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BaCkgrOund Reduce the clinker factor
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Portland cement contributes 8-10 % l \
global COz2emissions

Process optimization clinker factor

Common solution - Supplementary
Cementitious Materials (SCM)

Cement

Supplementary Cementitious Materials (SCMs
ASTM C618 - Class C and Class F fly ash ppg y ‘ . ( )

Limestone Fly ash Slag Natural pozzolan

Often by-products or waste from other industries




Research Motivation
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https://acaa-usa.org/wp-content/uploads/2023/12/2022-Production-and-Use-Charts.pdf

Methods: Chemical Composition

e CCA accumulated for decades

« Carbon Ore Resources Database (CORD)
> Working collection of 399 data files
> CCA batches from different US plants
> Percentage composition of various oxides

%Ca0 <10%
® 10% < %Ca0 <20%
o0 ® %Ca0 > 20%

Justman et al

. (2022). Data in Brief.

Coal power stations in CORD
® known fly ash composition

e projectable fly ash composition
® not projectable fly ash
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Methods: Fly Ash Performance Calculator

Home LEAVE COMMENTS ABOUT CONTACT Look Up TABLE APPROACH

. Prediction of fly ash Fly Ash Performance Calculator

substituted concrete
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http://www.flyashcalculator.com/

Methods: Compressive Strength Tests

Started with fly ash available in comparatively | '
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Material Testing System (MTS) for 1, 3, 7 and
28 days

X-ray computed tomography (CT) mechanical I

testing _ .
Specimen setup in MTS
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Method: X-ray Computed Tomography

X-ray interactions
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Methods: Three- Pomt endln Test

Flexural strength test

DEBEN in-situ loadcell

Small specimens

4D X-ray CT scan of crack
propagation

(a) TESCAN UniTOM XL X-Ray Micro-CT Scanner (b) DEBEN In Situ Loadcell



Methods: Foam Index Test

Volume of air entraining admixture as
per CCA substituted

ASTM C1827

Overcome reduction in air content due
to fly ash substitution

Ensure workability and durability -
Unstable foam Stable foam

Comparison of results in hardened
concrete




Summary of Methods

Performance prediction of Three-point and four-point bending

82?;'?13' r(eol);tcéei)t fg mgg‘;'gﬁiréglf concrete with different percentage test using Deben stage in TESCAN
erformance in concrete of CCA substitution using fly ash UniTOM XL for flexural strength
P performance calculator and modulus of rupture

concrete and scan with substituted concrete cubes and
TESCAN UniTOM XL, and cylinders using MTS
compare it in hardened concrete

Foam Index test for appropriate
O amount of AEA in CCA substituted Compressive strength test for CCA
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Results: Fly Ash Performance Calculator
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* 20% Fly Ash Replacement 40% Fly Ash Replacement ® 20% Fly Ash Replacement < 40% Fly Ash Replacement

Prediction of compressive strength and diffusion coefficients of fly ash substituted concrete
compared to Portland cement concrete
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Results: Compressive Strength Test

Compressive Strength (MPa)
Compressive Strength (MPa)
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Compressive strength graph for cube Compressive strength graph for cylinder




Ongoing and Next Steps

Before Loading

1)3))33\)\))))3)3!)}1)KB)B mmm

Three-point bending test
for flexural strength

Initial Loading

Initial crack

Four-point bending test for | [PRRSYS development
modulus of rupture ( V)

propagation

Setup for three-point bending
ASTM C78

Molds used for preparing Samples
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Thank you for your attention!

Questions?

Email: soniya.tiwari@duke.edu
Advisor Email; laura.dalton@duke.edu
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