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Recycled Concrete and Other Construction
Materials as Aggregate in Portland Cement Concrete

Methi Wecharatana, Ph.D.
Professor of Civil and Environmental Engineering
New Jersey Institute of Technology, Newark, NJ

Background and Rationale )

In recent years, increased environmental
concerns, global warming, and the depletion of natural
resources around the world have been the main
driving force behind the introduction and utilization of
many new environmental friendly and green products.
Today, nearly every industry is looking for alternative
sources of energy and raw materials for their operation
and production. Conservation of virgin materials, reuse
and recycle of waste and industrial by-products are
among the basic approaches that have been
employed towards these objectives. Besides the utility
and energy sectors, the concrete and construction
industry is considered to be among the top of the list
in consuming significant amount of energy and raw
materials for their operations.

Today, two billion tons of aggregate are
produced every year in the US. The production of
aggregate used in the concrete industry is expected to
reach 2.5 billion in 2020, raising concerns about where
the new aggregate will come from. Similar problems
also exist in Europe. In the Netherlands, each year
about 20 million tons of building and demolishing
waste are produced, of which 60% are recycled, mainly
for unbound road base materials. One alternative to
using virgin aggregate is recycled concrete aggregate
(RCA), which consists of high-quality, well graded aggre-
gates, bonded by hardened cement paste. For normal
concrete, aggregates comprise approximately 60-75%
of the total volume of concrete, thus if recycled
concrete aggregate (RCA) can be used, significant

amount of virgin aggregate as well as the energy to
produce them can be saved. RCA is typically gener-
ated through the demolition of Portland cement
concrete elements of roads, runways, buildings,
bridges, concrete piers, utility excavations, curb,
sidewalk, driveway and bearing wall. As all typical
demolition processes are done by excavation using
backhoe, recycled concrete materials are initially not
pure Portland cement concrete, and often include
10-30% of other materials such as subbase soil, steel
reinforcement, and sometimes asphalt pavement or
tree stump. These 0 e 4
impurities will have to

-

be removed in order
to obtain pure Portland
cement concrete
materials for recycle. |
The production processes »
of RCA may include

Figure 1 Recycled concrete aggregate

crushing, screening,

metal recovery, and removal of organic materials such
as tree stump, etc. At present, available crushing
systems, with magnetic separators, are capable of
removing reinforcing steel without much difficulty.
Some of these systems even come in mobile units,
making it easy to claim reusable RCA from remote site
such as highways.

Although some reclaimed concrete has been
used throughout the US for some time, it was not until
2004 that the Federal Highway Administration
conducted a study to review the state-of-the-art and
status of practice then in using reclaimed concrete
aggregates. The study paved the way for the concrete
industry to develop the standard for recycled concrete
aggregates. Many States’ transportation department
have found that using 100% coarse recycled aggregate
but only 10-20% recycled fines work well for producing
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4 .A Figure 2 Recycled

concrete aggregate

quality concrete. The remaining percentage of fines is
natural sand.

Utilization of Recycled Concrete Aggregate in )

New Jersey, as one of the US’s most industrial-
ized and densely populated states, has many old
transportation infrastructures that require reconstruc-
tion, repair, renovation and expansion. These projects
typically require the demolition of existing buildings,
pavements, bridge structures and decks, curbs, and
drainage facilities, which produces large volumes of
concrete demolition materials. Facing with shortage of
landfills and disposal facilities within the State, much
of these waste materials have to be shipped to
landfills in other States, adding significant cost increase
to each project. Clearly, environmental and economic
implications of this practice are not sustainable. In
2009, the New Jersey Department of Transportation
launched a research program in search for ways to
reuse these waste materials.

