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ABSTRACT

As green building rating systems such as LEED™ become more popular, the use of recycled materials in construc-
tion is increasing. Concrete can be produced with significant quantities of supplementary cementitious materials or
recycled aggregate materials. However, modifying concrete mixture proportions for improved recycled content credits
also impacts strength and long-term durability. Without properly understanding the effects recycled materials have
on concrete, greener concrete can be less desirable from a lifecycle perspective from poor durability. This research
investigates the impacts different types and quantities of supplementary cementitious materials and recycled concrete
aggregate have on strength development and concrete durability, specifically deicer scaling. Improvements to deicer
scaling resistance were investigated using a novel soybean oil sealer. The concrete mixtures were also evaluated within
the LEED™ recycled materials criteria for selection based on economy and total contribution value. Considerations

are included to assist designers in the selection of greener concrete mixtures for appropriate applications.

KEYWORDS

LEED, concrete, recycled materials

INTRODUCTION

The recent upswing in green building and sustain-
able infrastructure in general has seen the pro-
liferation of green building rating systems. The
largest and most widely-used is the United States
Green Building Council’s (USGBC) Leadership
in Energy and Environmental Design (LEED™)
program where points are awarded in various cat-
egories to define a building’s greenness (Haselbach
2008). The danger with a point-based system is the
specifier selecting very green materials to achieve
the desired rating without consideration for perfor-
mance over the long term. Unfortunately this has
become apparent in the Portland Cement Concrete
(PCC) arena where concrete containing high levels
of recycled/reused materials are becoming specified
at an increasingly alarming rate without proper con-
siderations and expectations to allow success with
the non-traditional concrete mixtures. A majority
of ready-mixed concrete in the U.S. already con-
tain supplementary cementitious materials (SCMs),

such as fly ash and blast furnace slag, but only up to
25% replacement for cement (FHWA 1996). Con-

crete can be produced with much higher amounts
of recycled materials with the proper understand-
ing of expected differences in placing and finishing,
strength gain, permeability, and long-term durabil-
ity (Mehta and Manmohan 2006).

Concrete is the most durable man-made building
material on earth and allows a designer a great deal
of flexibility. Concrete is produced most basically by
combining Portland cement, sand, gravel, and water.
Portland cement is hydraulic, setting within the
presence of water, through an exothermic process
called hydration. Cement is produced in a highly
controlled process that combines, most often, lime-
stone, clay, and sand at high temperature 2300°C
(-4300°F) to produce clinker (Kosmatka et al.
2002). The clinker is then ground to produce Port-
land cement. While cement production does ini-
tially produce significant quantities of carbon diox-
ide, cement production utilizes many waste materials
from other other industrial process. The raw materi-
als can include hazardous waste, fly ash, foundry
sand, and unrecyclable glass bottles. The kiln can be
heated by landfill gases, industrial wastes such as

'Ph.D., LEED AP, Assistant Professor of Civil Engineering, University of Missouri-Kansas City, kevernj@umkc.edu.

Volume 5, Number 4 111

SS900E 93l} BIA §Z-80-G20Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



coffee, or wrapping paper, as well as waste tires. If
the chemistry and heat value is known, almost any-
thing can be utilized as raw material or fuel. How-
ever in the concrete process, the highly controlled
cement is then shipped to tens of thousands of con-
crete plants for incorporation into concrete contain-
ing various local materials produced with different
mixture proportions. The fresh concrete is then sent
to a variety of construction projects with different
durability criteria and placed by contractors with
various levels of experience. Consequently there are
a plethora of poorly-performing concrete examples
throughout current infrastructure.

