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Foreward

Welcome to the CSCE 2022, 4" Conference on Sustainability in Civil Engineering (CSCE’22) was
held by Department of Civil Engineering, Capital University of Science and Technology, Islamabad,
Pakistan. The main focus of CSCE’22 was to highlight sustainability related to the field of civil
engineering. It aimed to provide a platform for civil engineers from academia as well as industry to
share their practical experience and different research findings in their relevant specializations. We
hope all the participants experienced a remarkable opportunity for the academic and industrial
communities to address new challenges, share solutions and discuss future research directions. The
conference accommodated several parallel sessions of different specialties, where the researchers and
engineers interacted and enhanced their understanding of sustainability in the civil engineering
dynamics.

This year, we had six wonderful and renowned keynote speakers for this edition of CSCE. We had
received 225 manuscripts from different countries around the world including UK, Ireland, Cyprus,
Chine, Egypt, Malaysia, KSA, and Pakistan. All papers have under gone a comprehensive and critical
double-blind review process. The review committee was comprised of 51 PhDs serving in industry
and academia of UK, USA, Australia, New Zealand, Hong Kong, Poland, Italy, Thailand, Chile,
Malaysia, China, Turkey, Oman, KSA, and Pakistan. After the screening and review process, 66
papers are compiled in this proceeding book.

We are grateful to all the reviewers and keynote speakers who have dedicated their precious time to
share their expertise and experience. With this opportunity, we would also like to express our gratitude
to everyone, especially all the faculty and staff at the Capital University of Science and Technology
for their great support and participation. In this regard, the participation and cooperation of all authors,
presenters and participants are also acknowledged, without whom this conference would not have been
possible. Last but not least, an appreciation to our advising and organizing committees whose hard
work and dedication has made this day possible.

Conference Chair of CSCE,22

Dr. Majid Ali

Capital University of Science and Technology,
Islamabad, Pakistan
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PHYSICAL, MECHANICAL, AND NON-
DESTRUCTIVE EVALUATION OF GRIT IRON
SCALE HEAVY-DENSITY CONCRETE

2M. Shoaib, 24azib Sardar, 2M. Abad gayyum, M. Nasir Ayaz Khan*

a: Civil Engineering Department, HITEC University
* Corresponding author: Email ID: nasir.ayaz@bhitecuni.edu.pk

Abstract- - In this study, heavy density grit iron scale aggregate is composed of concrete
to assess its physical and mechanical properties. Grit iron scale aggregate was utilized in
25%, 50%, 75%, and 100% as coarse aggregate by replacing normal weight aggregate.
Moreover, a control mix for comparison purposes was also developed. It was found that
increasing the content of the grit scale tends to increase density and slump. The
Compressive strength in rebound hammer was found maximum for concrete mix having
a 50% grit scale. At the same time, ultra-sonic pulse velocity (UPV) tends to decrease by
increasing the content of the grit scale. This study will help assess heavy-density concrete
as a biological shield.

Keywords- Heavy density, grit scale, density, compressive strength.

1 Introduction

Concrete is primarily used as structural and protective material against harmful and ionizing radiation [1]. Concrete as a
biological shield has been used from the very beginning due to its low cost, versatile nature, and ease of molding techniques
[2]. Gamma rays, on the other hand, are used for food preservations, archeological sites, cancer therapy hospitals, and
Nuclear Power Plants (NPP). These rays harm living cells due to their high penetration power and shorter wavelength.
Therefore, the shielding of these harmful rays is evitable. For the same purpose, heavy-density concrete made from heavy-
weight aggregates is primarily used as a biological shield against harmful gamma rays in NPP and related constructs such
as nuclear waste storage compounds [3]. However, the radiation shield mainly and strongly depends upon materials'
composition and density, especially aggregates. Therefore, heavy-density aggregates play a vital role as a biological shield
in heavy-density concrete [4], [5].

Heavy Weight concrete is defined as a density greater than 2600 kg/m? [6]. To achieve this density, need's special aggregate
called heavyweight aggregate. For instance, magnetite, barite, limonite, steel slag, steel punching, and steel shots were
used to achieve high-density concrete. Using magnetite aggregate, a concrete density of more than 3500 kg/m? could be
achieved [7]. In the contemporary study, barite, steel slag, and steel shots could yield concrete with densities of 3400
kg/m?3, 5500 kg/m?, and 6500 kg/m?, respectively [8], [9]. ACI 304-3R91 (2004) and ASTM C637- 14(2019) describe the
density and composition of aggregate for radiation shielding [10], [11].

A study recommends using magnetite aggregate to attenuate gamma rays more efficiently compared to normal weight
aggregates [12]. Whereas Non-destructive testing (NTD) are widely used techniques to assess the quality of concrete,
especially for post-construction. For example, the compressive strength and porosity of concrete have been assessed with
a rebound hammer and ultrasonic pulse velocity (UPV) [13], [14].
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In this experimental study, heavy density grit Iron scale aggregates are utilized in concrete to assess its physical and
mechanical properties. This study will help study nuclear shields against gamma rays.

2 Research Methodology

ASTM Type-1 Ordinary Portland Cement (OPC) has been utilized in this study. Fine aggregate collected from a local
vendor (Lawrancepur origin) with Fineness modules 2.6 was used. Normal weight Coarse Aggregate (NCA) from Margalla
has been collected and utilized. The Heavyweight Grit iron Scale (HWGS) density of 3912.26 kg/m3 was collected from
the foundry section of Heavy Mechanical Complex (HMC), Taxila, Pakistan. The physical and chemical properties of
NCA and HWGS are given in table 1. The HWGS aggregate was a mix of both smooth and rough texture aggregates.

