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1. Purpose. The purpose of this Public Wrks Technical Bulletin
(PWB) is to transmt information on the state of practice for
recycling/reuse of concrete materials from building denolition.

2. Applicability. This PWB applies to all US. Arny facilities
engi neering activities.

3. References.

a. Arny Regul ation (AR) 200-1, Environnental Protection and
Enhancenment, 21 February 1997.

b. Arny Regulation (AR) 420-49, Uility Services, 28 Apri
1997.

c. Arny TM 5-822-10/ AFM 88-6, “Standard Practice for
Pavenent Recycling” (26 August 1988).

4. Discussion.

a. Arny Regul ation (AR) 200-1, para. 5-10 contains policy
for solid waste managenent, including participation in recycling
prograns and the sale of recycl abl es.

b. AR 420-49 contains policy and criteria for the operation
mai nt enance, repair, and construction of facilities and systens,
for efficient and econom cal solid (nonhazardous) waste
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managenent i ncl udi ng source reduction, re-use, recycling,
coll ection, transport, storage, and treatnent of solid waste.

c. Construction and denolition (C&D) waste is a major
contributor to Arny installations’ solid waste burden. Landfil
space is dimnishing, no new |landfills are being built on
installations, and there is a growing need to reduce the anount
of waste. As part of the Departnment of Defense (DOD), the Arny
is encouraged to neet the P2 Measures of Merit goal to divert
40% (by weight) of solid waste fromlandfills or incineration.
This, coupled with the fact that the supply of natural materials
is limted, has encouraged the public and Government to use
recycled nmaterials, especially with material with high potential
for reuse such as concrete.

d. By weight, concrete nmakes up the largest portion of the
solid waste stream A DOD survey of all installations has
identified 8, 000 buildings, totaling 50 mllion square feet, as
candi dates for renoval. |f these buildings are renoved using
traditional denolition techniques, hundreds of thousands of tons
of waste will be generated and di sposed of in landfills. The
recycling of these concrete waste materials from buil ding
denolition can provide a solution to the problem of dimnishing
| andfill space.

e. This PWIB outlines ways in which recycled concrete my
provide a suitable substitute for nore expensive virgin
materials. Recycled concrete waste creates a product that can
be sold or used for fill, bank stabilization, pavenent for
trails, and other purposes, reducing environnmental burdens by
substituting recycled (crushed) concrete for natural virgin
aggr egat es.

f. Concrete recycling appears to be profitable. In nost
cases, it can neet demand requirenents of | ower val ue product
applications such as road base, thereby freeing up higher
quality material for higher value applications. Werever good
aggregates are not available locally, where aggregate costs are
excessi ve, or where disposal of existing pavenent of structures
woul d be a problem the use of recycl ed concrete aggregate
(RCA) shoul d be consi dered.

g. Appendix A contains information pertaining to the
recycling/reuse of concrete aggregate.

h. Appendi x B gives case studies of successful efforts
i nvolving the recycling of building concrete.
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5. Poi Points of Contact. HQUSACE is the proponent for this
docunent. The POC at HQUSACE is M. MalcolmE. MLeod, CEMP-II
202-761-0632, or e-mail: nmalcol me.ntl eod@sace. army. m |

6. Questions and/or comments regarding this subject should be
directed to the technical PCC

U. S. Arny Engi neer Research and Devel opnent Center
Constructi on Engi neering Research Laboratory

ATTN. CEERD-CN-E (Stephen D. Cosper)

2902 Newmark Drive

Chanpaign, IL 61822-1072

Tel . (217) 352-6511, X-5569

FAX: (217) 373-3430

e-mai |l : Stephen. D. Cosper @r dc. usace. arny. m |

FOR THE COVIVANDER

DONALD L. BASHAM P. E

Chi ef , Engi neering and
Constructi on
Directorate of Civil Wrks
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Appendi x A

Reuse of Concrete Materials From Building Denolition
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1. | NTRODUCTI ON

a. General .

Construction and denolition (C&D) waste is a major contributor
to Arnmy installations’ solid waste burden. Landfill space is
di m ni shing, no new landfills are being built on installations,
and there is a growing need to reduce the anount of waste. As
part of the Departnment of Defense (DOD), the Arny is encouraged
to nmeet the P2 Measures of Merit goal to divert 40% (by wei ght)
of solid waste fromlandfills or incineration. This, coupled
with the fact that the supply of natural materials is limted,
has encouraged the public and Governnent to use recycled
materials. One such material with high potential for reuse is
concrete.

By wei ght, concrete makes up the largest portion of the solid

waste stream Billions of tons of concrete have been used since
Wrld War Il to construct buil dings, bridges, dans, roads, and
other structures. Wen the useful |life of these structures is

over, the materials fromwhich they were built wll find their
way into the waste stream as rubble. Throughout the United
States, many mlitary installations will close and convert to
civilian use over the next several years. Thousands of
structures on those installations will be renoved. A DoD survey
of all install ations identified 8,000 buildings, totaling 50
mllion square feet, as candi dates for renoval. |If these
bui l di ngs are renoved using traditional denolition techniques,
hundreds of thousands of tons of waste will be generated and

di sposed of in landfills.

Landfills are becom ng increasingly difficult to find, are too
renote fromthe denolition site, or are too costly to maintain.
At the sanme tinme, sources of supply of suitable aggregate for
maki ng concrete are continually being exhausted. The recycling
of building denolition waste materials into new buil dings can
provide a solution to these problens (De Pauw).

Ginding reinforced concrete buildings can reduce the vol unme of
| andfill ed debris by roughly 80% While volune reduction itself
is beneficial, recycling the waste creates a product that can be

sold or used for fill, bank stabilization,1 paverent for trails,
and ot her purposes, thereby reducing further environnental

1 Recycled concrete (or quarried material) used for stream bank protection should be crushed in appropriate gradations, like rip-
rap. Using slabs of concrete could actually increase erosion due to high localized water velocities and may hide voids.

A-2
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burdens by substituting recycl ed aggregates for natural virgin
aggr egat es.

b. Scope of Wbrk.

This PWIB contains guidelines for the use of recycled concrete
as an aggregate. Most previous research covers the recycling of
concrete pavenents. Mich of the information here pertains to

al | -Portland cenment recycling. However, Arny installations have
been reluctant to reuse rubble frombuildings. Information is
needed to identify the behavior of building rubble when used in
variety of applications and to maxim ze the reuse of concrete
rubbl e from buil di ngs.

c. Met hodol ogy.

Much of the information for this study was obtai ned by
literature review. (Many data sources were Internet web pages.)
A phone survey of Arny installations was al so conduct ed.

d. Use of Aggregate Throughout the United States.

About 10 tons of aggregate per person are consunmed annually in
Anerica. Every mle of Interstate hi ghway consunes 38, 000 tons
of aggregate. Approximtely 400 tons of aggregate are used in
construction of the average hone (NSSGA) .

