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Abstract

Pervious concrete is one of the most promising sustainable material nowadays. Pervious concrete is the mixture of cement,
smaller size coarse aggregate, water and admixture. As cement industry is one of the most polluted industry, so for reducing the
pollution and cost of concrete cement may be fully or partially replaced by waste materials like fly ash, rice husk ash, waste
rubber tire, furnace slag, silica fume, solid waste etc. This paper illustrates the performance of pervious concrete with these
sustainable materials replacing or partially replacing cement & aggregate. It is observed from the study that compressive
strength of pervious concrete is increasing by introducing fly ash, furnace slag, and rice husk ash, silica fume, and solid waste
(glass powder, ceramic waste, bottom ash). Whereas compressive strength is decreasing by addition of rubberized materials.
Permeability is increasing with furnace slag, ceramic waste but glass powder, silica fume has no effect on permeability. Though
rubberized materials decreases the tensile strength and compressive strength of pervious concrete, it increases the abrasion
resistance & freezing—thawing resistance. Partial addition of rice husk ash, furnace slag, silica fume, glass powder also enhance
tensile strength of pervious concrete. All the above mentioned materials are environment friendly but solid waste, furnace slag

and silica fume has the highest contribution to the strength and permeability of pervious concrete.

Keywords: Pervious concrete, fly ash, rice husk ash, rubber tire, furnace slag, silica fume, solid waste.
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1.0 INTRODUCTION

Over the last few decades increasing awareness of human
being about environmental protection and preservation
guides some new techniques. Pervious concrete is one these
modern technologies. Pervious concrete is an innovative
approach to control, manage and treat the storm water
runoff. Sometimes it also known as ‘no-fine’, ‘permeable’,
‘porous’ or ‘gap-graded’ concrete. The rapid population
over the world leads rapid urbanization and as a result the
earth surface is being covered with impervious surface

like buildings and pavements. Since these kind of surface
does not permit storm water to percolate underground
through it, the runoff is increasing these days and causing
urban floods. It also affects underground water
level.Pervious concrete is the special type of concrete which
contains interconnected voids and these voids or pores
allows storm (and rain) water to percolate underground.Thus
pervious concrete is the best way to solve or minimize those
problems [1].

Pervious concrete mostly used as a paving material but it
also may use for various purpose other than pavement like
parking areas, tennis court, fish hatcheries, zoos, noise
barriers, slope stabilization etc.

Pervious concrete is a mixture of cement, water, coarse
aggregate, admixture and/or supplementary materials. As

cement industry is one of the most populated industry and it
consumes lots of non-renewable energy it is very essential to
partial or full replacement of cement to protect our
environment. Now a days disposal of many so waste
materials like fly ash, RHA, silica fume, waste tires, furnace
slags etc. are the huge headache for most of the developing
countries. So cement and coarse aggregates can replace or
partially replaced by these wastes which guides sustainable
development. If we replace Cement and coarse aggregates
by some other materials it may also be good from economic
consideration. Over the last few years lots of research have
been done by scientists conserve the cement and coarse
aggregates and to minimize the disposal problems of waste
materials by using these wastes as ingredients of pervious
concrete[5].

2.0. LITERATURE STUDY
2.1 Fly ash

Fly ash is a by-product of the combustion of crushed coal in
thermal power plant. It is widely used as supplementary
cementitious material in concrete mixture. A portion of
Portland cement in pervious concrete can be replaced by fly
ash. Not only fly ash gives a better final product but also it is
a sensible way to control the pollution. The overall
performance of pervious concrete can be enhanced by using
fly ash as a mineral admixture. CO, emissions created
during cement production are greatly reduced by using fly
ash as a partial replacement of cement, which decreases the
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negative effect on our atmosphere. Fly ash powder and
cross-section of fly ash particles are shown in Fig. 1(a) and
1(b) respectively.