Concrete is rarely taken out of service because
of issues related to low compressive strength. Many
times poor concrete performance is caused by inad-
equate subgrade support leading to overloading.
Failure from overloading occurs as corner or mid-
panel cracking and eventually leads to deterioration
such as potholes. Deterioration from overloading
is due to inadequate structural design or poor con-
struction practices, but not from low compressive
strength (Miller and Bellinger 2003). True concrete
failures are most often material-related durability
issues, controlled by the mixture components and
ultimately the concrete paste permeability. Durabil-
ity distresses such as sulfate deterioration, durability
cracking, steel corrosion, and alkali silica reaction
are caused by water as an agent of deterioration or
when water carries unwanted components into the
concrete or leaches out hydration products. Com-
pressive strength is measured because concrete
cylinders are inexpensive, easy to produce, easy to
test, and results are repeatable. Data from compres-
sive strength is used to determine product vari-
ability and because compressive strength can be
correlated to important design properties such as
flexural strength (Weiss 2008). SCMs generally gain
strength through slower cementitious or secondary
pozzolanic reactions. While the concrete is undergo-
ing the slower reactions the hydrated (hard) cement
paste is less dense and more permeable, on a micro-
scopic level, than concrete produced with only Port-
land cement. So while concrete containing SCMs is
greener, stronger, and more durable at latter ages, at
early ages the concrete may be more susceptible to
durability related material distresses if treated the
same as concrete containing only Portland cement.

Problems further arise when high levels of recy-
cled materials are specified without consideration
on how the new material properties will impact
placement and ultimate durability. While LEED™
certification is achieved a few months after project
completion, ideally the projects will last 50 to 100
years. Even poorly durable concrete will perform
well for several years, however replacing even highly
greened concrete after a few years is much less sus-
tainable than a traditional concrete design with
durability for many years. The American Concrete
Institute (ACI) 318 Building Code for Structural
Concrete only places limits on SCM replacement
for exposure class F3 severe exposure conditions.
Severe exposure is defined by cycles of moist freez-
ing and thawing where deicer contact is anticipated.
Concrete with F3 exposure is limited to a maximum
of 25% fly ash, 50% blast furnace slag, or 50% of
a combination of SCMs with a maximum of 25%
being fly ash. The other requirements for F3 expo-
sure concrete is a maximum water-to-cement of
0.45, around 6% air depending on coarse aggregate
size, and minimum compressive strength of 31 MPa
(4500 psi) (ACI 2008).

The research presented herein examines a variety
of concrete mixtures that may be incorporated within
the LEED™ certification process. Concrete mixtures
were based on a standard ready-mixed concrete base-
line mixture used for a wide-variety of applications.
Variations included up to an 80% replacement for
cement with SCMs with parallel mixtures contain-
ing100% replacement of virgin coarse aggregate (VA)
with recycled concrete aggregate (RCA). Since SCMs
are commonly used in concrete up to 50% replace-
ment for Portland cement, the testing program
began at 50% cement replacement (Tikalsky et al.
2007). Testing examined the strength, economy, and
deicer freeze-thaw resistance. As 100% replacement
for virgin aggregate with recycled concrete aggregate
is not always an option or practical, recycled material
values were evaluated within the LEED™ Materials
and Resources Credit 4: Recycled Content require-
ments using both the SCM only option or total
weight option (USGBC 2007). For the mixtures
produced with VA, a cross-over replacement rate was
calculated to assist in selection of most appropriate
LEED™ reporting method. In order to reduce the
potential for early-age deicer scaling damage com-
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mon with high SCM concrete, a natural soybean oil
coating was also investigated. Results show concrete
produced with recycled concrete aggregate and up to
75% replacement for Portland cement can have per-
formance and strength equal to standard concrete.
Soybean oil appears as a viable option to protect high
recycled material concrete from deicer damage.

CONCRETE MIXTURES

AND TESTING METHODS

The mixture proportions used in the study were
based on a standard concrete baseline mixture suit-
able for exterior flatwork or structural load-carrying
members. The baseline mixture contained 330 kg/m?
(564 Ib/cy) of cement at a 0.5 water-to-cement ratio.
A standard vinsol resin air entraining admixture was
dosed to achieve 5-8% air, common for exterior con-
crete (Kosmatka et al 2002). The combined aggre-
gate gradation was 1:1 coarse to fine aggregate. The
baseline mixture contained Type II (marketed as
Type 1/II) ordinary Portland cement (OPC), virgin
coarse aggregate, sand, and air entraining admixture
and is designated OPC-VA. SCMs were included in
binary or ternary combinations with the OPC. The
ground-granulated blast furnace slag (S) was grade
120 and fly ash (FA) used was Class C. Mixtures
with SCMs are designated by a replacement amount
for OPC along with the type of SCM. For example

a mixture containing 50% replacement for cement

TABLE 1. Aggregate Gradations.

