation period. Cost efficiency was assessed
by comparing the estimated cost of each alternative with the reference design. An alternative was considered more cost-
efficient when it achieved a lower estimated construction cost while continuing to satisfy all structural strength and
serviceability requirements. Conversely, alternatives requiring higher costs were evaluated to determine whether the
additional expenditure was justified by improvements in structural performance. The cost analysis was limited to the
construction components included in the evaluation and did not incorporate comprehensive life-cycle costs, such as long-
term maintenance, rehabilitation, or replacement expenses.

3.8. Comparative Analysis of Design Alternatives

The comparative evaluation was conducted by integrating structural performance indicators, responses to traffic
loading variations, and estimated construction costs. Each design alternative was assessed based on flexural strength, shear
strength, maximum deflection, structural capacity utilization, concrete volume, reinforcing steel requirements, and total
construction costs. The evaluation was performed in two main stages. The first stage involved verifying whether each
structural configuration satisfied the minimum strength and serviceability requirements established by the applicable design
standards. Alternatives that failed to satisfy these technical requirements were excluded from further consideration as
feasible design options, regardless of their potential cost advantages. The second stage involved comparing technically
acceptable alternatives based on material consumption, cost efficiency, and sensitivity to increased traffic loading. This
integrated assessment was intended to identify a structural configuration that provided an appropriate balance between
engineering performance and economic considerations. Rather than selecting an alternative solely because it required the
lowest construction expenditure, the evaluation emphasized the importance of maintaining adequate structural capacity,
acceptable deformation behavior, and efficient material utilization. The findings were subsequently used to determine the
most suitable design alternative within the scope and limitations of the study.

3.9. Research Implementation Stages

The research implementation was organized into a systematic sequence beginning with a literature review and the
collection of technical data related to bridge geometry, material characteristics, loading requirements, structural design
criteria, and construction unit prices. Following the preliminary data collection, three structural design configurations were
established and designated as Alternative A, Alternative B, and Alternative C. These alternatives were developed to
represent variations in structural dimensions and reinforcement requirements while maintaining consistent bridge geometry
and loading assumptions. Structural models were then prepared to evaluate the responses of each alternative under the
specified load combinations. The resulting bending moments, shear forces, deflections, and capacity utilization levels were
examined to determine compliance with structural strength and serviceability requirements. When a particular design
configuration failed to satisfy the adopted technical criteria, modifications to the relevant structural parameters were
considered, followed by repeated analysis until an acceptable configuration was obtained. Subsequently, technically
feasible alternatives were evaluated based on concrete quantities, reinforcing steel requirements, formwork volumes, and
estimated construction costs. The results were compiled and compared to determine the configuration offering the most
favorable balance among structural performance, traffic loading resistance, and construction cost efficiency. The final stage
involved interpreting the comparative results and formulating conclusions and design recommendations based on the
established evaluation criteria.

3.10. Data Processing and Interpretation Techniques

The data obtained from structural calculations, numerical modeling, and construction cost estimation were processed
using descriptive and comparative quantitative analysis techniques. The analytical results were classified according to
structural performance indicators, variations in traffic loading responses, material requirements, and estimated construction
costs. Structural performance data were interpreted by examining differences in bending moments, shear forces, deflections,
and capacity utilization ratios among the proposed alternatives. The effects of traffic loading variations were evaluated by
observing changes in structural responses under reduced, reference, and increased loading scenarios. Material efficiency
was assessed by comparing concrete and reinforcing steel requirements, while economic performance was evaluated
through differences in estimated construction costs. The processed data were intended to be presented using comparative
tables, graphical representations of structural responses, and diagrams illustrating construction cost differences among
design alternatives. The final interpretation emphasized the relationship between changes in structural configuration,
engineering performance, and economic efficiency. Conclusions were drawn by considering compliance with technical
design requirements, sensitivity to traffic loading variations, and opportunities for construction cost savings. Through this
analytical framework, the study aimed to provide a systematic understanding of the technical and economic implications
of alternative reinforced concrete bridge designs while maintaining a clear distinction between structural compliance
assessments, loading sensitivity evaluations, and construction cost comparisons.

RESULTS AND DISCUSSION
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3.1 Bridge Characteristics and Design Alternatives

The bridge considered in this hypothetical study was a reinforced concrete highway bridge with a simply supported
span of 12 meters and an overall width of 7 meters. The superstructure consisted of a reinforced concrete deck slab,
longitudinal main girders, and diaphragm elements designed to support and distribute traffic loads. The specified concrete
compressive strength was 30 MPa, while the yield strength of the reinforcing steel was 420 MPa. These material properties
were maintained consistently across all design alternatives to ensure that differences in structural responses and material
requirements could be attributed primarily to variations in girder configurations and cross-sectional dimensions.

Three structural configurations were developed for comparative evaluation. Alternative A was established as the
reference design, consisting of five main girders with a width of 350 mm and a depth of 800 mm. Alternative B consisted
of four main girders with larger cross-sectional dimensions of 400 mm in width and 900 mm in depth. Meanwhile,
Alternative C employed five main girders with a width of 400 mm and a depth of 1,000 mm. All three alternatives
maintained the same bridge span, overall width, and deck slab thickness of 220 mm. The variation in girder quantity and
dimensions was intended to represent different structural arrangements and examine their potential influence on stiffness,
load-carrying capacity, material consumption, and construction costs.

The comparison of these configurations indicated that increasing girder dimensions could theoretically improve
structural stiffness and load-carrying capacity, although such modifications might also increase structural self-weight and
material requirements. Conversely, reducing the number of main girders could potentially decrease material consumption
while increasing the tributary loads and structural demands acting on individual girders. Alternative B represented a
configuration in which the reduction in the number of girders was compensated for by increasing their cross-sectional
dimensions. Alternative C represented a more substantial structural configuration designed to provide greater stiffness and
strength capacity. These differences demonstrated the importance of evaluating the behavior of the entire structural system
rather than assessing individual structural dimensions independently.

