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Reusing old concrete pavement as an aggregate
source for new pavement construction can lead to
significant cost savings, reductions in virgin material
usage, and overall sustainability benefits. This was
demonstrated on a  concrete  pavement
reconstruction project on I-10, a ten-lane divided
interstate located on the west side of Houston,
Texas.

WHAT WAS THE MOTIVATION?

In the 1990s, the Texas Department of
Transportation (TxDOT) struggled with a lack of
suitable locally available aggregate sources and
rising costs of virgin materials. At the same time, the
Department had experienced a few performance
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issues with virgin aggregates in its continuously
reinforced concrete pavement (CRCP) designs.
Given the growing availability of concrete for
recycling, TxDOT began exploring the use of
recycled concrete aggregate (RCA) in infrastructure
projects. However, one challenge in using RCA in
CRCP was a limited understanding of the mix design
requirements and the impact of RCA on long-term
performance.

WHAT WAS DONE?
OVERVIEW

To gain a better understanding of RCA usage in
CRCP, TxDOT looked to incorporate it in the 1995
reconstruction of a 5.8-mi segment of I-10 in the
Houston metropolitan area (between the I-610 West
Loop and I-45, see figure 1). The original CRCP was
built in 1968 and exhibited significant distress after
nearly 27 years of service and under very heavy
traffic loadings (Won 2001). The contractor elected
to use 100 percent RCA in the concrete for the new
CRCP, primarily as a cost savings measure. The
project was unique because it was one of the first in
the nation using 100 percent RCA (both coarse and
fine) and contained no virgin aggregate (TxDOT
1998). As part of this project, TXDOT performed a
comprehensive study to address the concerns
regarding impacts on fresh and hardened concrete
properties as well as CRCP concrete performance
(Won 2001).
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Figure 1. 1-10 project location.

This project included the following two typical - 11-inch tied concrete shoulder (CRCP).
pavement sections (Won 2001):

o Typical Section 1 (approximately 3/4 of the
project length): A 14-inch CRCP on a 3-inch
asphalt-stabilized base (ASB), all resting on 6-
inches of lime-treated subgrade. This design
also featured:

depth of the slab.

- Single mat longitudinal reinforcement: #6
bars at 7-inch spacings and placed at mid-

No information on the specific mix design used for
the project is available, other than the requirement
for a 6-sack (564 lbs/yd?) concrete mix. TxDOT also

- 14-inch tied concrete shoulder (CRCP). required that the RCA conform to the same

- Double mat longitudinal reinforcement: 2
layers of #5 bars at 7-inch spacings, with the
top layer placed 6 inches below the slab
surface and the bottom layer placed 4 inches
above the slab bottom.

o Typical Section 2 (approximately 1/4 of the sand).
project length): An 11-inch CRCP overlay on a
1-inch ASB separation layer over the existing
CRCP. This design also featured:
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specification requirements as virgin aggregates and
performed testing of the material to evaluate its
properties and characteristics. Table 1 presents
properties of the RCA aggregate used on the project
and compares them with typical values for
conventional virgin materials (gravel or siliceous
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Table 1. RCA material properties (data source: Won 2001).

Test Method ‘

RCA Test ‘ Typical Value for Virgin Gravel

Material Result or Siliceous Sand
Coarse | Specific gravity ASTM C127 245-248 ~26
Adgregate [y tar content -1 ~30% n/a
Water absorption ASTM C127 3.9-41% <2%
Sodium soundness loss ASTM C88 1-9% 1-2%
Magnesium soundness loss ASTM C88 1-4% 2-6%
LA abrasion ASTM C131 32 -38% mostly < 20%
Thermal coefficient -1 16 - 26 pe/°C -1
Freeze-thaw loss Tex-433C 11.5% - 2 (lightweight agg. ~9%)
Alkali-silica reactivity ASTM C1260 0.023% varies
Fine Specific gravity ASTM C128 2.37 ~2.6
Aggregate [\ -ier absorption ASTM C128 7.9% ~1%
Angularity NAA Method 38.6% 34.5%

" Test method not listed/value not available.

