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Abstract
This abstract provides a concise summary of the research, highlighting the main objective, methodology, key findings, and conclusions. Begin by clearly stating the purpose or aim of the study. Briefly describe the methodology used, including any experimental design, analytical approach, or theoretical framework. Summarize the primary results and explain their significance. Conclude with a statement on the implications or potential applications of the research. The abstract should be written in a single paragraph and must not exceed 250 words. Avoid citations, figures, or overly technical details. Ensure it is understandable to readers outside your specific discipline while remaining technically accurate.
Keywords: keyword 1, keyword 2, keyword 3, keyword 4, keyword 5, keyword 6.
Introduction
The introduction sets the stage for the entire manuscript. It should begin with a clear and engaging presentation of the broader context of the research area. Authors are encouraged to provide background information that explains the significance of the study within its academic or practical field. For instance, load transfer mechanisms in slab-on-ground systems are critical for ensuring long-term pavement durability and structural integrity. Recent innovations in materials engineering have introduced alternatives such as fiber-reinforced polymers (FRPs) and stainless steel as promising solutions to corrosion-related deterioration.
Following the general background, the introduction should summarize existing work relevant to the present study 1. This includes citing previous research findings and highlighting the current state of knowledge. Authors should then identify gaps, inconsistencies, or limitations in the literature that justify the need for the present research. For example, while traditional steel dowels have been widely studied, research on small-diameter FRP dowels in real-world applications remains limited 2,3. Such gaps provide motivation for further investigation and highlight the novelty of the current work. Alvaro et al. 4 found that the bond strength of three different GFRP rebar types—sand-coated, helically grooved, and lugged—varied based on surface enhancement, but was not significantly affected by exposure time or temperature in seawater environments.
Next, the purpose and objectives of the current study should be clearly stated. Authors should define what their research aims to investigate or demonstrate and briefly mention the methodology used. This provides a logical transition from the literature background to the specific contribution of the current paper. A well-defined research objective helps readers understand the scope and importance of the study.
In some cases, authors may also choose to include a final paragraph outlining the structure of the paper, briefly describing what each subsequent section will address. To ensure proper citation and referencing throughout the manuscript, it is highly recommended that authors use reference management software such as Mendeley, Zotero, or EndNote 5,6. Zotero was the reference manager used for referencing in this document. These tools support the Nature citation style required by the Journal of Undergraduate Research International and simplify the process of formatting in-text citations and the reference list. The introduction should be focused and concise, typically not exceeding 10% of the total word count of the paper.
Section 2 (e.g. Methodology)
Sub-section 1 (e.g., Materials and Experimental Program)
This section should provide a detailed description of the materials and preparation procedures used in the research. Authors are expected to specify the types, dimensions, and properties of materials selected for the study, including any distinguishing surface characteristics or treatments. Where applicable, include details such as classification, manufacturer, or production process 7. Any variations in material type, size, or configuration should be clearly described, and appropriately illustrated using figures. 
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[bookmark: _Ref195434437]Figure 1. Dowel bars used in the study
Material properties should be summarized in a clear and concise manner using tables. Table 1 may include physical or mechanical properties such as diameter, strength, density, or surface texture. If additional materials (e.g., concrete, composites, or adhesives) were used in the study, their mix proportions and performance characteristics should be included, preferably in a second table.
Authors should also describe the standards followed for testing material properties, such as compressive or tensile strength tests 8,9. Curing conditions, environmental controls, and any special treatment methods should be outlined to ensure reproducibility. Figure 1 shows the types of dowel bars used in the experimental program. The materials properties of the dowel bars are presented in Table 1. All figures and tables must be referred to in the text and embedded within the manuscript body, as per journal submission guidelines.
[bookmark: _Ref111379943]Table 1. Materials properties
	Dowel bar name
	PG14
	SG16
	PG38▲
	SS12

	Material type
	GFRP
	Stainless-steel

	Guaranteed tensile strength (MPa)*
	870.9
	799.3
	517
	683 (fy)

	Guaranteed transverse shear strength (MPa) *
	152.6
	155.8
	150
	0.6 fy = 410 MPa