3.2 Structural Performance Analysis of Reinforced Concrete Bridges

Structural performance was evaluated by comparing the assumed flexural and shear demands with the corresponding
design capacities of the main structural elements. The hypothetical results indicated that Alternative A experienced a
factored bending moment of 620 kN-m and had a design flexural capacity of 680 kN-m, resulting in a flexural capacity
utilization ratio of 0.912. Alternative B exhibited a factored bending moment of 645 kN-m and a design flexural capacity
of 720 kN-m, producing a utilization ratio of 0.896. Meanwhile, Alternative C had the highest factored bending moment of
670 kN-m but also provided the greatest design flexural capacity of 830 kN-m, resulting in the lowest utilization ratio of
0.807.

These simulated results indicated that all three alternatives maintained flexural capacity utilization ratios below the
threshold of 1.00. Alternative A exhibited the highest utilization level, suggesting that its assumed flexural capacity was
utilized more extensively under the reference loading condition. Alternative C demonstrated the greatest relative reserve of
flexural capacity, while Alternative B showed a slightly lower utilization ratio than the reference design despite having
fewer main girders. However, a lower utilization ratio does not necessarily indicate a more efficient design because
additional structural capacity may require greater material consumption and higher construction costs.

The hypothetical shear strength evaluation produced a similar pattern. Alternative A experienced a factored shear
force of 395 kN and had a design shear capacity of 510 kN, resulting in a shear utilization ratio of 0.775. Alternative B
exhibited a factored shear force of 410 kN and a design shear capacity of 535 kN, corresponding to a utilization ratio of
0.766. Alternative C experienced the highest factored shear force of 430 kN but also provided the greatest design shear
capacity of 590 kN, producing the lowest shear utilization ratio of 0.729. These values indicated that the assumed shear
demands remained below the corresponding design capacities for all alternatives.

The comparative results suggested that Alternative B could potentially provide a favorable balance between structural
capacity and configuration efficiency. Although this alternative employed fewer main girders, its increased cross-sectional
dimensions were associated with acceptable flexural and shear utilization ratios in the hypothetical model. Alternative C
provided the greatest reserve capacity but required larger structural elements. Nevertheless, the reported capacities were
assumed for conceptual comparison and were not derived from detailed reinforcement design or verified structural
modeling. Therefore, comprehensive assessments of transverse load distribution, reinforcement detailing, torsion,
connections, and other structural components would be necessary before establishing actual compliance with bridge design
requirements.
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3.3 Evaluation of Bridge Deflection and Serviceability

The serviceability evaluation focused on the maximum vertical deflection of the bridge superstructure under the
reference traffic loading condition. Deflection was considered an important indicator of structural stiffness and service
performance because excessive deformation may affect user comfort and the long-term functionality of bridge components.
For this hypothetical assessment, the allowable deflection was assumed to be one-eight-hundredth of the bridge span,
referring to the standard bridge design criteria published by the Directorate General of Highways (2017). For the assumed
bridge span of 12 meters, this criterion corresponded to a maximum allowable deflection of 15 mm. The criterion was
adopted specifically for the simulation and would require confirmation against the applicable requirements for an actual
bridge design.

The hypothetical analysis indicated that Alternative A experienced a maximum deflection of 12.40 mm,
corresponding to a deflection utilization ratio of 0.827. Alternative B produced a maximum deflection of 11.10 mm and a
utilization ratio of 0.740, while Alternative C exhibited the smallest deflection of 9.40 mm and a utilization ratio of 0.627.
All three alternatives remained below the assumed allowable deflection limit of 15 mm, indicating satisfactory
serviceability performance within the simplified simulation framework.

The comparison revealed that Alternative C demonstrated the greatest stiffness-related advantage, as reflected by its
relatively small vertical deflection. This behavior could be conceptually associated with the larger girder dimensions and
the resulting increase in structural stiffness. Alternative B also exhibited improved serviceability performance compared
with Alternative A, with a reduction in maximum deflection of approximately 10.48%. This result suggested that reducing
the number of girders does not necessarily increase structural deformation when the reduction is accompanied by
appropriate adjustments to cross-sectional dimensions and overall system stiffness.
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Nevertheless, these relationships remain illustrative because actual bridge deflections depend on several interacting
factors, including transverse load distribution, deck slab stiffness, girder spacing, support conditions, and the positioning
of vehicular loads. Accordingly, the assumed deflection values should not be interpreted as verified results from a finite
element analysis. A detailed structural model would be required to confirm whether the proposed configurations achieve
the predicted serviceability performance under the relevant design loading conditions.

3.4 Effects of Traffic Loading Variations on Structural Responses

The effects of traffic loading variations were evaluated using three hypothetical loading scenarios representing 80%,
100%, and 120% of the reference traffic load. The 100% scenario was established as the baseline condition, while the 80%
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and 120% scenarios were introduced to examine structural sensitivity to decreases and increases in traffic loading intensity.
In this simplified analysis, permanent load effects were assumed to remain constant, whereas the traffic load contribution
was varied proportionally according to the assigned loading scenario. This approach was adopted to illustrate the
relationship between traffic loading intensity and structural response rather than to replace the load combinations specified
in bridge design standards.

Under the reference condition, Alternative A had an assumed permanent-load bending moment contribution of 430
kN-m and a traffic-load contribution of 190 kN-m. Alternative B had corresponding contributions of 440 kN-m and 205
kN-m, while Alternative C had contributions of 460 kN-m and 210 kN-m. Under the reduced traffic loading scenario of
80%, the total factored bending moments were 582 kN-m for Alternative A, 604 kN-m for Alternative B, and 628 kN'-m
for Alternative C. At the reference traffic loading level of 100%, the corresponding bending moments increased to 620
kN'm, 645 kN-m, and 670 kN-m, respectively.

When traffic loading intensity was increased to 120%, the simulated bending moments reached 658 kN-m for
Alternative A, 686 kN-m for Alternative B, and 712 kN-m for Alternative C. Compared with the reference loading
condition, these changes represented increases of approximately 6.13%, 6.36%, and 6.27%, respectively. The results
indicated that increasing traffic loading intensity produced higher bending moment demands in all three structural
configurations. However, the magnitude of the total bending moment alone was insufficient to determine which alternative
provided the greatest structural safety margin because each configuration possessed a different assumed flexural capacity.