Probably the nost recycled material in the United States is
concrete. In 1997, C&D Debris Recycling and Vanderbilt

Uni versity conducted a survey of North Anerican aggregate
producers to determne the status of the concrete recycling

i ndustry. Survey results showed that concrete was being
recycled in 32 states; current recycling rates may be higher.
The volunme of recycled concrete processed by individual firns
varied wdely. (An average of 174,000 tons was recycled per
year.) The main sources for this concrete rubble are denolition
wor k and road/ hi ghway rehabilitation projects: 46% comes from
dermolition, 32%fromroad work, and the rest froma nunber of

ot her sources including construction, waste concrete, and debris
(Figure 6).
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@ Demolition (46%)
Road Work (32 %)

O Other (22%)

Figure 1. Sources of Concrete for Recycling (Deal 1997).

U.S. Hi ghway agenci es have been using recycled materials with
varyi ng degrees of success for the past 20 years. The use of
RCA in base or sub-base applications has been wi dely accepted
and is covered by conventional granul ar aggregate specifications
in a nunber of jurisdictions. Mny state, regional, and | oca
public works may have additional specifications and test

requi rements that nust be followed. Links to these
specifications can be found on the Recycled Materials Resource
Center website at http://ww. rnrc.unh. edu under the heading
“Resources” and then by selecting, “External Specification

Li nks” fromthe pull down nenu.

The United States does not have national standards for the use
of recycled C& waste. The Federal H ghway Adm nistration
(FHWA) has conduct ed research on the suitability and econom cs of
reusi ng recycl ed concrete and has recently published a detail ed
report as part of a Federal initiative to reduce barriers to
recycling and to facilitate the mgration of successful
practices across state boundaries.

e. Natural Versus Recycl ed Aggregates.

Aggregates are required for construction projects and are
defined by the U S. Geological Survey as rock fragnents that my
be used in their natural state or after mechani cal processing
such as crushing, washing, and sizing. Aggregate can be
natural ly occurring sand and gravel or crushed stone. Recycled
aggregates consist mainly of crushed concrete (WI burn and
Goonan 1988).

i . Natural Aggregates.

Nat ural aggregates consist of both sand and gravel, stones and
crushed stone. Construction aggregates make up nore than 80
percent of the total aggregates narket, and are used mainly for
road base, rip-rap, cenent concrete, and asphalt. In 1998,
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roughly 3,400 U.S. quarries produced about 1.5 billion tons of
crushed stone, of which about 1.2 billion tons was used in
construction applications (WI burn and Goonan 1988).

Aggregates are divided into two distinct categories — fine and
coarse. Fine aggregates are those that generally consist of
natural sand or crushed stone in which nost particles can pass
through a 3/8-in. (9.5nm sieve. Coarse aggregates are those
with particles greater than 0.19 inch (4.75 nm, but that
generally range between 3/8 and 1.5 inches (9.5 nmto 37.5 nm
in diameter (PCA).

ii. Recycled Aggregates.

Recycl ed aggregates originate from C& debris and consist mainly
of crushed concrete and crushed asphalt pavenent. 1In the United
States, denolition of roads and buil dings generates | arge
guantities of denolition wastes, which generates nore than 200
mllion tons of recycled aggregates annually (USGS Fact Sheet
FS-181- 99, February 2000).

f. Cenent Versus Concr et e.

Al t hough the word “cenent” has been in use since the 14th
century, the term*®“concrete” was not applied to the building
material until the 19th century. Al though the two words
“concrete” and “cenent” are often used interchangeably, cenent
is actually a finely ground powder that is just one ingredient
of concrete. Cenent constitutes only 10-15% by wei ght of
concrete’s total mass, but is the essential binding agent in
concrete.

Concrete is made by m xing Portland cenent (a m x of |inestone,
clay, and sand) with aggregates conprised of sand, gravel, and
crushed stone, together with water to forma rock-1ike substance
(Figure 1). Eighty percent of concrete is aggregate. It

i nfl uences the way both fresh and hardened concrete perform
Once concrete is m xed, poured, and set, it cannot be reused,
except as a recycled raw material. Historically, it has been
di scarded (nost likely in a landfill) and replaced with new
concrete.

In residential construction, concrete is used primarily for
foundations. In larger conplexes, it is used nore extensively
inwalls, and in floor and roof slabs because of its strength
and non-conbustibility.
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Concrete Composition
Air
0,
Water 2
16% Portland
Cement
11%
Sand
26%
Gravel or
Crushed
Stone
41%

Figure 2. Conposition of Concrete (Environnental
Counci| of Concrete Organizations (ECCO).

g. Recycl ed Concrete Aggregate (RCA).
i. Definition.

Recycl ed concrete originates from C& debris that has been
renoved from pavenent, foundations, or buildings, and that has
been crushed to produce Recycl ed Concrete Aggregate (RCA)
(Figure 2). Recycl ed concrete aggregates account for roughly
5 percent of the total aggregates market (nmore than 2 billion
tons per year) while the rest is being supplied by natural

aggr egat es.
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| IDENTIFY CONCRETE BUILDING FOR DEMOLITION

l

| REMOVE ALL INTERIOR AND EXTERIOR FINISHES |

| MECHANICALLY DEMOLISH BUILDING }7

A
| LOAD AND TRANSPORT TOQ CRUSHING PLANT |

h 4

I STOCKPILE ON SITE |—

A

A
‘ CRUSH AND SIZE [

‘L‘
REUSE -

Figure 3. Concrete Building Recycling Flow Process.

ii. Physical Properties.

Recycl ed concrete aggregate | ooks |ike crushed stone (Figure 3).
However, crushed concrete has many physical properties that vary
fromthose of natural aggregates. |In general, crushed concrete
particles are nore angul ar have a rougher surface texture than
nat ural aggregate. Roughly textured, angular, and el ongated
particles require nore water to produce workabl e concrete than

snoot h, rounded conpact aggregate.

Figure 4. Crushed Concrete Aggregate.
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The 1ightweight, porous cenent nortar attached to recycl ed
concrete aggregates causes crushed concrete aggregates to have a
| oner specific gravity and hi gher water absorption than
conparatively sized natural aggregates.

The | ower conpacted unit weight of RCA conpared with
conventional mneral aggregates results in higher yield (greater
vol une for the sane weight), and is therefore econonically
attractive to contractors.

USACE and Departnment O Transportation (DOT) specifications have
shape requirenents for aggregates. For exanple, at |east 70% of
the material should have two or nore crushed (flat) faces.

I ncreased angul arity of the aggregate increases asphalt and
concrete stability.

iii. Chem cal Properties.

Concrete recycled from buil dings nay be contam nated by sul fates
from plaster and gypsumwal | board, which creates a possibility
of sulfate attack if the recycl ed aggregates used in concrete
are accessible to noisture (Buck 1972a).

One of the main issues surrounding the use of recycled concrete
aggregate in concrete production is the potential for reaction
bet ween the RCA and al kaline water. Alkali-silica reaction
results in volunetric expansion, in which there is a high
probability of internal fracturing and prenature deterioration
of the concrete. Were alkali-silica reactivity is of concern,
the potential for deterioration should be eval uated (Recycled
mat eri al s Resource Center, URL: http://ww.rnrc.unh. edu/).

