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�Between 1983 and 1992, Between 1983 and 1992, Between 1983 and 1992, Between 1983 and 1992, 
many pavements were many pavements were many pavements were many pavements were 
placed with recycled placed with recycled placed with recycled placed with recycled 
aggregates in the State of aggregates in the State of aggregates in the State of aggregates in the State of 
MinnesotaMinnesotaMinnesotaMinnesota

BackBackBackBack thenthenthenthen thethethethe MnDOTMnDOTMnDOTMnDOT pavementpavementpavementpavement selectionselectionselectionselection
processprocessprocessprocess lookedlookedlookedlooked atatatat fourfourfourfour differentdifferentdifferentdifferent pavementpavementpavementpavement
typestypestypestypes....

1111.... FullFullFullFull depthdepthdepthdepth asphaltasphaltasphaltasphalt

2222.... AsphaltAsphaltAsphaltAsphalt overoveroverover aggregateaggregateaggregateaggregate basebasebasebase

3333.... ConcreteConcreteConcreteConcrete withwithwithwith recycledrecycledrecycledrecycled aggregateaggregateaggregateaggregate

4444.... ConcreteConcreteConcreteConcrete withwithwithwith virginvirginvirginvirgin aggregateaggregateaggregateaggregate
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The MnDOT specification The MnDOT specification The MnDOT specification The MnDOT specification 
allowed only the ¾ to #4 to allowed only the ¾ to #4 to allowed only the ¾ to #4 to allowed only the ¾ to #4 to 
be used resulting in many be used resulting in many be used resulting in many be used resulting in many 
recycled fines piled up at the recycled fines piled up at the recycled fines piled up at the recycled fines piled up at the 
locations of the pavers locations of the pavers locations of the pavers locations of the pavers 
portable batch plants.portable batch plants.portable batch plants.portable batch plants.

Highway 59 north of WorthingtonHighway 59 north of WorthingtonHighway 59 north of WorthingtonHighway 59 north of Worthington

Others:Others:Others:Others:

IIII----90 Western Minnesota90 Western Minnesota90 Western Minnesota90 Western Minnesota

Highway 169Highway 169Highway 169Highway 169

Highway 60Highway 60Highway 60Highway 60

IIII----35 Owatonna to Lakeville35 Owatonna to Lakeville35 Owatonna to Lakeville35 Owatonna to Lakeville

IIII----94 North of Metro94 North of Metro94 North of Metro94 North of Metro

USUSUSUS----52 near Pine Island52 near Pine Island52 near Pine Island52 near Pine Island

Highway 5 in ChanhassenHighway 5 in ChanhassenHighway 5 in ChanhassenHighway 5 in Chanhassen
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After a decade of placing After a decade of placing After a decade of placing After a decade of placing 
pavements with recycled pavements with recycled pavements with recycled pavements with recycled 
concrete as coarse aggregate, concrete as coarse aggregate, concrete as coarse aggregate, concrete as coarse aggregate, 
the contractors pushed to be the contractors pushed to be the contractors pushed to be the contractors pushed to be 
given the option of going back given the option of going back given the option of going back given the option of going back 
to the use of virgin aggregates.to the use of virgin aggregates.to the use of virgin aggregates.to the use of virgin aggregates.

Currently, no pavements being Currently, no pavements being Currently, no pavements being Currently, no pavements being 
placed in Minnesota are using placed in Minnesota are using placed in Minnesota are using placed in Minnesota are using 
recycled concrete as coarse recycled concrete as coarse recycled concrete as coarse recycled concrete as coarse 
aggregate.aggregate.aggregate.aggregate.



10/13/2017

6

The use of 20% crushed coarse The use of 20% crushed coarse The use of 20% crushed coarse The use of 20% crushed coarse 
aggregate in structural concrete aggregate in structural concrete aggregate in structural concrete aggregate in structural concrete 
is now a practice accepted by is now a practice accepted by is now a practice accepted by is now a practice accepted by 
codes in many European codes in many European codes in many European codes in many European 
countries.countries.countries.countries.