Table 1 Physical and chemical properties of HWGS and NCA

Physical properties Chemical properties (%)
Aggregate Type NCA HWGS NCA HWG

S

Density (kg/m3) 1550 3912.26 Fe 0.43 96
Hardness 7 9 Si 442 1.02

7
Color .Off white dark grey Mn 0.03 1.2
(limestone)

Shape angular angular C - 1.2

Water 1.30 1.2 Cu 0.03 0.2
absorption (%)

- - Ni 0.06 0.15

For the compressive strength test, cubical molds of the control mix (having no Heavy Weight Grit iron Scale (HWGS)
aggregates) and Heavy density Concrete were cast under controlled laboratory conditions. The Normal weight Coarse
Aggregate (NCA) was replaced with 25%, 50%, 75%, and 100% HWGS designated as HDC1, HDC2, HDC3, and HDC4,
respectively. After demolding, the concrete cubes were cured for 28 days in water under controlled laboratory conditions.
After curing, the cubes were tested for compression in Compression Testing Machine (CTM) as per specifications laidby
ASTM C 39/C 39M - 03. The workability of fresh concrete was also assessed in terms of Slump values ASTM as per the
specification mentioned in C 143/C 143M — 03. The experimental program is shown in figure 1.

Grit scale aggregate Slump Casting
Compression Rebound hammer Ultrasonic pulse velocity

I

Figure 1: Experimental program
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Chemrite SP303 superplasticizers were used to control the workability. For the HDC mixes, NCA was replaced
with HWGS by volume method with constant water to cement ratio of 0.4. Moreover, for non-destructive evaluation,
a rebound hammer and ultrasonic plus velocity tests were also carried out on concrete cubes. For each mix, the
density at the 28 days of curing was also noted. The results of the density of concrete are shown in figure 2.

3 Results and discussion
3.1 Slump

The variations of slump value concerning grit scale content are shown in figure 3. The slump value for the control
mix was 50 mm, whereas HDCI, HDC2, HDC3, and HDC4 showed Slump of 53 mm, 62.5 mm, 70 mm, and 87.5
mm, respectively. The slump is decreasing by increasing the content of HWGS. The slump variations may be
explained due to the irregular and angular structure of grit scale aggregates which offers more interlocking effect
and intra-particle friction and results in a harsh mix. Irregular aggregates find it difficult to move smoothly in a mix.

4000 100
¥ 80
800- 00000 et
a0 e -g
B e 60
5 e E
= 2000 g-
%‘ = 40
Z w
@
[=]
1000 20
) A
o F cM HDC1 HDC2 HDC3 HDC4
HDC1 HDC2 HDC3 HDC4 Mix designation
Mix designation
Figure 2: Density of concrete Figure 3: slump variations

3.2 Compressive Strength

Figure 4 shows the variations of the compressive strength concerning the content of HWGS. The compressive
strength observed for CM was found to be 20.5 MPa. Whereas HDC1, HDC2, HDC3, and HDC4, showed a
maximum compressive strength of 20.8, 25.6, 22.5, and 19.7 MPa, respectively. The results show that up to 50%
replacement of NCA with HWGS tends to increase the strength, whereas it decreases by increasing the HWGS
content beyond this replacement. This is because the grit scale aggregate tends to make stronger bonds due to its
irregular and angular texture. However, increasing the content of HWGS lacks an interlocking effect due to the
abundance of aggregates, resulting in low strength.

30
25

20

Compressive strength (MPa)

CM HDC1 HDC2 HDC3 HDC4
Mix designation

Figure 4: Compressive strength of concrete
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3.3 Rebound hammer

The rebound hammer results indicate that the maximum value was obtained for HDC2 having 50%. HWGS was
found to be 33 and lies in the "Good Layer" of the concrete quality. The lowest was noted for HDC4, which was
found to be 22 and lies in the “poor Concrete” category. The rebound hammer result is shown in figure 5. As
mentioned in section 3.2, compressive strength was found maximum for HDC2 mix due to good interlocking effect
and irregular aggregates shape. The same criteria and engineering knowledge could be applied to the rebound
hammer. Due to its compact and dense structure, the mix showed good rebound values due to the hardness of the

mix.

3.4 Ultra-sonic plus velocity (UPV)

The UPV test shows opposite results compare to the compressive strength and rebound hammer. The lowest UPV
value was found for CM, and the largest was for HDC4. This is because grit scale aggregates are composed of heavy
and dense structures with high atomic weight. The pulses of UPV are easily attenuated by the dense atomic structure
of the concrete due to the inclusion of grit scale aggregate, resulting in more value. The grit scale has a density of
more than 3.9 g/cm3, meaning the aggregates are densely packed with atoms. Therefore, UPV rays find it difficult
to pass through such densely packed structures. Therefore, a linear trend in UPV increment could be observed for
concrete by increasing the content of HWGS as shown in figure 6.

40 4000
5 30 3000
o —_—
o
g g
2 »
o 20 E 2000
E
3 2
o =2
-]
@ 10 1000
HDC1 HDC2 HDC3 CM HDC1 HDC2 HDC3 HDC4
Mix designation Mix designation
Figure 5: Rebound hammer results Figure 6: Ultrasonic Pulse Velocity test variations

4 Practical implementation

This study deals with developing heavy-density concrete by incorporating heavy-density grit iron scale aggregates. This
study could be efficiently implemented in gamma irradiation facilities. The gamma irradiation facilities include nuclear
power plants, cancer therapy rooms, nuclear waste storage facilities and research laboratories. Heavy-density concrete is
made from aggregates that possess more atoms per unit area. Thus, such concrete can efficiently attenuate gamma rays
compared to normal weight concrete. Moreover, heavy-weight concrete could also be utilized in underwater structures
where more weight is required to sink the concrete at the bottom of a water body. Also, heavy-density concrete could also
be used for counterweights such as overhead cranes working on site.

