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ABSTRACT

More production equals more waste, more wasteeg@sitvironmental concerns of toxic threat. An entoal
viable solution to this problem should includeizgition of waste materials for new products whichturn
minimize the heavy burden on the nation’s landfifecycling of waste construction materials sa\asral
resources, saves energy, reduces solid wasteegedinand water pollutants and reduces greenlyaisss. The
construction industry can start being aware of i@hké advantage of the benefits of using waste ecytled
materials. Studies have investigated the use @ptaisle waste, recycled and reusable materialsretidods.
The use of swine manure, animal fat, silica furaefing shingles, empty palm fruit bunch, citruslpeeement
kiln dust, fly ash, foundry sand, slag, glass,tasarpet, tire scraps, asphalt pavement andetenaggregate in
construction is becoming increasingly popular du¢he shortage and increasing cost of raw matetialgis
study a questionnaire survey targeting experts fronstruction industry was conducted in order t@gtigate
the current practices of the uses of waste andlegtynaterials in the construction industry. Thiglg presents
an initial understanding of the current strengtid weaknesses of the practice intended to suppostreiction
industry in developing effective policies regardirsgs of waste and recycled materials as consinuttaterials.

Keywords: Recycled Materials, Construction Materials, Enviremtal Concerns, Natural Resources

1. INTRODUCTION industry. The Federal Highway Administration (FHYVA
estimated that building demolition in the Unitedatgs
Several issues exist regarding reducing wasteeyA k alone produces 123 million tons of construction teas
environmental issue is waste incinerators, furndoes per year (FHWA, 2004). Begumt al. (2010) supports
burning trash, garbage and ashes. These incingratothe adoption of prefabrication and Industrialized
produce 210 different dioxin compounds plus mercury Building Systems (IBS) to reduce waste generatioth a
cadmium, nitrous oxide, hydrogen chloride, sulfuaaid management problems. Their study revealed that a
and fluorides. Produced also in incinerators is significant amount of material wastage can be reduc
particulate matter that is small enough to remain by the adoption of prefabrication and the ratescofed
permanently in the lungs. Additionally, waste and recycled waste materials are relatively higimer
incinerators generate more g€@missions than coal, oil, projects that adopt prefabrication. In addition &0
or natural gas-fueled power plants. For years,nsisis reduction of construction waste generation, Hassim
and researchers have been searching for possibl€2009) identified and discussed other advantages of
solutions to environmental concerns of waste prodoc  applying prefabrication in the building and constion
and pollution. Many have found that replacing raw activities. This include enhance integrity on thelding
materials with recycled materials reduces our design and construction, reduction unskilled wosker
dependency on raw materials in the constructionreduce construction cost, fixed design at the estdge
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of design, better supervision, promote safer andemo with natural stone specimens. Kaosol (2010) coradlict
organized construction site and improve environ@ent research on reusing the water treatment sludge ftom
performance through waste minimization. Furthesnfr  water treatment plant to make hollow concrete kdock
the results of the survey, one issue companienést His objectives were to increase the value of théewa
addressing is the creation of a separation prozesste treatment sludge from a water treatment plant and t
oppose to an accumulation of all waste in one gpNe. make a sustainable and profitable disposal altenébr
solution to this problem would be planning recyglinto the water treatment sludge. Findings showed that t
the pre construction plans in advance. Integrat@idS  production of the hollow concrete blocks mixed with
Waste Management (ISWM) is the selection and water treatment sludge could be a profitable diapos
application of suitable techniques, technologies alternative in the future.

management programs to achieve specific waste This study presents results from a questionnaire
management objectives and goals. Malakahetaal.  syrvey conducted to find out what recycled and evast
(2010) and his colleagues suggested  thepsterials are currently being used in the constoct

Ismugigmggltgt:j%r:/eg r‘!]se\r/:{[MThSeyS::%rH(S:Iug(Se d ?hattocl)l ;okre industry and areas were construction related compan
P ' y N need to be informed more to increase the potensialof

element of ISWM is solid waste separation, which . )
contributes to a successful recycling program. such materials. The focus was on applicable waste a

