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UHPC Mix Design Characteristics

• Proprietary UHPC (e.g., Ductal®)
• Compressive strength
• Fine aggregates

• Goal: Manipulate aggregate gradations 
to reach UHPC-quality compressive 
strength with locally available 
aggregates.  

(Russel and Graybeal 2013)



Prior Research Influences

• Prior research by  Swenty et al. (2019)

• HSFRC mix designs with fc = 15,000 psi

• HSFRC laminate placed on bottom of 
normal concrete beams

• Aggregate gradations based on prior 
research

• Control mix (Swenty et al. 2019)

• "Tarantula" mix (Ley et al. 2014)

• "Fuller" mix (Fuller and Thompson 1907)

• Quartz sand mix

(Swenty et al. 2019)



Constituent Weight (lbs/yd3) Percentage by Weight

Water* 350 8.56

Fine Aggregate 1687 41.24

Portland Cement 1750 42.78

Steel Fibers (2% by Volume) 264 6.45

Superplasticizer* 40 0.98

Common Mix Proportions



Sieve Control* (%) Fuller (%) Tarantula (%) Quartz (%)

No. 40 55 14 32 97

No. 60 32 19 32 2

No. 100 11 28 21 1

No. 140 2 26 15 0

No. 200 0 13 0 0

Sum 100 100 100 100

Aggregate Gradations

*Control mix was based on Swenty et al. (2019) 



Particle Size Distribution Curves



Mixing and Testing HSFRC
• Mixed using typical UHPC methods

• Static Flow Test (ASTM C1437)

• Compressive Stress Test (ASTM C109)



Compressive Stress



95% Confidence Interval for 28-day 
Strength Calculations
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Results of Mix Development
• Maximum strength with Tarantula 

gradation → fc = 15,700 psi

• Aggregate gradations affect the 
compressive strength

• Gradations may be an essential 
component to reaching UHPC 
strengths. 



Composite Beam Designs
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Beam Construction



Beam Construction



Surface Treatment and HSFRC

Acid Wash and Steel Brush 
Surface Treatment



Beam Tests
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Test Observations 
Control Beam



Test Observations 
Laminate Bottom



Test Observations 
Laminate Top



Test Observations 
Laminate Top-Bottom



Load vs. Deflection of Beams



Results of Structural Tests

• Top-bottom beam reached the 
highest overall capacity

• Top beam demonstrated the highest 
ductility

• All laminate beams fail in shear 
rather than flexure



Future Recommendations
• Petrographic analysis of concrete

• Additional material property tests

• Consider Fuller model alterations

• Consider aggregate combinations

• Add shear reinforcement to beams

• Vary laminate thickness

• Use UHPC as laminate
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