5 Conclusion

In this study, heavyweight grit iron scale aggregates were incorporated into the concrete to study its physical and
mechanical properties. The following conclusion could be made:
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HDCI, HDC2, HDC3, and HDC4 showed slumps of 53 mm, 62.5 mm, 70 mm, and 87.5 mm, respectively.
The slump decreased by increasing grit scale aggregates due to irregular and dense structure.

HDC2 mix showed 25.6 MPa compressive strength as maximum among mixes. This is because an excellent
interlocking effect was observed in grit scale, and compacted concrete structure was formed.

Rebound hammer for HDC2 mix was found more due to the dense and compact structure of the mix.

Ultrasonic pulse velocity was found to be minimum for the control mix (3400 m/sec) while the maximum
for the HDC4 mix (980 m/sec). The UPV rays travel difficult in dense atomic structures; hence increasing
the grit iron scale tends to show a good result for UPV.
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Abstract- Concrete with cement as main ingredient has a high demand in construction
industry. Due to its increasing demand, new materials in combination with cement are
used for improving its properties. A concrete needs higher paste volume when using
cement alone, which may lead to greater heat of hydration with excessive shrinkage and
increased cost. It is reported that cement is one of the largest source of CO, emission on
the planet. Now-a-days serious efforts are being made for finding a suitable substitution
of cement. In this research, cement was partially replaced by steel slag (steel slag).
Preliminary tests like strength activity index and XRF indicated its chances to use as a
partial substitute of OPC. Control specimens with varying cementitious contents of
220kg, 310kg and 400kg were prepared. In modified specimens, cement was replaced by
steel slag (30% by mass of cement). The mechanical strengths (compressive, tensile and
bending) were examined at 7 and 28 days. The outputs show an increase in strength with
steel slag. It is also observed that the strength increment is more pronounced at higher
binder content.

Keywords- Concrete, steel furnace slag, cement, sustainability, mechanical strength.

1 Introduction

In the construction industry concrete is being used plenteously. The demand of concrete is increasing with every passing
day and so are the expectations from the concrete vis-a-vis its performance. New techniques and materials are being
furnished to produce concrete having enhanced properties. In its composition, concrete chiefly consists of cement (binder),
sand and coarse aggregate. Despite being the most important material in any concrete mix, the production of cement comes
at a very high economic and environmental cost, depleting natural resources on the one hand and polluting the environment
on the other. From the extraction and transportation of raw material from quarry site to the factories of cement, all this
process involves the release of hazardous gases which are serious threat to our environment [1], [2]. The raw materials
used for the cement production are limited. In addition to these, manufacturing cement requires a great amount of energy
and labor that is also a serious health hazard. These factors call for finding a binder material that is both economic and
eco-friendly, yet does not compromise on the properties that cement brings to the concrete. In this regard, the utilization
of steel slag has emerged as a viable replacement for the cement because it reduces the demand of cement and make the
otherwise appropriate disposal of this waste much easier without any compromise on the properties of concrete. Different
researchers have explored the useful effects of steel slag using different cementitious materials.

Samad et al. investigated the effect of partial substitution of cement by steel slag. They used replacement levels as 30%,
40% and 50%. They have concluded that concrete having 50% substitution of cement with a water to binder ratio of 0.35
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gains more strength than ordinary Portland cement [3]. Gholampour et al. utilized high early strength cement in
combination with steel slag. They substituted cement in different percentages and found steel slag effective for imparting
better workability and absorption. They indicated optimum percentage of steel slag as 50% by mass of cement [4]. El-
Gamal et al. used slag for producing geo-polymer concrete in the presence of alkali activators. They also examined the
impact of substituting slag with 5 and 10 percent of waste from clay-bricks. They concluded that Sand 10% brick waste
substitution efficiently improves compressive strength, enhances microstructural properties and creates dense geo-polymer
structures [5]. Vinai et al. used pulverized fuel ash and steel slag for producing a cement free concrete. They used Na,SO3
and NaOH solutions as activator. They investigated the compressive strengths at different ages and found that for the given
composition, a water to binder ratio of more than 0.41 results in considerable strength reduction [6]. Nazari et al. focused
on the use of steel slag as a partial replacement of cement in concrete. The substitution proportions were kept as 0%. 15%,
30% and 45%. Various hardened properties were evaluated. They found that concrete with slag up to 45% had enhanced
properties of absorption and split tensile strength [7]. Dai et al. used et-grinding steel slag as partial replacement of cement
in cement pastes. They have highlighted that 10% partial replacement results in the highest compressive strength under
constraint conditions [8]. Lai et al. used steel slag aggregates as partial as well as full replacement of natural aggregates in
concrete. They found that the slump of the mix decreases due to porous nature of the steel aggregates, however the
compressive strength was enhanced. The slag also promoted denser packing, which reduced the chloride permeability in
the concrete [9]. Low heat cement is highly desirable in mass concrete. Zhang et al. developed a novel low heat cement by
using a combination of steel slag and nano silica. The results revealed that the novel mix met the standard requirements
for low-heat cement and there was increase in the early strength as compared to the control specimens [10].