Chloride ions frommarine exposure can al so be present in RCA
Because of the use of deicing salts as a nechanismto control
devel opnent of ice on pavenent, there is a strong possibility
that chloride ions will be present in recycled concrete
aggregate. The presence of chloride ions in Portland cenent
concrete can adversely inpact the reinforcing steel within
concrete. Reinforcing steel in the presence of chloride ions
will react to formiron oxide or rust. |If the formation of iron
oxi de persists, there is a high probability of del am nation of
the concrete structure.

Since total elimnation of all deleterious contam nants i s not
practical, experimentation is required to deternine acceptable
Il evels and to elim nate unnecessary processing cost while
providing a quality product. These issues are currently under
i nvestigation by the Federal H ghway Adm nistration (FHWM),

A- 8
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DOTs, etc. Until nore definitive specs are commonpl ace, users
will have to “do their homework” to see if RCA can be used in
their particul ar application.

These chemi cal -rel ated cautions apply largely only to use of RCA
in new concrete m xes or asphalt concrete. Mny, perhaps nost,
of the uses for RCA (such as a roadbase or erosion control) are
not subject to these |limtations.

h. Quality Control.

Recycling may slightly degrade high quality aggregate, but
recycling generally produces good quality aggregate. Quality,
however, varies significantly due to |large variation in type and
impurities of debris sources. Care nust be taken to prevent
contam nation of the concrete by dirt or other undesirable
materials frombuildings that would restrict the recycling, such
as gypsum pl aster products.

Excl udi ng the possi ble concerns regarding chloride salts

(di scussed above), contam nation is usually not a probl em when
recycling concreted taken from hi ghways or other pavenents.
Concrete building recycling, though, requires nore concern for
contam nants such as plaster, soil, wood, gypsum asphalt,
plastic, vinyl, or rubber. Wile contam nants are usually not a
probl em for recycl ed aggregates used as a pavenent base course,
strict control nust be used for recycled aggregates in concrete
to ensure that there are no nore contam nants than are all owed
for virgin coarse aggregate (ECCO. |In general, the degree of
contam nation and potential reactivity of RCA should not exceed
limts permtted for virgin aggregates (AASHTO Desi gnati ons:
ML47-70, MBO-77, Ms-81; M 319-02; ACPA 1993; ASTM St andard
Speci fication D2940-92, 1996).

The degree of contami nation can be limted by a short inspection
of the incom ng trucks at the rubbl e-processing plant aided by

t he know edge about the origins of the denolished concrete.
Concrete that is reclainmed nmay come froma variety of sources,
and therefore may be subjected to natural variation in
properties. If reclainmed concrete did not performwell inits
original application, it is not likely to nake a good aggregate
for use in a secondary application.

Recycl ed aggregate materials can and shoul d be subject to the
sanme testing requirenents as virgin materials for a specific
application. Construction or highway specifications for
concrete often include freeze-thaw cycle resi stance, wetting and
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drying, and abrasion resistance. Material used for riprap wll
have m ni mum density requirenments. See Section 6 bel ow

i . Conposition of C& Waste.

Concrete rubble from hi ghways, pavenents, and other civil

engi neering works contains few materials other than steel and
concrete. On the other hand, C&D waste from buil di ng
renovation, denolition and construction contains many buil di ng
materials, so the recycling of building rubble presents a nuch
greater challenge. C& waste consists of concrete, asphalt,

wood, fixtures, rebar, netals, drywall, roofing, and other
materials. Many of these materials and the ngjority of concrete
waste can be recycled. By weight and volune, C& recycling is
the biggest recycling industry in the United States. Probably
the nost recycled material in the United States is concrete The
Construction Materials Recycling Association (CVRA) estimates
that nore than 100 mllion tons of concrete are recycled every
year.

To produce good quality recycl ed aggregate, proper separation of
unsuitable materials fromthe aggregate feedstock is inportant.
Contam nants are nostly a concern when recycl ed aggregates are
to be used in new concrete. Standard specifications for
recycl ed aggregates should include nmaximum allowable limts on
contam nants such as asphalt, gypsum organic substances (wood,
textile fabric, paper, joint sealants, paints, etc.), soil,
chlorides, and glass. Limts are suggested for various

contam nants, usually by volune or wei ght percentage of the
recycled material. For building denolition, the separation of
the various waste materials can add significantly to the
denmolition cost, but provide higher nmarket value for the

aggr egat e.

j . Portland Cenent Concrete.

The use of crushed waste concrete as concrete aggregate began in
Europe at the end of World War Il. Research by the Gernan
Conmittee of Reinforced Concrete carried out from 1996 to 1999,
identified inportant properties of recycled aggregate concrete
in conparison with concrete nade with natural aggregates
(Concrete Technol ogy Today/July 2002). The results of this
research may provi de val uabl e guidance for the U S. concrete

i ndustry to make the next step into using recycled aggregates in
bui | di ng constructi on.

Because it is nore difficult to control the quality of the
source aggregate materials when reclained concrete is used in

A- 10
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the production of Portland cenent concrete, recycl ed aggregates
are not comonly used for production of new Portland cenent
concrete. There is the potential that the final concrete
product may exhibit properties that differ fromconcrete
produced with natural aggregates. As a result, Portland cenent
concrete manufactured using reclainmed concrete aggregate may not
be appropriate for all concrete applications.

The reuse of crushed concrete as aggregate in high-grade
concrete has up to now been restricted by a | ack of standards,
experience, and know edge. It would require extensive (and
prohi bitively expensive) screening and testing of the recycled
material to produce recycl ed aggregate that woul d potentially
nmeet the technical specifications and performance expectations
for structural Portland cenment concrete. However, |aboratory
research and experience at several recent projects have proven
that it is feasible to use recycled concrete as aggregate for
new concrete m xtures.

k. Physical Properties.

Sonme of the physical properties of particular interest when RCA
is used in Portland cenent concrete applications include
aggregate grading, particle shape, drying shrinkage, absorption,
strength, and durability.

Grading refers to the determ nation of the particle-size
distribution for aggregate. Gading limts and maxi num
aggregate size are specified because grading and size affect the
anount of aggregate used, as well as cenent and water

requi renents, workability, and durability of the concrete.
Generally, up to 30% of the conventional aggregate in concrete
may be replaced by recycled aggregate w thout significantly

af fecting the nechani cal properties of the new concrete. This
may be the sinplest, nost economi cal, and | east controversia
way of getting wi der use of recycled aggregates in new concrete
(ECCO). The recycled concrete aggregate shall neet the sane
particle size distribution as that specified for natural
aggregates. If the RCAis found to fail the specified grading
requi rements, the crushing operation maybe adjusted or the RCA
may be combined with natural aggregates to obtain the desired
gr adi ng.

Aggregate particle shape influences the properties of both fresh
and har dened concrete. Ideally, crushed aggregate particles
shoul d have a cubical shape. As the nunber of flat and

el ongated particles increases, concrete workability decreases
and the amount of and water needed to achieve a given slunp

A-11
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i ncreases (Concrete Producer, April 1996). The crushing process
needs to be carefully controlled. RCA being 100 percent
crushed material, is highly angular in shape. Wile this shape
hel ps i ncrease the strength of the mx, it can reduce its

wor kabi lity.

