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ABSTRACT

Increase in axle load and changes in weather condition due to
global warming have led to the deterioration of our road. As
such there is a need to look for an alternative waste material
that can improve the properties of hot mix asphalt (HMA).
Carbide Waste (CW) is a waste material that can be used to
improve the properties of HMA because of its high percentage
of calcium oxide. Therefore, this research objective is to use CW
to partially replace stone dust (SD) as mineral filler in HMIA and
evaluate its effect on the properties of HMA. Tests were carried
out on the constituent materials. Chemical analysis was
performed on the CW. HMA samples were prepared with CW
at 10, 20, 30 40 and 50% respectively by weight of SD at an
optimum bitumen content. Marshall Stability was carried out
on the modified samples to obtain its strength properties. The
results of the tests carried out on the constituent materials
conform to specification. This makes the materials suitable for
use in HMA production. Chemical analysis on the CW indicates
that it contains 51.599% of calcium oxide. The optimum
modifier content was obtained to be 27.67% of the total
mineral filler. The stability value of the modified HMA was
obtained to be 7.6kN which was slightly higher than the control
value of 6.9kN. The flow value of the modified HMA was
obtained to be 3.43mm which was lower than the control HMA
value of 4.3mm. The value of void in Mineral aggregate (VMA)
of the modified HMA was obtained to be 3.90% which is slightly
higher than the control value of 3.6%. In addition, the value of
void filled with bitumen (VFB) of the modified HMA was
obtained to be 77.13% which is slightly lower than the control
HMA value of 78%. Based on results of tests, the partial
replacement of filler with 27.67% carbide waste is
recommended for use in HMA production.
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Hot Mix Asphalt (HMA) pavements
serve in a multitude of traffic and
environmental conditions, demanding that
the materials and design meet specific
engineering requirements. The constituent

materials of HMA are aggregates and binder.
The finest particles among the aggregates
are fillers, (BS EN 13043, 2003), their
addition to aggregates, non-bituminous and
bituminous binder’s mixtures will play a
special role in the mixture. The role filler
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plays in the production of asphaltic concrete,
in terms of the mechanical and physical
properties and composition of the mixtures
are stiffness and toughness of the resulting
mixture (Grabowski & Wilanowicz, 2008).
Fillers also may modify the ageing processes
(Recasens, et al., 2005).

With the rapid economy growth and
continuously increased consumption, a large
amount of waste materials is generated
(Wu, et al., 2003). Wastes generated are
disposed into the environment without
adequate treatment. On getting into the soil
its lead to accumulation of toxic compound
and in some cases lead to nutrient
enrichment (Dunbabin, 1992).

A number of studies have proven
that the properties of mineral filler
aggregate had a significant effect on the
properties of the asphalt mixtures (Melotti,
et al.,, 2013). With the increase of filler
content, some properties of HMA improved
while others decreased (Huang, et al., 2007).
As natural resources become scarce, it is
essential to find an alternative recycle
material that can be used to construct
pavement including asphalt pavements.
Therefore, the idea of using recycled
material in pavement construction has
attracted the attention of many Highway
engineers and Scientist who are thinking
about different research methods to meet
this growing challenge e.g., (Karlsson &
Isacsson, 2006; Huang, et al., 2007;
Widyatmoko, 2008; Ahmedzadeh & Sengoz,
2009; Rafi, et al., 2011; Khan & Gundaliya,
2012; Menaria & Sankhla, 2015; Chandh &
Akhila, 2016) in the pavement industry to
investigate feasibility of the application of
some waste materials as alternative material
in pavement construction.

Considering the rational
management of natural resources and
wastes the use of fillers other than limestone
powder is worth to be investigated. Other
investigations also prove that such waste
powders may have no negative influence on

asphalt mixture and they may even improve
its engineering characteristics to some
degree (Geber & Gomze, 2010; NCHRP
Project 9-45, 2010; Pasandin & Pérez, 2015).