Pakistan has a vast steel industry, producing thousands of tons of waste, which is dumped in land spaces. There is need to
convert this waste to wealth in accordance with the Sustainable Development Goals (SDGs). In this Research the main
objective was to study the likelihood/feasibility of making good quality concrete by partially replacing varying amounts
of cement with local steel slag, which is otherwise an important environmental burden. The control specimens with
different cementitious contents of 220kg, 310kg and 400kg were prepared along with the specimens with 30% replacement
of cement by steel slag. Different mechanical parameters evaluation techniques were performed and the results of control
and modified specimen were compared.

Collection of Cement l Collection of Aggregate Collection of Ground
[ Granulated Blast
Furnace Slag (GGBS)

A4

Oxides composition .| Characteristics of B Conventional Test for
of Cement and GGBS T Materials N Aggregates

v

Preparation of Concrete mixes having cementitious content of 400 kg,
310kg, 220kg and 30% cement replacement by GGBS in same mixes

y

<—| Compressive Strength I
Slump Test |—) Evaluation of Performance (_| Split Tensile Strength |
v Flexure Strength |

I Decision |

| Conclusions |

Figure 1. Research methodology
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2 Materials and Methods

The cylindrical samples were prepared for evaluation of compressive and split tensile strength, whereas, beams were
prepared for flexural strength test. Specimens were casted by replacing cement with 30% of steel slag and then results
were compared with the set of controlled specimens. The cement content taken in this study relates to the minimum
required cement content for conventional concrete mixes of 1:1.5:3, 1:2:4, 1:4:8 [11]. The research methodology is
described in the flow chart given in Figure 1.

2.1 Raw materials.

The Ordinary Portland Cement (53 Grade) Type-I conforming ASTM C-150 is used in this research program [12]. Table
1 presents the oxides composition of the cement. Table 2 shows the physical characteristics of the cement. Lawrencepur
sand and Margalla crush were applied as fine and coarse aggregates fractions. Their physical and mechanical properties
are well-documented [1].

Table I Chemical composition of cement and steel slag (%)

Sr. No. Oxides Cement steel slag
1. CaO 64.19 40.04
2. SiO, 21.45 34.88
3. AlLOs 5.20 12.04
4.  Fe)Os 3.25 1.16
5. SO3 2.70 0.59
6. MgO 1.90 7.14
7. KO 1.0 0.544
8 L.OI 1.88 0.53
9. NaO 0.25 0.121

Table 2 Physical and mechanical properties of cement and steel slag

Sr. No. Tests Cement steel slag
1 Compressive Strength (28 days) 63.84 MPa -
5 Initial Setting Time 90 min -
Final Setting Time 247 min -
3 Specific Surface Area 322 m?/kg 587 m*/kg
4 Specific Gravity 3.15 2.89
5 Soundness 1.00 mm -
6 Passing >90% (sieve #200) >85% (sieve #325)

The pozzolanic activity of the steel slag was confirmed through strength activity index in accordance with the ASTM C618
[13]. The strength activity indices are mentioned in Table 3.

Table 3 Strength activity index

Sr No. Tests Result Recommended
1 7 Days (Percentage of Control) 102.6 % 95%
2 28 Days (Percentage of Control) 118.3 % 115%
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The chemical admixture (water reducer and super plasticizer) used was based on polycarboxylate ether at 1.2% by mass
of cement in each mix designs [14]. It has a specific gravity of 1.180.

2.2 Casting of specimens.

The concrete mix design is shown in Table 4. For each test, a set of three samples was casted. Four sets of cylinders of
control specimens for each mix design, while other four sets comprise of samples with 30% cement by mass replaced by
steel slag. For performing flexural test, a set of three beams were casted. Two sets of beams for control and modified
samples were prepared. Overall 72 cylindrical specimens and 36 beams were casted for this research. The casting and
curing procedure was in accordance to ASTM C31 [15].

Table 4 Mix designs
Quantity per m*
STEEL Course
Designation ng e)nt SLAG ?Iim)i Aggregate W(z;;er w/c Superplasticizer (1)
& (Kg) & (Kg)
Al 400 0 732 1083 169 0.42 4.80
A2 280 120 724 1083 169 0.42 4.80
A3 310 0 811 1083 169 0.54 3.72
A4 217 93 803 1083 169 0.54 3.72
A5 220 0 889 1083 169 0.77 2.64
A6 154 66 883 1083 169 0.77 2.64

2.3 Methods.

The samples were tested against slump, compressive strength, split tensile strength and flexural strength tests; The tests
were performed in accordance with ASTM C143/143M [16], ASTM C-39/C39M [17], ASTM C-496/C-496M [18] and
ASTM C-78 [19] standard methods respectively.

3 Results and discussion

3.1 Workability.

The workability was determined by slump test and the test setup is shown in Figure 2. The results are shown in Table 5.

TNV T G

Figure 2 Slump setup

The results given in Table 5 highlight that the workability increases if cement is replaced by steel slag (30% by mass of
cement).
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Table 5 Effect of steel slag on slump

S. No. Mix Designation Slump (mm)
1 Al 134
2 A2 142
3 A3 109
4 A4 115
5 AS 80
6 A6 83

The factors affecting the workability are water content, cement content, the properties of fine and coarse aggregate particles
such as size, shape, grading, mix design and the admixture [20]. In all the samples, admixture was added @ 1.2 % by mass
of binder. As such, the only difference was the cement replacement by steel slag. The steel slag particles have higher
specific area than that of the cement; as such the concrete having steel slag should have lower workability values.
Contrarily, there is increase in workability. There are two possible reasons. Firstly, the steel slag has lower bulk specific
gravity. The specific gravity values depend upon the voids inside the material. More voids lead to higher workability and
vice versa [21]. Secondly, steel slag has lesser lime content (40%) than cement (60%), and as such its primary hydration
is lower than that of the cement during the very early age of the cementitious mix. Therefore, more water is available in
fresh state for a material having steel slag as compared to the control specimen having 100% cement. This unreacted water
in fresh state increases the workability of the concrete [22].