Dryi ng shrinkage and creep of concrete significantly increases
with the use of recycled, and in particular, fine aggregate. It
may be prohibitive to use crushed concrete aggregates in

rei nforced concrete because of its significant inpact on drying
shrinkage and creep. Critical applications where this would not
be acceptabl e include bridges and airfield pavenents. However,
the nodul us of elasticity decreases with increasing quantities
of recycled aggregate. Wth 100%recycl ed aggregate, the
nmodul us of elasticity of the concrete is about 35% | ower than
that of natural aggregate concrete.

When RCA is used for recycled concrete, the resulting aggregate
is characterized by absorption up to eight tines that of natura
aggregate fines. The workability of recycled concrete is
reduced because recycl ed aggregate contains a higher fine
content than natural aggregate; the nortar fromthe origina
concrete makes the RCA nore porous and absorptive than its
natural counterpart. The additional absorption requires nore
wat er be added to the RCA stockpile to reach saturation before
it can be added to the concrete m x.

The use of recycl ed aggregate does not substantially affect the
conpressive strength and splitting tensile strength of the
concrete when only the coarse aggregates were replaced by coarse
fragnents of denolition debris. Wen the fines are al so
replaced by recycled fines, the strength drops by between 35 and
50% conpared with natural aggregates. Wen using 100% recycl ed
aggregate, no significant differences fromthe natural aggregate
concrete were found in freeze-thaw resistance, the progress of
carbonation, and oxygen perneability.

Table 1 lists the effects of recycled aggregate on concrete
properties conpared to the properties of concrete containing
natural aggregate with the sane water-to-cenent ratio.

A-12
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Table 1. Effect of Recycled Aggregate on Concrete Properties in
Conparison to Virgin Aggregate.

Modul us
Conpressi v of Dryi ng Freeze-
e Tensile | elasticit| shrinka Per meabi | i t haw
strength | strength y ge Creep ty resi stance

No effect |No effect | Decrease |l ncrease|l ncreasel No effect No effect

Some properties of concrete fromrecycl ed aggregates can devi ate
fromthose of conparable concrete m xes with natural aggregates.
These differences need not inpair the suitability of recycled
concrete. Investigations on crushed concrete fromdenolition
wor k have proven that it is possible to produce high-grade
aggregate with reused concrete. H gh quality can be produced by
pr e- separation, processing, and screening of the content for

i mpai ring constituents

| . Federal Hi ghway Adm nistration RCA Survey.

Together with the Construction Materials Recycling Association,
the FHWA is conducting a National Review on Recycled Concrete
Aggregate. Because the nmanagenent and regul ati on of recycled
mat erials use in the highway environnment are the responsibility
of a state’'s departnment of transportation (DOT) and its
environnmental protection agency (EPA), these agencies are
wor ki ng together to devel op a consensus- based approach to RCA
use.

The purpose of this reviewis to capture for technica
depl oynent the nost advanced uses of recycl ed concrete aggregate
and then to transfer the know edge to all state transportation

agencies. Specific uses or applications will be identified
along with their barriers and benefits to inplenentation.
Speci fi cations, construction practices and challenges will also

be docunented and di ssenmnated to all state transportation
agenci es through technical guidance, training, and guide
specifications as necessary. Five states — M nnesota, U ah
Virginia, Texas and M chigan — have been chosen for an in-depth
review of their recycled concrete aggregate prograrns.

FHWA has a | ongstandi ng position that any material used in

hi ghway or bridge construction, be it virgin or recycled, shal
not adversely affect the performance, safety or the environnent
of the highway system The FHWA policy is that:
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Recycling and reuse can offer engineering, economc, and
envi ronnent al benefits.

Recycled materials should get first consideration in materials
sel ecti on.

Determ nation of the use of recycled materials should include
an initial review of engineering and environnental
suitability.

An assessnent of econonic benefits should followin the
sel ection process.

Restrictions that prohibit the use of recycled materials
wi t hout technical basis should be renpved from specifications.

m General Uses OF Aggregates.

In the United States, recycled concrete aggregates have been
primarily used as fill or sub-base materials, and | ess often, as
aggregates in new concrete pavenents (Figure 4). Most (70% of
this recycled concrete aggregate went to construction firns
whi | e governnent agencies and contracts account for nearly al

of the rest (Deal 1997). |In nost areas, there is a ready supply
of rubble and a good demand for recycled materials as fill and
base for construction projects such as buil dings, parking |Iots,
roads and streets, and pi pe and drain ducts.

Crushed concrete can be reused in new construction as road and
rail road base material, fill, or pavenent constituents. |In sone
applications, recycled concrete nay be used in place of
aggregate for drainage |ayers and sub-bases. Qher potential
uses include ballast, sub-ballast, drainage, erosion control and
filter material. Finely crushed concrete can al so be used as a
neutralizing agent in a variety of applications. The reuse of
crushed concrete as aggregate in high-grade concrete, however,
has up to now been restricted by a | ack of standards, and a |ack
of experience and knowl edge in working with the materi al s.
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@ Subbase (68%)

E Asphalt Pavement Aggregate (9%)
O General Fill (7%)

O Concrete Pavement Aggregate (6%)

Rip Rap (3%)

B Other Uses (7%)

Figure 5. Uses of Recycled Concrete Aggregate (Deal 1997).

i. Ganul ar Base.

A base course is defined as the layer of material that lies

i mredi ately bel ow the wearing surface of a pavenent. The base
course nmust be able to prevent overstressing of the subgrade and
to withstand the high pressures inposed on it by traffic. It
may al so provi de drai nage and gi ve added protection against
frost action when necessary.

Recycl ed aggregates can be (and are) used as granul ar base and
sub- base in road construction (Figure 5). In many applications,
recycled aggregate will prove to be superior to natural
aggregate for use as granular base. An estimated 85 percent of
all cenment concrete debris that is recycled is used as road base
due to its availability, low transport cost, and good physi cal
properties.
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Figure 6. RCA Used for G anul ar Base.

Granul ar base materials typically contain nore than 50 percent
of the recycled coarse aggregate particles. (The anount of fine
aggregates is limted to pronote drainage.) In fil

applications, the fines content of RCA may restrict drainage,
particularly in road sub-base applications. However the fines
al so facilitate conpaction in sone jurisdictions. The use of
recycled materials is often preferred for this reason.