Several researchers  from NC A&T State recycling materials within four sectors, namely,
University Jamest al. (2011); Ellieet al. (2011); Abu-  Composite Waste, Industrial Sector Waste, Municipal
Lebdeh et al. (2010a; 2010b); Fini and Abu-Lebdeh Sector Waste and Transportation Sector Wasteudedl
(2011) and Hamous#t al. (2011) and other governmental is a comprehensive review of data, informationglifiigs
and academia agencies investigated several gree(including benefits/advantages) and evidencesivelad

materials technologies that reduce environment@ct  recycling waste materials and construction appitcat
and use recycled materials in infrastructures egfdins. l‘::I

. Each sector includes subsections of recyclable naéte
The researchers devel_oped .se\_/eral _green  materigl,  ojation to  the  construction industry. The
technology programs, which maintain or improve eotr T ati Sect te that b d
practices in construction engineering and ensuresng ransportation - sector wasie hat can be used as
products or methods arising from these programsidvou bene_f|C|aI recycled materials including tire ruhbber
be cost effective and would confer benefits onetysi ~ reclaimed asphalt and recycled concrete aggregae.
the economy and the environment. In order to abtai Municipal waste sector contains beneficial materfak
knowledge of the most advanced use of waste andhe construction industry including roofing shirgle
recycled materials, the author reviewed these dhdro glass, plastic and carpet. The Industrial wastdosec
studies. For instance, Jametsal. (2011) researched the contain beneficial materials including Cement Kidast
potential use of Recycled Concrete Aggregate (RCA)(cKD), foundry sand, fly ash, silica fume and slage
and Fly Ash (FA) in concrete pavement. The redjcle .,mposite waste sector includes swine manure, &nima

concrete came from a demolished local site. Their . .
research revealed that using RCA up to 25% and FA u fat, empty_pa_lm fruit bunch, citrus peels and sewag
sludge. Findings suggested the need for better

to 15% will not have a significant difference (ifiyg in ) .
strength compared with concrete containing virgin documentation of the use of recycled materials thadl

aggregate. Thus, using RCA and FA in concrete construction industry need to develop effectiveiqies
pavement may promote economical and environmentaregarding the use of waste and recycled materisls a
benefit. Hamoushet al. (2011) investigated a new construction materials.

improved engineered gladding stone for better The main objective of this study is to investigtite
toughness, ductility, durability and thermal remmte. In  effective use of recycled and waste materials inous
their research, the back layer of the stone udlize construction applications. Goals and objectivesite:
recycled crumb rubber, which provides a combined (1) Review of studies of Recycled Materials in

solution for energy saving and environmental comser : i ;
The results of adding crumb rubber showed a regiucti construction application; (2) Survey OT cgrrent(p.naes
of uses of waste and recycled material in constagt

in the material unit weight, enhanced ductility and ; . i
toughness and improved thermal resistance. The'sto (3) Connecting Researches and industry with an
properties such as compressive strength, thermaPverview of what recycled materials are availalde f
conductivity, durability, impact resistance and evat different applications and (4) Better Documentagidor
absorption were experimentally measured and cordpare green infrastructures benefits
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2. MATERIALSAND METHODS and granular base stabilizer. Benefits of usingfingo
shingles include Lower disposal costs for shingles
2.1. Tire Rubber manufactures, reduced cost in the production of HIMA

improved the rutting resistance of the mixtures
considerably, due to a combination of the fiberd barder
asphalt and improved resistance to pavement cigickin

An estimated number of one billion scrap tires have
been disposed of in huge piles across the Unitatb&t
An additional 250 million tires unaccounted for are
discarded yearly (RMA, 2011). Whole tires haverbee 2.5. Glass
used in artificial reefs, break waters, dock burapsoil
erosion control mats and play ground equipmentev
studies have shown that tire waste can be sucdigssfu
used in concrete, grass turf, asphalt mix, embanksne
stone cladding, flowable fill and clay composite.