3.2 Compressive strength.

The cylinders having dimension of 150mm x 300mm were casted. The samples were test at loading rate of 4400N/s in the
direction of depth of cylinder, as shown in Figure 3.

Figure 3 Compressive strength setup

The compressive strength results are the average of three tested specimens and are presented in Figure 4. While
the 7 and 28 days’ strength of the specimens are compared in Figure 5. Figure 4 shows that the compressive
strength of concrete increases with replacement of cement by steel slag. The steel slag has much finer particles than those
of cement. The pozzolanic activity strongly depends on the fineness of the particles. The presence of SiO,, Al,O3, Fe,O3
along with CaO imparts significant cementing and pozzolanic characteristics to the slag particles, that combined with a
fine size ultimately enhances the compressive strength. When slag is added to the cementitious composites, it chemically
reacts with portlandite (CH phase) and form additional Calcium Silicate Hydrate gel: This in turn provides additional
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density and the strength is enhanced [23]. The higher cement content samples exhibit greater compressive strength
development as compared to their control ones.
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Figure 4 Effect of steel slag replacement on compressive strength
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Figure 5 Comparison of 7 and 28 days compressive strength of all specimens

For sample A2, compressive strength increases by 5.33% of control sample Al, at 28 days. The strength increase for
specimen A4 is 3.36% as compared to its control A3 on 28th day. While for sample A6, compressive strength increases
by 3.24% of its control counterpart.

Normally, higher compressive strength is associated with a lower workability. Here, in this case, higher strength is
accompanied with higher workability. Workability is associated with fresh state, whereas, strength is associated with
hardened state. The unreacted water content is utilized while performing the pozzolanic activity, which ultimately enhances
the strength.
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3.3 Split tensile strength.

The split tensile strength was measured using the test setup presented in Figure 6. The test results (average of three) are
shown in Figure 7. While the 7 and 28 days’ strength of the specimens are compared in Figure 8.

Figure 6 Split tensile strength test setup

2986 3.084
T

2398 2.431
hyl
y
H 1,053 1.065
NEES
-
"

Split Tensile Strength ft MPa
N

OAl BA2 BA3 EA4 BIAS BA6

Figure 7 Effect of steel slag replacement on split tensile strength

Figure 7 and Figure 8 depict that split tensile strength of concrete increases with replacement of cement by steel slag.
For higher binder content of 400 kg, specimen exhibit greater split tensile strength development as compared to their
control specimen while for lower binder content of 220kg, sample exhibit lower increase in split tensile strength. For
sample A2, split tensile strength increases by 7.99% of control sample A1l at 28 days.

The strength for specimen A4 increases by 5.30% as compared to its control specimen A3. While for sample A6, split
tensile strength increases by 1.87% of its control sample. Increase in strength with steel slag confirms its pozzolanic and
cementitious characteristics and the fine size of the steel slag adds to the strength of the material.
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Figure 8 Comparison of 7 and 28 days split tensile strength of all specimens

3.4 Flexural strength.

The flexural strength test was performed using the setup shown in Figure 9. The results (average of three) are presented in
Figure 10. While the 7 and 28 days’ strength of the specimens are compared in Figure 11.

Figure 9 Flexural strength test setup
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Figure 10 Effect of steel slag replacement on flexural strength
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Figure 11 Comparison of 7 and 28 days flexural strength of all specimens

Figure 10 and Figure 11 highlight that the flexural strength of concrete increases with replacement of cement by steel slag.
For sample A2, flexural strength increases by 3.25% to that of control sample Al, at 28 days. The flexural strength
increases by 2.71% for specimen A4 as compared to its control A3. While for specimen A6, the strength increases by
1.80% of its control counterpart.

This happens because there is more volume occupation by steel slag in comparison to that of the OPC. So the paste volume
also increases along with an increase in binding properties towards aggregates. According to Dai et al., the ultrafine slag
particles, which initially do not participate in hydration reaction because of its pozolannic property spread evenly in the
pores and improve the pore structure and compactness of the samples [24].
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3.5 Relationship between different strength results.

The relationship between different strength results of concrete is shown in Table 6.

Table 6 Ratio of split tensile and flexural strengths to compressive strength

7 Days 28 Days
at/a'c af/dc at/a'c af/O'C
Al 0.131791 0.183651 0.112619 0.200162
A2 0.124697 0.175804 0.115466 0.196203
A3 0.128662 0.181028 0.119889 0.191191
A4 0.123282 0.173741 0.122141 0.19001
AS 0.097293 0.168437 0.108535 0.17176
A6 0.100462 0.173568 0.107104 0.169366

Table 6 demonstrates that the ratio of split tensile to compressive strength and that of flexural to compressive strength
does not change appreciably if cement is partially replaced by 30% steel slag. Fapohunda et al. experimentally investigated
the ratios of split tensile and flexural strength of the concrete containing different grades of cement [25]. As per their
findings, the ratio of c/c. at a water to cement ratio of 0.5 decreases from 0.126 at 7 days to 0.09 at 28 days. It has been
reported that the split tensile strength is approximately 8-12% of the compressive strength for conventional concrete [26].
According to Lee et al., the ratio o/c. varies from 10% to 20% for normal concrete [27]. Hence, the given results are in
agreement with those of normal concrete.

The local steel slag used in this experiment is a pozzolanic material. Its pozzolanic activity enhances with increase in
cement content. The use of steel slag offers many environmental and cost-effective benefits; It saves energy as regard
lesser use of cement and, more performing products, being a partial cement replacement. Therefore, its substitution in
concrete helps in sustainable development.

