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Waste Management
Through a Lens of Industrial Ecology (IE)

* The basic ideology of IE is to optimize the interaction of various
system components to create a more efficient and sustainable
system.

— where both Resource use and Waste development are minimized



Waste Reuse Research

Overall Research Goals / Objectives

* Develop reuse strategies for high volume waste materials
which are
— Engineered solutions
— Environmentally-sound
— Economically-viable

* Following tenets of IE, a ‘complex systems’ research
approach is needed to evaluate valid reuse strategies
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Scanning Electron Microscopy

80:20 MPHCFA SLA
80% High Carbon Fly ash and 20% Mixed Plastics



Previous Research
WOCA 2017 - Swan and Bonora on Mortar Concretes

* Created mortar concrete mixes with w/c ratio of 0.55

— Aggregate satisfied ASTM'’s standard C33 gradation for fine aggregate for
concrete (< U.S. No. 4 sieve)

— Three SLA contents — 0%, 3.3%, 6.6% - created by replacing particles in
the range of the No. 8 and No. 4 sieve

* Results indicated a reduction in concrete strength (f’.) with a
reduction in concrete unit weight (density) with inclusion of SLA

e Questions at that time...
— What are impacts of higher SLA contents?
— What about substitutions of other ranges in particle size



Current Research
Mortar Concretes with Various SLA Content

* Created and tested multiple mortar mixes

—Formed by mixing only Portland Cement, water and
aggregate and setting in cylindrical molds

—Nominal specimen dimensions: 5cm diameter by 10
cm length

— Aggregate satisfied ASTM’s standard C33 gradation for
fine aggregate for concrete

—Three water-cement ratios used: 0.45 (Mix A’s), 0.55
(Mix B’s) and 0.65 (Mix C’s)



Grain Size Distribution of Concrete Aggregate
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Grain Size Distribution of Concrete Aggregate
Replacement of natural particles with SLA
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Compressive Strength (kPa)
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Compressive Strength, f'. — Mix C’s

[w/c=0.65; 28-day; 3 specimens for each mix]
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Conclusions from Strength Testing

e Test results confirms reductions in the unit weight and
compressive strengths of mortar concretes with an
increase in SLA content

— Results show well known phenomenon that the strength of
concretes reduce as its unit weight decreases and

— Results show well known phenomenon that the strength of
concretes decrease as the w/c ratio decreases

* The strength of concrete depends significantly on the SLA
content regardless of the w/c ratio
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Measured Elastic Modulus

Measurement of moduli done on separate tests than
strength
— New cylindrical specimens — 3.6cm diameter by 7.1cm length

Specimens subjected to three cycles of loading reaching
maximum stresses of approximately 10,000 kPa.

Slopes of stress-strain responses used to calculate
elastic modulus for each load cycle.

As with compressive testing, the Mixes of A, Band C
were the focus
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Measured Elastic Modulus
Apparatus and Sample Measurement
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Measured Elastic Modulus

[All Tests at 28 days; 3 cycles of stress = 3 values per specimen]
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Measured Elastic Modulus
[Mix A’s (w/c=0.45) at 28 days]

20000000
18000000 @ﬁ %
©
S 16000000
=
m .
3 14000000 6} & 028 day Mix Al
=
3
A 28 day Mix A2
S 12000000 ay Mix
(8]
‘g @ & 28 day Mix A3
S 10000000
Ll
028 day Mix A4
8000000
6000000
18.0 18.5 19.0 19.5 20.0 20.5 21.0 21.5 22.0

Unit Weight (kN/m3)



20000000

18000000

16000000

14000000

12000000

10000000

Compressive Strength (kPa)

8000000

6000000

Measured Elastic Modulus
[Mix C’s (w/c=0.65) at 28 days]

AA%@

18.0

18.5 19.0 19.5 20.0 20.5 21.0
Unit Weight (kN/m3)

215

© 28 day Mix C1
A 28 day Mix C2
$ 28 day Mix C3

£ 28 day Mix C4

19



Preliminary Conclusions

* Elastic response of concrete is evident
— Even for the case for Mix C4 (w/c = 0.65 and 31.1% SLA) where the
applied stress was approximately 50% of the f’_ of the concrete mix.
 Modulus results (should) follow similar trends as compressive
strength; i.e., increase in modulus with increasing unit weight.
However, this is not the case for all concretes created
— Yes for w/c = 0.45 (Mix A’s), but not for w/c = 0.65 (Mix C’s)

* A unigue phenomenon occurs where the moduli for concretes
with 6.6% SLA content were similar to, or even higher than,
concretes with 0% SLA.

— This requires additional study
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Summary

* |t should be recognized that inclusion of SLA in concretes can
lead to significant impacts on its properties

— Content should be limited to <7% as higher values could negatively
impact concretes’ compressive strength

— Content around 6-8% may lead to improved elastic modulus values
(though this needs further study)
e QOverall, these results continue to show that SLAs are innovative
materials

— Potential impacts exist for infrastructure development and
rehabilitation, waste management options, and environmental

sustainability efforts .



Next Steps

* Explore impact of SLA at different replacement scenarios of
natural aggregates

— Cumulative replacement instead of one size range
— Test for compressive strength and modulus

* Explore impact of aggregates sizes > No. 4 on concrete
properties
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Thank You for
Your Attention!

Questions?
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