Americans generated 11.5 million tons of glashn t
Municipal Solid Waste (MSW) stream in 2010. Glass
composed of silica or sand and contains some arsount
of limestone and soda ash used to produce unifoiatity
and color. According to the Association of Citiesd
2.2. Reclaimed Asphalt Pavement Regions for Recycling (ACRR), people around thelavor
has used Reclaimedsend 1.5 million tons of glass to landfills eaclaryeGlass

Asphalt Pavement (RAP) for many years. In 2008, th that ends up in the landfill won't break down foreo a

amount of RAP used in asphalt pavements was 56_dﬂillion years. Glass cullet creates workability deoms in
million tons and in 2010. 62.1 million tons. RAP is concrete mix and the likely hood of alkali-silicaaction.

- . Beneficial uses are in the secondary applicatsunsh as in
America’s most recycled and reused material; ctigren X . .

. . 99 the manufacture of fiberglass insulation, roadlggtegate,
RAP s being recycled and reused at a rate over driving safety reflective beads and decorative tile
is used to backfill pavement edges, rework basebaisd 9 y
course. According to the World Business Council for 2.6. Plastic
Sustainable Development, manufactures around thigl wo
produce more than 25 billion tons of concrete yearl

The transportation sector

In 2010, plastic waste generated approximately 31
million tons, representing 12.4% of total Municiggblid
2.3. Recycled Concrete Aggr egate Waste. Uses of recycled plastic in the construdtidnstry

The Federal Highway Administration (FHWA) mclg@e plastic strlps_to add _to soil embankmansch h_as

. . . .7 positive results of increasing the measured sthemgt
projected an increase in aggregates to over 2loril

reinforcement of soils. HMA mixture has a highexbdity,
tons per year. Crushed aggregate has been usasas b S - !
S Y : reduced pavement deformation; increase fatigustaesie

course or granular base in highway constructios. It

primary function is to increase the load capacitythe and provide better adhesion between the asphaltthend

o ! . aggregate  (Awwad and Shbeeb, 2007). Grinded
S:\r/negirﬁ) ?hnedshob g'rj(;':me the applied load to dwoi polyethylene to provide better coating or attachasily to

the aggregate as the surface area of the polyereases.
2.7. Carpet

According to Carpet America Recovery Efforts

2.4. Roofing Shingles

Each year, the U.S. generates approximately 11

million tons of asphalt roofin shingle scra . . .
(CalRecycle, 2006). Bse of recyc?ed aspr?alt skaisglp (CARE) in 2010, carpet waste diverted from landfill

(both manufacturer’s waste and tear-offs) increased”’2S 338 mll!lqn pounds, 271 million pognds were
from 702,000 tons to 1.10 million tons from 2009 to recycled, 3 million pounds used for alternativel faed

2010, which represents a 57% increase. Assuming?3 Million pounds for cement kilns. Old carpet &g
conservative asphalt content of 20% for shinglbis t recycled and used in composite lumber (both decking
represents 234,000 tons (1.5 million barrels) ghatt and sheets), tile backer board, roofing shinglei,road
binder conserved. Roofing shingles are made from ali€s, automotive parts, carpet cushion and stepgtores. A
fiberglass or organic backing, asphalt cement, diked ~ Study by Wangt al. (2000) proved that by adding fibers to
aggregate and mineral fillers such as limestonerdisé ~ concrete, both toughness and tensile propertigsased.
and silica. Beneficial applications include, buttno Other benefits in adding carpet fiber to concreigude
limited, to Hot Mix Asphalt (HMA), cold patch mix reduction of shrinkage, improved fatigue strengttear
asphalt, aggregate substitute, base course, mifidzal resistance and durability.
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2.8. Cement Kiln Dust nation’s electricity and continues to be the fuletimice

. for generating power. Fly Ash is a powdery substan
CKD (byproduct of manufacturing Portland cement) |5ceq \ith heavy metals such as arsenic, mercudy an

is fine grained, highly alkaline waste, removedirthe o5 Fly ash can be an alternative to anothersinl
cement kiln exhaust gas by air pollution controtides. resource, process, or application. These processgs
Uses of CKD may include: soil stabilization, waste pplicati(;n includé but are not limited to. cemant
treatment, cement replacement and asphalt pavemen oncrete products,' structural fill and co,ver materi