Fly ash is fine,powdery particle with spherical shape.lt is
either solid or hollow and amorphous(glassy)in nature like
silt. Its chemical properties depend upon the type of ignited
coal and the techniques used for handling or storage. Table 1
shows the chemical properties of fly ash.

Yukari et al.(2009)experimented on the properties of
pervious concrete by replacing the cement with 20% and
50% of fly ash.He concluded that compressive strength
decreases with increment of fly ash content.When fly ash
content is increased up to 20% in concrete permeability is
decreasing,but after that when fly ash content reach to 50%
in concrete permeability is increased which is nearly similar
to no fly ash pervious concrete [2].

Ravindrarajah et al.(2010)investigated the properties of
pervious concrete by replacing 20% and 50% of cement
with fly ash.He found out that pervious concrete with high
porosity shows low compressive strength and high
permeability. The results of their investigation described that
the permeability of pervious concrete was not notably
affected when 50% of cement was replaced by fly ash and
compressive strength will decrease with increase of the fly
ash content [3].

Na Jin(2010)worked on “fly ash applicability in pervious
concrete” using 2% and 32% fly ash in pervious concrete.He
found out that using 2% fly ash pervious concrete can
achieve higher compressive strength than that of using 32%
fly ash in pervious concrete.He also indicated that fly ash
helps to increase long term compressive strength of pervious
concrete [4].

2.2.Rice husk ash (RHA)

Rice Husk Ash (RHA) is an agricultural waste material. As
there are many difficulties involves in its disposal RHA is
becoming an environmental hazard for each and every rice
producing countries. RHA is produced in large quantities
every year all over world. India alone produce 6 million tons
of Rice Husk Ash per year [6].Rice husk and RHA are
shown in Fig. 2(a) and 2(b) respectively.

S. Talsania et al. (2015) investigate the effects of pervious
concrete by partial replacement of cement with 10% and
30% of Rice husk ash. He concluded that compressive
strength and flexural strength of pervious concrete increase
up to 10% replace of cement with RHA. Beyond that
compressive and flexural strength are starting to decrease

[6].

Akeke et al. (2013) investigated the properties of concrete
by replacing cement with 10%, 20% and 25% RHA.
According to him flexural strength and split tensile strength
are decreasing gradually with increase of RHA content from
10 to 25 %. Whereas there was not any significant effect on

compressive strength with the increment in RHA content

[7].

Obilade (2014) stated that when cement is partially replaced
by RHA the optimum addition of RHA content should be in
the range of 0 to 20%. Compressive strength of concrete is
reduces with the increment of RHA content [8].

Saied Heasami et al. (2014) investigates the effect of RHA
and fibre on mechanical properties of pervious concrete. He
concluded that the optimum percentage of RHA without
fibres is 8% while it is between 8 to 10% with fibres, he
added the permeability of pervious concrete by adding 12%
RHA content is significantly higher than adding 10% of
RHA content. But addition of 10% RHA content gives
higher compressive, tensile and flexural strength than 12%
RHA content[10].

Kartini et al. (2006) who investigated the properties of
concrete by using RHA (20% and 30% ) as a replacement
of cement concluded that RHA does not improves flexural
and tensile strength. Whereas up to 20% it does not having
any major effect on compressive strength [9].

2.3. Furnace slag

Slag is the supplementary waste materialacquired during
steel and iron making processes [11].Relying on the iron and
steel making process different types of slag can be
found.Blast Furnace Slag (BFS) is produced in the time of
liquefaction and depletion of iron ore in a blast furnace. See
Fig. 3(a).Electric Arc Furnace Slag (EAFS) is made in the
course of transformation of hot metal to crude steel or
during the melting of refuse in an electric arc furnace. See
Fig.3(b).Air cooled and ground granulated blast furnace
slag(GGBFS) are used as aggregates in place of natural
aggregates in pervious concrete [12,13].Despite having no
pozzolanic property, electric arc furnace slag is being widely
used as aggregate in pervious concrete [14].