CONSTRUCTION

At the start of the project, the contractor had difficulty
producing a concrete mixture with consistent
workability and strength. It was determined that the
former was the result of inadequate moisture control
of the RCA stockpile, and this was mitigated by
installing a sprinkler system for the aggregate
stockpiles. When proper workability was achieved,
construction crews reported little difference in the
finishing operations between the RCA paving
mixtures and conventional paving mixtures (Won
2001).

The strength values fluctuated as the project
progressed, requiring some adjustments to the mix
proportioning. In addition, the construction crews
noted inconsistent concrete and premature setting
during placement, which was attributed to the

presence of the high volume of recycled fines in the
mixture. As a result, in 1999 TxDOT changed its
specifications to limit the amount of RCA fines in
concrete mixtures to a maximum of 20 percent (Won
2001). This is consistent with current practices that
commonly limit the maximum amount of RCA fines
to no more than 30 percent (Snyder 2016).

POST-CONSTRUCTION TESTING

To evaluate the in situ properties of the concrete
containing the RCA, 15 cores were taken throughout
the project shortly after construction; these test
results are summarized in table 2 (Won 2001; Choi
and Won 2009). In general, the strength values were
noted to be lower than typical values for concrete
with virgin aggregates, but the RCA concrete did
meet the TxDOT specifications.
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Table 2. In situ concrete properties (data sources: Won 2001; Choi and Won 2009).

In-situ Property ‘ Method ‘ Avg. ‘ Range
Compressive strength, 28-day - 4,615 Ib/in? 4,260 - 5,270 Ib/in?
Indirect tensile strength, 28-day - 486 Ib/in? 415 - 535 Ib/in?
Modulus of elasticity - 2.58 x 108 Ib/in? -
Coefficient of thermal expansion Tex-428-A - 4.7-5.3 pel°F
Chloride content Tex-617J 1436 ppm -

Sulfate content Tex-620J 0.04 Iblyd® -

Density - 2.24 2.19-2.36
Water absorption ASTM C642 10.86% -
Permeability ASTM C1202 466 Coulomb 366 — 628 Coulomb

Petrographic analyses of cores taken from the
CRCP revealed good bond between the original
siliceous river gravel aggregate and the old mortar,
and between the old and new mortar. Additional
testing performed on extracted cores revealed the
following (Won 2001):

e The modulus of elasticity of RCA concrete is
much lower than that of virgin aggregate
concrete.

o The coefficient of thermal expansion for RCA
concrete is similar to virgin aggregate concrete.

¢ The chloride content of RCA concrete is higher
than virgin aggregate concrete while sulfate
content is comparable.

¢ The density of RCA concrete is lower and water
absorption is higher than those of concrete with
virgin aggregates, yet RCA permeability was still
classified as “very low” per ASTM C1202.

WHAT BENEFITS WERE ACHIEVED?
PERFORMANCE

Since its construction in the mid-1990s, the
performance of this pavement has been very good.
An average crack spacing of 7.2 ft was reported in
1999, along with crack widths in the range of 0.008
to 0.028 inches (Choi and Won 2009). These cracks
were very tight although some variability in widths
existed, even within a single crack.

One very positive performance observation was the
absence of meandering cracks and crack spalling
that has afflicted many CRCP in Texas that were
constructed with siliceous river gravel (which was
the coarse aggregate in the original, recycled
concrete) (Choi and Won 2009). It is hypothesized
that the low modulus of the RCA concrete and its
strong bond between the RCA and new mortar are
key factors in its favorable performance. Figure 2
depicts the condition of the project in 2013, while
table 3 provides a summary of International
Roughness Index (IRI) performance collected
between 2011 and 2016. Over the 5-year period, IRI
values remained in the range of 113 to 120
inches/mi, where the TxDOT threshold between
‘good” and “fair” ride is 119 inches/mi.
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Figure 2. Overview of I-10 condition in 2013.