CKD is perfect as soil stabilizer improving soitsesigth e
F o roadway and pavement utilization, infiltration barrand
and minimizing work and cost. Siddique (2006) underground void filling. It can be used as partial

concluded that concrete mixtures containing low ) -

. replacement of cement because of its beneficiactf
percentages (5%) of CKD can achieve almost equalsuch as, lower water demand for similar workahility
compressive strength, flexural strength, toughress reduced bleeding, reduce cracking at early agelowe

freezing and thawing resistance as that of theraobnt evolution of heat. High-lime fly ash has permitiatmal
mixture. CKD is a quality adsorbent and naturabhiie replacements of 25-40 and up to 75% of cement in

that makes it an effective waste treatment. Em&8g1) ials f Kinal | dri |
suggested that CKD (mixed with asphalt as minditat)f concrete materials for parking lots, driveways S-

can significantly reduce asphalt cement requirement 2 12 glag
between 15 and 25% by volume. CKD added to asphalt

binder produces low ductile mastic asphalt and ifesv Slag is a co-product of the iron and steel making
stripping resistance for the pavement. process. Once scorned as useless, it is now remuyas

a valuable material with many uses in agriculture,
2.9. Foundry Sand environmental applications and in the construction

Foundry sand is a by-product of ferrous and industry. Air cooled course aggregate is used ircoete
nonferrous metal casting. It is high quality silisand ~ and asphalt mixes, fill material in embankmentsadro
with uniform physical characteristics. Foundryiliies =~ base material and as treatments for the improvemient
operate by purchasing high quality silica sand @ken  soils. Ground Granulated Blast Furnace Slag (GGBFS)
casting molds and reuse the sand numerous timésmwit has a positive effect on the flexural and compwessi
the foundry. Beneficial reuse of foundry sand cmumntis strength of concrete. Expanded slag has low density
to become a more accepted practice as more ens-useallowing for good mechanical binding with hydraulic
are introduced to the concept. Beneficial applicest of cement paste. Bulk density, particle size, porosiigter
foundry sand include aggregate replacement in #sphaholding capacity and surface area makes it suitédle
mixtures, Portland cement concrete, source matésial | se as an adsorbent.

Portland cement, sand used in masonry mortar mixes, )
embankments, retaining walls, subbase, flowabls, fil 2.13. SwineManure

barrier layers and HMA mixtures. The environmental effects of swine manure storage

2.10. Silica Fume systems and application methods are a concern,lynain

with respect to surface water, groundwater and air

The environmental concerns necessitated the . e
) o - uality as affected by odors and gaseous emis$ions
collection and landfilling of silica fume to be nuatory. d Y y g

Perhaps the most important use of this materiadsis large-scale swine_ prc_)ductiqn_ operations. To address
mineral admixture in concrete. Silica fume is added these concerns scientists (Fini and_co-rgsearchxmsl)
to Portland cement concrete to improve its propsytin North Carolina A a_nd T State_ Unl\_/ers!ty have_ found
particular  its compressive  strength, bond  strengthWa&ys t0 convert swine waste into bio-binder, rejpig.c
and abrasion resistance. These improvements stam fr Petroleum based adhesives with bio degradable aghes
both the mechanical improvements resulting from The viscosity of bio-modified binder is significint
addition of a very fine powder to the cement pasiteas lower than that of non-modified binder. Reductiarthe
well as from the pozzolanic reactions between flieas  binder viscosity can improve binder wettability whiin
fume and free calcium hydroxide in the paste. turn may improve mixture durability. Decrease in
stiffness and increase in relaxation capabilitybiwfder-
2.11. Fly Ash implies improvement in low temperature propertiesl a
Fly Ash (FA) is the by-product of coal combustion  reduction in low temperature cracking. By adding Bitt
power generation. Coal provides more than halfhef t binder, one can maintain high temperature gradsnaler.
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Table 1. Selected recycled materials and their construgjmplications