with slag and 25% replacement for cement with fly
ash, by mass, is designated 50S-25FA-VA. Mixtures
containing RCA instead of VA replace the VA term
with RCA. One additional mixture was included in
the testing program that used the standard Type I1
cement interground with 18% limestone, which is
outside allowable limits for ASTM C150 cements,
while meeting ASTM Cl1157 requirements (ASTM
2007a, ASTM 2003b). The high limestone cement
was included with 75% replacement with SCMs and
RCA and is designated as 25HS-50S-25FA-RCA for
an 80% replacement for OPC.

Virgin coarse and fine aggregate and recycled
coarse aggregate all met ASTM C33 gradation
requirements. Virgin coarse aggregate (VA) was
limestone and the recycled concrete aggregate
(RCA) was produced from concrete containing
limestone from the same source as the virgin mate-
rial. The concrete used to produce the RCA did not
experience any excessive durability issues. Primary
durability issues of concern when selecting RCA are
durability cracking (d-cracking) or alkali silica reac-
tion (ASR). Pavements that have experienced sig-
nificant material-related durability distresses should
not be used as RCA into new concrete (ACI 2001).
Both coarse aggregates met ASTM D67 designated
in ASTM C33 (ASTM 2003a). Table 1 shows the
coarse and fine aggregate gradations along with the
D67 specification limits. As seen in Figure 1, the

Percent Passing
Sieve Size, mm (in.) Virgin CA Recycled CA FA ASTM D67

37.5(1.5) 100 100 100
25.0(1) 100 100 100 100
19.0 (3/4) 100 100 100 90-100
12.5(1/2) 67 80 100
9.5 (3/8) 38 58 100 20-55
4.75 (#4) 6 7 99 0-10
2.36 (#8) 2 2 87 0-5
1.18 (#16) 2 2 67

600 um (#30) 2 1 41

300 um (#50) 2 1 11

150 um (#100) 2 1 1

75 um (#200) 1 0 0
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TABLE 2. Aggregate Properties.

TABLE 3. Cost Assumptions for LEED™ Calculations.

Recycled
Aggregate | Virgin CA CA FA
SG 2.47 2.25 2.62
Abs (%) 2.87 5.97 0.4
DRUW, 1540 (96) | 1310 (82) —
kg/m? (pcf)

RCA had a slightly finer gradation than the VA. The
fine aggregate was a well-graded standard concrete
sand sourced from river dredging (Table 1).

The aggregate properties are shown in Table 2.
As expected, the RCA had lower specific gravity
and higher absorption than the VA. The RCA was
slightly more angular than the VA and contained
more compacted voids, 42% compared with 38%
for the VA. Both aggregates were angular. To mini-
mize the effect aggregate absorption had on fresh
concrete properties, such as slump and entrained air,
all coarse aggregate was brought to saturated surface
dry (SSD) condition before mixing.

The concrete was mixed, placed, and cured
according to ASTM C192 (2003c¢). Compressive
strength cylinders were 100 mm by 200 mm (4 in.
by 8 in.) and were tested according to ASTM C39
(ASTM 2003b) using unbonded pads conforming
to ASTM C1231 (ASTM 2007b). Deicer scaling
resistance was performed according to ASTM C672
(2003d).

Table 3 lists the cost assumptions for the pur-
poses of LEED™ recycled material cost calculations.
Prices are representative of average concrete sup-
plier costs in the Midwest. Due to the crushing and
transportation costs, the VA and RCA were assumed
equal. Depending on the distance from source to
the concrete production facility and/or economy of
scale, the RCA cost may be less than the VA. Since
the specific gravity of the RCA is less than the VA,
less RCA is required to occupy the original VA vol-
ume, so mixtures with RCA are slightly lower cost
than VA mixtures.

