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[bookmark: _Toc446162859][bookmark: _Toc4947799][bookmark: _Toc415853959][bookmark: _Toc419149472][bookmark: _Toc419149729][bookmark: _Toc419149930]1. Introduction
Definition of UHPC
· Briefly define Ultra-High-Performance Concrete (UHPC).
· Discuss its classification criteria based on existing standards and design guidelines.
Motivation for Using UHPC in Engineering Practice
· In your opinion, what are the potential benefits of UHPC in engineering practice?
Overview of Proposed UHPC Element Design
· Provide an overview of the proposed UHPC element design.
· Provide design details, shape, size, and approximate weight. 
· Provide drawings of cross-sections and elevation of the flexural element.
· Discuss general principles used in the design process. 
· Discuss innovative aspects of the design.

[bookmark: _Toc4947800]2. Materials 
[bookmark: _Toc4947801]Raw materials and UHPC mix design
Binder Composition (for non-proprietary mix designs)
· List components: e.g., Type III Portland cement, Class C fly ash, silica fume.
· Specify mix ratio: e.g., 55% cement, 40% fly ash, 5% silica fume (by binder volume).
· Include w/b ratio and key material properties (e.g., Blaine fineness, BET surface area).
Aggregates (if applicable)
· Identify types used (e.g., concrete sand, masonry sand, silica sand).
· Justify selection briefly (e.g., particle size distribution for packing density).
Admixtures (if applicable)
· State type and purpose: polycarboxylate HRWR (e.g., 23% solids, SG = 1.05), etc.
 Fibers
· Describe fiber types, sizes, and material properties.
· Total fiber content by volume.
Other Reinforcement (if applicable)
· Describe any additional reinforcements that may be used in the UHPC element design.
Mix Design Table (as the team sees fit)
· Include a concise table showing all material dosages and fiber volumes (do not report proprietary information)
Table 1 – Table example for reporting the mix design of UHPC (for non-proprietary mix designs)
	Constituent
	Batching Quantity (kg/yd3)
	Cost (USD)

	Ingredient #1(Brand)
	---
	---

	Ingredient #2(Brand)
	---
	---

	Ingredient #3(Brand)
	---
	---

	…
	---
	---

	Total
	---
	---


Breakdown of UHPC element costs
· Include a concise table showing material volumes, weights, and costs. Indicate the total cost of the UHPC element.
Additional Discussion (as the team sees fit)
· How many trials of mix designs did your team perform and what methodology was used to converge to the optimal ratios? How did the addition or subtraction of each constituent affect the compressive strength and unit weight of the UHPC matrix?
· Discussion on considerations related to the selection of fibers.
· Other discussions on aspects that the student team wants to highlight.
[bookmark: _Toc4947802]Sample preparation and test methods
Mixing and Curing Procedures
· Discuss mixing and curing procedures.
Fresh Property Testing (indicate the appropriate standards that were used)
· Report flow test results using slump, mini-slump, V-funnel, L-box, or other relevant tests (as is applicable). Include figures if possible.
Mechanical Testing (indicate the appropriate standards that were used)
· Report mechanical test results for compressive and tensile strengths of UHPC. Measure and report the unit weight of the UHPC mix. Include figures if possible.
· Provide mechanical test results for the reinforcing bars or wires (if applicable).
[bookmark: _Toc4947803]Materials properties
· Summarize material test results on a table. Highlight key results using one or two figures.

Table 2 – Table example for reporting mechanical properties of UHPC and reinforcement materials (modify as you see fit)
	Mixtures
	Compressive strength at 7 d (MPa)
	Compressive strength at 28 d (MPa)
	Flexural strength at 28 d (MPa)
	T150 (J)*
	Tensile strength at 28 d (MPa)
	Tensile dissipated energy at 28 d (J)

	
	Mean
	C.O.V.
	Mean
	C.O.V.
	Mean
	C.O.V.
	Mean
	C.O.V.
	Mean
	C.O.V.
	Mean
	C.O.V.

	
	
	
	
	
	
	
	
	
	
	
	
	



Figure 1. Example figure.

[bookmark: _Toc446162862][bookmark: _Toc4947804]3. Analysis and Design of UHPC element 
3.1 Analysis and Design Calculations
· Provide analysis and design principles that were utilized to design the UHPC element.
· Provide an overview of key calculations, analysis and design results. 
· Explain how the design of the UHPC element is expected to meet the load and weight requirements for the competition. 
· Summarize the UHPC element design results on a table.
3.2 Other Design Considerations (if applicable)
· Discuss other design considerations given to innovative analysis methods, casting procedures used for molding the UHPC element, fiber alignment effects, ductility, or any other concepts involved in the design process.
3.3 [bookmark: _Toc4947806]Advanced modeling methods (if applicable)
This section should briefly describe any advanced analysis tools (e.g., moment-curvature analysis, beam-column element analysis, discrete element modeling, 3D finite element modeling, etc.) that were utilized to perform refined predictions for the cracking and peak loads and corresponding deflections. Constitutive model descriptions must be provided. A figure should be used to present mesh and boundary conditions in the model definition, if applicable.
3.4 Modeling results (if applicable)
This section should present and interpret the simulation results to evaluate the structural performance of the UHPC element subjected to three-point bending. Student teams should provide a table that summarizes predictions for (1) cracking load and corresponding deflection, (2) peak load and corresponding deflection, and (3) ultimate deflection corresponding to a post-peak load drop of 20%.
Additional details can be provided (if applicable). Some ideas are noted below: 
· stress contours, describing stress distributions in both concrete and rebar at defined deflections.
· strain contours to show how strain develops across tension and compression zones, identifying regions of concentration and their implications for cracking or ductility. 
· [bookmark: _Toc446162871]load–deflection curve with information on stiffness, peak load, damage progression, and how fiber pullout affects the response.
· Discussions of casting-setting-loading simulations or estimates
[bookmark: _Toc4947824]4. Acknowledgments
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Load (kN)
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