
High-Volume Recycled 
Materials for Sustainable 
Pavement Construction

2017 NCC Fall Meeting
Minneapolis, MN

September 20, 2017

Brett Trautman, P.E.
Physical Laboratory Director

Missouri DOT



Research Team
 Kamal Khayat, Missouri S&T

- Seyedhamed Sadati, PhD Candidate
 Jeffery Volz, University of Oklahoma
 David Lange, University of Illinois-Urbana 

Champaign
 Alex Shin, Southern University of Baton 

Rouge, LA
 Kaan Ozbay, New York University



To develop eco-friendly concrete mixtures 
with at least  50% of mass replaced by 
recycled materials for pavement application
Two types of concrete pavements:

Research Objective

1) Eco-friendly concrete for single layer pavement
2) Eco-friendly concrete for two-lift pavement



RCA Selection



RCA Materials



RCA 
Gradations

Coarse RCA

Fine RCA



Packing 
Density



Gyratory Compactor

Pressure = 10 psi



Example Test Result
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Example Test Result
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Binder Type 
Optimization



Concrete Equivalent Mortar
Mixture 

proportions w/cm
Cementitious 

materials 
(lb/yd3)

Water 
(lb/yd3)

Sand 
(lb/yd3)

Coarse 
aggregate(

lb/yd3)

Sand equivalent to 
coarse aggregate 

(lb/yd3)

MoDOT-
PCCP 0.4 545 218 1260 1890 -

CEM 0.4 545 218 1260 - 166



Testing 
Protocol



91-day Compressive Strength
OPC: 30%-50%
GGBS: 0-70%
FA-C: 0-50%

Area of optimum 
strength

~ 35% FA-C
~25% GGBS



91-day Bulk Resistivity
OPC: 30%-50%
GGBS: 0-70%
FA-F: 0-50%

Area of optimum 
resistivity

~25% FA-F
~45% GGBS



120-day Shrinkage 
OPC: 30%-50%
GGBS: 0-70%
FA-C: 0-50%

Reduction in shrinkage 
with increasing FA-C



Glass Powder 
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Glass Powder 
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Significant improvements in electrical 
resistivity with increasing GP replacement



Glass Powder 

Reduction in drying shrinkage with 
increasing GP replacement



Cost & Emission Values 

* Cost from 2014

*



Weighting



Star Graph

 Normalized from 0 to 
100

 Weighting applied



Ranking Overall Performance

Selected
OPC50, GGBS15, FA-C35

No delayed setting and construction 
problems
Increase FA-C in an acceptable range for 
field practice



Mechanical 
Properties



Testing Protocol



Fresh 
Properties

Air Content
Range: 5.0 to 7.0%

Slump
Range: 1 to 3.5 in.



Compressive Strength (psi)
 All mixtures developed strength 

values higher than 4.0 ksi @28 
days and 5.5 ksi @ 56 days



Flexural Strength (psi)
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28 days 56 days  Most of the mixtures developed 
strength values higher than 650 
psi @ 28 days



Modulus of Elasticity (ksi)
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28 days 56 days  Most of the mixtures 
developed MOE values higher 
than 4500 ksi @ 28 days



Split Tensile Strength (psi)
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values higher than 375 psi @ 28 days



Surface Resistivity (kΩcm)
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28 days 56 days 91 days  All of the mixtures developed 
surface resistivity values higher 
than the MoDOT Ref. mix for all 
ages



Bulk Resistivity (kΩcm)
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28 days 56 days 91 days
 All of the mixtures developed 

bulk resistivity values higher 
than the MoDOT Ref. mix for 
all ages



Resistivity – Bulk vs. Surface

 Bulk and surface resistivity 
correlate well @ 28 days

R² = 0.9308
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Resistivity – Bulk vs. Surface

 Bulk and surface resistivity 
correlate well @ 91 days

 Resistivity values correlate better 
at older ages

R² = 0.9722
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Dry Shrinkage

Optimized binder: 300 µε
MoDOT Ref.: 430 µε-800
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Dry Shrinkage

 Dry shrinkage increases as the 
amount of fine RCA increases
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Dry Shrinkage
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Durability



Testing Protocol



Fresh Properties

Air Content
Range: 5.0 to 7.0%

Slump
Range: 1.5 to 3.5 in.



Coefficient
of Thermal 
Expansion

(E-6 in/in/oF)

 Comparable 
performance for all 
mixtures

 MoDOT Ref. had 
the highest CTE 
value



Salt Scaling  RCA mixtures comparable to 
Opt. Binder mix.



Durability 
Factor

 Good frost durability 
with DF higher than 
88%



Abrasion 
Resistance

 Reducing w/cm 
improves abrasion 
resistance

 Slight increase due 
to C-RCA and F-
RCA incorporation 



Sorptivity

 Max. sorptivity 
rate was 
observed for 
the reference 
concrete

 Reducing w/cm 
improves 
absorption rate

 Slight increase 
due to C-RCA 
and F-RCA 
incorporation



Conclusions
 Single Layer Pavement



Conclusions
 Two-Lift Pavement



Project
Location

MoDOT’s first RCA 
project
Placed on the 

Mississippi River 
Bridge project in   
St. Louis

- Ramp to new bridge
- Coarse RCA only
- Four test sections
- Constructed April 29, 

2013



Test Sections

Interstate 44

Cass Ave.

Test Section #1
(280 ft.)

Test Section #2
(234 ft.)

Test Section #3
(304 ft.)

Test Section #4
(35 ft.)Sensors

Sensors

Test Section No. 1 – No coarse RCA
Test Section No. 2 – 40% coarse RCA
Test Section No. 3 – 30% coarse RCA
Test Section No. 4 – 30% coarse RCA

w/Two Stage Mixing
Regular Mix

(210 ft.)

Data acquisition & 
power source

Bridge



Job Site

Looking East from bridge over I-44

Looking West from bridge over I-44 Looking towards Cass Ave.



Coarse
Aggregate

Material 1” Max. L.S. Coarse RCA
Bulk Sp. Gr. 2.652 2.396

Absorption 0.8 3.5

LA Abrasion 24 33

Soundness 3 32

Micro-Deval 15.0 14.4

Sieve % Passing % Passing
1 in. 100 100

3/4 in. 88.5 80.3
1/2 in. 40.5 31.1
3/8 in. 20.1 16.8

#4 3.1 3.3
#8 1.8 1.8

#200 1.4 0.7

Gradation



Mix Designs

Cement Amount (lbs.)
w/c Ratio
% Fly Ash
% Fine Agg.
% Coarse RCA Agg.
Design Air Content (%)

No. 1
546
0.40
25.0
42.5
---
6.0

No. 2
546
0.40
25.0
42.5
40.0
6.0

No. 3
546
0.40
25.0
42.5
30.0
6.0

Design Criteria No. 4**
546
0.40
25.0
42.5
30.0
6.0

Test Sections

** Two stage mixing



Test Section No. 1
 Reviewed September 2017 (48 months)

Control Mix
No RCA



 Reviewed September 
2017 (48 months)

Test Section 
No. 1



Test Section No. 2
 Reviewed September 2017 (48 months)

40% RCA



 Reviewed September 2017 (48 months)
Test Section No. 2

Crack No. 1 Crack No. 2



Test Section No. 3
 Reviewed September 2017 (48 months)

30% RCA



Test Section No. 4
 Reviewed September 2017 (48 months)

30% RCA 
with two 

stage mixing



Questions

Office Phone: 573-751-1036
Email: Brett.Trautman@modot.mo.gov
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