TheTheTheThe twotwotwotwo highesthighesthighesthighest hurdleshurdleshurdleshurdles withwithwithwith regardregardregardregard
totototo usingusingusingusing recycledrecycledrecycledrecycled concreteconcreteconcreteconcrete asasasas
aggregateaggregateaggregateaggregate inininin concreteconcreteconcreteconcrete areareareare::::

1.1.1.1. HighHighHighHigh absorptionabsorptionabsorptionabsorption
2.2.2.2. IncreasedIncreasedIncreasedIncreased pastepastepastepaste contentcontentcontentcontent
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Countries like Japan have Countries like Japan have Countries like Japan have Countries like Japan have 
limits on contaminants limits on contaminants limits on contaminants limits on contaminants 
allowed when recycled allowed when recycled allowed when recycled allowed when recycled 
concrete is used as coarse concrete is used as coarse concrete is used as coarse concrete is used as coarse 
aggregate.aggregate.aggregate.aggregate.
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Two types of recycled concrete Two types of recycled concrete Two types of recycled concrete Two types of recycled concrete 
are considered:are considered:are considered:are considered:

CCACCACCACCA is from concrete is from concrete is from concrete is from concrete 
returned to the plant in returned to the plant in returned to the plant in returned to the plant in 
the ready mix truckthe ready mix truckthe ready mix truckthe ready mix truck

RCARCARCARCA is from demolished is from demolished is from demolished is from demolished 
concrete after it’s concrete after it’s concrete after it’s concrete after it’s 
service life.service life.service life.service life.

The three (3) independent variables tested are:The three (3) independent variables tested are:The three (3) independent variables tested are:The three (3) independent variables tested are:

1.1.1.1. Source of recycled coarse aggregateSource of recycled coarse aggregateSource of recycled coarse aggregateSource of recycled coarse aggregate

2.2.2.2. Recycled aggregate replacement percentageRecycled aggregate replacement percentageRecycled aggregate replacement percentageRecycled aggregate replacement percentage

3.3.3.3. Design strength of concrete Design strength of concrete Design strength of concrete Design strength of concrete 
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Factorial PointsFactorial PointsFactorial PointsFactorial Points Aggregate SourceAggregate SourceAggregate SourceAggregate Source Replacement PercentageReplacement PercentageReplacement PercentageReplacement Percentage Design Strength (psi)Design Strength (psi)Design Strength (psi)Design Strength (psi)

1111 RCA 30% 4,000

2222 RCA 30% 6,000

3333 RCA 60% 4,000

4444 RCA 60% 6,000

5555 CCA 30% 4,000

6666 CCA 30% 6,000

7777 CCA 60% 4,000

8888 CCA 60% 6,000

9999 RCA 45% 4,000

10101010 RCA 45% 6,000

ControlControlControlControl - 0% 4,000

ControlControlControlControl - 0% 6,000
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Factorial PointsFactorial PointsFactorial PointsFactorial Points Aggregate SourceAggregate SourceAggregate SourceAggregate Source Replacement PercentageReplacement PercentageReplacement PercentageReplacement Percentage Design Strength (psi)Design Strength (psi)Design Strength (psi)Design Strength (psi)

1111 RCA 30% 4,000

2222 RCA 30% 6,000

3333 RCA 60% 4,000

4444 RCA 60% 6,000

5555 CCA 30% 4,000

6666 CCA 30% 6,000

7777 CCA 60% 4,000

8888 CCA 60% 6,000

9999 RCA 45% 4,000

10101010 RCA 45% 6,000

ControlControlControlControl - 0% 4,000

ControlControlControlControl - 0% 6,000
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Two types of recycled concrete Two types of recycled concrete Two types of recycled concrete Two types of recycled concrete 
are considered:are considered:are considered:are considered:

CCACCACCACCA is from concrete is from concrete is from concrete is from concrete 
returned to the plant in returned to the plant in returned to the plant in returned to the plant in 
the ready mix truckthe ready mix truckthe ready mix truckthe ready mix truck

RCARCARCARCA is from demolished is from demolished is from demolished is from demolished 
concrete after it’s concrete after it’s concrete after it’s concrete after it’s 
service life.service life.service life.service life.

There are a total of eight (8) 
dependent variables that were 
tested for each factorial point 
and controls.  These are listed 
below with relevant testing 
standard.
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ASTM C143/C143/MASTM C143/C143/MASTM C143/C143/MASTM C143/C143/M----15, 15, 15, 15, 
“Standard Test Method for “Standard Test Method for “Standard Test Method for “Standard Test Method for 
Slump of Hydraulic Cement Slump of Hydraulic Cement Slump of Hydraulic Cement Slump of Hydraulic Cement 
Concrete.”Concrete.”Concrete.”Concrete.”