To obtain a more meaningful comparison, the bending moment demands under each loading scenario were evaluated
relative to the corresponding design flexural capacities. Under the 80% traffic loading scenario, the flexural utilization
ratios were 0.856 for Alternative A, 0.839 for Alternative B, and 0.757 for Alternative C. Under the reference loading
condition, these ratios increased to 0.912, 0.896, and 0.807, respectively. At the highest traffic loading scenario of 120%,
the utilization ratios reached 0.968 for Alternative A, 0.953 for Alternative B, and 0.858 for Alternative C.

® Allematf A Altermnatif B Alternatif C

The hypothetical results showed that all three alternatives maintained flexural utilization ratios below 1.00 under the
analyzed loading scenarios. Alternative C exhibited the greatest relative reserve capacity, while Alternative A approached
the assumed design capacity most closely under the increased loading condition. Alternative B maintained a utilization ratio
of 0.953 at the 120% traffic loading level, indicating that its assumed flexural resistance remained greater than the
corresponding demand within the simplified model. These findings demonstrated the usefulness of sensitivity analysis in
identifying differences in structural responses and capacity utilization among alternative bridge configurations.

However, the 120% loading scenario should not be interpreted as evidence that the bridge could safely accommodate
overloaded vehicles in actual operating conditions. Such an assessment would require comprehensive evaluation of vehicle
axle configurations, load distribution, relevant load combinations, and the behavior of all critical structural components.
Furthermore, repeated traffic loading may introduce fatigue-related deterioration that cannot be evaluated solely through
changes in maximum bending moment or capacity utilization. Therefore, the results should be interpreted as a conceptual
representation of short-term structural sensitivity rather than a comprehensive assessment of long-term traffic loading
resistance.

3.5 Construction Cost Efficiency Analysis

Construction cost efficiency was evaluated by comparing the assumed quantities of structural concrete, reinforcing
steel, and formwork required for each bridge design alternative. These components were selected because they were directly
influenced by differences in girder dimensions and structural configurations. The analysis excluded foundations, abutments,
bearings, pavement works, mobilization, and other supporting construction activities. Therefore, the estimated costs
represented only the selected bridge superstructure components rather than the total cost of constructing a complete bridge.

The hypothetical material quantity estimates indicated that Alternative A required 40.00 m® of structural concrete,
5,800 kg of reinforcing steel, and 210 m? of formwork. Alternative B required 37.00 m* of concrete, 5,500 kg of reinforcing
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steel, and 200 m? of formwork. Meanwhile, Alternative C required 44.00 m? of structural concrete, 6,500 kg of reinforcing
steel, and 220 m? of formwork. Compared with the reference design, Alternative B demonstrated reductions of 7.50% in
concrete volume, 5.17% in reinforcing steel quantity, and 4.76% in formwork requirements. These differences suggested
that reducing the number of main girders could potentially improve material efficiency when accompanied by an
appropriate adjustment of structural dimensions.

For the construction cost simulation, uniform hypothetical unit prices were adopted for all three alternatives.
Structural concrete was assigned a unit price of IDR 1,550,000 per cubic meter, reinforcing steel was valued at IDR 19,000
per kilogram, and formwork was estimated at IDR 235,000 per square meter. These values were assumptions developed
for comparative analysis and did not represent verified market prices or officially established regional construction unit
prices.

Based on these assumptions, the estimated structural concrete cost was IDR 62.00 million for Alternative A, IDR
57.35 million for Alternative B, and IDR 68.20 million for Alternative C. Reinforcing steel costs were estimated at IDR
110.20 million, IDR 104.50 million, and IDR 123.50 million, respectively. Formwork costs were estimated at IDR 49.35
million for Alternative A, IDR 47.00 million for Alternative B, and IDR 51.70 million for Alternative C. Consequently, the
total estimated construction costs were IDR 221.55 million for Alternative A, IDR 208.85 million for Alternative B, and
IDR 243.40 million for Alternative C.

The comparison indicated that Alternative B provided the lowest estimated construction cost among the three
configurations. Relative to Alternative A, the estimated cost reduction was IDR 12.70 million, equivalent to approximately
5.73%. Conversely, Alternative C required an additional IDR 21.85 million, representing an increase of approximately
9.86% compared with the reference design. Reinforcing steel constituted the largest cost component in all alternatives,
suggesting that changes in reinforcement quantity could significantly influence the overall estimated construction cost of
the bridge superstructure.

These results indicated that Alternative B had the greatest potential for construction cost savings within the
hypothetical comparison. However, the material quantities were assumed rather than derived from detailed reinforcement
drawings or verified quantity take-offs. Consequently, the reported cost savings should be interpreted as illustrative
estimates rather than confirmed economic benefits. An actual construction cost assessment would require detailed structural
design, verified material quantities, current regional unit prices, and consideration of other relevant construction activities.

3.6 Relationship Among Structural Performance, Cost Efficiency, and Traffic Loading Resistance

The integrated evaluation demonstrated a relationship among structural configuration, capacity utilization, traffic
loading responses, and estimated construction costs. Alternative C exhibited the lowest flexural and shear utilization ratios,
indicating the greatest assumed reserve capacity among the three configurations. It also produced the smallest maximum
deflection, suggesting comparatively greater structural stiffness. However, these advantages were accompanied by
increased concrete consumption, reinforcement requirements, formwork quantities, and construction costs. This finding
illustrated that improvements in structural capacity do not necessarily produce corresponding improvements in economic
efficiency.

Alternative B demonstrated a different balance between structural and economic performance. Under the reference
loading condition, its flexural utilization ratio was 0.896, while its shear utilization ratio was 0.766. The maximum
simulated deflection was 11.10 mm, remaining below the assumed allowable limit of 15 mm. Under the increased traffic
loading scenario of 120%, the flexural utilization ratio reached 0.953, which remained below the limiting value of 1.00. At
the same time, Alternative B produced the lowest estimated construction cost of IDR 208.85 million, representing a
potential reduction of 5.73% compared with the reference design.