4 Conclusion

. Following conclusions can be drawn from the conducted study:

1 The workability of concrete increases as much water is available in fresh state for a material having steel slag as
compared to the control specimen. This unreacted water in fresh state increases the workability of the concrete.

2 The 28 days’ compressive strength increases from 3.24% to 5.79% of the control specimen for 220 kg to 400kg binder
content with 30% replacement.

3 The 28 day split tensile strength of concrete increases for all mixes. This increase in strength is as much as 7.99% for
higher binder content (400kg/m?) to that of its control specimen while 1.87% for lower binder content (220kg/m?)
specimen.

4 The Flexural strength also increases for every concrete mix.

5 It is concluded that the steel slag can be utilized as a partial replacement material of cement, and 30% replacement
of cement with steel slag gives better result in compression, tensile and flexural strength as compared to the normal
concrete.
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Abstract- Fire hazard is the most common hazard and causes a significant reduction in
physical and mechanical properties. Under high temperatures, the structural integrity of
conventional cement mortar decreases drastically. Along with that, the dependency of the
construction industry on cement should be reduced and alternatives must be considered
as the production of cement requires a high rate of fuel consumption with excessive CO-
emissions. Geopolymer is an emerging alternative binder to cement as it is more
sustainable. In addition, it has superior fire resistive properties due to its in-organic
polymeric nature. In this paper, cement-sand and geopolymer mortar was prepared and a
comparative analysis was performed by observing the residual physio-mechanical
properties after exposure at elevated temperatures. It was observed after performing
various tests that the physical and mechanical strength of cement-sand mortar specimens
were found to be extremely affected in contrast to geopolymer mortar. This study focused
on the fire-resistive approach of geopolymer composite as compared to cement
composites, in order to consider it as a surrogate to conventional cement in the future.

Keywords- Cement mortar, Fire hazard, Geopolymer mortar, Residual Strength.

1 Introduction

Fire incidents can be due to various reasons. It has an impact on human life and also damages the physical structure of the
buildings. The intensity of the fire blazes affects the structure accordingly. In conventional cement structures, fire causes
damage due to the difference in thermal characteristics between aggregate, cement, and steel, which results in the
development of pore pressure and thermal stresses with the decomposition of cement hydration products as well. Cracking
and spalling start at 300°C and 1200°C respectively. At sufficiently high temperatures, hydration products started to
decompose and cause a reduction in materials' mechanical strength [1]. To increase the sustainability of our structure
against fire, we need to integrate such materials that have significant fire-resistive properties and can enhance the residual
strength of the structure as compared to cement composites. Secondly, there is also a need to reduce the dependencyof our
industry on cement composites because of its high fuel consumption for its production. Cement production contributes
about 7% of total CO: production worldwide. One ton of cement produces almost one ton of CO: emission during its
synthesis [2].

Precursors involved in the synthesis of geopolymer are mostly raw materials like calcinated clays, coal ashes, and slag.
Fly ash (FA) is a waste or by-product of coal and in accordance with ASTM C618-19, a low calcium compound containing
FA (Class F) can be used for the preparation of alkaline activated geopolymer. Recent studies have also shown that
potassium hydroxide (KOH) containing composites have better fire-resisting properties than NaOH [4]. Alkaline activators
are considered to be binders in geopolymer and will be the reason for the reaction between the precursors and activators
resulting in achieving material strength. Alkaline-activated geopolymers have better fire resisting properties and are more
stable than conventional ceramic composites. At high temperatures, the strength of the geopolymer increases because of
the geopolymerization process i.e., the geopolymer matrix stabilizesdue to a further increase in the temperature or heat
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because it is accelerating the reaction [3]. Geopolymers are in-combustible because of their inorganic polymeric nature,
and they have high endothermic properties because of the presence of physically and chemically bonded water. That is
why they are capable of absorbing heat. Thermal conductivity varies between 0.1-0.3 W/m-K which is less compared to
other materials hence it can work as a flux barrier. The thermal resistance value of geopolymer is comparable to fire-
resistive materials [1].

Through this background, our goal is to introduce geopolymer mortar as a surrogate for conventional cement mortar
because it possesses superior fire-resistive properties with high residual strength. This work is designed to observe the
comparative performance of geopolymer mortar as compared to cement-sand mortar at elevated temperatures.

2 Experimental Procedures

Cube molds of dimension 70mm x 70mm x 70mm were taken and considered to be the desired shape for the given
experiment. Molds were cleaned and oiled properly a day before the sample casting. Geopolymer and cement-sand
mixtures were prepared according to the defined ratios and then samples were cast, by placing the mixtures in the oiled
mold specimens. The detailed experimental procedure is explained below:

2.1 Material

Low calcium containing Class F FA, according to ASTM C618-19 is used as the main precursor for the preparation of
geopolymer, as shown in Table 1. FA contains rich alumina-silica compounds, which play a role in achieving better
strength because the more the alumina-silica compounds, the more the alkaline reaction takes place. Lawrencepur sand is
used as a filler in geopolymer mortar preparation. Alkaline activators used are; 14 molar KOH solution and sodium silicate
(Na;Si0s3) solution. Whereas DG cement and Lawrencepur sand were used for the preparation of conventional cement
mortar.