Table 2 compares the physical and mechanical properties of
natural aggregates, blast furnace slag and electric arc
furnace slag. Chemical composition of blast furnace slag
and electric arc furnace slag are given in Table 3.

R.Alizadeh et al. (2003) carried out experiments on slag
aggregate concrete and natural aggregate concrete. The
result showed that concretes using slag as aggregate achieve
greater value of compressive strength, flexural strength,
tensile strength and modulus of elasticity compared to
concretes using natural aggregate [15].

M.A.Khafaga et al. (2014) investigated the properties of
electric arc furnace slag as aggregate. According to
experimental values, using 66.67% of electric arc furnace
slag as a replacement of naturalcoarse aggregate gives
maximum utility of compressive strength, flexural strength,
tensile strength and modulus of elasticity. It also increases
water permeability which is suitable for pervious concrete
[16].
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Rasiah et al. (2012) studied the properties of pervious
concrete by replacing 35% and 70% of cement with ground
granulated blast furnace slag(GGBFS).From the experiments
they stated that GGBFS in pervious concrete can increase
the compressive strength but it can decrease the permeability
[17].

W.Yeih et al. (2015) investigated on an alternative of
gravels to produce pervious concrete which is electric arc
furnace slag. It is found out that the pervious concrete
produced by using electric arc furnace slag has a higher
water permeability and higher compressive strength than
that produced with gravels [18].

2.4. Silica fume

Silica fume is an amorphous polymorphic substance
composed of SiO, i.esilica. Silica fumeis an ultrafine
powder formed as a by-product of the production of silicon
and ferrosilicon alloy and contains spherical shaped particles
with an average diameter of 150 nm. Fig. 4 (a), 4 (b) and 4
(c) show different sizes of silica fume. It is also known as
micro silica.

Silica fume is composed of spherical particles with diameter
less than 1 um, with an average of about 0.15 um. Thus,the
average cement particleis approximately 100 times larger
than silica fume. Its bulk density depends on the extent of
densification in the silo and ranges from 130 (un-densified)
to 600 kg/m®. The specific gravity of silica fume usually
varies from 2.2 to 2.3. The specific surface area of silica
fume varies from 15,000 to 30,000 m%kg. Chemical and
physical characteristics of silica fume is shown on Table 4.

Alsana Bashir (2014), concluded that the optimum silica
fume content for getting least permeable concrete without
extensively affecting the compressive strength of the
concrete is 15 percent by weight of cementas partial
replacement. At this content of silica fume use of
superplasticiser is necessary to get the desired
workability[19].

Ha-Won Song (2009), stated that the permeability of
concrete reduces when the silica fume content is about 8
percent and it keeps on reducing from 8 to 12 percent silica
fume content. But, if the silica fume content is more than 12
percent the permeability is marginal or in few cases
increases for increased water to binder ratio [20].

Jing Yang (2002), also found out that the strength of
pervious concrete enhances greatly with the addition of
silica fume [21].

M.1.Khan (2001), concluded that the optimum permeability
and strength values of concrete are yielded due to the
influence of 8 to12 percentof silica fume [22].

2.5.Waste rubber tire

Waste rubber tires are another environmental hazard
produced by automobile industries. As the waste rubber tires

are not biodegradable and disintegrate in nature, the
cheapest way to decompose it is by burning them which
discharge a huge amount of smoke. So reapplication of
waste rubber tires are necessary now a days. Due to its
elasticity, lightweight, energy absorption, heat insulating
property it is becoming a promising material in construction
industry [24,25].

The rubber tires can be used with three difference particle
sizes namely very fine, fine and coarse. These are fine
crumb rubber, crumb rubber, tire chips. These can be used
as replacement of cement and coarse aggregate also. The
concrete made by rubber tires known as rubberized
concreteWaste rubber tires, tire chips and crumb rubberare
shown in Fig. 5(a),5(b) and 5(c) respectively.