Forty-four States allow recycled concrete in road base
applications (WIburn and Goonan 1998). Specifications for

t hese applications are devel oped by a variety of Federal and
State agencies. Specifications often vary considerably by | ocal
climatic conditions and product availability because the quality
of the recycled materials varies fromlocation to |ocation and
is fairly difficult to control. Specifications for crushed
stone are devel oped by State departnents of transportation
(DOTs) and organi zati ons such as:

The Anerican Society for Testing and Materials (ASMI), URL:
http://ww. astm org

American Associ ation of State H ghway and Transportation
Oficials (AASTHTO, URL:
http://ww. aashto. org

U S. Departnment of Transportation, Federal H ghway
Adm ni stration (FHW), URL:
http://ww. f hwa. dot . gov

U.S. Arny Corp of Engineers, URL:
http://ww. usace. army. m |
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Processed RCA is covered by conventional granul ar aggregate
specifications in a nunber of jurisdictions. AASHTO Standard
Specification for Reclained Concrete Aggregate for Unbound Soil -
Aggr egat e Base Course, AASHTO M319- 02, covers the use of

recl aimed concrete aggregate as an unbound granul ar base course
material. This specification was devel oped to aid the use of
recycled materials in highway transportation applications. Wen
properly processed, haul ed, spread, and conpacted on a prepared
grade to appropriate density standards, reclained concrete
aggregate can provi de adequate stability and | oad support for
use as road or highway base courses, whether used al one or

bl ended with natural or crushed aggregate. The properties of
processed RCA generally exceed the m nimumrequirenents for
conventional natural aggregates for granul ar base.

ii. Embankment Fill.

Crushed rock fill is specified where necessary to control
enbanknment erosion, to prevent capillary action from saturating
enbanknments, and to prevent the entrapnent of water by the
enbankment .

RCA is not commonly used to construct fill enbanknents because,
in nost cases, the cost of the aggregate will be significantly
hi gher than that of common fill. Recycled concrete aggregate in
enbankments or fill may not make the best use of the high

qual ity aggregates associated with RCA. \Were no ot her
applications are readily avail able, RCA can be satisfactorily
used in this application. It requires mniml processing to

sati sfy the conventional soil and aggregate physical

requi renments for enbanknent or fill material

Desirable attributes of RCA for use in enbanknents or fill

i nclude high friction angle, good bearing strength, negligible
pl asticity, and good drainage characteristics. The design

requi rements for RCA in enbanknment construction are the sane as
for conventional aggregates. There are no specific standard
speci fications covering RCA use as enbanknent or fill and design
procedures are the sane. Fines should be screened out before
this type of use.

Due to its high alkalinity, RCAin contact with alum num or

gal vani zed steel pipes can cause corrosion in the presence of
noi sture. Additionally, the presence of water percolating

t hrough recl ai mred concrete aggregate has the potential to

i ncrease the pHto produce a corrosive solution. Therefore,
recycl ed concrete aggregate should not be used in the vicinity
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of nmetal culverts that are sensitive to highly alkaline
environnments (AASHTO M319-02).

iii. Railway Ball ast.

Ball ast is a select material placed on the subgrade to
distribute the load of the tract and trains to prevent
overstressing of the subgrade and to restrain the track
laterally, longitudinally, and vertically under the dynam c

| oads i nposed by trains and the thermal stresses induced in the
rails by changing tenperatures. Ball ast al so provi des adequate
drai nage of the track (TM 5-628/ AFR 91-44). Ball ast produced
for use on main lines is generally governed by standard

speci fications.

Bal | ast shoul d neet the gradation requirenents specified in the
AREA Manual for Railway Engi neering, chapter 1, part 2.

It is very desirable that the gravel contain a |arge vol une of
crushed stones. Oherwise, the ballast wll not hold the ties
in place under high-speed traffic, increasing maintenance costs.
One requirenent of good ballast is that it quickly drain water
away fromthe track.

One of the nost demandi ng applications for crushed stone is
railroad ballast. Railway ballast consists of a coarse
aggregate that provides a free-draining foundation for the
track. The aggregate used nust be strong, angular material,
with a high resistance to abrasion. Select crushed rock
aggregate is generally used, though crushed slag or gravel is
al so used. Recycled aggregates are not comonly used for

rail way ball ast because of concerns about strength, abrasion
resi stance, and durability (Crawford 2001).

iv. Drainage and Filter Material

Arelatively small volume of aggregate production goes to
provi de drai nage or filter nedia for various applications,

i ncl udi ng sub-drains for buildings, dans, and ot her engi neered
structures, as well as filters for sewage and water treatnent.
Recycl ed aggregates are not commonly used for filter or drainage
mat eri al because of concerns about durability, particularly with
respect to chemcal attack frominpurities in the groundwater or
| eachate being filtered (Market Devel oprent).

Recycl ed fine aggregates are not suitable for use in drai nage
| ayers beneath the pavenent because soluble mneral rich in
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cal ciumsalts and cal ci um hydroxi de can be transported with the
water as it percolates through and plugs sub-drains. |[If the RCA
is |located above such porous drai nage systens, the calcium
mnerals tend to precipitate out of solution and bind to the
drai nage structure. The mneral deposits fornmed are sonetines
referred to as tufa-like or portlandite deposits. Over tine,
the perneability of the drainage system can be reduced. |If the
RCA is intended for use as a drai nage | ayer, then the processed
coarse aggregates should be washed to renove the dust and fines.

v. Concrete Bl ock.

Concrete bl ock are nade by m xing Portland cenent, sand, and

ot her aggregates with a small anount of water and then bl ow ng
the entire mxture into nolds. The mmjor conponent material of
concrete block (sand and various coarse aggregates) account for
as nmuch as 90% of its composition. Recycled material such as
crushed concrete and by-products of other industrial processes
such as bl ast furnace slag, can be used for sone portion of the
aggregate in block. Concrete block offers an advantage because
there is little waste. Any unused bl ock can be recycled or
saved for future projects rather than being di sposed of.

ASPHALT CONCRETE

Recent | aboratory studies to deternmine the feasibility of using
RCA in asphaltic concrete have indicated that RCA m xes had 1.5
to 2.0 tinmes the stability of crushed stone-natural sand m xes
(Petrarca and Galdiero). In two controlled test strips, the RCA
m xes are perform ng better than the standard paving m xes. |f
properly designed and constructed, recycled concrete-asphalt

m xes are capable of providing a strong, econom cal, stable
pavenent that will yield | ow deflections. The RCA m xes are

al so approximately 15 percent |ighter than standard m xes, and
therefore will cover 15 percent nore volune for the sane

t onnage.

2. CONCRETE RECYCLI NG ON ARMY | NSTALLATI ONS.

Much of the infrastructure that has been constructed since the
1950s, particularly roads and barracks within the Arny, has
becone obsolete and is in need of replacenent or repair. As
Anericans tear up roads and tear down buil dings, they generate
| arge quantities of denolition wastes. Denolished
infrastructure can be either landfilled or recycled.

Currently, the Arnmy has concrete barracks that were built in the
m d 1950s during the Korean-War era that have outlived their
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useful ness and have been slated for renoval, either to nake room
for new construction, or to satisfy Base Realignnent and Cl osure
(BRAC) programrequirenments. Two of typical barracks buil di ngs
constructed with reinforced concrete are comonly known as
“Hammer head” and “Rolling Pin” barracks (Figures 7 and 8).

Figure 7. Hammerhead Barrack. Figure 8. Rolling Pin Barrack.

A 3-story “Hammer head” barrack is approximately 38,000 square
feet and contains roughly 2000 tons of concrete. Another
concrete construction typical of Arny installations is the 3-
story “Rolling Pin” barrack. These structures are approximately
the sane size (38,000 sq ft). Each also contained around 2000
tons of concrete. Reinforcing steel in these buildings al one
totals 75 tons.