Portland cement concrete demolition waste
materials, if not contaminated, would be designated
by NJDEP (Department of Environmental Protection) as
Class B, and as such, can be reclaimed and crushed
into a coarse granular material that can be use as a
substitute for crushed virgin rock or aggregate. Aggre-
gate processors can produce recycled aggregate
concrete (RCA) of sufficient quality for many applica-
tions. Reusing demolished concrete diverts it from the
waste stream, and thus reduces disposal volumes and
dumping costs. With the depletion of limited natural
resources within the State of New Jersey, opening new

rock quarries is extremely difficult and the conserva-
tion of these limited natural resources is therefore a
priority. The use of RCA is thus an environmentally
responsible and economically viable solution. The
State of New Jersey is therefore interested in develop-
ing policies that aim at increasing reuse and recycle of
demolished concrete. At present, NJDOT (Department
of Transportation) already used recycled concrete
aggregate (RCA) as an alternative for dense graded
aggregate base course in highway construction. The
RFP announced in 2009 is aimed at expanding the use
of RCA as a replacement for virgin aggregate in Portland
cement concrete (PCC) for precast and ready mix appli-
cations, if RCA can be used to produce concrete that
meets quality standards of strength and durability
similar to that of conventional normal concrete. The
objectives of the study were then emphasized on 1)
conduct a critical review of available specifications and
best practices currently in use both in the US and in
Europe; 2) carry out laboratory and field testing of
Class B RCA materials within the State of New Jersey in
order to develop a quality control plan (QCP) that RCA
can be standardized by specifications for various appli-
cations; and 3) develop an implementation specifica-
tion, procedure for the use of RCA in Portland cement
concrete, and certification system. The investigation
comprised a broad review and materials characteriza-
tion of all 37 existing recycled concrete aggregate facili-
ties within the State of New Jersey.

Figure 3 Station crushing and separation system
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combined with virgin aggregate when used in new
concrete. Examples of selected mix design using
recycled aggregates in a concrete pavement applica-
tion are shown as follows:

Example mix designs for concrete pavements using recycled concrete
aggregate
Concrete Minnesota DOT Wisconsin DOT Wyoming DOT
Ingredients Ib per cu.yd. Ib per cu.yd. Ib per cu.yd.
Cement (Type I) 472 480 488
Fly Ash (Type C) 83 110 133
Water 255 265 258
Recycled CA 1630 1815 1349
3 . . ) . Natural CA - - 601
Figure 4 Mobile crushing and separation system Recycled FA - - 253
Natural FA 1200 1315 882
Characteristics of RCA ) ﬁqm'Xt”fes' yes
ir entrained yes yes yes
Processed RCA, which is 100 % crushed materi- | Water reducer no no
Source: ECCO, Recycling Concrete and Masonry, 1999

als, is highly angular in shape. Due to the adhesion of
mortar to the aggregates incorporated in the concrete,
processed RCA has rougher surface texture, lower
specific gravity, and higher water absorption than

Physical shapes of recycled aggregates after normal
crushing and separation processes and are readily to
be used are illustrated in Figures 1 and 2. Figures 3 and
4 show the currently used station and mobile crushing
and separation systems to produce recycled concrete
aggregates.

comparatively sized virgin aggregates. Higher porosity
of recycled aggregate compared to natural aggregate
leads to a higher absorption. Processed RCA is gener-

ally more permeable than natural sand, gravel, and
crushed limestone products. It is generally recom- Crellianes muef ety Sl o Lrs Li @) Res )

mended that recycled concrete be batched in a )

Some of the challenges and related issues that
need to be addressed and resolved before an imple-
mentable specifications and procedure for the use of
RCA in concrete can be developed are as follows:

pre-wetted and close to a saturated surface dry condi-
tion prior to its use in the field. To achieve the same
workability, slump, and water-cement ratio as in
conventional concrete, the paste content, or amount
of water reducer have to be increased. Some typical

physical properties of processed RCA are shown as « Quality assurance and testing protocols and certifica-

tions needed to determine that RCA feed stock is

follows:
substantially free of hazardous or toxic contaminants,
Property Value : c - _
Specific Gravity s'alt, excersswe carbonation, reactive aggregates, exces
-Coarse particles 2.2t02.5 sive aluminum, etc.

-Fine particles 2.0t0 2.3 « Maximum acceptable levels of physical contami-

Absorption, % . .
_Coarse particles 2106 nants such as asphalt, friables, brick, plaster, glass,
-Fine particles 4t08 wood, reinforcing steel, dirt, soil, organic compounds,

. " " etc. that can be present in RCA.