Mehmet et al (2014) experimented on the properties of
pervious concrete containing waste tires and calculated
using tire chips and crumb rubber the compressive strength
of porous concrete is 6.45 MPa where the compressive
strength of Pervious concrete ranges from 3 to 30 MPa. The
permeability of Pervious concrete fell into 0.25 to 0.61 cm/s
which are recommended limit of Pervious concrete. The
fracture energy is increased with using tire chips and crumb
rubber whereas fracture energy is decreasing by using Fine
crumb rubber [24].

Warndkar A.A et al (2015) investigated the properties of
concrete by applying waste rubber as coarse aggregate and
concluded that compressive strength of rubberized concrete
is less in comparison to conventional concrete but it is
within acceptable limit. The flexural strength is also reduced
in comparison to normal concrete but the cost of rubberish
concrete is much less than conventional concrete [26].

El-Gammal, A et al (2010) concluded in his paper that there
was a significant reduction in compressive strength and
density when tire chips used as full replacement of coarse
aggregate. He recommend this type of concrete should be
used in curbs, roads etc. [25].

Mehmet et al (2014) investigated the abrasion and freezing
thawing resistance of pervious concrete and concluded that
the utilization of rubbers remarkably improves the abrasion
resistance and freeze thaw resistance of pervious concrete.
Thus freezing thawing durability of pervious concrete can be
solved easily [27].

2.6. Solid waste

The permeabilityand strength of pervious concrete can be
increased and the cost of pervious concrete can be decreased
by replacing cement with various industrial waste materials
such as waste glass powder, hypo sludge, ceramic waste and
municipal solid waste incinerator (MSWI) bottom ash.

2.6.1. Waste glass powder

Glass is a non-crystalline substance with high silica content,
thus it is potentially pozzolanic when particle size is less
than 75pum. Out of concern for the environmental effects
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associated with cement manufacturing,efforts have been
made in concrete production industry to use waste glass
powder as partial replacement of coarse aggregates or fine
aggregates and cement. It has been found that up to particle
size of 75um or less, glass powder serves as an effective
cement supplementary material which can prevent reaction
of alkali and silica. See Fig. 6(a) and 6(b).Chemical
properties of glass are given in Table 5.

Bhupendra Singh Shekhawat(2014), concluded that the
compressive, tensile and flexural strength increases
effectively for glass powder concrete, when compared with
conventional concrete. It also increases the durability and
workability of the concrete [28].

Dr.G.Vijayakumar (2013), found out that replacement of
cement by 20 percent, 30 percent and 40 percent glass
powder increases the compressive strength by 19.60 percent,
25.30 percent and 33.70 percent respectively whereas
replacement of cement by 40 percent glass powder increases
the split- tensile strength by 4.40 percent respectively and
replacement of cement by 20 percent , 30 percent and 40
percent glass powder increases the flexural strength by
83.07 percent, 99.07 percent and 100 percent respectively
[29].

Dhanaraj MohanPatil(2013), found out that addition of glass
powder increases the strength of concrete and the
replacement of cement by 20 percent glass powder achieves
maximum strength as compared to that of normal concrete
[30].

2.6.2.Hypo sludge

Hypo sludge is the waste product produced in paper
manufacturing industry. Because of the presence of silica
and magnesium hypo sludge behaves like cement. The
setting of the concrete improves due to this silica and
magnesium. See Fig. 7(a) and 7(b).Table 6 shows the
chemical properties of hypo sludge.

Abhinandan Singh Gill (2014), found out that the use of
hypo sludge at optimal conditions of calcinations exhibits
high pozzolanic property and permits its possible reuse as a
pozzolanic material. This article also found out that the hypo
sludge concrete shows higher water absorption than
traditional concrete and the cost analysis indicates that with
addition of hypo sludge the cost of concrete decreases [31].