Cost for the high limestone mixture was deter-
mined as equal to the traditional Portland cement.
The individual additives were less expensive because
the limestone costs less than clinker, but a loss in
overall production in the ball mill operations

Average Material Costs $/ton $/metric ton
Portland Cement 110 121

Slag 920 99

Fly Ash 45 50

VA - limestone 20 22
Recycled Concrete Agg. 20 22

Fine Aggregate 10 11
Water 1 1

increased manufacturing costs. The difference in the
two costs does not result in a cost benefit, although
the high limestone cement would have a much
lower CO, footprint compared to straight Portland
cement.

RESULTS AND DISCUSSION
Strength

The concrete compressive strength results are shown
in Table 4. Both blast furnace slag and Class C fly
ash contain both cementitious and pozzolanic prop-
erties. Since the pozzolanic, lime consuming, reac-
tion requires excess calcium hydroxide, the pozzo-
lanic reaction is secondary to hydraulic reactions
(Kosmatka et al. 2002). Consequently, the expected
response is a slower strength gain when SCMs are
present. All values represent the average of three
tests with a coeflicient of variation less than 15%.
At 7-days the 100% OPC mixtures had the high-
est strength around 35 MPa (5000 psi) followed by
the mixtures containing 50% to 75% slag in either
binary or ternary combinations and had strength
near 27 MPa (4000 psi). At 7-days the mixtures con-
taining 50% fly ash had about half the compressive
strength of the OPC mixtures. The mixtures with
75% fly ash were low at 3 to 5 MPa (500 to 800
psi) at 7-days. At 28-days all mixtures containing
at least 50% blast furnace slag in binary or ternary
combinations had strength similar to the OPC mix-
tures, around 42 MPa (6000 psi). Mixtures con-
taining 50% fly ash were again half that of the slag
mixtures and the 75% fly ash mixtures much lower.
At 56-days many of the mixtures containing blast
furnace slag had higher compressive strength than
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TABLE 4. Compressive Strength Results.

Compressive Strength
Mixture 7-day, MPa (psi) 28-day, MPa (psi) 56-day, MPa (psi)
OPC-VA 35.5 (5150) 42.4 (6160) 45.4 (6580)
OPC-RCA 34.4 (4990) 43.1 (6260) 45.5 (6600)
50S-VA 27.9 (4050) 44.3 (6430) 48.9 (8000)
50S-RCA 27.0 (3910) 41.1 (5960) 43.8 (6360)
50FA-VA 17.0 (2470) 27.2 (3940) 33.1 (4810)
50FA-RCA 15.1 (2190) 21.8 (3170) 28.8 (4190)
75S-VA 25.0 (3620) 43.2 (6270) 44.6 (6470)
75S-RCA 28.0 (4070) 38.3 (5560) 40.5 (5880)
75FA-VA 5.3 (760) 7.7 (1120) 8.7 (1260)
75FA-RCA 3.5 (500) 5.0 (730) 7.2 (1040)
50S-25FA-VA 27.5(3990) 43.8 (6360) 46.7 (6780)
50S-25FA-RCA 24.6 (3560) 42.8 (6210) 48.0 (6970)
50FA-25S-VA 9.3 (1350) 28.9 (4190) 33.7 (4900)
50FA-25S-RCA 6.9 (1000) 25.8 (3750) 33.0 (4790)
25HS-50S-25FA-RCA 23.9 (3470) 40.0 (5810) 45.5 (6610)

the OPC mixtures. All mixtures containing 50%
fly ash had similar compressive strengths and were
around 70% of the OPC and slag mixtures. All but
three of the mixtures (50FA-RCA, 75FA-VA, 75FA-
RCA) achieved 31 MPa (4500 psi) by 56-days, with
a majority occurring between 7 and 14 days.