	Young’s modulus (GPa)
	48.4
	47
	46
	199

	Diameter (mm)
	13.7
	16
	38
	12


Note: *Guaranteed strength for GFRP: Average strength - Thrice the standard deviation; ▲from the manufacturer’s technical data sheet
Sub-section 2 (e.g. Test prototypes and parameters)
This section should describe the test specimens or prototypes prepared for the experimental program. Authors should clearly define the design, dimensions, and configuration of each prototype used in the study. Where applicable, provide the number of specimens, their structural geometry, and any variations in key parameters between test groups 10–12. Testing parameters should be outlined in detail, including loading type (e.g., static, dynamic, cyclic), loading rate, boundary conditions, support types, and measurement methods. The rationale behind the selected parameters should be briefly discussed to demonstrate their relevance to practical applications or theoretical modeling 5. Schematic diagram of test prototype constructed in the study is shown in Figure 2. The Sankey diagram of the test matrix is shown in Figure 3.
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	(a) Plan view
	(b) Section-view at joint face


[bookmark: _Ref195434456]Figure 2. Schematic diagram of test prototype
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[bookmark: _Ref195434467]Figure 3. Sankey diagram: test matrix
Authors may also include schematics or photos of the test setup to support visual understanding. All instrumentation used to record data (e.g., displacement transducers, strain gauges, load cells) should be mentioned, along with the accuracy and calibration procedures, if relevant. Where multiple test series are included, a summary table (Table 2) may be used to present test variables, specimen identifiers, and parameter ranges 13,14. This helps ensure clarity and allows for easy comparison between different test conditions. All prototypes should be labeled and referred to consistently throughout the manuscript to maintain traceability of results and discussion.
[bookmark: _Ref147835889]Table 2. Test Matrix
	Sl. No.
	Specimen ID
	Dowel type
	Dowel spacing (mm)
	Dowel length (mm)
	Dowel end-fixity
	Loading scheme

	1
	PG14-450-200S-X-X
	PG14
	200
	450
	X-X
	Monotonic

	2
	PG14-450-F-XL
	PG14
	250
	450
	F-XL
	Monotonic

	3
	PG14-900-F-XL
	PG14
	250
	900
	F-XL
	Monotonic

	4
	SG16-450-F-XL
	SG16
	250
	450
	F-XL
	Monotonic

	5
	SG16-450-X-X
	SG16
	250
	450
	X-X
	Monotonic

	6
	PG38-450-F-XL
	PG38
	250
	450
	F-XL
	Monotonic

	7
	PG38-450-X-X
	PG38
	250
	450
	X-X
	Monotonic

	8
	SS12-450-FL-X
	SS12
	250
	450
	FL-X
	Monotonic

	9
	SS12-450-X-X
	SS12
	250
	450
	X-X
	Monotonic

	10
	SS12-450-F-XL
	SS12
	250
	450
	F-XL
	Monotonic

	11
	SG16-900-F-XL-CYCLIC
	SG16
	250
	900
	F-XL
	Cyclic

	12
	SS12-900-F-XL-CYCLIC
	SS12
	250
	900
	F-XL
	Cyclic


Section 3 (e.g. Experimental Work)
This section provides a detailed account of how the experimental procedures were implemented. It includes the layout and configuration of the test setup, the measurement tools used to capture response data, and the step-by-step loading procedures followed during testing.
Sub-section 1 (e.g. Test setup)
Authors should describe the physical arrangement of the test apparatus, including the placement of specimens, supports, and any external fixtures. Structural boundary conditions such as restraints, fixities, and load application points should be clearly specified 15. A schematic diagram or photograph is recommended to support the written description and to clarify the spatial configuration of the testing environment. Where applicable, dimensions of the testing frame, reaction system, or foundation support should be provided. Any custom-designed components or unique setup considerations should be noted to assist in replicability 16.


