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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 
9=� ;<=:DS9=H� :9H=9�;F=E� FS<D=E� <^� @=@XHc� F=W� XF[�
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 
;<=;X@E@� FHHX@HFE@� r�J>s� ;F=� V@� D:@WA� :9H=9�;F=E�

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

������������4�

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 
45NQ5Ô�<^�<EG@X�SFE@X9FT:�:D;G�F:�:DVVF:@�:<9TA�:E@@T�
reinforcement, and sometimes asphalt pavement or 

metal recovery, and removal of organic materials such 
as tree stump, etc.  At present, available crushing 
systems, with magnetic separators, are capable of 
X@S<?9=H� X@9=^<X;9=H� :E@@T� [9EG<DE� SD;G� W9^�;DTEc2��
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 
GF?@�^<D=W�EGFE�D:9=H�455Ô�;<FX:@�X@;c;T@W�FHHX@HFE@�
VDE�<=Tc�45N65Ô�X@;c;T@W��=@:�[<X]�[@TT�̂ <X�YX<WD;9=H�

tree stump.  These 
impurities will have to 
be removed in order 
to obtain pure Portland 
cement concrete 
materials for recycle.  
The production processes 
of RCA may include 
crushing, screening, 

Figure 1 Recycled concrete aggregate
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<^�[FE@X�X@WD;@X�GF?@�E<�V@�9=;X@F:@W2��C<S@�EcY9;FT�
YGc:9;FT� YX<Y@XE9@:� <^� YX<;@::@W� �J>� FX@� :G<[=� F:�
^<TT<[:L

\9HDX@�7�~<V9T@�;XD:G9=H�F=W�:@YFXFE9<=�:c:E@S

Property Value 
Specific Gravity 
     -Coarse particles 
     -Fine particles 

 
2.2 to 2.5 
2.0 to 2.3 

Absorption, % 
     -Coarse particles 
     -Fine particles 

 
2 to 6 
4 to 8 

 
C@T@;E@W�~9��I@:9H=�<^�J<=;X@E@��:9=H��J>
������������E�9:�H@=@XFTTc�F;;@YE@W�EGFE�[G@=�=FEDXFT�:F=W�
9:�D:@WA�DY�E<�Q5Ô�<^�=FEDXFT�;<FX:@�FHHX@HFE@�;F=�V@�
X@YTF;@W�[9EG�;<FX:@�X@;c;T@W�FHHX@HFE@�[9EG<DE�:9H=9�-
;F=ETc� F^^@;E9=H� F=c� <^� EG@� S@;GF=9;FT� YX<Y@XE9@:� <^�
;<=;X@E@2� � �@YTF;9=H� G9HG@X� FS<D=E:� [9TT� X@:DTE� 9=�
9=;X@F:@W�WXc9=H�:GX9=]FH@2��a^E@=A�X@;c;T@W�FHHX@HFE@�9:�

;<SV9=@W� [9EG� ?9XH9=� FHHX@HFE@� [G@=� D:@W� 9=� =@[�
;<=;X@E@2� � R�FSYT@:� <^� :@T@;E@W� S9�� W@:9H=� D:9=H�
X@;c;T@W�FHHX@HFE@:� 9=� F� ;<=;X@E@�YF?@S@=E� FYYT9;F-
E9<=�FX@�:G<[=�F:�^<TT<[:L

Example mix designs for concrete pavements using recycled concrete 
aggregate 

Concrete 
Ingredients 

Minnesota DOT 
lb per cu.yd. 

Wisconsin DOT 
lb per cu.yd. 

Wyoming DOT 
lb 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 
Natural CA - - 601 
Recycled FA - - 253 
Natural FA 1200 1315 882 
Admixtures:   yes 
Air entrained yes yes yes 
Water reducer no no  
Source: ECCO, Recycling Concrete and Masonry, 1999 
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