It was reported that an addition of
20 percent of recycled roofing material
improves the rutting resistance in pavement
(Paulsen, et al., 1987). According to (Burak &
Ali, 2004) the use of asphalt roofing shingles
in hot mix asphalt, can improve the Marshall
stability and rutting resistance of the asphalt
mixtures. Utilization of LDPE in Stone Mastic
Asphalt  mixtures generally decrease
penetration at 25°C as LDPE content
increases, which indicates an improved
shear resistance in medium to high
temperatures. Softening point tend to
increase with the addition of LDPE, which
indicates improvement in resistance to
deformation (Al-Hadidy & Yi-qgiu, 2009).
Compressive strength test result of concrete
made with RHA-cement exhibited great
improvement with the addition of 10% CW
after which a decline in compressive
strength was observed, similar trend was
also observed with indirect tensile strength
of cement-RHA-CW combination
(Manasseh, 2009).

Carbide Waste (CW) is a waste
material generated from oxy-acetylene gas
used in welding works in most automobile
workshop (Chukwudebelu, et al., 2013). CW
is rich in calcium oxide (CaO) which is an
essential ingredient in mineral filler. Increase
in the value of Ca0O, SOz and LOI increases
the complex shear modulus and stiffness of
mastic asphalt. Thus improves the rutting
resistance at high temperature, stripping to
moisture  attack, minimize pavement
raveling, and also improve aging resistance
(Osuya & Mohammed, 2017).

From literature, calcium oxide
composition of carbide waste ranges
between 50 — 61% which is close to the
range obtained for Portland cement.
Addition of lime is the most accepted way to
improve the moisture susceptibility of HMA
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in many parts of the country. If the aggregate
contains more fines, more lime may be
required to be added to the mix due to the
increased surface area of the aggregate
(Hunter & Ksaibati, 2002). It is assumed that
the mechanism by which hydrated lime
improves the moisture susceptibility of the
HMA involves a chemical interaction
between the calcium in the lime with the
silicates in the aggregate (Selim, 1997).
Marshall stability of an asphalt concrete
mixtures with carbide waste increased with
increasing lime content, with rate equal to
(40%) for (2.5%) carbide waste content. Also,
the air voids decreased with increasing
carbide waste content, especially at the
optimum content (2%) hydrated lime
(Mohan & Obaid, 2014).

The Nigerian Automobile
Technicians Association (NATA) with average
membership of twenty-five thousand
(25,000) panel beaters are scattered all over
the country. Each panel beater produces an
average of 30kg of carbide waste daily. The
sludge generated by this activity (industry)
has accumulated over the years. The sludge
are dumped indiscriminately resulting in
environmental problems and health hazard
such as adverse effects on the fertility of
land, as these wastes are deficient in plant
nutrients, drainage problems,
contamination of water resources. It also
causes air pollution as the dry powder
becomes air borne on windy days, wastage
of valuable resources of calcium hydroxide
(slaked lime) and handling and disposal
problem (World Bank, 2003).

MATERIALS AND METHOD

The materials used for the research
are aggregates, bitumen and CW. The
aggregates are crushed rock obtained from

quarry site of Mother Cat Construction
Company in Zaria. The laboratory tests
carried out in accordance to standard
specifications on the aggregate were sieve
analysis (BS 812 103.1, 1985), specific gravity
and water absorption test (BS 812 2, 1995),
aggregate crushing value (BS 812 110, 1990),
aggregate impact value (BS 812 112, 1990),
elongation index (BS 812 105.2, 1990), and
flakiness index (BS 812 105.1, 1989). The
crushed stone dust (control) was obtained
from quarry site of Mother Cat Construction
Company in Zaria. The test conducted is
specific gravity (BS 812 2, 1995). The binder
(bitumen) was obtained from Mother Cat
Construction Company, Zaria. The
laboratory tests carried out in accordance to
standard specifications on the bitumen were
penetration (ASTM D5, 2005), softening
point (ASTM D36/D36M, 2009), ductility
(ASTM D113, 2007), flash and fire point
(ASTM D92, 2005), specific gravity test,
solubility (ASTM D2042, 2015), and viscosity
test (ASTM D2170, 2010). Laboratory mix
designs of HMA are done by Marshall Test
procedure (ASTM D6926-16, 2016). The bulk
specific gravity of each test specimen was
determined in accordance with (ASTM-
D2726, 1992).