Selected Mix Design of Concrete Using RCA ) ] . |
: e Gradation and fracture requirements and limits on
It is generally accepted that when natural sand
is used, up to 30% of natural coarse aggregate can be
replaced with coarse recycled aggregate without signifi-
cantly affecting any of the mechanical properties of
concrete. Replacing higher amounts will result in
increased drying shrinkage. Often, recycled aggregate is

pulverized (<200 Jym) cement paste in RCA
 Determination of maximum percentage of RCA that
can be used to replace natural coarse and fine
aggregates in a concrete mix.
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« Batching factors such as the need to presoak RCA.

» Reduced concrete plastic workability and needed
admixtures

 Adjustments needed to the w/c ratio and to mix design
» Documentation and testing required for engineering
design (compressive strength, modulus of rupture,
modulus of elasticity, creep and shrinkage) and service
and durability (permeability, chloride penetration) for
concrete with RCA.

« |dentification of structures and applications where
the use of RCA would be problematic due to the
higher creep and shrinkage properties of RCA concrete.
» Set guidelines for certification of recyclers and
concrete suppliers as to their experience with and the
ability to produce RCA and RCA concrete.

» Formation of an RCA-PCC Industry Implementation
Committee or Working Group for the precast and ready
mix procedures.

« In partnership with the cement and concrete indus-
try, provide field demonstration for the use of RCA in
concrete.

e |dentify and document the sustainability benefits
derived from the use of RCA.

Classification of Recycled Concrete Aggregate )

To promote the use of recycled concrete as
coarse and fine aggregate replacements in concrete,
one first needs to understand the composition of these
demolished materials. Typical demolition waste from
residential and commercial concrete buildings
contains, apart from the stony main components, a
number of secondary components of which wood,
metals, rubber, glass, paper, cardboard, textile,
synthetic materials, soil and paint, stump, are the most
important ones. Materials that cause problems for the
reuse are gypsum, aerated concrete, fiber concrete,
some applications of synthetic materials, asbestos,
tarry materials, some coatings and paints.

Typical classification of recycled concrete aggre-
gates can generally be categorized into four types:
Type I: Aggregates which are implicitly understood to
originate primarily from masonry rubble

Type ll: Aggregate which are implicitly understood to
originate primarily from asphaltic concrete

Type lll: Aggregates which are implicitly understood to
originate primarily from concrete rubble

Type IV: Aggregates which are implicitly understood to
consist of a blend of recycled aggregates and natural
aggregates

The above are just some basic grouping of the
potential demolished construction waste that may be
reusable suggested by the author. As construction
process, procedure and raw materials tend to vary
from country to country, it is recommended that
through research and round-robin study the concrete
research community in Thailand should develop their
own set of standards and specifications of their RCA for
their concrete products and applications.

Conclusions

This article suggests that Thai government and
its research funding agencies, in partnership with the
cement, concrete and construction industry, launch an
initiative to promote the reuse/recycle of demolished
concrete and construction waste, namely, concrete,
asphaltic concrete, and brick, as fine and coarse
recycled aggregates. The needed technology to crush
and separate these reusable materials exists and
readily available. A Task Force, comprising of knowl-
edgeable experts with skill and experience in the field
of concrete from both government and private sectors,
should be formed to establish specifications,
standards, guidelines and recommended best practice
for the users and industry to follow. Returns and
benefits of this initiative, if successful, can easily
outweigh the effort and investment, citing success
example on the reutilization of fly ash in the cement
and concrete industry launched 20 years ago. Initial
rough estimate of the return of investment for this
initiative is in the order of several billions baht per
annum, if not more. This estimation only considers the
potential market value for each ton of recycled
concrete aggregate used, not to include intangible
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value of the saved energy and natural resources, and

the restoration of our natural environment. |If this
proposal is of interest to anyone in Thailand, public
and private alike, the author will be pleased to provide
any additional information as well as lender any
assistance to get the project up and running. m
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