JayeshkumarPitroda (2013), concluded that use of hypo
sludge reduces the compressive strength of cement but at the
same time stated that incorporation of hypo sludge in
concrete can help the paper industry to save the disposal
costs and can produce a ‘greener’ concrete. His research
concluded that hypo sludge can be an innovative cement
replacement construction material [32].

2.6.3. Ceramic waste

Minerals present in clay become highly reactive upon
incineration at temperatures between 600-900°C, after

which they are ground to cement fineness. They are mainly
formed by siliceous and aluminous compounds. Thermal
treatments causes loss of water which leads to the disruption
of their crystalline structure, which consequently results in
their conversion into unstable amorphous state. If at that
state they are mixed with calcium hydroxide (CaOH) and
water, they undergo pozzolanic reaction and consequently
form compounds with better strength and durability.
Therefore, they can be potentially used in mortar and
concrete. See Fig. 8(a) and 8(b).Chemical characteristics of
ceramic waste is given in Table 7.

O. Zimbili (2014), discussed that ceramic wastes are suitable
to be used in the construction industry, as they were found to
be performing better in properties such ascompressive
strength, permeability,densityand durability,than normal
concrete [33].

Amitkumar D. Raval (2013), concluded that there is an
increment in the Compressive Strength of M20 grade
concrete in case of replacementof cement with ceramic
powder up to 30 percent by weight of cement and further
replacement will decrease the Compressive Strength of the
concrete. He found out that 30 percent cement replacement
with ceramic powder, yielded a compressive strength of
22.98N/mmz2 and as well as there was a reduction in cement
cost by 12.67 percent in case of M20 grade and hence it can
be concluded that it is more economical to use ceramic
waste powder without compromising standard concrete
strength. Thus, it becomes economicallyand technically
viable and feasible [34].

Eva Vejmelkova (2012), presented that ceramic wastewhen
ground to a suitable fineness can be treated as an efficient
pozzolanic material which is suitable for the replacement of
a portion of Portland cement in concrete production
industry. This solution may have enough significance
fromeconomic and environmental aspects. He also
mentioned that ceramic waste used as recycled material in
the production of concrete presents no severe CO2 burden to
the environment. Its price is much lower than Portland
cement [35].

2.6.4.Municipal solid waste incinerator bottom ash
(MSWIBA)

The bottom ash is the remnant of controlled combustion of
domestic and municipal solid waste of modern waste to
energy plant. In principle bottom ash can be used as
aggregate in the production of normal strength concrete
because of its chemical and mineralogical characteristics.
Different sizes of MSWIBA are shown in Fig. 9(a), 9(b) and
9(c).Table 8 shows the chemical properties of bottom ash.

Wen-Ten Kuo (2013), found out that freshly mixed pervious
concrete prepared using 12.5-mm washed MSWIBA has
unit weight of approximately 1653-2080 kg/m3 and it
further increases with increasing filling paste ratio. He also
mentioned that no significant differences has been found in,
permeability  coefficients, compressive strengths or
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connected porosities between pervious concrete made by
using washed MSWIBA and pervious concrete made by
using natural aggregate but, pervious concrete prepared by
using9.5-mm washed MSWIBA had less connected
porosity, permeability coefficient and bending strength than
pervious concrete preparedby using 12.5-mm washed
MSWIBA [36].

Hashim Mohammed Alhassan (2012), stated that MSWIBA
is a light weight material than natural gravel and sand which
is helpful in fills construction on grounds having low
bearing capacity. MSWIBA is a porous material quite
comparable to sand due to which it enhances free draining
which can prevent build-up of pore water pressure in
embankments and fills. He also mentioned that MSWIBA is
a compactable and well graded material which can be used
as a hard road sub base material according to the C.B.R
result values. Besides this it can be concluded that it is a
fairly durable and stable material like natural sand based on
the shear strength parameters. From this study, Municipal
solid waste incineration achieved 93 percent volume
reduction and 62 percent weight reduction. This study
concluded that the municipal solid waste incinerator bottom
ash has the potential to behave as civil engineering
construction material [37].