The strength development with time expressed
as a percentage of 28-day strength is shown in Fig-
ure 1. The OPC mixtures had the greatest rate of
strength gain from 0 to 7-days. The slag mixtures
had the greatest rate of strength gain from 7 to
28 days, while the fly ash mixtures had the great-
est strength gain from 28 to 56-days. The OPC
mixtures achieved over 80% of 28 day strength at
7-days, gaining only 5-7% additional from 28 to
56-days. All others, except the 75% fly ash mixtures,
achieved 60% to 80% of the 28 day strength at
7-days. The ternary blend of high limestone cement,
50% slag, and 25% fly ash had ultimate strength
and strength development similar to the other mix-
tures containing 50% slag.

The RCA did not produce a statistically-signif-
icant difference in compressive strength for any of
the maturity levels, when tested using a paired t-test
at P=0.05 level.

FIGURE 1. Percent of 28-day Strength Achieved at 7 and
56 days.
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Economy

SCMs and RCA are more environmentally-friendly
additions to concrete and help preserve natural
resources and lower CO, emissions associated with
concrete. However, substituting materials with
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FIGURE 2. Economy of Mixtures at Various Ages.
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additional considerations, such as slower strength
gain, may have limited use in construction with-
out cost benefits. Figure 2 shows the economy,
expressed as strength per dollar, of mixtures at vari-
ous ages as compared to the baseline mixture. For
comparison, mixtures with economy within +10%
of the baseline concrete mixture for a given age are

TABLE 5. Mixture Economies.

considered similar in economy. Mixtures less than
10% of the baseline mixture are less economical,
while those greater than 10%), more economical.
At 7-days three mixtures had similar economy to
the baseline mixture, two contained RCA and two
contained 75% replacement for cement. At 28-days
all of the mixtures were similar or more economi-
cal than the baseline mixture, except for those mix-
tures containing 50% or greater fly ash. At 56-days
all mixtures were similar or more economical than
the baseline mixture except for 50FA-RCA and
both mixtures containing 75% fly ash. At 28 and
56-days, the mixtures containing a ternary blend
of 50% slag and 25% fly ash were much more eco-
nomical than the baseline mixture, including the
ternary blend produced with the 18% limestone
cement. The ternary mixtures cost 18% to 21%
less than the baseline mixture and produce greater
strength (Table 5).

Since all of the recycled materials used in this
study were bulkier and/or cheaper than the origi-
nal components replaced in the baseline mixture,
all combinations cost less (see Table 5). Cost savings
for all the mixtures ranged from 2% to 42%, how-
ever the performance of the 50% and 75% fly ash

mixtures will eliminate usage for most applications.

Mixture Mixture Cost Cost Savings 7-day Economy | 28-day Economy | 56-day Economy
OPC-VA $52.59 0.0% — — —
OPC-RCA $51.57 2.0% Similar Similar Similar
50S-VA $49.47 6.3% Less More More
50S-RCA $48.47 8.5% Less Similar Similar
50FA-VA $42.98 22.4% Less Less Similar
50FA-RCA $41.96 25.3% Less Less Less
75S-VA $47.91 9.8% Less More Similar
75S-RCA $46.89 12.2% Similar Similar Similar
75FA-VA $38.40 37.0% Less Less Less
75FA-RCA $37.17 41.5% Less Less Less
50S-25FA-VA $44.67 17.7% Similar More More
50S-25FA-RCA $43.66 20.5% Less More More
50FA-25S-VA $41.39 27.1% Less Less Similar
50FA-25S-RCA $40.41 30.1% Less Less Similar
25HS-50S-25FA-RCA $43.66 20.5% Less More More
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Cost savings for mixtures which may be considered
for construction applications ranged from 2% to
21%. Unfortunately cost savings and accruing points
for LEED™ certification have opposing effects.
LEED™ Materials and Resources Credit 4: Recycled
Content awards 1 point for 10% recycled content
based on cost of the total value of the materials on
the project, or 2 points for 20% (USGBC 2007).
SCMs and/or RCA aids in achieving recycled con-
tent credit. Although more recycled content, since
recycled materials cost less than virgin, decreases the
overall price of the concrete and reduces the recycled
material contribution towards LEED™ certification.
USGBC has recognized that the cementitious com-
ponents within concrete makeup a majority of the
concrete cost and environmental burden, but are a
minority weight fraction. Consequently two options
are available for applying concrete within LEED™
MR Credit 4. The standard option applies the recy-
cled material value as a percentage of the total con-
crete weight. The second option allows the recycled
material value to be determined as a fraction of only
the cementitious material weight. The second option
ignores the aggregate and water contribution due to
the relatively low cost and embodied energy. Table

TABLE 6. Comparison of LEED™ Evaluation Techniques.