The comparative findings suggested that Alternative B offered the most favorable balance between the evaluated
structural performance indicators and construction costs within the hypothetical simulation. This result indicated that
reducing the number of main girders does not necessarily compromise structural performance when the resulting changes
in load distribution, girder dimensions, and cross-sectional capacity are appropriately considered. However, the conclusion
was limited to the assumed parameters and simplified evaluation criteria. It did not establish that Alternative B would be
the optimal configuration for an actual bridge project.

From a conceptual perspective, these results highlighted the importance of integrating structural performance
assessment with construction cost analysis during bridge design. The practical bridge design guidelines published by the
Directorate General of Highways (2021) emphasize limit state design principles based on the relationship between structural
demands and available resistance. Within the context of this study, such principles were complemented by comparative
material quantity and cost assessments to identify alternatives with potentially greater economic efficiency while
maintaining acceptable structural performance.

Nevertheless, the selection of Alternative B as the most cost-efficient configuration remains provisional because the
evaluation was based on hypothetical data and a limited number of performance indicators. The reliability of the findings
would need to be established through verified numerical modeling, comprehensive analysis of transverse load distribution
between the deck slab and main girders, detailed reinforcement design, and structural verification according to applicable
bridge design standards. Furthermore, the resistance of reinforced concrete bridges to repeated traffic loading requires
fatigue assessment, which was not included in the present simulation. Accordingly, the findings are more appropriately
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interpreted as a demonstration of an integrated comparative evaluation methodology than as a final engineering design
recommendation.

3.7 Implications of the Findings for Bridge Design

From an academic perspective, the hypothetical results demonstrated how structural performance, construction cost
efficiency, and sensitivity to traffic loading can be evaluated within a unified comparative framework. Strength assessment
provided information regarding the utilization of structural element capacities, while deflection analysis represented the
serviceability characteristics of each design alternative. Construction cost estimation complemented these technical
indicators by identifying the potential economic consequences associated with different structural configurations.
Integrating these aspects enabled a more comprehensive assessment than approaches focusing exclusively on structural
capacity or construction expenditure.

In practical applications, the proposed evaluation framework could support decision-making during the preliminary
design stage of reinforced concrete bridge projects. By considering multiple structural configurations, engineers may
identify opportunities to reduce material consumption and construction costs without disregarding essential structural
performance requirements. However, the application of this framework to actual bridge projects must also account for site-
specific conditions, soil characteristics, foundation requirements, seismic actions, hydrological conditions, scour potential,
structural durability, construction methods, and overall project costs. These factors may significantly influence the
suitability and economic feasibility of a particular bridge configuration.

The potential contribution of this study lies in the integration of structural performance evaluation, construction cost
efficiency assessment, and traffic loading sensitivity analysis as a basis for comparing reinforced concrete bridge design
alternatives. Although the hypothetical results suggested that Alternative B could offer a favorable technical and economic
balance, this finding requires validation using actual bridge design parameters and verifiable structural analyses. Further
investigation could strengthen the proposed approach by incorporating sensitivity assessments related to material strength,
structural dimensions, construction unit prices, and traffic loading configurations. Such developments would provide a
more reliable basis for identifying reinforced concrete bridge designs that satisfy structural safety, serviceability, and
economic efficiency requirements.

CONCLUSIONS

Based on the simulation results of a reinforced concrete bridge design with a span of 12 meters and a width of 7
meters, it can be concluded that variations in structural configurations influence flexural performance, shear capacity,
deflection, and construction cost requirements. The comparison of three design alternatives demonstrated that increasing
structural element dimensions does not necessarily result in the most economically efficient configuration. Alternatives A,
B, and C exhibited flexural capacity utilization ratios of 0.912, 0.896, and 0.807, respectively, while their corresponding
shear capacity utilization ratios were 0.775, 0.766, and 0.729. All these values remained below the limiting ratio of 1.00
within the hypothetical model. Alternative C provided the greatest reserve capacity but required higher material quantities
and estimated construction costs compared with the other alternatives.

In terms of serviceability, the simulation indicated that the maximum deflections of Alternatives A, B, and C were
12.40 mm, 11.10 mm, and 9.40 mm, respectively. All three values remained below the assumed allowable deflection limit
of 15 mm. Under the scenario in which traffic loading was increased to 120% of the reference condition, the flexural
capacity utilization ratios increased to 0.968 for Alternative A, 0.953 for Alternative B, and 0.858 for Alternative C. These
findings illustrated that increased traffic loading affects structural strength demands, highlighting the importance of
evaluating loading variations to determine the sensitivity of each structural configuration. Nevertheless, the analysis did
not include an assessment of structural fatigue caused by repeated loading over an extended service period.

From an economic perspective, Alternative B demonstrated the greatest potential for cost efficiency, with an
estimated construction cost of IDR 208,850,000, compared with IDR 221,550,000 for Alternative A and IDR 243,400,000
for Alternative C. The adoption of Alternative B resulted in an estimated cost saving of 5.73% relative to the reference
design. Therefore, based on the indicators and assumptions applied in the simulation, Alternative B could be considered
the most cost-efficient candidate configuration, as it required the lowest construction expenditure while maintaining
capacity utilization ratios and deflection values within the adopted limited evaluation criteria. This study demonstrated that
integrating structural performance evaluation, responses to traffic loading variations, and cost efficiency assessment can
provide a useful approach for comparing reinforced concrete bridge design alternatives. However, the definitive
determination of an optimal design requires verified structural analysis, detailed cross-sectional assessments, loading
evaluations in accordance with applicable standards, and construction quantity calculations based on engineering design
drawings. Accordingly, all numerical findings presented in this study should be regarded as hypothetical simulation results
rather than verified evidence of actual bridge performance.