Sub-section 1 (e.g. Instrumentation)
This subsection should detail the measurement systems and sensors used to record experimental data. Common instrumentation may include load cells, linear variable differential transformers (LVDTs), strain gauges, displacement transducers, accelerometers, or data acquisition systems. For each instrument, indicate the measurement range, resolution, and location of placement on the test specimen or setup. 
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	[image: ]
	[image: ]

	(c)
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[bookmark: _Ref195434494]Figure 4. Load test of slab specimen with dowelled-joint resting on XPS-2 subbase: (a) Schematic of LVDT instrumentation; (b) LVDT at joint; (c) Strain gauges on the dowel bars; and (d) loaded specimen.
Calibration procedures, data logging frequency, and signal filtering methods should be mentioned where relevant. Authors are encouraged to present an instrumentation layout diagram if multiple sensors are involved. Figure 4 illustrates the instrumentation and setup used during the load testing of slab specimens with dowelled joints placed on an XPS-2 subbase. Figure 4 (a) shows the schematic layout of the test configuration, including the positioning of LVDTs across the joint to measure relative displacement and joint movement. Figure 4 (b) provides a close-up image of an LVDT installed at the joint, capturing real-time deflection during loading. Figure 4 (c) displays the strain gauges mounted on the dowel bars, which were used to monitor strain distribution and assess load transfer through the dowel. Finally, Figure 4 (d) presents the actual test setup during loading, showing the applied load and boundary conditions used in the experimental program.
Results and discussion
This section presents the key findings of the study and provides an in-depth discussion of the results in the context of the research objectives. The data should be interpreted clearly, with an emphasis on patterns, anomalies, and comparisons to existing literature. Figures and tables should be used to support the analysis and referenced appropriately within the text.
Subsection 1
This subsection provides a general overview of the experimental or analytical outcomes. Authors should begin by summarizing the main trends or response behaviors observed across all test groups or scenarios. This may include variations in load capacity, stiffness, deformation characteristics, or response time, depending on the nature of the study. Load-displacement curves of PG38-450-X-X is plotted in Figure 5. A typical equation is shown in Eq. 1.
	
	(1)


The results should be presented systematically, ensuring clarity and logical flow. Where applicable, reference to key metrics or performance indicators should be included. Authors may also use this section to introduce any unexpected results that will be further explained in later subsections.
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[bookmark: _Ref195434538]Figure 5. Load-displacement curves of PG38-450-X-X compared with results from Montaigu 17
Sub-subsection 1
Initial observations often provide insight into the fundamental behavior of the tested systems. Authors should describe how each test specimen or case responded under the initial loading or operational conditions. This includes stiffness response, initial cracking, deformation behavior, or stress distribution. These early results are often important in validating baseline assumptions and establishing comparability between different test cases or theoretical models.
Sub-subsection 1
Once basic trends are established, authors should compare the outcomes to previously published research or theoretical models. This helps in determining whether the current findings are consistent with existing knowledge or offer new insights. Differences between expected and observed behaviors should be discussed with possible explanations. Comparisons may also be made with design standards, empirical equations, or numerical simulations where applicable. Citing relevant sources using the Nature citation style is encouraged to support the discussion. The Initial and ultimate failure load capacities of specimens is shown in Figure 6.
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[bookmark: _Ref195434554]Figure 6. Initial and ultimate failure load capacities of specimens
Subsection 2
This subsection should explore how key experimental or analytical parameters influenced the overall results. The selection of parameters should be justified based on the objectives of the study and the trends observed. Results can be grouped and discussed based on material type, specimen dimensions, environmental conditions, or other relevant variables. Data visualizations (e.g., plots, charts, or comparative bar graphs) should be used to illustrate these relationships effectively. Figure 7 illustrates the failure modes observed in the slab specimens subjected to monotonic loading. Figure 7 (a) shows the unloaded PG14-450-F-XL slab after failure, highlighting the overall condition of the specimen post-testing. Figure 7 (b) presents a close-up of the PG14 dowel, which experienced shear failure. Figure 7 (c) captures the PG38-450-F-XL specimen during loading, showing the load application and visible surface response. Finally, Figure 7 (d) depicts the same PG38-450-F-XL slab in its unloaded state after failure, providing insight into the extent and nature of the structural damage.
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[bookmark: _Ref195434568]Figure 7. Failure in specimens under monotonic loads: (a) PG14-450-F-XL: unloaded slab after failure; (b) PG-14 dowel failed in shear; (c) PG38-450-F-XL: loaded slab; and (d) PG38-450-F-XL: unloaded slab.
Sub-subsection 1
Discuss how different material types or treatments affected the test outcomes. For example, variation in mechanical properties such as strength, stiffness, or ductility may lead to different load-bearing capacities or failure patterns. This sub-subsection should highlight the comparative performance of the materials and evaluate the suitability of each option for the intended application.  Some equations are presented in Eqs. 2, 3, and 4.
	