6 presents recycled material value for LEED™ pur-
poses determined using both approaches. Whenever
RCA was included in the mixture more benefit was
observed with the total weight option. Whenever
the mixtures only contained SCMs, more benefit
was observed by applying the cementitious materi-
als only option. Since 100% replacement of VA for
RCA is often not allowable or practical, a cross-over
RCA percentage was calculated to determine when
more benefit resulted from the total weight option.
While the amount of RCA required for maximum
benefit using the total weight option varied based on
original mixture cost, around one third replacement
with RCA made the total weight option desirable.
The most desirable mixtures based on economy and
cost contribution were 75S-RCA, OPC-RCA, 50S-
RCA, 25HS-50S-25FA-RCA, and 50S-25FA-RCA.

Durability

Blast furnace slag and fly ash improve concrete
properties and have been utilized in concrete for
many years. However the increased early-age poros-
ity and permeability of concrete containing SCMs
often results in deicer scaling during the first win-
ter. Salt in solution is carried into the cement paste

Recycled %, Recycled Value, Recycled %, Recycled Value, Required RCA
Mixture SCM only SCM only Total Wt. Total Wt. for Total Wt.
OPC-VA 0.0% $0 0.0% $0 any
OPC-RCA 0.0% $0 38.1% $20 —
50S-VA 25.0% $7 3.9% $2 >27%
50S-RCA 25.0% $7 42.0% $20 —
50FA-VA 25.0% $5 3.9% $2 >23%
50FA-RCA 25.0% $5 42.0% $18 —
75S-VA 37.5% $10 5.8% $3 >39%
75S-RCA 37.5% $10 44.0% $21 —
75FA-VA 37.5% $6 5.9% $2 >31%
75FA-RCA 37.5% $6 43.9% $16 —
50S-25FA-VA 37.5% $9 5.8% $3 >37%
50S-25FA-RCA 37.5% $9 44.0% $19 —
50FA-25S-VA 37.5% $8 5.8% $2 >33%
50FA-25S-RCA 37.5% $8 43.9% $18 —
25HS-50S-25FA-RCA 37.5% $9 44.0% $19 —
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pores. The salt increases the degree of saturation
in the surface of the concrete creating more severe
freeze-thaw damage. As the salt solution dries the
salt recrystallizes and expands, further damaging
the concrete (Taylor et al. 2006). Sealing agents
can be used to slow salt solution ingress, reducing
distress (Wang et al. 2006). ASTM C672 tests the
deicer scaling resistance of concrete. A 4% calcium
chloride salt solution is ponded on the samples. The
samples then undergo 50 freeze-thaw cycles at a rate
of one cycle per day. The samples are visually evalu-
ated every five cycles. Concrete mixtures contain-
ing blast furnace slag are especially susceptible to
deicer scaling and often limited to 25% replacement
for Portland cement when exposed to deicing salts
(FHWA 1996). Reducing the potential for deicer
scaling in slag mixtures will allow more wide-spread
applications and higher amounts of concrete con-
taining higher amounts of SCMs.

Figure 3 shows the OPC-VA samples a) before any
deicer application, b) after 50 cycles with no surface
sealer, and ¢) a sample after 50 cycles with soybean
oil applied at 4.9 m*/L (200 ft*/gallon) to the hard-
ened concrete. The un-sealed samples had excellent
deicer performance with only a few pieces of concrete
flaking from the surface. The soybean oil sealed sam-
ples had no noticeable scaling after 50 cycles.