Table 1: Specifications of Class F FA according to ASTM C618-19

Properties FA Classes
Class F Class C
Silicon Dioxide (SiO2) + Aluminum Oxide (AI203) +
Iron Oxide (Fe203), min % 70.0 50.5
Sulphur Trioxide (SO3), min % 5.0 5.0
Moisture Content, min % 3.0 3.0
Loss on ignition 6.0 6.0

2.2 Mortar Synthesis

Geopolymer and cement-sand mortar were prepared according to the mix design ratios as described in Table 2. For the
preparation of geopolymer mortar, alkaline activators were used in liquid form so, a solution of 14M KOH was prepared
a day prior to the mortar synthesis. Firstly, FA and sand were taken according to given ratios and dry mixed together. After
that, both liquids were mixedand added slowly into the dry mix. Gently mixed with an electrical mixer while adding liquids
to the dry materials evenly, to form a uniform paste. Similarly, in the case of cement-sand mortar, the required amount of
cement, sand, and water was taken according to the defined ratios (Table 2). Water was added to the dry mix to form a
uniform paste. The mix design ratio for geopolymer and cement-sand mortar preparations is shown in Table 2.

Table 2: Mix design ratios for the preparation of mortars

Geopolymer Mortar Ratios Cement-sand Mortar Ratios
Alkaline 13 C/S 13
activator/Precursor ’ )
FA/Sand 1:1 wW/C 1:2
KOH/NaZSi03 2.5
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2.3 Specimen Casting

Cube specimens (70 mm) were cast by placing the prepared mixtures of both geopolymer and cement-sand mortar in the
oiled molds. Molds were cleaned and oiled properly a day before the sample casting. In the case of cement-sand mortar,
the prepared mix was poured in three different layers into the cube mold. While pouring into the molds, each layer was
tampered with a tamping rod 25 times each timeto remove the voids. After that, molds were placed on a vibration table for
further compaction. Similarly, in the case of geopolymer mortar, the prepared mix was immediately placed into the molds
as the setting time of geopolymer is very quick.

Curing conditions plays an important role to achieve the strength of the casted specimens. For cement-sand mortar, samples
were cured at room temperature for 27 days while the geopolymer specimens were placed in an oven at 90 — 110°C for 24
hours as geopolymer mortar gains strength at high temperature because the rate of initial alkaline reaction increases at high
temperature. After oven curing, samples were placed at room temperature to gain further strength.

2.4 Exposure conditions and testing

Mortar specimens were prepared and cured for 28 days, according to their condition. Cured specimens were then placed
in a furnace over for 120 minutes at elevated temperatures (400°C, 600°C, and 800°C). A number of specimens of both
mortars at each temperature are shown in Table 3. Experimental tests were then performed on cooled specimens, by placing
them under different tests for the comparative analysis of fire-resistive properties. Both mechanical and physical tests
including compressive strength, crack pattern, and crack width were performed, and observations were made in order to
observe the damage or the effect of high temperature on residual strength properties of specimens.

Table 3: Exposure conditions for both geopolymer and cement-sand mortar

Sr # Temperature ("C) Time Duration Number of specimens
(minutes)
1 20 120 3
2 400 120 3
3 600 120 3
4 800 120 3

3 Research Methodology

In order to introduce a material having better fire-resisting properties and can be used as an alternative to cement,
experimental research is important. In order to do the comparison, twelve cube specimens of both geopolymer and cement-
sand mortar were cast according to the fixed ratios. Samples were then cured according to their required conditions in
order to achieve full material strength.

When reached their 27-day strength, samples were then placed in an oven for thermal exposure, at elevated temperatures
(400°C, 600°C, and 800°C) for two hours. After thermal treatment, cube specimens are allowed to cool down properly.
Experimental tests were then performed on cooled specimens, by placing them under different tests for the comparative
analysis of fire-resistive properties. Both mechanical and physical tests including compressive strength, crack pattern, and
crack width were performed and observations were made in order to observe the damage or the effect of high temperature
on residual strength properties of specimens.

4 Results

Mechanical and physical properties of both geopolymer and cement-sand mortar were observed by performing different
experimental tests including residual compressive strength test, maximum crack width, and crack pattern as well. Samples
were placed under observation when they properly cooled down after the thermal exposure in the furnace for the required
time. Three specimens of both mortars were placed at each temperature for 120 minutes. Following is a detailed discussion
on experimental observations.
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4.1  Compressive Strength

Average residual compressive strength of both geopolymer and cement-sand mortars were taken and then the
representative graphs were made to show the comparison properties of the effect of thermal exposure on compressive
strength. Figure 1 shows that cement specimens have maximum strength at room temperature and then show a decreasing
trend from 24.3MPa to 2.7MPa, with the increase in temperature. But in the case of geopolymer mortar, there is a slight
difference in compressive strength of geopolymer at room temperature and after thermal exposure at 400 °C. This shows
that geopolymer mortar has maximum strength at 400 °C because with the increase in temperature, the rate of
geopolymerization increases. After 400 °C, there is a bit decreases in compressive strength after the initial stability. At
800°C, compressive strength further decreases to 24.9MPa as shown in Figure 1.
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Figure 1: Influence of temperature on compressive strength of geopolymer and cement-sand mortar

4.2  Cracking Pattern

The cracking pattern of each cube specimen was visually observed from the specimen after exposure to the
conditions.To observe the effect of thermal treatment on the physical properties of OCM specimens, crack pattern of
samples at each temperature was drawn simply by visualizing without using any equipment. To enhance the crack
pattern, the J-image effect of every specimen oneach temperature was made. From the enhanced image, the crack
pattern was drawn to create a schematic diagram by using Autodesk AutoCAD 2018.
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Figure 2: Schematic image representing influence of temperature on crack pattern of cement-sand mortar

Crack pattern of cement mortar specimens at each temperature are shown in Figure 2. Schematic diagram
shows that with the increase in temperature, the number of cracks in cement mortar specimen increases. Cracks
in cement mortar is mainly due to thermal expansion and pore pressure build-up. At 100°C, free water starts
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evaporating causing weight loss, after 100°C up to 300 °C, dehydration of chemically bounded water occurs
resulting into increase in number of cracks [1]. And further increase in temperature also damages the strength,
as aresult at 800 °C, the corners of cement specimens were also damaged (Figure 3). But in case of geopolymer
specimens at 600 °C having less cracks as compared to specimens at 400 °C. This is because at 400 °C,
excessive shrinkage occurred due to the evaporation of chemically and physically bounded water. And at 600
°C, the geopolymer gel started melting and filling the gaps [5, 6]. But further increase in temperature from 700
°C, crack pattern in geopolymer increases.