Innovative recycled material in construction apgiens

Base M
Aggregaterseoufiller

Concrete Embank
mixes ments

Hot mix

Recycled material ~ asphalt

Alternative
Polymerdhasive fuel

Washter
treatment

ineral soil
stabilizer Adsorbent

Swine manure X
Animal fat

Silica fume

Roof

shingles

Palm bunch fiber

Citurs peels
Cement kiln dust
Fly ash

Floundry sand
Slag

Glass

Plastic

Carpet

Tire scraps
Asphalt pavement
Concrete Aggregate
Gypsum X
Sewage sludge

X
X X X X

X X X X X X X

X
X
X
X

X

X

2.14. Animal Fat

The use of animal fat has been used in the
construction industry since roman times. Animaldtso
referred to as tall oil. TOP has a strong connectiith
cement providing a chemical adsorption interaction.

2.15. Citrus Peels

The US 2006/2008 seasons of citrus juice production
generated 10.6 million metric tons of waste. Redear
shows that citrus peel can be an alternative to
commercial activated carbon that is high in capétad
regeneration costs, which is the preferred absorfoen
removal of Methylene Blue (MB). MB is a dye that
comes from the wastewater from textile industried a
can cause severe environmental pollution if emitted
the environment without proper treatment.

2.16. Sewage Sludge

Course solids and bio solids accumulated in a
wastewater treatment process must be treated an

in the production of concrete. Results of sevenadliss
have indicated the benefits of using sewage slagiras
concrete such as compressive strength, freeze- thaw
resistance and good hardening properties. Sewadgesl
ash may be used as a mineral filler substitute soma
portion of the fine aggregate in hot mix asphaitipg.
Summary of selected recycled materials and their
applications in different construction project &ulated
in Table 1.

2.17. The Survey

Sustainable-green infrastructure is growing concept
of saving energy, natural resources and cost, §awe
the solution to environmental concerns involvingstea
In order to accomplish the growing industry of gree
infrastructure, the end users including contragtors
engineers and suppliers have to be informed abbat w
recycled/waste materials are available to use & th
construction industry. To find out what end usare
@ware of recycled and waste materials and who are

disposed of in a safe and effective manner-creatingactually using them, companies have to be appraache

sewage sludge. This material may be inadvertently
contaminated with toxic organic and inorganic

and questioned. The survey intends to reveal theéebs
or issues behind not using recycled materials i@ th

compounds. However, sludge ash has been investigateconstruction industry. Results of the survey presem
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initial understanding of the current strengths and recycl_able materials for qonstruction applicatioBsher
weaknesses of the practice intended to supporthaterials that were mentioned that had a low peagen
construction industry in developing effective paic  USage were cast iron, copper, brass and sawdust.

regarding uses of waste and recycled materials as F|gur(|a 2 Sh|0\(/jVS the lpercegtgges of theH most
construction materials. commonly recycled materials used in concrete. Redyc

concrete was found to be the most popular at 54, t
2.18. Methodology cost is low compared to purchasing natural stomsk a

. . aggregate and its availability is high because of
A questionnaire survey was conducted through phonedemolition of older buildings and highways. It sltbbe

calls, visits and email, addressing: (1) If the pamy a4 that, in order for concrete to be recycled an
uses or sells any waste or recycled materials foryo,sed as aggregate, it must be cleaned and wéshed
construction application, (2) Is the surveyor awafe poT approval. Fly ash was very popular, with 20% of
other recycled materials that are being used incompanies using itin concrete. Companies notedRha
construction applications, (3) Are there any reegicl js 5 great substitute for cement and it is costaiffe.
materials that are not recommended for use in theggme companies mentioned slag (12%) and silica fume
construction industry and (4) if not using such enais, (9%) for special projects, varying use accordingthe
what are the barriers behind not using recycleceras engineer from job to job bases. Tire rubber (4%} wa
in their work. All the questions ended with a yesWhat  found to be used in concrete including concreteidrar
application and if no, reasons for not using theemal.  applications. One company considered using ceniknt k
The survey consisted of a list of recycled and wast dust and glass in their concrete, based on infoomat
materials including; Cement Kiln Dust (CKD), flylas  provided to them by the National Ready Mix
foundry sand, slag, glass, plastic, carpet, tirbbeu, Association, but has yet to complete a testingpstri
recycled asphalt, recycled concrete, gypsum, silioze, Companies using recycled asphalt (57%), grindedlkthe
swine manure, animal fat, soy bean, roofing shigle asphalt into course and fine course, then applieulthe
citrus peels, sewage sludge, date and oil palmangea  new asphalt paving process.