RESULTS AND DISCUSSION
Test Result of Unmodified Bitumen

The result of the consistency test
carried out on the pure bitumen are as
shown in Table 1. It can be observed that the
entire test conducted falls within the
specification for heavy weight traffic as
80/100 penetration grade bitumen by
(Federal Ministry of Works and Housing,
2016). As such, the bitumen can be used for
heavy weight traffic design.
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Table 1: Test Conducted on Unmodified Bitumen

S/N Test Conducted Unit Result Light Traffic Medium Heavy
Traffic Traffic

1 Penetration 0.1mm 84 40/50 60/70 80/100

2 Softening point °C 49 52-60 48-56 42-50

3 Ductility @ 25°C cm 77.7 100 (Min) 100 min 100 min

4 Specific gravity NIL 1.042 1.01-1.06 1.01-1.06 1.01-1.06

5 Flash-point °C 251 250 (Min) 232 min 250 min

6 Fire-point °C 218 NIL NIL NIL

7 Solubility in C2S % 100 99.5 min 99 min 99.5 min

8 Viscosity @ 60 °C  Secs 1522 NIL NIL NIL

Proportion of Aggregate Size Richard-Liew, 2003). Also a dense material

Figure 1 shows the gradation of will be obtained when aggregate is
particle size distribution curve. This curve compacted (Brennan & O’Flaherty, 2002).
shows that the mix was well graded, and The gradation curve is also within the
maximum volume of aggregate will be required envelop of (Federal Ministry of
achieved in the aggregate mix (Chen & Works and Housing, 2016).
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Figure 1: Gradation Curve of Aggregate

Physical Properties Test on Aggregate

The results of the various physical
properties conducted are as presented in
Table 2. The values of specific gravities of
coarse and fine aggregates are within the
acceptable values recommended by
(Mageswari & Vidivelli, 2009; Garber & Hoel,
2009). Flakiness and Elongation index of
27.50 and 24.70 are both within the
allowable limits specified by (Federal
Ministry of Works and Housing, 2016). There

will be reduction in strength of pavement if
flaky and elongated aggregates are in
enormous proportion as the aggregate will
have low workability in the mix and then
tend to break under apply load. The ACV
which is obtained to be 26.22% and the AIV
which is 28.89% are within acceptable limits
specified by the (Federal Ministry of Works
and Housing, 2016). Aggregates with ACV
and AIV greater than 30 are normally
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regarded as being too weak and brittle for
use in pavements.

Table 2: Physical Properties of Aggregates

Properties Test values Standard Spec. Remarks
Min. Max.

Specific Gravity (Coarse) 2.637 2.6 2.9 OK
Specific Gravity (fine) 2.544 OK
Specific gravity (filler) 2.592 OK
Flakiness Index 27.50 - 35 OK
Elongation Index 24.70 - 25 OK
Aggregate Crushing value (%) 26.22 - 30 OK
Aggregate Impact value (%) 28.89 - 35 OK

Oxide Composition of Carbide Waste Element Concentration (Weight

The test on the Percentage of Oxide %)

composition of Carbide Waste is shown in Al>,03 11.532

Table 3. It was observed that Calcium Oxide SiO2 7.879

(CaO) have the highest percentage of P20s 5.082

51.599%. It is very essential in mineral filler SOs 3.286

and also significant in performance of cl 3.082

asphalt. Calcium oxide increases the K20 3.102

complex shear and modulus of stiffness of Cao 51.599

mastic asphalt. Consequently, this in turn TiO2 2.066

improves the stripping to moisture attack, Cr20s3 0.000

rutting resistance at elevated temperature, Mn20s3 0.000

minimize pavement ravelling and improve Fez203 10.320

aging resistance. Ferric oxide (Fe203) also Zn0 0.000

aids in absorption of excess oil in bituminous SrO 1.052

mixture (Ahlrich, 1991). Aluminium oxide
(Al203) helps in creep recovery, which means
better resistance to permanent deformation
among the modified asphalt cements,
regardless of the stress level (Mubaraki, et
al.,, 2016). Large amount of silicon oxide
(Si02) can cause stripping of HMA

Marshal Test for Modified HMA

The mix was prepared and the
marshal test was conducted in other to
determine the properties of the modified
HMA to ascertain its possibility for highway
construction.

pavements because silica reduces the bond
strength between the aggregate and binder
(Yasreem, et al., 2011).

