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RECYCLED CONCRETE & SUSTAINABLE DEVELOPMENT

Depleting Virgin Aggregate sources: A serious issue

Meet Current Needs Without Jeopardizing ability to
Meet Needs of Future generation

e Quality of Life
e Economic
e Environmental

* A Synergistic Balance of the 3 Support Enhances
Sustainability



SUSTAINABILITY INITIATIVES

Durability at
High Quality

Effectively Lesser
Emission

Reduced Material
& Haulage Cost



EMISSION IMPLICATION
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ECONOMIC: REUSE RECLAIM RECYCLE COST-

EFFECTIVENESS

Conventional Paving

Composite Paving

Pave, Tie, Green Saw

Pave, Tie, Green Saw

Sq. Yds. 310,000
Per Sqg. Yd. S 2.98
Total Cost S 923,800.00

Sq. Yds. 310,000
Per Sq. Yd. S 3.70
Total Cost S 1,147,000.00

Structural Concrete

Structural Concrete

%%

Cubic Yards 80,000
Per CY S 71.54
Total Cost $ 5,723,200.00
TOTAL COST S 6,647,000.00

Cubic Yards 80,000
Per CY S 69.31
Total Cost S 5,544,800.00
TOTAL COST | $ 6,691,800.00

Source: C.S Mc Crossan

« Total cost difference is within margin of error
« Basis: Recycled Agg: $8.75/Ton vs. 20.72/Ton
« 2-Lift LCCA may show better return on inv.



Performance and Quality of Life

* Durability
 Mechanical Properties

* Compressive Strength
* Tensile Strength

e Elastic Properties
* Elastic Modulus
* Poisson’s Ratio
* Coefficient of Thermal Expansion



DURABILITY PROPERTIES
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DURABILITY

Relative Dynamic Modulus

Length, Expansion
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DURABILITY

Relative Dynamic Modulus

Length, Expansion
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FLEXURAL STRENGTH PROPERTIES
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COMPRESSIVE STRENGTH PROPERTIES

7000
= 6500

o1
a1
o
o

Compressive Strengt
B~ O
o o1 o
o o o
o o o

W
a1
)
o

“3Day - Avé -~7 Day - Ave -=-14 Day - Ave —28 Day - Ave

3000

0 20 40 60 80 100
Percent Recycled Aggregate (%)



AGGREGATE CRACKED FACE ANALYSIS

b) Fractured face of beam

Old
Paste

New
Paste

Total 1‘Iumber of Effecm 3 Aggregate: 5
Total Number of Virgin Aggregate: 6




OBSERVED
# of Fractured RCA
# of Fractured Aggregate

COMPUTED
Aggregate Avoidance index




OBSERVED
# of Fractured RCA
# of Fractured Aggregate

COMPUTED
Aggregate Avoidance index




INTERIM OBSERVATION

Apparently no statistically Significant difference b/w Mechanical
Properties RAC Vs NO RAC
Recycled aggregate 2 lift paving can be more cost effective than
traditional (virgin aggregate concrete) monolithic layer.
RAC > 50% Appeared to Optimize Mech. Properties. MNROAD
sustainable concrete cell
Observed Cracked Beam Face Anomaly
Investigate Cracked Face More Closely: Is there Enhancement of
ITZ?

« Count cracked aggregate face

* Develop a systematic evaluation method



Number of Fractured "Effective" Aggregate
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The Aggregate Avoidance Concept

Remove the Human factor

Lemmae:

Aggregate is avoided during early age cracking

Aggregate is avoided when cracking occurs
and the aggregate is of high quality.

Aggregate is avoided when zone around the
aggregate is enhanced thus protecting the
aggregate

AAl ~ More Tortuous Path



Conceptualization of Aggregate Avmdance Index
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Conceptualization of Aggregate Avoidance Index
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Conceptualization of Aggregate Avoidance Index
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length of fracture line

Aggregate avioidance index (AAIl) = absolute displacement

1
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What About Average Texture Depth?
el

AAl is a better indicator of undulations within
macro texture.



What About Skewness??

(a) Layout of a spiky surface (¢) Layout of a non-spiky surface
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What About Pointedness / Kurtosis

n(n+1)

(n—1)(n—2)(n-3) i=1( s )  (n=2)(n-3)

Macro Kurtosis =

where

Y = depth measured from reference
N = Sample size

S = Sample standard deviation

" 2 0.5
i=1((hi_h(i—1)) t& )

ne

AAI=

If "e“ is small compared to a typical wavelength

AAl is a better indicator than Kurtosis of undulations within fractured face
macro texture.



What About Skewness
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Skewness =

where

h = depth measured from reference
n= Sample size

S = Sample standard deviation

n o > 5 0.5
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If "e“ is small compared to a typical wavelength

AAl is a better indicator than skewness or Kurtosis of undulations within
macro texture.



MEASUREMENT OF UNEVENNESS OF FRACTURED FACE
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MEASUREMENT OF UNEVENNESS OF FRACTURED FACE
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INTERFACIAL TRANSITION ZONE ENHANCEMENT

logE. = VylogE, + V,logE, + VilogE; (MindessYoung & Darwin 2003)
where subscript “I” refers to ITZ “a” to aggregate and “p” to paste
Where quantity “V” refers to volume and “E” to Elastic Modulus

Thus E, = EjPEY°E]
MORTAR
ITZ (20-40um)
I /Bulk Paste

75-100um

Excess Bleed water; Low CSH; High CH & =>

High Ettrignite

Cracking occurs 10-20um in the ITZ

More sustainable to enhance ITZ



RECYCLED AGGREGATE CONCRETE INITIATIVES
o Sustainable Concrete Cell MNROAD 2013 Construction

* Pre-Construction In House Research

* Rheological,
* Mechanical
 Fracture and Durability Properties
« Economy of Scale
Monitoring Contract: MnDOT/ Minnesota State University
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ASPHALT SCANNING PROCESS




ASPHALT SCAN OUTPUT GRAPHICS

Texture Scanner Analysis Package
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AGGREGATE AVOIDANCE QUACKERY

AGGREGATE AVOIDANCE EXPLAINS ALL PAVEMENT PROBLEMS




CONCLUSION

Use of Recycled Concrete Aggregate is a cost
effective Sustainable solution.

Comparable to Non RAC in Flexure, Comp,
Durability, Permeability

Enhancement of ITZ has been quantified.

Aggregate Avoidance Index has been
demonstrated as a viable quantity as Proxy for
Evaluating ITZ in RAC Concrete

Does not absolve practitioners of due diligence:
Absorption, w/c ratio non synergistic admixtures.

Long-term Evaluation Optimal Design 75% RAC
Continues at MnROAD.

Valid Application in Asphalt
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