place to add additional recycled materials beingdus Another company mentioned that they reuse up to
the construction industry not listed. The last gioess  40% recycled asphaltFigure 3 shows the most
was included to record any additional contact or commonly used material in asphalt. There is algh hi

references to question for more information ontdmec. percentage of recycling roofing shingles (36%) that
asphalt companies use.
3. RESULTS Of all the companies surveyed, 7% explained that

) L they did not use recycled materials due to cosk &
The survey was compiled of 65 participants from 50 gqjcation regarding certain materials, limited pecal

companies. The. companies. surveyed consigted OEases, environmental, quality of the product,
contractors, ~engineers, architects and suppliers of.gniamination, permits, separation process, lack of
concrete, ~asphalt, landfills, scrap yards, steelmarket to buy the material, no equipment, storaget
manufactures, drilling, ~demolition ~and recycling 4 scrap yards and landfills and availabiliigure 4
companiesTable 2 shows the percentage for each type ghows the percent of reasons why companies are not
of company surveyedtigure 1 shows responses of the using recycled materials.

surveyed companies on the most common recycled The companies surveyed, felt that cost made up 22%
materials. From this sample of companies, the mosiyf the reasons why they do not use certain recycled
common recycled material was Recycled Concrete atmaterials in the construction industry. The cost
15%; followed by Recycled Asphalt and Wood, with 12 gutweighs the benefits for using certain recycled
and 8% respectively. Seven percent of the compaiiiles materials. Some processes are expensive to operate
not use recycled material at all. There were a fewincluding glass and the recycling tire scraps. dwiihg
companies that were not included in the graph. &hes cost, companies claimed lack of education to be ©8%
companies used less than 2% of any given recycledhe reason why certain recycled materials arenihgoe
material including tire rubber, silica fume, glasement  used in  construction  applications. Many conigst

kiln dust, carpet, foundry sand, swine manure, ahim are unfamiliar or not sure of whatyeed

fat, soy bean, citrus peels, sewage sludge andatmte Materials can be used in construction appbns.

oil palm tree, which were listed in the survey ashie Environmental constituted for 11% of thasons.
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Most commonly recycled product in the construction industry

Recycled concrete
Recycled asphalt
Wood
Not Recycling
Roof shingles
Metal
Fly ash
Plastic
Gypsum
Brick
Slag
Steel
Aluminum

Fig. 1. Most commonly used recycled materials for corcsiton applications

Most commonly recyeled material used in concrete

Cement kiln dust
2%

Tire rubber
4%

Silica fume
9%

Slag
11%
Recycled

concrete
54%

Flyash
20%
Fig. 2. Most commonly used recycled material in concrete

Most commonly used recycled material in asphalt paving

Tire scraps, 6%

Slag, 3%

Roofing

. R led
shingles, 36% seyee

asphalt, 37%

Fig. 3. Most commonly used recycled material in asphaltnza
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25 4 Reasons why companies do not use recycled materials
20 4 [
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T
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Fig. 4. Reasons of not using recycled materials
Recycled materials that companies are aware of
o, Steel
Silica fume S0 Unaware

5%

14%

Recycled concrete
12%
Roofshingles
11%
Recycled asphalt

10%

Floundry sand

5%

Metals
6%
Gypsum
6%
Slag
6%
Carpet

79

]

Flyas

7% Tire rubber

9%
Fig. 5. Awareness of Recycled materials for constructjgplieations
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Materials that need more data to be used
[

Palm fiber

Sewage sludge

Citrus peels

Animal fat

Swine manure

Cement kiln dust

Floundry sand

Silica Fume

Carpet
Glass

Gypsum

Slag

Plastic

Fly ash |

Roof shingles

Recycled asphalt

Recycled concrete

I o I e e I e e I e (N e I e e I e O S I e O S I St I S I e I

I
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
\ \
) \ \
\ \
\ \
\ \
\ \
\ \
] 1 !
1 3