As buildings |ike these approach and pass their average 50-year
life-span (and eventual denolition) in the decades to cone,

i ncreasi ng amounts of concrete rubble will need to be di sposed
of . Records of the history of old concrete buildings or
pavenent (such as those detailing quality and conposition), if
avai l able, will be valuable docunents that may facilitate
recycling. Such records may indicate the strengths and mi xture
designs of the original concrete, information useful in

determ ning the recycling potential of the concrete (ECCO. For
exanpl e, the concrete frombarracks at one mlitary base was
tested. In all instances, the |level of |ead present was bel ow
al l owabl e EPA standards. The concrete was acceptable for
recycling (Turley).

a. Uses of RCA

On nost Installations, there is a ready supply of rubble and
there are many uses for recycled materials as fill and base
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course for construction projects such as buil dings, parking
| ots, roads and streets, and pipe and drain ducts.

Areas of the United States where aggregates occur in abundance

i ncl ude the western part of the country (especially Col orado and
Wom ng), upper New Engl and t hrough Miine, New Hanpshire and
Vernont, and Northern M chigan, M nnesota, and Wsconsin. Areas
where aggregates are scarce include the Gulf coast regions from
Texas to Florida and the Southeastern and Md-Atlantic
shorelines. Although nature dictates the | ocation of natura
aggregates, other factors influence the devel opnent of the
resources. Prime aggregate sources can be lost if parking |ots,
houses or other buildings are constructed over the resources.
Zoning and permts may restrict devel opnent of other sources.
Yet, for econonmi c reasons, aggregate operations nmust be within
reasonabl e di stances of the market area.

The reuse of concrete, which is readily available fromold
bui | di ngs and pavenents, avoids the costs and environnental

probl ens associated with landfill disposal. Using recycled
materials instead of natural materials provide environnmental and
econom cal benefits (conservation of resources, better
performance, and |lower materials and transportation costs).

b. Arny Installation Survey.

A survey was conducted of select Arny Installations to profile
the aggregate use on Installations and to conpare that use to
the typical uses of recycled concrete aggregate avail able from

t he buil ding or pavenent denolition. This survey was used to
define the demand for aggregate products on Arny Installations
and identified what agencies or offices use aggregate products.
Wiere the demand mat ches the RCA capabilities, the potenti al
exists to replace natural, purchased aggregate products with RCA
gener ated on post.

Install ati ons were contacted by phone and asked to identify the
types and quantities of aggregate products used. Sone of the
uses for crushed aggregate included: rip-rap, construction fill,
erosion control, road work, tank trails, ballast, and bank
stabilization. 1In all of these applications it was determ ned

t hat where aggregate products are used, recycl ed aggregates from
construction or denolition waste could be substituted.

The main concerns voi ced were the problens of sizing the crushed
concrete, and the concern that the nmaterial be free from al
rebar. Stockpiled crushed concrete may not be suitable for any
application if the sizing and gradi ng does not neet required
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specifications. However, if prior to crushing, the intended use
of the RCAis known, it can then be crushed to the required
size. Any rebar or steel in the crushed concrete would tend to
damage tracks and tires, and nmust be renoved (comonly done by
el ectromagnet).

It was found that the use of on-site crushers was not

predom nant. Typically, concrete crushing is done off-site by
the contractor. Some conpanies will also bring portable
crushers on site, crush the material, and leave it for use at
t he base. Leasing a crusher for a specific project is another

alternative. (Fees will vary.) Since C& work at an
installation is usually perforned for a specific project, the
wor k may not require year-round use of a crusher. It may be

appropriate to contract for crushing services, as required.
Additionally, it is possible to stockpile the material for
extended periods of tinme provided land is avail able for

st ockpi |l i ng.

c. St ockpiling.

When possible, all excess recycl ed aggregate should be
stockpiled for use on future Governnent projects (Figure 9).
However, state solid waste regulations may not permt
stockpiling for nore than a specified anmount of tinme. After
such tine, the crushed aggregate is considered to be a waste and
woul d need to be disposed of.
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e 15 3001

Figure 9. A Front-End Loader |Is Used
To Stockpile Recycled Concrete.

To ensure uniformty of RCA properties, sources or types of
concrete feedstock shoul d be processed separately and placed in
separate stockpiles. Stockpiles should also be kept from
contam nation by foreign materials. Although there do not
appear to be any environnental problens associated with | eachate
from RCA, sone jurisdictions require that stockpiles be
separated (a m ni num di stance) from water courses because of the
al kal i ne nature of RCA.

d. Envi ronnent al | ssues.

In a study on the environnmental inpact produced by the recycling
of concrete originating fromC&D, recycling processes involving
nmobi | e crushing plants were conpared with the environnental

i npact produced during the extraction process of natural
resources. It was concluded that the processes of quarrying,
crushing, and grinding of natural aggregates produces a greater
envi ronnmental burden than the processes of crushing and
recycling of concrete. This is due to the fact that, in
produci ng natural aggregates, the extraction processes (and
their inplicit consunption of energy) nust also be considered
(Est evez).

The anount of high quality aggregate avail able for
construction is limted. Mst natural aggregates are obtai ned
by quarryi ng, which produces a nunber of environnental problens.
Quarrying creates large cavities in the traditional |andscape
and produces noise and dust pollution. Traditionally, quarries
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are located on the outskirts of developing cities, where their
environnmental effects will not affect surrounding comunities.
As cities expand, however, producers of natural aggregates face
stronger environnental pressure and are forced to relocate
farther away. Unfortunately, as the distance between aggregate
producers and urban centers increases, so does the cost involved
in transportation of the aggregates.

Transportation is a major part of the environnental burden
because it is responsi ble for the nost energy usage and
em ssions of gases and particul ates (Figure 10).

There is also a fixed anmount of areas in which to dunp waste
materials. As landfill costs for C&D debris continue to rise and
the landfills becone nore heavily regulated, it nakes econom c
sense to seek alternative nmeans of di sposal of concrete from C&
projects. Disposal of C& waste at many military installations
is usually the responsibility of a contractor. Mre contractors
are incorporating recycling into their operations to decrease
di sposal costs.

Figure 10. Transportation of Heavy Aggregate Materials
Can Have Environnmental Consequences.

e. Equi pnent.

The increased interest in recycling concrete pavenents and
structures has brought about the devel opnent of technol ogy and
equi pnent for recycling that results in an overall reduction of
cost when recycled materials are used. Most of the equi pnent
used in the recycling process can be considered standard in
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heavy construction. The sane basic equi pnent used to process
virgin aggregates also is used to crush, size and stockpile
recycl ed concrete aggregates. Although nost recycling plants
have both primary and secondary crushers, sone plants produce
aggregates by primary crushing only.

In the United States, 61 percent of recyclers use jaw crushers
for primary crushing and 43 percent use cone crushers for
secondary crushing. Recyclers often prefer a jaw crusher
because it can handl e | arge pieces of concrete. Secondary
crushers are al so popul ar anong recyclers. Follow ng the
initial crushing of concrete rubble and renoval of any steel,
the larger material is fed into a secondary crusher that breaks
the particles down to the maxi num size required which varies
dependi ng on specification.

f. Steel Rei nforcement.