Table 3: Oxide Composition of Carbide
Waste Using XRF

Element Concentration (Weight
%)

Na20 0.000

MgO 1.000

Stability

The variation of stability with
carbide waste content are as presented in
Figure 2. Figure 2 indicated that stability of
the carbide waste replacement increases
initially, reaches a maximum value and then
decreases with increase in carbide waste
content. This behaviour was equally
observed by (Murana & Sani, 2015) when
bagasse ash was used to partially replace
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cement in HMA. The study also agrees with
the work of (Taih, 2011), (Awwad & Shbeeb,
2007) and (Sabina, et al., 2009) who study
the effect of additives in HMA.
Consequently, stability of CW replacement
in hot-mix asphalt has a higher stability value
of 7.60kN which is higher than that of the
control hot-mix. Bituminous mixture is an

composite material. Therefore, excessive
CW may not disperse uniformly, while
coagulate together to form weak points
inside the mixture. As a result, stability
decreases at high CW contents. This result
shows that the mixture using CW as
replacement, result in higher performance
than the control mixture.

inconsistent, non-uniform, multi-phased
8
é 7
26
i
85
(7]
4 T T T T T 1
0 10 20 30 40 50
Carbide Waste Content (%)

Figure 2: Variation of Stability with Carbide Waste Content

Flow

The variation of flow with CW
content is shown in Figure 3. It was observed
that the flow value decreases after adding
CW content to the mixture. This was equally
observed by (Bindu, 2012) the influence of
additives on the on the characteristic of
stone matrix asphalt. This also agrees with
the result of (Aliyu, et al., 2015) who noted
that reduction in flow suggests that polymer
content has increased effect on the internal

friction of the mix. This is as a result of high
CaO content present in carbide waste which
tend to stiffen the asphaltic concrete, the
asphaltic concrete becomes less flexible and
the resistance to deformation increases
resulting in a low flow value. However, these
values are all within the limits specified by
(Federal Ministry of Works and Housing,
2016) that stipulated that the flow value
should lie between 2-4mm.
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Figure 3: Variation of Flow with Carbide Waste Content
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Bulk Density

The variation of unit weight with
carbide waste content is shown in Figure 4.
The behaviour of the bulk density is elastic in
nature, as the carbide waste content is
increasing; there was a corresponding
increase in the values of bulk density. This
trend was equally observed by (Nwaobakaba
& Agwunwamba, 2014) when periwinkle
shell ash was use as filler in HMA. The study
shows similar pattern with (Aliyu, et al.,

2015) and (Taih, 2011). This may be due to
different specific gravities of the aggregates
and a much lower specific gravity of carbide
waste and they will penetrate into the
aggregate and a proper coating is formed
over it. Bearing in mind that better mix
design is achieved with higher specific
gravity. The highest value of 2.46 g/cm® was
obtained at 30% CW content and lower
values of 2.43 and 2.4g/cm3 were recorded
at 40 and 50% CW content.
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E 245 -
2.44 -
2.43
2.42 -
2.41 -
24 -
2.39 :

Unit Weight (g/
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20
Carbide Waste Content (%)

30 40

Figure 4: Variation of Unit Weight with Carbide Waste Content

Void in the Mineral Aggregate
The variation of void in the mineral
aggregates (VMA) with CW content is shown

in Figure 5. It can be observed that VMA
decreases by the addition of CW to the
mixtures.