REFERENCES

American Society of Heating, Refrigerating and Air-Conditioning Engineers. (2023). ANSI/ASHRAE Standard 55-2023:
Thermal environmental conditions for human occupancy. ASHRAE. https://www.ashrae.org/technical-
resources/bookstore/standard-55-thermal-environmental-conditions-for-human-occupancy

23



IRCEE: Innovative Research in Civil and Environmental Engineering ISSN 3089-0985 (E)
Volume 03, Number 02, Oktober 2026

Badan Standardisasi Nasional. (2016). SNI 1725:2016: Loading for bridges. National Standardization Agency of Indonesia.
https://pesta.bsn.go.id/produk/detail/10950-snil1 7252016

Badan Standardisasi Nasional. (2020). SNI 6390:2020: Konservasi energi sistem tata udara pada bangunan gedung. Badan
Standardisasi Nasional. https://pesta.bsn.go.id/produk/detail/13244-sni63902020

Bate’e, E. K., Laoli, E. S., Zebua, D., Halawa, I. H., Ziliwu, P. I. A. P., Halawa, S. J., & Lase, F. (2024). Aplikasi teknik
statistik dalam evaluasi kinerja material konstruksi di berbagai kondisi lingkungan. IDENTIK, 1(1).
https://doi.org/10.70134/identik.v1i1.244

Daeli, I. A., Mendrofa, K. B., Giawa, J. F. K., Harita, H., Daeli, S. D., Zalukhu, M. H., Waruwu, Y., Laoli, D., Laia, B.,
Zebua, D., & Zebua, F. D. (2025). Integrasi pendidikan dan teknik sipil: Pilar pembangunan berkelanjutan.
SIHOWUBOOKS, 2(1).

Daeli, S. D., Zebua, D., Zai, E. P., Harita, H., Zalukhu, M. H., & Lahagu, D. K. (2024). Statistik jadi mudah: Teori, praktik,
dan studi kasus lengkap. SSHOWUBOOKS, 1(1).

Dewi, O. C., Putra, N., Yatim, A., Mahlia, T. M. 1., Rahmasari, K., Hanjani, T., Siregar, R., Rangin, B., & Izzatur, N.
(2023). Zoning and activity-based post occupancy evaluation of multipurpose auditorium in campus facility. Energy
and Buildings, 295, Article 113319. https://doi.org/10.1016/j.enbuild.2023.113319

Directorate General of Highways. (2017). Standard bridge design criteria. Ministry of Public Works and Housing of the
Republic of Indonesia. https://binamarga.pu.go.id/index.php/nspk

Directorate General of Highways. (2021). Practical guidelines for bridge engineering design (No. 02/M/BM/2021).
Ministry of Public Works and Housing of the Republic of Indonesia.
https://binamarga.pu.go.id/index.php/nspk/detail/02mbm?202 1 -panduan-praktis-perencanaan-teknis-jembatan/1000

Directorate General of Highways. (2025). General specifications 2025 for road and bridge construction works. Ministry of
Public Works of the Republic of Indonesia. https://binamarga.pu.go.id/uploads/files/2104/Spesifikasi-Umum-2025-
untuk-Pekerjaan-Konstruksi-Jalan-dan-Jembatan.pdf

Giawa, J. F. K., Laia, B. W, Loi, A., & Zebua, D. (2025). Kinerja geotekstil sebagai material perkuatan tanah pada struktur
timbunan jalan. Jurnal Riset dan Inovasi Teknik Sipil.

Hamedoni, H., Daeli, S. D., Zalukhu, M. H., & Zebua, D. (2024). Strategi pengelolaan risiko dalam konstruksi gedung
tahan gempa di daerah rawan bencana. Jurnal Ilmu Ekonomi, Pendidikan dan Teknik, 1(2), 1-10.
https://doi.org/10.70134/identik.v1i2.35

Harita, H., Daeli, I. A., Laia, B., Zebua, D., Daeli, S. D., Zalukhu, M. H., & Zebua, F. D. (2025). Dasar-dasar manajemen
proyek dan pengendalian proyek. SIHOWUBOOKS, 2(1).

Harita, H., Zebua, D., Caling, C. L. B., Laia, B., Zalukhu, M. H., Daeli, S. D., & Mendrofa, K. B. (2024). Bahan bangunan
konstruksi: Jenis, karakteristik dan penggunaanya. SIHOWUBOOKS, 1(1).

Harita, H., Zebua, D., Caling, C. L. B., Sabu, M. K. H., Primavita, C. C., & Yudarsi, P. M. (2026). Teknik sipil untuk
pemula. SIHOWUBOOKS, 3(1).

Harita, H., Zebua, D., Laia, B., Daeli, I. A., Daeli, S. D., & Zalukhu, M. H. (2025). Budaya K3 dalam proyek infrastruktur:
Tantangan dan solusi. SIHOWUBOOKS, 2(1).

Harita, H., Zebua, D., Telaumbanua, A., Daeli, S. D., Zalukhu, M. H., & Giawa, J. F. K. (2024). Proyek sukses dengan MS.
Project: Panduan praktis dan aplikasi langsung. SIHOWUBOOKS, 1(1).

Harita, H., Zebua, D., Telaumbanua, A., Daeli, S., Zalukhu, M. H., & Giawa, J. F. K. (2024). Proyek sukses dengan MS.
Project: Panduan praktis dan aplikasi langsung. SIHOWUBOOKS, 1(1).

International Energy Agency. (2025). Energy efficiency 2025. IEA. https://www.iea.org/reports/energy-efficiency-2025

Kasi, J., & Kaliluthin, A. K. (2024). A comprehensive approach to assess occupant's satisfaction and performances of
residential building. Civil Engineering Journal, 10(2), 444-455. https://doi.org/10.28991/CEJ-2024-010-02-07

Kaveh, A., Mottaghi, L., & [zadifard, R. A. (2022). Optimization of columns and bent caps of RC bridges for cost and CO:
emission. Periodica Polytechnica Civil Engineering, 66(2), 553—-563. https://doi.org/10.3311/PPci.19413

Kolago, D. P., & Zebua, D. (2023). Analisa beban pendinginan dalam perencanaan bangunan gedung. Jurnal Penelitian
Jalan dan Jembatan, 3(2). https://doi.org/10.59900/ptrkjj.v3i2.171

Laia, B., Zebua, D., Daeli, 1. A., Harita, H., Zalukhu, M. H., Daeli, S. D., & Giawa, J. F. K. (2025). Mengenal dunia teknik
sipil: Pondasi untuk masa depan. SIHOWUBOOKS, 2(1).