Several advances in recent years have made recycling nore
economcal for all types of concrete including the devel opnent
of equi pnent that can acconmopdat e steel reinforcenent for
breaki ng up plain, nmesh-and-dowel, or continuously reinforced
concrete. Methods have al so been devel oped to m nim ze hand

| abor in the renoval of steel.

| f the concrete contains steel reinforcenent, which nost
concrete structures do, it is necessary to renove this
reinforcenent (Figures 12 and 13). All reinforcing steel should
be renoved fromthe sal vaged concrete either before or during
the crushing operation. Any reinforcing steel not renoved

previ ously must be separated fromthe recycled concrete after it
is processed through the primary crusher.

After initial crushing, the pieces of reinforcing steel are
removed either by el ectromagnet, suspended above the conveyer
belt leading fromthe primary crusher, or renoved manual ly from
t he conveyer belt by one or two nen. Once the reinforcenent is
separated fromthe concrete, nost recyclers sell this materi al
for scrap.

Because there is good demand for recycled steel, very little
steel ends up in landfills. Denolition contractors nearly

al ways extract and sell the reinforcing bars in the concrete as
ferrous scrap. The reinforcing bars are then nelted down to
create new steel products, which can include new reinforcing
bars. The Steel Recycling Institute estinmates that now over 45
percent of reinforcing bars are recycled. Mre than 7 mllion
tons of steel is recycled into reinforcing bars every year.
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Figure 11. Steel Reinforcenment from Concrete Waste.

&

. Na I T

Figure 12. When a Road or Structure |s Denvolished, the Rebar
can Oten Be Seen Protruding fromthe Broken Chunks of Portl and
Cenent Concrete.
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g. Econom c | ssues.

An inflated econony, along with the fact that natural resources
are limted, has caused a substantial increase in the cost of
construction materials. This, as well as the rising cost of
fuel and equi pnment required to haul the concrete has encouraged
recycling.

Proximty to market is critical due to high transportation
costs. Transporting concrete to the landfill can cost as nuch
as $0.25 per ton/mle (http://ww. ConcreteNetwork.com. For

| arge reconstruction projects, on-site processing and recycling
of RCAis likely to result in econom c benefits through reduced
aggregate hauling costs. Since the need for processing wll
remai n common to conventional aggregates and to recycled
concrete, the energy reduction will come |largely through the
elimnation or reduction of transportation costs. This can also
reduce the overall cost for recycled aggregates. In sone
regions, RCA may cost 20 to 30% | ess than natural aggregate.

Bel ow i s an econom c analysis of the cost of recycling C&D
concrete waste conpared to landfill disposal. Landfill costs
for concrete, asphalt and brick will vary greatly dependi ng on
the |l ocation, but the best all around estimate is $1/ton (P2
Opportunity Handbook).

O her assunptions are that:
Recycl e crushed concrete on base at 240 ton/yr.
Crushing costs: $4/ton (includes |abor and crusher rental)
Landfill costs (inert wastes): $1/ton
Haul i ng costs: $5/ton

Avoi ded new fill material costs: $12/ton

Tabl e 2. Annual Operating Cost Conparison for
Di versi on and Di sposal of (240 tons/yr) C&D Wastes.

Di versi on Di sposal
Oper ati onal Costs
Crusher Costs (Labor & Rental) $1000 $0
Wast e Di sposal $0 $240
Haul i ng $0 $1, 200
Total Operational Costs $0 $1, 440
Tot al Recovered | ncone $2, 900 $0
Net Annual Cost/Benefit +$1, 900 -$1, 440

Source: METRO Solid Waste Managenent Division of Portland
Oregon (P2 Qpportunity Handbook, Naval Facilities
Engi neering Service Center [NFESC).
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The cost of recycling can be up to $4.00 per ton to crush, and
may include other expenses. But, by elimnating the cost of
removi ng the old concrete and factoring in savings on disposal
costs, potential use of recycled aggregates, and potenti al

i nconme generated fromthe sale of scrap rebar, annual savings
are approximately $3340 (Table 2). Recycling concrete nakes
sense for the cost benefits, the conservation of resources, and
for the redirection of material that would otherw se be waste.

h. Techni cal | ssues.

The processing of recycled concrete nmaterials is relatively
sinpl e, but requires expensive, heavy-duty equi pment, capabl e of
handling a variety of materials. The technol ogy basically

i nvol ves crushing, sizing, and blending to nmeet the required
product m x. Miuch C&D concrete contains netal and waste
materials that nmust be detected and renoved at the start of
processi ng by manual or magnetic separation. Processing

equi pnment nust be versatile yet efficient for a handling a
variety of materials of non-uniformsize or conposition.

The crushing plants can be either a portable type and | ocated on
the job site or a stationary plant situated at an existing pit
or landfill. The main reasons for using portable plants include
the ease of noving the equi pnent for cleaning and nai nt enance,
as well as the ability to go to the job site. Portable plants
nmust be small enough to fit on existing roads and under
overpasses. Denolition project sites may al so have space
limtations. Recycling concrete at a denolition site is
different than recycling on a paving job or at a stationary

pl ant; the contractor usually has several pieces of nobile

equi pnment at the site, nostly excavators with concrete breakers
or pul verizing attachnents.

a. A b.
Figure 13. Concrete Rubble Is Loaded into Crusher for Processing.
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Denol i shed concrete is brought to the crushi ng operation where
it is reduced to the maxi mum size called for in the
specifications (Figure 11). Crushing is usually perforned in
two steps: a primary crusher reduces the larger incom ng
debris, and a secondary crusher further reduces the material to
the desired particle size. Magnetic ferrous netal recovery can
take place after both stages. The two nain types of equi prent
are jaw and i npact crushers. Jaw crushers are best suited to
reduce | arge or odd-shaped debris quickly from C& projects to a
manageabl e size. Inpact crushers are nore effective than jaw
crushers at freeing rebar encased in rubble.

i . Policy Issues.

Federal agencies are required under Executive Order 13101,

G eening the Governnment Through Waste Prevention, Recycling and
Federal Acquisition, to purchase environnentally preferable
products and services. Recycling concrete from C& waste w ||
help Arny facilities to neet the requirements of Executive O der
13101, which calls for executive agencies to incorporate waste
prevention and recycling into their daily operations.