Figure 4 shows the 50S-VA samples tested for
deicer scaling. The initial samples (Figure 4a) had
appearance similar to the 100% Portland cement
samples. The unsealed samples (Figure 4b) had
severe deicer scaling as expected with high replace-
ment rate slag mixtures (Schlorholtz and Hooton

2008). The entire surface scaled off leaving behind
the exposed coarse aggregate. Figure 6¢ shows a
sample that was sealed with soybean oil. After 50
cycles there was no noticeable deicer scaling. The
soybean oil fills the surface pores and prevents deicer
salts from penetrating the concrete.

CONCRETE SELECTION CONSIDERATIONS
FOR LEED™ APPLICATIONS

By better understand the properties of concrete
containing SCMs and recycled concrete aggregates,
materials can be selected that are economical, help
achieve LEED™ requirements, have good perfor-
mance, and have long lifespans. Through better
understanding the relationships between material
properties concrete can be created that contains
much higher levels of recycled materials than cur-
rently utilized while meeting or exceeding current
performance. Concrete for LEED™ applications is
grouped into three categories:

1. Structural Members
2. Interior Flatwork
3. Exterior Flatwork

The primary consideration for increased recycled
content in structural concrete is the slower strength
gain compared to 100% Portland cement mixtures.
The extra time required to achieved the specified
compressive strength may not be appropriate for
projects under a short timeframe. However, know-
ing that the higher recycled material concrete will
require longer curing time can be built into the
project in the planning stages. Precast concrete is an

FIGURE 3. Baseline Concrete Mixture Deicer Testing Results.

(a) Before Testing

(b) After 50 cycles with no sealer

(c) After 50 cycles with soybean
oil sealer
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FIGURE 4. 50S-VA Deicer Testing Results.

(a) Before Testing

option to allow high amounts of recycled concrete
without delaying the project schedule. Concrete
members can be placed well in advance to allow
strength development before installation.

The primary consideration for increased recycled
content in interior flatwork concrete is increased
setting time caused by the SCMs (FHWA 1990).
The increased setting time can make concrete with
higher SCM contents more susceptible to evapora-
tion and plastic shrinkage cracking. Also, higher lev-
els of SCMs can make fresh concrete more difficult
to finish (Obla et al. 2008). The contractor should be
made aware that the concrete contains higher levels
of SCMs than typically used. If possible a contractor
that has experience with SCMs should be selected.

The primary consideration for increased recycled
content in exterior flatwork is deicer scaling. For
best performance, mixtures should have a low water
to cement ratio of 0.45 or less (ACI 2008). The con-
siderations mentioned for interior flatwork are more
crucial for exterior flatwork as environmental con-
ditions can be more extreme. The mixtures should
be properly finished and well-cured. Sealer can be
applied to minimize deicer scaling distress.

CONCLUSIONS AND
RECOMMENDATIONS

This study investigated the effect recycled concrete
aggregate and supplementary cementitious materi-
als had on concrete for use towards LEED™ recycled
content credits. The concrete mixtures included up
to 80% replacement for Portland cement and 100%
replacement for virgin coarse aggregate with recy-

(b) After 50 cycles with no sealer

(c) After 50 cycles with soybean
oil sealer

cled concrete aggregate. From the study the follow-
ing conclusions can be made:

e At ecarly ages OPC had higher strength than the
SCM mixtures. At later ages the SCM mixtures
had equal or greater strength than OPC if slag
was present.

e At the included higher replacement rates, there
was no difference in later age strength between
mixtures containing cement or substituted with
slag at 50% or 75% replacement.

e Mixtures containing 75% fly had strength gain
too slow for most construction projects.

 For mixtures containing the same cementitious
materials, there was no strength difference
between virgin aggregate and recycled coarse
aggregate produced from the same source with
similar gradation.

e At 56-days all mixtures, except those with 75%
fly ash and the 50FA-RCA mixture, achieved
greater than 31 MPa (4500 psi) suitable for
structural concrete.

* Depending on the amount of cementitious
materials, between 27% to 39% RCA
substituted for VA was required to make the
total weight option more desirable than the
SCM only option for LEED™ certification
purposes.

By identifying and properly planning for the
material properties that will be affected by increased
recycled material contents, concrete can be created
for LEED™ recycled content applications without
compromising performance and durability.
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