ASTM C231/C231MASTM C231/C231MASTM C231/C231MASTM C231/C231M----14, 14, 14, 14, 
“Standard Test Method for Air “Standard Test Method for Air “Standard Test Method for Air “Standard Test Method for Air 
Content of Freshly Mix Content of Freshly Mix Content of Freshly Mix Content of Freshly Mix 
Concrete by the Pressure Concrete by the Pressure Concrete by the Pressure Concrete by the Pressure 
Method.”Method.”Method.”Method.”
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Subjective evaluation by three Subjective evaluation by three Subjective evaluation by three Subjective evaluation by three 
experienced finishers who experienced finishers who experienced finishers who experienced finishers who 
applied a magnesium and applied a magnesium and applied a magnesium and applied a magnesium and 
wood float finish to a 24x24wood float finish to a 24x24wood float finish to a 24x24wood float finish to a 24x24----
inch test slab.inch test slab.inch test slab.inch test slab.

1.1.1.1. Very difficultVery difficultVery difficultVery difficult

2.2.2.2. DifficultDifficultDifficultDifficult

3.3.3.3. ModerateModerateModerateModerate

4.4.4.4. EasyEasyEasyEasy

5.5.5.5. Very easyVery easyVery easyVery easy
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ASTM C403/C403M-08, 
“Standard Test Method for Time 
of Setting of Concrete Mixtures 
by Penetration Resistance.”

ASTM C157/C157M-08 (2014), 
“Standard Test Method for 
Length Change of Hardened 
Hydraulic-Cement Mortar and 
Concrete.”
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ASTM C39/C39M-15, “Standard 
Test Method for Compression 
Strength of Cylindrical Concrete 
Specimens.”

ASTM C78/C78M-15a, “Standard 
Test Method for Flexural 
Strength of Concrete (using 
Simple Beam with Third-Point 
Loading).”
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Chloride Penetration (Wenner 
Probe Method) – AASHTO 
T358-15, “Standard Method 
of Test for Surface Resistivity 
Indication of Concrete’s 
Ability to Resist Chloride Ion 
Penetration.”

Chloride IonChloride IonChloride IonChloride Ion 4x84x84x84x8----in cylinderin cylinderin cylinderin cylinder

PenetrationPenetrationPenetrationPenetration kkkkΩΩΩΩ----cmcmcmcm

HighHighHighHigh <12<12<12<12

ModerateModerateModerateModerate 12121212----21212121

LowLowLowLow 21212121----37373737

Very lowVery lowVery lowVery low 37373737----254254254254

Negligible Negligible Negligible Negligible >254>254>254>254
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Two types of recycled concrete Two types of recycled concrete Two types of recycled concrete Two types of recycled concrete 
are considered:are considered:are considered:are considered:

CCACCACCACCA is from concrete is from concrete is from concrete is from concrete 
returned to the plant in returned to the plant in returned to the plant in returned to the plant in 
the ready mix truckthe ready mix truckthe ready mix truckthe ready mix truck

RCARCARCARCA is from demolished is from demolished is from demolished is from demolished 
concrete after it’s concrete after it’s concrete after it’s concrete after it’s 
service life.service life.service life.service life.
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The two driving forces to use The two driving forces to use The two driving forces to use The two driving forces to use 
recycled concrete as aggregate recycled concrete as aggregate recycled concrete as aggregate recycled concrete as aggregate 
replacement are:replacement are:replacement are:replacement are:

� Cost of virgin aggregateCost of virgin aggregateCost of virgin aggregateCost of virgin aggregate

� Cost of transportation and Cost of transportation and Cost of transportation and Cost of transportation and 
disposal of CCA and RCAdisposal of CCA and RCAdisposal of CCA and RCAdisposal of CCA and RCA
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The NRMCA recommends 10% The NRMCA recommends 10% The NRMCA recommends 10% The NRMCA recommends 10% 
replacement for structural replacement for structural replacement for structural replacement for structural 
concrete and 30% for nonconcrete and 30% for nonconcrete and 30% for nonconcrete and 30% for non----
structural.structural.structural.structural.
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