Laia, B., Zebua, D., Daeli, S. D., Harita, H., Zalukhu, M. H., & Giawa, J. F. K. (2024). Rahasia menulis buku sampai
selesai. SIHOWUBOOKS, 1(1).

Laia, B., Zebua, D., Ndraha, A. B., Lase, D., Laoli, D., & Waruwu, F. K. F. (2024). Panduan lengkap menggunakan SPSS
untuk pemula: SPSS dari nol, panduan praktis & sistematis untuk pemula. SIHOWUBOOKS, 1(1).

Laia, B., Zebua, D., Zalukhu, M. H., Harita, H., Daeli, I. A., & Daeli, S. D. (2025). Jenis-jenis tanah dan klasifikasinya
dalam teknik sipil. SIHOWUBOOKS, 2(1).

Mansour, D. M., Ebid, A. M., Mahdi, I. M., Mahdi, H. A., & Elkadi, A. F. (2024). Optimizing the superstructure
configuration of highway bridges for cost-effective construction. Heliyon, 10(4), Article €26064.
https://doi.org/10.1016/j.heliyon.2024.e26064

Paroipo, W. T., Cahyono, M. S. D., & Zebua, D. (2022). Efek perlakuan pemanasan dalam proses pengeringan bata ringan
yang dibuat dari bahan alternatif kombinasi lumpur lapindo dan sekam padi. Jurnal Penelitian Jalan dan Jembatan,

24


https://pesta.bsn.go.id/produk/detail/10950-sni17252016?utm_source=chatgpt.com
https://binamarga.pu.go.id/index.php/nspk?utm_source=chatgpt.com
https://binamarga.pu.go.id/index.php/nspk/detail/02mbm2021-panduan-praktis-perencanaan-teknis-jembatan/1000?utm_source=chatgpt.com
https://binamarga.pu.go.id/uploads/files/2104/Spesifikasi-Umum-2025-untuk-Pekerjaan-Konstruksi-Jalan-dan-Jembatan.pdf?utm_source=chatgpt.com
https://binamarga.pu.go.id/uploads/files/2104/Spesifikasi-Umum-2025-untuk-Pekerjaan-Konstruksi-Jalan-dan-Jembatan.pdf?utm_source=chatgpt.com
https://doi.org/10.3311/PPci.19413?utm_source=chatgpt.com
https://doi.org/10.1016/j.heliyon.2024.e26064?utm_source=chatgpt.com

IRCEE: Innovative Research in Civil and Environmental Engineering ISSN 3089-0985 (E)
Volume 03, Number 02, Oktober 2026

2(2), 9—13. https://doi.org/10.59900/ptrkjj.v2i2.82

Ridwan, D., Zebua, D., & Solihin. (2023). Analisis pengukuran longitudinal section pada jalan Mulyosari menggunakan
waterpass. Jurnal Penelitian Jalan dan Jembatan, 3(2). https://doi.org/10.59900/ptrkjj.v3i2.169

Satoinong, L., Desnalia, D., Mintura, S., Paroipo, W. T., Gulthom, A., Simamora, J., & Zebua, D. (2024). The impact of
communication on project performance in construction projects. Innovative Research in Civil and Environmental
Engineering (IRCEE), 1(1). https://doi.org/10.70134/ircee.v1il.45

Stoilova, V. (2024). Reinforced concrete bridges deterioration processes: A review. World Journal of Advanced
Engineering Technology and Sciences, 13(2), 1-12. https://doi.org/10.30574/wjaets.2024.13.2.0525

Teras, D., Tjahjono, B., Ridwan, R., Saepudin, A., Arniansyah, A., Leihitu, D. D. J., & Zebua, D. (2024). Planning road
construction based on smart city: Challenges and solutions. Innovative Research in Civil and Environmental
Engineering, 1(1). https://doi.org/10.70134/ircee.v1il.44

Teras, D., Zebua, D., & Fiya. (2023). Proses penapisan terkait amdal pada pembangunan jalan di Desa Bangun Harja. Jurnal
Penelitian Jalan dan Jembatan, 3(2). https://doi.org/10.59900/ptrkjj.v3i2.170

Thakkar, K., Rana, A., & Goyal, H. (2023). Fragility analysis of bridge structures: A global perspective & critical review
of past & present trends. Advances in Bridge Engineering, 4, Article 10. https://doi.org/10.1186/s43251-023-00089-y

Tjahjono, B., Zebua, D., & Mita, V. (2023). Analisis kajian literatur risiko keselamatan dan kesehatan kerja (K3) dalam
pembangunan gedung bertingkat di  Indonesia. Jurnal Penelitian Jalan dan Jembatan, 3(2).
https://doi.org/10.59900/ptrkjj.v3i2.168

Tjahjono, B., Zebua, D., & Rusnani. (2023). Perbandingan nilai momen pada SPColumn dengan hasil eksperimen. Jurnal
Penelitian Jalan dan Jembatan, 3(1), 1-7. https://doi.org/10.59900/ptrkjj.v3il.130

Wibowo, L. S. B., & Zebua, D. (2021). Analisis pengaruh lokasi dinding geser terhadap pergeseran lateral bangunan
bertingkat beton bertulang 5 lantai. Ge-STRAM: Jurnal Perencanaan dan Rekayasa Sipil, 4(1), 16-20.
https://doi.org/10.25139/jprs.v411.3490

Zalukhu, M. H., Zebua, D., Laia, B., Harita, H., Laia, O., & Zai, F. S. (2024). IBM SPSS secara detail: Panduan
komprehensif setiap fitur. SIHOWUBOOKS, 1(1).