19.5 4
2
©
o0
o 19
oo
o)
<
T 185 -
S 18 ¢
)]
<
£ 175 -
=
o
>

17 T T T T 1
0 10 20 30 40
Carbide Waste Content (%)

Figure 5: Variation of VMA with Carbide Waste Content
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This trend was equally observed by
(Nwaobakaba & Agwunwamba, 2014) when
periwinkle shell ash was use as filler in HMA.
This also showed a similar trend to that of
(Noor, et al., 2011) as VMA decreased to
17.5% at 2.5% before showing an increased
pattern. Modified mixture has a lower VMA
compared to non-modified mixtures and
thus positively influence the rutting
resistance of these mixtures as indicated by
(Awwad & Shbeeb, 2007). This may be due
to the decrease of bulk specific gravity as
indicated by equation for VMA. But all the
results are within the specification range

which also supports the use of these
additives.

Void Filled with Bitumen

The variation of void filled with
bitumen (VFB) with carbide waste content is
shown in Figure 6. VFB of the mixtures have
an increase after adding carbide waste into
the mixture. VFB which represents the
volume of the effective bitumen content in
the mixture is inversely related to air voids
and hence as air voids decreases, the VFB
increases. This trend was equally observed
by (Okobia, 2016) evaluation of sawdust ash
as mineral filler in asphalt mixture.
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Figure 6: Variation of VFB with Carbide Waste Content

Percent Air Void

The variation of percent air void
(Pa) with carbide waste content can be seen
in Figure 7. It shows that as the carbide
waste content increases air void decrease at
some point it begins to rise. This trend was
equally observed by (Nwaobakaba &
Agwunwamba, 2014) when periwinkle shell
ash was use as filler in HMA. This also follows
a similar trend to the work of (Mohammad,
2012). This may be due to the networking
effect of the carbide waste within the mix

(lower Gmb correlates to higher air voids).
The mixture with carbide waste has lower air
void compare to the control mixtures.
However, the air voids of mixtures are
located within the specification range of 3%
to 5% (AASHTO T 312, 2009). Excessive air
voids in the mixture would result in cracking
due to insufficient bitumen binders to coat
on the aggregates, while too low air void
may induce more plastic flow (rutting) and
bitumen bleeding.
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Figure 7: Variation of Percent air Void with Carbide Waste Content

Determination of Optimum Carbide Waste
Content

The optimum carbide waste
content (OCWC) was obtained from the
following Figures 2, 4 and 7. Modifier
content corresponding to the maximum
stability, maximum unit weight and the
average of the limits of percent air void were
obtained to be 29%, 29% and 25%
respectively. OCWC was then determined to

be 27.67% of the total mass of modified
HMA from the average of the three modifier
content obtained above. This OCWC was
then used to deduce the values of stability,
flow, unit weight, VMA, VFB and Pa at OCWC
from Figures 2 — 7 and the values are all in
conformity with the specified limits by
(Federal Ministry of Works and Housing,
2016) for wearing course as shown in Table
4,

Table 4: Optimal conditions (parameters) of the modified HMA

Property Optimum Carbide (Federal Ministry of Works Remarks
Waste Content and Housing, 2016)
(27.67%)

Optimum Stability (kN) 7.60 Not less than 3.5kN Ok

Optimum Flow (mm) 3.43 2-4mm Ok

Optimum Percent Air Void 3.90 3-5% Ok

(%)
Optimum Void Filled with 77.13 75-82% Ok
Bitumen (%)

CONCLUSION 2. The result of oxide composition for CW
The result of the experimental shows that it has high percentage of
study shows that: calcium oxide (Ca0). For this reason, it

1. From the test result carried out on the
constituent material, the test values all
meet with the standard limit
specification. Therefore, materials are
suitable for use in HMA production.

can be used as an additive in HMA
production.

3.  While increasing the percentage of CW

content for the replacement, the OCWC
content was determined to be 27.67%
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of the total mineral filler. Other
properties such as stability, flow, VMA,
VFB and Pa are all within the
specification (Federal Ministry of Works
and Housing, 2016).

4. From the result of Marshal Stability test
carried out it shows that stability at
optimum carbide waste content was
obtained to be 7.6kN for the modified
HMA which is higher than that of the
control HMA that was obtained to be
6.9kN.

RECOMMENDATION
1. Based on results of tests, the partial
replacement of filler with 27.67%
carbide waste is recommended for
use in HMA production.
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