3.0 CONCLUSION

From the study the following points to be derived:

> Utilization of fly ash in pervious concrete by replacing a
portion of cement gives better long term compressive
strength and it will decrease with increase in fly ash
content while it is not effecting Permeability.

> In pervious concrete RHA can’t be use as full
replacement of cement. We should use it as partial
replacement of cement and the RHA content should not
be more than 10-12%. More than that will reduce the
compressive strength, flexural strength and permeability
also which are the major properties of pervious
concrete.

> Ground granulated blast furnace slag (GGBFS) can be
used in place of cement but it is not ideal for pervious
concrete as it decreases permeability. But in case of
electric arc furnace slag not only it gives higher water
permeability and compressive strength than gravels but
also provides greater anti-skid capability and better
interface bonding due to interlocking effect.

» Though the permeability of the pervious concrete
decreases to some extent with the addition of silica
fume, the strength of the concrete increases to a great
extent. So, we can say that the influence of silica fume
on strength of the concrete is much more than its
influence on permeability of the concrete. If more
amount of silica fume is added then it is advised to add
superplasticiser to improve workability.

» The mechanical properties of pervious concrete
experiences a negative effect whenwaste rubber tires are
introduced as its ingredients i.e. the utilization of rubber
materials in pervious concrete reduces its compressive
strength and flexural strength. Though compressive

strength decreases but it is within the acceptable range.
On the other hand the abrasion resistance and freeze
thaw improves significantly, whereas Permeability is
also fell into acceptable limits by using waste rubber
tires. These are the most important parameters reqd. for
a pervious concrete pavement. So rubberish pervious
concrete can be used on low volume traffic roads, curbs,
shoulders etc.

» The compressive, tensile and flexuralstrength
characteristics ofporous concrete will significantly
increase with the addition of glass powder as well as it
will help in improving the durability and workability of
the concrete.

» Addition of hypo sludge will improve the permeability
of the pervious concrete as well as it can be used as
pozzolanic material due to its high pozzolanic property.
Although use of hypo sludge will reduce the
compressive strength but it will help in producing
“greener” concrete which is a very environment friendly
way of concrete production.

» Ceramic powder upon addition will improve the
permeability and durability of concrete. Besides these
properties it also helps in increasing the compressive
strength of concrete and at the same time acts as good
pozzolanic material. Since ceramic powder is obtained
from ceramic wastes so the addition of ceramic powder
to improve the properties of concrete is a very
economical process.

» MSWIBA is a very stable and durable material, so,
upon addition it will increase the durability of concrete
but it does not have much influence on the permeability
and strength of the pervious concrete.

> It is crystal clear that the utilization of these waste
material is beneficial from the environmental and
economical point of view.
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Table 1: Chemical properties of fly ash [40]

Component Bituminous Sub-bituminous Lignite
SiO, (in %) 20-60 40-60 15-45
AlL,O3 (in %) 5-35 20-30 20-25
Fe,05 (in %) 10-40 4-10 4-15
CaO (in %) 1-12 5-30 15-40
Loss On Ignition (in %) 0-15 0-3 0-5

Table 2: Comparison of physical & mechanical properties of Natural Aggregates, BFS & EAFS [15]

Properties Natural Aggregate BFS EAFS
SSD Specific Gravity 2.6-2.8 2-2.5 3-3.7
Bulk Density(in kg/m®) 1600-1900 1120-1360 1800-2000
Water Absorption (in %) 1-4 1-6 0.2-2
Los Angeles Abrasion 15-20 35-45 20-25
Value (in %)
Soundness (Sodium 0-5 12 <12
Sulfate) (in %)
Soundness (Freezing 0-5 - -
and Thawing) (in %)
Mohs Scale 3-7 5-6 6-7
Table 3: Chemical properties of BFS & EAFS [15]
Compound BFS (in %) EAFS (in %)
SiO; 31-45 10-19
Al,O, 10-17 1-3
Fe+FeO+Fe,0; 0.1-1 15-30
Ca0 34-48 40-52
MgO 1-15 5-10
P,0s - 0.5-1
MnO 0.1-1.4 5-8
K,0 0.6-1 -
Na,O 0.1-0.5 -
TiO; 2-3 -