Zebua, D. (2020). Pushover analysis pada bangunan beton bertingkat tinggi terhadap beban gempa berdasarkan SNI-
1726:2012  [Tugas akhir, Universitas Widya Kartika]. Repository Universitas Widya Kartika.
http://repository.widyakartika.ac.id/id/eprint/1058

Zebua, D. (2022). Analisis pushover pada struktur bangunan bertingkat beton bertulang 10 lantai (Master's thesis,
Universitas Narotama). Universitas Narotama Repository. http://repository.narotama.ac.id/id/eprint/1962

Zebua, D. (2023). Analisis displacement struktur beton bertulang pada gedung rumah sakit. Jurnal Penelitian Jalan dan
Jembatan, 3(1), 20-25. https://doi.org/10.59900/ptrkjj.v3il.133

Zebua, D. (2024). Membangun Nias: Teknik dan tradisi konstruksi. SIHOWUBOOKS, 1(1).

Zebua, D., & Giawa, J. F. K. (2025). Analisis tingkat penerapan perhitungan struktur pada pembangunan rumah sederhana.
Jurnal Ilmu Ekonomi, Pendidikan dan Teknik, 2(2), 79-84. https://doi.org/10.70134/identik.v2i2.722

Zebua, D., & Giawa, J. F. K. (2025). Qualitative study of maintenance of wooden structures of traditional houses in damp
environments.  Innovative  Research in  Civil and Environmental Engineering, 2(1), 54-60.
https://doi.org/10.70134/ircee.v2il.723

Zebua, D., & Koespiadi, K. (2022). Pushover analysis of the structure a 10-floor building with ATC-40. IJTI International
Journal of Transportation and Infrastructure, 5(2), 110-116. https://doi.org/10.59900/ijti.v5i2.110

Zebua, D., & Koespiadi. (2022). Performance evaluation of high-rise building structure based on pushover analysis with
ATC-40 method. Applied Research on Civil Engineering and Environment (ARCEE), 3(02), 54-63.
https://doi.org/10.32722/arcee.v3i02.4334

Zebua, D., & Laia, B. (2025). Insinyur dalam teknik sipil. SIHOWUBOOKS, 2(1).

Zebua, D., & Siswanto, 1. (2023). Analisis pengaruh contract change order (CCO) pada proyek pembangunan drainase.
Jurnal Penelitian Jalan dan Jembatan, 3(2). https://doi.org/10.59900/ptrkjj.v3i2.167

Zebua, D., & Wibowo, L. S. B. (2022). Effect of soil type on lateral displacement of reinforced concrete building. Applied
Research on Civil Engineering and Environment, 3(3), 127—134. https://doi.org/10.32722/arcee.v3i03.4965

Zebua, D., & Wibowo, L. S. B. (2022). Perbandingan pergeseran lateral gedung beton bertulang dengan dan tanpa dinding
geser. RACIC: Rab Construction Research, 7(1), 11-19.

Zebua, D., & Wibowo, L. S. B. (2023). Pengaruh jenis tanah terhadap simpangan lateral gedung beton bertulang. Jurnal
Riset dan Pengembangan Sumber Daya, 6(1), 1-10. https://doi.org/10.25139/jprs.v6i1.4901

Zebua, D., Daeli, S. D., Harita, H., Daeli, I. A., Laia, B., Zalukhu, M. H., Giawa, J. F. K., Zebua, F. D., & Mendrofa, K. B.
(2025). Teknologi dan peralatan konstruksi untuk insinyur sipil. SSHOWUBOOKS, 2(1).

Zebua, D., Daeli, S. D., Harita, H., Zalukhu, M. H., Laia, B., & Giawa, J. F. K. (2024). Cepat dan praktis belajar jurnal
ilmiah. SIHOWUBOOKS, 1(1).

Zebua, D., Giawa, J. F. K., & Waruwu, J. P. (2025). Integration of smart infrastructure systems and innovative materials to
enhance sustainability, performance, and resilience in modern civil engineering. Innovative Research in Civil and
Environmental Engineering, 2(2). https://doi.org/10.70134/ircee.v2i2.838

Zebua, D., Giawa, J. F. K., Loi, A., & Zebua, C. (2025). Performance assessment of high-rise building foundations subjected

25


https://doi.org/10.30574/wjaets.2024.13.2.0525?utm_source=chatgpt.com
https://doi.org/10.1186/s43251-023-00089-y?utm_source=chatgpt.com

IRCEE: Innovative Research in Civil and Environmental Engineering ISSN 3089-0985 (E)
Volume 03, Number 02, Oktober 2026

to variable soil and load conditions in coastal environments. Journal of Development Technology and Sustainability,
1(1). https://doi.org/10.70134/jodetos.v1i1.892

Zebua, D., Harita, H., Daeli, S. D., Zalukhu, M. H., & Laia, B. (2024). The influence of using sea sand as aggregate on the
compressive strength of concrete. Innovative Research in Civil and Environmental Engineering, 1(1), 1-6.
https://doi.org/10.70134/ircee.v1il .41

Zebua, D., Harita, H., Zalukhu, M. H., Laia, B., Daeli, S. D., & Zalukhu, B. S. (2024). IBM SPSS: Panduan praktis analisis
data untuk penelitian dan statistik. SIHOWUBOOKS, 1(1).

Zebua, D., Laia, B., Giawa, J. F. K., & Mendrofa, K. B. (2026). Analysis of the effect of soil classification on displacement
and inter-story drift of reinforced concrete buildings. RESWARA: Jurnal Riset Ilmu Teknik, 4(3).
https://doi.org/10.70716/reswara.v4i3.665

Zebua, D., Laia, B., Harita, H., Zalukhu, M. H., Daeli, S. D., & Gowasa, E. F. (2024). Mengenal aplikasi IBM SPSS statistic
serta fungsi fitur-fiturnya. SSHOWUBOOKS, 1(1).