This project established the baseline for using
RCA and allowed TxDOT to develop
statewide specifications for using RCA in
concrete pavements. RCA continues to see
significant usage in pavements as a cost
savings measure, and the performance of
these sections has been outstanding.

—Andy Naranjo, TXDOT
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Table 3. CRCP performance, 2011-2016
(data source: TxDOT).

No. of No.of | No.of PCC | Avg. IRI
Year| Spalls |Punchouts | Patches' (in/mi)
2011 9 4 1 115
2012 1 3 3 119
2013 1 0 0 119
2014 3 4 5 113
2015 2 7 1 120
2016 8 5 1 116

1 No asphalt concrete patches were reported.

COSTS

Overall, the contractor was not only able to realize a
significant cost savings on this project by using RCA
from the demolition of the existing CRCP but also
achieved a lower environmental impact from
reduced virgin aggregate demand (mining, crushing,
hauling), and minimizing or eliminating off-haul of
demolished concrete. Moreover, with a CRCP
overlay placed over portions of the project, the
contractor achieved both cost savings (by
eliminating demolition, hauling, and crushing costs
of the existing CRCP) and reduced environmental
impacts associated with those activities.

Table 4 provides an estimate of the virgin aggregate
savings for this project, based on standard TxDOT
mixture proportions. This estimate assumes 0.6
percent longitudinal steel, a cementitious content of
550 Ib/yd?, a w/cm ratio of 0.45, and a density of 140
b/ft.

Table 4. Estimated virgin aggregate savings.

CRCP Thickness (in) ‘Area (yd?) ‘ Aggregate (tons)

1 93,274 42,250
14 287,048 165,500
Total Virgin Aggregate Savings 207,750

The use of RCA on this project resulted in cost
savings of $2 per ton of aggregate when compared
to the delivery of limestone, and $5 per ton of
aggregate when considering disposal savings
(Raine 2010). Overall, in very rough economic
terms, this translates into cost savings of
approximately $1.4M.

WHAT WERE THE KEY OUTCOMES
AND LESSONS LEARNED?

This project demonstrates that RCA can be used to
replace virgin aggregate and achieve adequate
levels of performance on high-volume roadway
facilities. The CRCP on I-10 was constructed in 1995
with 100 percent RCA (both coarse and fine
components) and is considered a success by
TxDOT. The following presents some of the key
outcomes and lessons learned from this project:

¢ In many past cases, sustainability benefits were
achieved simply through cost saving measures
applied by contractors and/or agencies. The
contractor elected to use RCA purely for
economic reasons but this decision also resulted
in unquantified environmental benefits. An
estimated savings of over 200,000 tons of virgin
aggregate was calculated based on typical
concrete proportions, roughly correlating to cost
savings of about $1.4 million.

e Although not quantified, other sustainability
benefits include reduced social impacts (fewer
haul trucks), less emissions from not having to
mine virgin aggregate, and less waste
(demolished concrete) sent to a landfill.

¢ RCA moisture control, specifically for the RCA
fines, was very important to achieving workable
aggregate.

¢ Concrete made with RCA had lower modulus of
elasticity, lower strength (compressive and
indirect tensile), and higher water absorption
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than comparable concrete with  virgin
aggregates, but these findings were expected.
No significant differences were reported for
permeability and coefficient of thermal
expansion.

o After 10+ years of service (reported in 2009), the
CRCP made with 100 percent RCA concrete
had excellent performance. As of 2016, ride
quality has remained good with an average IRI
of 116 in/mi.

e The low modulus of the 100 percent RCA
concrete and good bond between RCA and new
mortar are likely key factors that contributed to
good performance of this CRCP.

¢ A major outgrowth of the work done on this pilot
project was TxDOT's development and
implementation of a specification in 2004 for the
use of RCA in concrete pavements as a cost
saving measure. A major component of that
specification was the restrictions of recycled
fines to no more than 20 percent.
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