Policy inplenentation for C& waste recycling varies

consi derably between jurisdictions. Sone States and | ocal
governnents, notably Texas, Washington, Oegon, California and
Col orado have wel | -devel oped nmechani sns to encourage diversion
of C&D waste fromlandfills. Texas, Washi ngton, Col orado and
Oregon have provisions within state road construction
specifications to allow the use of recycled materials. The
Cal Trans and Green Book specifications used in California, for
exanpl e, have standard special provisions to allow recycled
materials in roadbase construction

Currently, 44 states allow the use of RCA in road bases, 15
states allow use in backfill applications, 8 states allow use in
concrete, and 7 states allow use in asphalt. O the states that
all ow applications in roadbase, only 27 have fornal
specifications in place. In general, what seens to be nore
common is that jurisdictions will accept RCA use in applications
where [ ower quality products are used and where RCA neets or
exceeds technical specifications applied to non-recycled
material. RCA is not used in higher-quality applications often
because of |ong-term performance consi derations and because nost
professionals are hesitant to use a relatively untested materi al
wi th no devel oped guidelines or specifications for its use

(W1 burn and Goonan 1998).
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A survey of various U S. H ghway agencies shows that many states
recogni ze the great potential for using recycled concrete
aggregate in highway construction. The Anerican Concrete
Pavenent Association (ACPA) offers links to state Departnent of
Transportation web sites as a public service. The ACPA website
is http://ww. pavenent. com

The bi ggest chall enge facing recyclers today are Governnent
regul ations. These regulations relate to plant permtting

i ssues, the exclusion of recycled material from project

speci fications, specifications that disallow fair conpetition of
recycled with virgi n aggregate, and di sposal regul ati ons that
allow for free dunpi ng of waste concrete.

Such Federal agencies as the Federal H ghway Adm nistration have
made the effort to reduce the barriers to the use of recycled
materials in highways and to allow for successful practices to
easily cross state boundaries. The reauthorization of the next
hi ghway bill in Congress, Transportation Equity Act for the 21st
Century (TEA-21), provides an opportunity to pronote appropriate
recycling, partnerships, technology transfer, and research and
devel opnent .

3. CONCLUSI ON FUTURE WORK

As natural resources dimnish, the demand for recycled concrete
aggregate is likely to increase, making concrete recycling the
econom cally and environnentally preferable alternative to
traditional “smash and trash” denolition. Werever good natura
aggregates are not |locally available, where natural aggregate
costs exceed RCA costs, or where disposal of existing concrete
pavenent or concrete structures is problematic, concrete
recycling should be eval uated.

In the future, procedures need to be devel oped for the quality
control of recycled aggregates. Quality materials wll also
create conpetitive markets and hi gher grade outlets for
secondary materials. Concrete recycling appears to be
profitable. 1In nost cases, it can neet denmand requirenents of

| ower val ue product applications such as road base, thereby
freeing up higher quality material for higher value
applications. Wile studies have shown that RCA can be used as
aggregate for new concrete, there is a need to obtain |ong-term
in-service performance and life cycle cost data for concrete
made with RCA to assess its durability and performance. |If
addi ti onal research supports the use of concrete buil di ngs —
especially barracks — then existing specification should be
revised to permt and encourage the use of recycled concrete as
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aggregate, to conserve existing supplies of natural aggregates
and to reduce the anmpbunt of solid waste that nust be di sposed of
inlandfills.

Further research should focus on: (1) the econom c aspect of
concrete processing and recycling; (2) the influence of

contam nants in the denolished concrete from buildings; (3) the
long-termfeasibility of recycling; (4) the durability of RCAin
new concrete, and its creep and shrinkage characteristics; and
(5) the use of recycled fines.
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APPENDI X B

EXAMPLES OF CONCRETE BUI LDI NG RECYCLI NG

1. Case Study: King County: Regional Justice Center, Kent, WAZ

This project involved the devel opnent of a new regional justice
center, including courthouse and detention facilities. The
project manager required that materials be recycled on the

project site and used in place of new material. Recycled
concrete aggregate fromthe building denolition was used for
backfill, general fill, pipe-bedding and as aggregate base

course for pavenent construction in new construction. Crushed
concrete was al so stockpiled on site for use during future site
wor k.

1. Case Study: Sears Department Store, Portland, OR3

This recycling project in Portland, OR denobnstrated that non-
pavenent concrete can be usefully recycled as well. An
abandoned Sears departnent store was denolished and recycl ed,
diverting 77 percent of its waste materials fromthe landfill.
More than 7000 tons of brick, concrete, sand and dirt were
processed into on-site and off-site fill. Sone RCA was used as
cl ean capping layer for a closed landfill. The dunping costs
were nmuch lower than if the entire building s waste were
[andfill ed.

2. Case Study: Tennessee NFL Stadium Nashville, TN

The new Tennessee NFL Stadi umwas built on property previously
occupied by a m xture of building structures. Mst had concrete
foundations, retaining walls and slab on grade with masonry

| oad- bearing exterior walls and steel roof structures. The
project was conpleted in phases because not all of the property
coul d be purchased and the existing tenants rel ocated at the
sane time. |In Phase |, the concrete recycling plan was to
process the concrete for constructing tenporary roads on site in
i eu of purchasing crushed stone for that purpose. However,
since construction on the stadiumitself had not started, there

2 http://www.metrokc.gov/procure/green/rjcconag.htm
3 http://www.metro-region.org/

4 http://Awww.smartgrowth.org/casestudies/demolitionstudy.htm
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was no i medi ate use for the material; it needed to be stored
for |later use. A total of 40,356 tons of material was produced
and stored. Wen the tine cane to construct tenporary roads,
the gradation of this stored naterial was not suitable to stand
up to heavy construction traffic. It was used instead for
structural fill. This proved to be beneficial since the first
nont h of construction was extrenely wet, and dry fill dirt could
not be found. The concrete product was used to help dry the
conpacted structural fill areas and keep the project on
schedul e.

Duri ng Phase 11, there was an i medi ate need for the processed
material as structural fill to backfill the basement walls.
Crushed stone was required because suitable soil was not
avai l abl e after wet winter conditions prevented proper
conpaction. Specifications were also prepared ahead of tine so
that the crushed rock being produced would be suitable for the
backfill of the foundation walls. A total of 23,849 tons of
materi al was produced. All of it was used in |lieu of purchasing
crushed stone. Additionally, it did not have to be stored.
Steel fromthe processed concrete was collected and sold for
steel scrap.

One inportant | esson learned was that it is inportant to plan

t he purpose and use for the recycled product early in the
project. Project design engineers should wite a specification
for the recycled concrete material and have it tested when it is
first produced to make sure that it nmeets the specifications.
Doing this ensures that the product that can be used on the
project. It was also found that not everything can be recycl ed.
Sone concrete, such as beans, etc., with a | arge anount of
reinforcing steel, was not worth trying to crush.

3. Case Study: Fort Canpbell, KY®

Fort Canpbell, KY, was faced with the problem of dim nishing
landfill space and t he di sposing of thousands of tons of
concrete fromthe denolition of their Hammerhead barracks. It
was predicted that with all of the denolition that had to be
done, landfill expansion would cost $20 mllion over 20 years.
A concrete crushing operation was set up to grind up the
concrete building debris to reduce the volune of materials for
di sposal. By crushing the concrete aggregate, the vol une of
debris was reduced by 80 percent. |If they continue to grind

5 public Works Technical Bulletin (PWTB) 420-49-12, Army Recycling Lessons Learned (HQDA, 15 July 2000).
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debris fromthe remaining reinforced concrete barracks to be
denol i shed, annual benefits are estimated to be roughly $50, 000
in reinforcing steel salvage, reuse of over 50,000 tons of
aggregat e/ year, and a cost avoi dance of approxi nately $500, 000
per year by substituting recycled material for quarried
aggregate. The Fort woul d save both noney and | andfill space.
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