	(2)

	
	(3)

	
	(4)


Here, δu is the unloaded slab deflection, and δl is the loaded slab deflection. For E and LTE, an efficiency of 100% indicates full transfer and 0% indicates no transfer at the joint between the loaded and unloaded slabs. The recommended joint effectiveness (E), according to ACPA is 75%, and the load transfer efficiency (LTE) recommended by AASHTO is 75%.
Where applicable, discuss the practical implications of using advanced or alternative materials in structural design or engineering systems.
Sub-subsection 2
Specimen geometry and test configuration often play a significant role in structural performance. Discuss how differences in size, shape, or boundary conditions influenced the experimental or simulation results. Authors should also evaluate how geometric changes affected factors such as stress distribution, crack propagation, or stability. Where feasible, include a critical analysis of whether these findings align with established design theories or standards. Figure 8 presents the influence of dowel bar diameter and material type on key performance indicators. Figure 8 (a) shows the load–deflection behavior for different dowel configurations, highlighting variations in stiffness and ultimate capacity. Figure 8 (b) illustrates the relative deflections across the joint, providing insight into the comparative displacement behavior under loading. Figure 8 (c) plots the joint effectiveness (E), reflecting the system's ability to maintain alignment and structural continuity. Lastly, Figure 8 (d) shows the load transfer efficiency (LTE), quantifying how effectively each dowel type distributes load across the joint interface.
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[bookmark: _Ref195434605]Figure 8. Effect of dowel bar diameter and material type: (a) Load-deflection plot; (b) relative deflections; (c) joint effectiveness, E; and (d) load transfer efficiency, LTE.
To uphold academic integrity and ensure originality in scholarly work, all submissions undergo similarity checks using plagiarism detection tools prior to acceptance. These checks are essential to identify unintentional overlaps with previously published literature and to maintain ethical standards in research dissemination. With the increasing accessibility of artificial intelligence tools, particularly large language models (LLMs) such as ChatGPT, researchers are reminded to use such technologies responsibly. While LLMs can support tasks like grammar refinement, language clarity, and idea structuring, the core intellectual content, analysis, and conclusions must remain the sole contribution of the authors.
Conclusions
This study investigated [insert brief statement about the study’s focus, e.g., the structural behavior of alternative dowel systems in slab-on-ground applications]. The research aimed to assess performance parameters such as strength, stiffness, deformation behavior, and failure modes under controlled loading conditions. Based on the experimental and/or analytical results, the following key conclusions can be drawn:
The test specimens exhibited consistent load–displacement behavior across different configurations, validating the experimental setup and methodology. [A few examples are given below]
· Material type significantly influenced the mechanical performance, with notable differences observed in peak load capacity and post-peak response.
· Geometric parameters such as diameter and spacing played a critical role in stress distribution and overall structural performance. 
· Failure modes were primarily governed by failure patterns like shear cracking, surface spalling, or yielding, and varied depending on material and boundary conditions.
· The results showed reasonable agreement with existing literature, with peak load capacities varying within ±25% of reported values (ranging from 18 to 24 kN) and compressive strengths aligning within ±10% (approximately 22.5 to 27.5 MPa), offering new insight into the behavior of small-diameter non-metallic dowels.
· The findings support the potential use of small-diameter GFRP dowels as a viable alternative to traditional steel dowels in jointed concrete pavement applications, subject to further validation under real-world service conditions and long-term durability assessments.
The outcomes of this study contribute to the growing body of research focused on improving the durability and performance of modern structural systems. Future work may include long-term durability studies, field-scale testing, and computational modeling to generalize the findings and optimize design strategies.
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