Table 4: Chemical and Physical Characteristics of Silica fume [23]

Properties Silica fume

SiO, (in %) 90.90

Al,O;3 (in %) 1.12

Fe,0s (in %) 1.46

CaO (in %) 0.69

SO; (in %) 0.38

Loss on ignition(in %) 3.00
Specific surface (in m?/g) 18

Particle mean diameter (in pum) 0.36

Density (in kg/m3) 2260

Insoluble residue (in %) 62.85
Glass phase 96

Volume:

04 Special Issue: 13 | ICISE-2015 | Dec-2015, Available @ http://www.ijret.org

111



IJRET: International Journal of Research in Engineering and Technology

elSSN: 2319-1163 | pISSN: 2321-7308

Table 5: Chemical composition of glass [30]

Properties Waste glass powder

(GLP)

SiO, (in %) 70.22

CaO (in %) 11.13
Al,O3 (in %) 1.64
Fe, 03 (in %) 0.52
Na,O (in %) 15.29
Loss on ignition(in %) 0.80

Table 6: Chemical composition of hypo sludge [38]

Chemical Compound Percentage
Silicon Dioxide (SiO,) 5.28%
Calcium Oxide (CaO) 47.84%
Sulphur Trioxide 6.41%
Magnesium Oxide (MgO) 0.19%
Aluminum Oxide (Al,O5) 0.09%
Ferric Oxide (Fe,05) 0.73%
Loss on Ignition 38.26%
Table 7: Chemical composition of ceramic waste [34]
Chemical Percentage
Compound
SiO, 63.29%
Al,O, 18.29%
Fe,03 4.32%
CaO 4.46%
MgO 0.72%
P,0Os 0.16%
K,0 2.18%
Na,O 0.75%
SO; 0.10%
Cl, 0.005%
TiO, 0.61%
SrO, 0.02%
Mn,0; 0.05%
L.O.1 1.61%

Table 8. Chemical composition of bottom ash [39]

Components Udine* MSWIBA Desio” MSWIBA
Al,05 (in %) 10.29 6.36
Na,O(in %) 2.46 1.72
K,0(in %) 0.71 0.4
SO; (in %) 1.21 3.43
CaO (in %) 13.25 15.89
Fe,0; (in %) 14.17 6.53
MgO(in %) 2.02 1.99
MnO,(in %) 0.06 0.16
P,0Ox(in %) 1.08 0.77
TiO,(in %) 0.38 0.85
SiO, (in %) 53.41 61.9

a. MSWIBA from an incinerator plant at Udine, North of Italy.
b. MSWIBA from an incinerator plant at Desio in the suburbs of Milan.
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Fig. 4(a) Fig. 4(b) Fig. 4(c)
Fig. 4(a), 4(b) and 4(c): Images of three different sizes of silica fume
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Fig: 5(a): Waste tires ' Fig 5(b): Tire chips Fig: 5(c): Crumb rubber

Fig. 6(a) Fig. 6(0)

Fig. 6(a) and 6(b): Images of two different views of glass

Fig. 7(a) Fig. 7(b)

Fig. 8(a) and 8(b): Images of different views of ceramic powder

. ae

Volume: 04 Special Issue: 13 | ICISE-2015 | Dec-2015, Available @ http://www.ijret.org

114



IJRET: International Journal of Research in Engineering and Technology elSSN: 2319-1163 | pISSN: 2321-7308

0.5t 2 mm 2t 8 mm 8 to 16 mm 16 to 32 mm

Fig. 9(c)
Fig. 9(a), 9(b) and 9(c): Images of MSWIBA of different sizes.
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