Zebua, D., Laia, B., Zalukhu, M. H., Daeli, S. D., Harita, H., & Giawa, J. F. K. (2024). Strategi sukses tata kelola jurnal
dan pencapaian akreditasi nasional. SIHOWUBOOKS, 1(1).

Zebua, D., Laia, B., Zalukhu, M. H., Daeli, S., Harita, H., & Giawa, J. F. K. (2024). Praktis belajar struktur beton prategang.
SIHOWUBOOKS, 1(1)

Zebua, D., Mendrofa, P. S. S., Telaumbanua, F. T., Mendrofa, R. W., & Laoli, P. J. (2024). Analisis statistika keandalan
struktural dalam teknik sipil. IDENTIK, 1(1). https://doi.org/10.70134/identik.v1i1.241

Zebua, D., Prayoga, P., & Waruwu, P. C. E. (2023). Evaluasi dan desain pengembangan infrastruktur pengaliran drainase
di wilayah Ngagel Tirto Kota Surabaya. Jurnal Penelitian Jalan dan Jembatan, 3(1), 26-32.
https://doi.org/10.59900/ptrkjj.v3il.134

Zebua, D., Putra, A. A. S., Wibowo, L. S. B., & Alfiani, S. (2023). Evaluation of seismic performance of hospital building
using pushover analysis based on ATC-40. Journal of Civil Engineering, Science and Technology, 14(2).
https://doi.org/10.33736/jcest.5326.2023

Zebua, D., Shofiyah, A., & Purnomo, H. D. (2023). Analisis desain kinerja model halte berdasarkan lingkungan di tempat
terpilih. Jurnal Penelitian Jalan dan Jembatan, 3(1), 8—19. https://doi.org/10.59900/ptrkjj.v3il.132

Zebua, D., Waruwu, E., Lase, D., Yanita, R., & Giawa, J. F. K. (2025). Analisis kinerja struktur gedung beton bertulang
sesuai ATC-40. Inovasi Pembangunan: Jurnal Kelitbangan, 13(1). https://doi.org/10.35450/jip.v12i03.816

Zebua, D., Wibowo, L. S. B., Cahyono, M. S. D., & Ray, N. (2020). Evaluasi simpangan pada bangunan bertingkat beton
bertulang berdasarkan analisis pushover dengan metode ATC-40. Ge-STRAM: Jurnal Perencanaan dan Rekayasa
Sipil, 3(2). https://doi.org/10.25139/jprs.v3i2.2475

Zebua, D., Wibowo, L. S. B., Cahyono, M. S. D., & Ray, N. (2020). Analysis pushover pada bangunan bertingkat beton
bertulang 7 lantai menggunakan metode FEMA-356. Seminar Nasional Ilmu Terapan (SNITER), 4(1).

Zebua, D., Wibowo, L. S. B., Rahman, H., & Rifani, R. (2022). Studi pengaruh peranan konsultan manajemen konstruksi
pada proyek pembangunan tempat penyimpanan sementara limbah B3. Jurnal Penelitian Jalan dan Jembatan, 2(2), 1—
8. https://doi.org/10.59900/ptrkj;j.v2i2.81

Zebua, D., Zalukhu, M. H., Daeli, S. D., Harita, H., Laia, B., & Zebua, F. D. (2024). Indeks jurnal ilmiah: Memahami
Google Scholar, SINTA, GARUDA, Scopus, Copernicus, dan Crossref. SIHOWUBOOKS, 1(1).

Zebua, D., Zalukhu, M. H., Laia, B., Daeli, S. D., Harita, H., & Zebua, D. Y. (2024). Pedoman aplikatif mengolah data
penelitian dengan SPSS: Menguasai statistik dengan SPSS. SIHOWUBOOKS, 1(1).

Zebua, W., Lase, C. A., Mendrofa, E. F., & Zebua, D. (2026). Analisis jenis struktur rumah tinggal di Nias. IDENTIK,
3(2). https://doi.org/10.70134/identik.v3i2.1367

Zhao, J., Abdul Aziz, F., Deng, Y., Ujang, N., & Xiao, Y. (2024). A review of comprehensive post-occupancy evaluation
feedback on occupant-centric thermal comfort and building energy efficiency. Buildings, 14(9), Article 2892.
https://doi.org/10.3390/buildings 14092892

Zhou, Y., & Chen, S. (2024). A hybrid approach for fatigue assessment of reinforced concrete bridge deck considering
realistic bridge-traffic interaction. Advances in Bridge Engineering, 5, Article 1. https://doi.org/10.1186/s43251-023-
00112-2

Ziliwu, P. 1. A. P., Daeli, J. R., Mendrofa, K. B., Ziliwu, I. S., Harefa, A. C., Laoli, P. J., & Zebua, D. (2025). Perbandingan
data dukungan tanah hasil analisis sondir dengan metode empiris Meyerhof dan Schmertmann. Seminar Nasional [Imu
Terapan (SNITER), 9(1).

26


https://doi.org/10.1186/s43251-023-00112-2?utm_source=chatgpt.com
https://doi.org/10.1186/s43251-023-00112-2?utm_source=chatgpt.com

	3.1. Research Design and Approach
	3.2. Data and Data Sources
	3.3. Structural Design and Modeling Procedures
	3.4. Bridge Loading Analysis
	3.5. Structural Performance Analysis
	3.6. Analysis of Resistance to Traffic Loading
	3.7. Construction Cost Efficiency Analysis
	3.8. Comparative Analysis of Design Alternatives
	3.9. Research Implementation Stages
	3.10. Data Processing and Interpretation Techniques
	3.1 Bridge Characteristics and Design Alternatives
	3.2 Structural Performance Analysis of Reinforced Concrete Bridges
	3.3 Evaluation of Bridge Deflection and Serviceability
	3.4 Effects of Traffic Loading Variations on Structural Responses
	3.5 Construction Cost Efficiency Analysis
	3.6 Relationship Among Structural Performance, Cost Efficiency, and Traffic Loading Resistance
	3.7 Implications of the Findings for Bridge Design

