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Fig. 2. example strength gain of BCSA

Stress-Strain Analysis of BCSA Concrete

Background on BCSA

• High early strength

• Lower setting times

• 30% lower carbon emissions 

compared with portland cement [4-7]

• Lower drying shrinkage [6]

• Higher sulfate resistance [8]
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Why BCSA

• Uses belite (C2S) ye’elemite (C4A3S) to provide rapid 

strength. Used as a rapid repair material for airfields, 

and pavement repair [1-3].
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Fig. 2. Flexural beam test

• ACI 318-19 allows use of alternative cements (26.4.1.1).

• Do these materials conform to code provisions?

• Major consideration is flexural behavior.
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Fig. 3. Beam Load-Strain Fig. 4. Beam Ductility

Stress-Strain Analysis of BCSA Concrete

= Ductility Index
Deflection at Ultimate

Deflection at Yield
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Flexural compression specimen test

• Strength design strain, stress, and force at failure at section AA 

Fig. 5. Strain and stress distribution in reinforced concrete members

A

A

N.A.

εcu = 0.003εcu > 0.003

N.A.

Stress-Strain Analysis of BCSA Concrete
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Flexural compression specimen test

• Strength design strain, stress, and force at failure at section AA 

Fig. 6. Strain and stress distribution in specimen

N.A.

εcu = 0.003

A

A

Stress-Strain Analysis of BCSA Concrete
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Strain Distribution and load Balancing

Fig. 7. Load Balancing

Stress-Strain Analysis of BCSA Concrete
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Stress-Strain Analysis of BCSA Concrete

Fig. 9. Speckle pattern and density for flexural 

compression specimen.

            

     

      

       

      

       

       

       

       

      

       

      

       

 

   

Fig. 10. DIC virtual strain measurement on top face.

DIC strain cameras being used in lieu of strain gauges on top of specimen.
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Stress-Strain Analysis of BCSA Concrete
Linear strain distribution throughout testing
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Fig. 13. Plan View Video

Stress-Strain Analysis of BCSA Concrete
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Fig. 14. Neutral Strain Face Video

Stress-Strain Analysis of BCSA Concrete
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Design parameter results: εcu
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Stress-Strain Analysis of BCSA Concrete

Fig. 15. Design parameter results: εcu
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Design parameter results: α1

Stress-Strain Analysis of BCSA Concrete
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Fig. 16. Design parameter results: α1
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Design parameter results: β1

Stress-Strain Analysis of BCSA Concrete
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Fig. 17. Design parameter results: β1
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Results: Stress-strain relationship

Stress-Strain Analysis of BCSA Concrete
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Fig. 18. Stress-strain results
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Digital image correlation (DIC) background

• Uses two cameras to calculate relative and absolute movements of dots painted on the 

surface of specimen to calculate deflection and strain between pictures.

• Advantage: reusable way to measure strain until specimen failure.

Fig. 20. DIC Speckle PatternFig. 19. DIC axial strain setup
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Stress-Strain Analysis of BCSA Concrete
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Fig. 21. 0.48 w/c uniaxial stress-strain

Uniaxial compression strain results
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Uniaxial compression strain results: MOE & Uniaxial Strain
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Fig. 23. MOE BCSA

Stress-Strain Analysis of BCSA Concrete
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Fig. 24. Uniaxial compression strain
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Conclusions

Stress-Strain Analysis of BCSA Concrete
Thanks

• Concrete design codes are adequate and conservative for 

estimating flexural strength of BCSA.

✓  

✓  

✓  
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