4

(%)

n
(=)}

1
o0

Fig. 6. The percent of materials that need more data

Why companies are using recycled materials Table 2. Types of applications
Application No. Percentage

Recycling 20 31
40 Construction 11 17
Concrete 9 14

30 Contractors 6 9
Asphalt 5 8

=20 Engineer 4 6
= Manufacture 4 6
10 Architect 2 3
Salvage 1 2

0 . y Association 1 2
Quality Cost Reduce landfill waste Trucking 1 2

Steel 1 2

Fig. 7. Why companies are using recycled materials Total 65 100

Environmental hazards include fly ash which cordain Findings show that 14% of the companies are comlplet
traces of arsenic and mercury, roofing shinglesunaware of other recycled materials being used in
containing asbestos and molding issues in someconstruction. This suggests the need for educatimh
gypsum. Quality of end products represents 11% ofawareness programs to introduce the availabilitd an
the reasons why recycled materials were not utilize applicability of the recycled materialGigure 5 shows
Contamination, which makes 8% of the reasons, wasthe percentage of materials the companies are aofare
another issue of not using recycled materials due t in the construction industry

the reduced performance of the applications. Theine There are many other materials were not mentioned
to have permit for certain waste materials, hightaf in this survey, but can be used in different carction

the separation process and lack of marketing of theprojects. Recycled materials such as date andadih,p
recycled material each represents 7% of whysewage sludge, citrus peels, soy bean, animal fat,
companies choose not to use recycled madger  polyester lumber, rice husk and swine manure were
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among other materials that are poorly documentéé. T Table 3 and 4 summarize the statistical findings of
reason for the underuse can be traced to new obsmar the surveyTable 3 was generated from the responses
and the lack of government approved regulations forof companies that use recycled material and shbws t
these materials, especially on state and governteeait percent use of recycled material in different
projects. In order to accelerate the growth of uke of construction applications, whileTable 4 was
recycled materials in the construction industryyveyed generated from responses of companies that doseot u
companies suggested the need for more data to dupporecycled materials and shows the reasons why such
materials’ performance. Out of 50 companies surdeye companies do not use recycled materials in their
results indicated the areas that need more researctproducts or applications.

analysis and data before the use in construction

application as shown iFig. 6. 5. CONCLUSION
When companies were asked about the benefits of _ _
using recycled materials, reducing landfill wastasw Review of several studies suggested that the use of

number one at 38% followed by quality at 33% then récycled materials has positive impact throughedéfit
reduced cost at 27%. They attribute the qualitgame ~ @SPeCts. This include the benefits in enhancing
recycled materials that can improve strength sscéilea sustalnabl_llt_y of the construction industry Whltﬁju_cmg
fume which can be used to produce high Strengthcost, providing solutions to environmental pollatiand

concrete; fly ash improves the workability of trencrete; reducing the need for natural resources. In thigysta
1Y pr y ' questionnaire survey was conducted to find outtheent
and crumb rubber to improve thermal resistancet @ay

. . ) practices in using waste and recycled materialshen
be reduced by using recycled materials comparim@o  consiryction industry. Results indicated that some

materials. Figure 7 shows the results on why companies companies were not aware of the availability, duadf

are using recycled materials. the materials’ performance, cost savings, or arherot
benefits including environmental benefits. It isjug
4. DISCUSSION recommended to create better documentation forngree
o ) infrastructure, connecting researches and induwstty an
4.1. Statistical Analysis overview of what recycled materials are availabde f

different construction applications. Companies nieebe
innovative in their use of recycled materials aaduce
their dependency on raw materials. Also, more daith

As aforementioned, 65 participants from 50 différen
construction related companies participated inghisly.

Table 3. Percent use of recycled material better documentations are ne.eded to encour.agelsehefu
Material % Material % waste and recycled materials in the constructidosiry.
Recycled concrete  15.0 Recycled asphalt 12.0
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