V&_{ -\ A \_‘:‘T}( : ':;l I‘j
S

(a) 20°C (b) 400°C (c) 600°C (d) 800°C

Figure. 3: Schematic image representing influence of temperature on crack pattern of geopolymer mortar

3.3 Maximum Crack Width

Cube specimens prepared from both mortars were placed under a microscope to observe the maximum crack
width. Three samples at each temperature were taken and the lens was adjusted on the scale as well as
on the crack of maximum width. The crack width of all the specimens was taken in mm. And graph was made
by taking an average of two nearby values of maximum crack width as shown in Figure 4. No cracks were
found in both mortars at room temperature but with the temperature increasing from 400°C to 800°C, the
maximum crack width in cement-sand mortar also increased. Maximum crack width shows an increasing trend
and the maximum crack width value in the case of cement-sand mortar is 800°C. But in geopolymer mortar,
crack width even at 200°C was greater in comparison to cement-sand mortar. It is evident from the graph that
its value shows a drastic increase at 600°C and the maximum value is recorded at 600°C which is 0.06mm
because there is more drying shrinkage as more chemically bound and physically attached water with the
hydroxyl group as well is present in geopolymer mortar as compared to cement mortar [1]. This value is greater
than the maximum crack width at 800°C. It is shown in Figure 4 that the further increase in temperature from
600°C causes a decrease in maximum crack width. This is because, all water evaporates at 600°C, and after
that geopolymer gel starts melting and filling the cracks [5, 6]. This is the reason at high temperatures or under
fire, the maximum crack widths in the case of geopolymer are less as compared to cement-sand mortar.

(a) Geopolymer Mortar (b) Cement-sand Mortar
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Figure 4: Influence of temperature on maximum crack width of geopolymer and cement mortar

5 Practical Implementation

As geopolymer mortar has better fire resistance and high residual thermal properties as compared to cement-sand mortar.
To enhance the sustainability and lifespan of our structures, we should integrate geopolymer mortar in areas that are more
sensitive to catching fire. Ceramic composites should be replaced with geopolymer mortar in those areas which are more
vulnerable to fire hazards. In order to avoid direct damage to the structural integrity of buildings, geopolymer mortar lining
should be applied in areas like (tunnels, basements parking, kitchen areas, compacted apartments, etc.) as passive
protection.

6 Conclusion

Experimental analysis of this research concludes that the specimen prepared from geopolymer mortar has high residual
compressive strength, less porosity, and crack width as compared to conventional cement-sand mortar even at elevated
temperatures. The crack width of geopolymer mortar started to decrease with the increase in temperature, as the
polymeric gel filled the gap and strengthen the mortar specimen. Edges of cement-sand cube specimens started to
damage from 600°C while geopolymer specimens remain un-damaged even at 800°C.
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Abstract- In the whole world tons of hair are wasted annually, which creates many health
problems by damaging our ecosystem. Thus, it is very fruitful for us to use concrete and
increase its properties of concrete and save the environment from future crises. The
construction industry needs a lot of natural assets like limestone, aggregate, sand etc. to
make concrete. These resources are finite and have to consume/expand someday, so an
alternative must be adopted to overcome the needs. This paper presents the mechanical
properties of concrete when human hair fiber is used as a fiber. A detailed experiment
was carried out on three types of concrete specimens i.e. cube, beam and cylinder having
different percentages of human hair fiber such as 0%, 1%, 2% and 3 % by weight of
cement. In addition in research different lengths of human hair fiber which varied from
20mm to 60mm were used. All the specimens were cast at two different concrete mix
proportions i.e 1:2:4 and 1:1.5:3 with a 0.50 water-cement ratio. Furthermore, specimens
were tested in Universal Testing Machine at 28 days curing period, for compressive
strength, splitting tensile strength and UPV test and flexural strength of concrete. The
conclusion from the experiments shows that there is a reduction in the workability of fresh
concrete besides that there is an increment found in density and water absorption.
Moreover, with increasing the percentage of the human hair fiber, mechanical properties
were enhanced.

Keywords- Workability, human hair, compressive strength, ultrasonic pulse velocity, flexural and split tensile strength.

1 Introduction

Concrete is the most ubiquitous material used after water. Same as water, it is also the need of every person. Because of
its high durability, ingredients are easily available, resistant to water and wind, it can be cast in any desired shape and is
also economical material and has a low maintenance cost. Nevertheless, it possesses low tensile strength, less ductility and
micro cracks. [1] For improving the strength and different properties, in this project, hair fiber is used as fiber in concrete.
The purpose of using human hair fiber is to increase tensile strength and it increases the physical and mechanical properties
of concrete. Concrete is a brittle material, it is weak in tension and after hardening, it has micro-cracks, which decrease the
life span of the concrete structure. [2] Hair is non-degradable material, it causes environmental pollution, which directly
affects humans and animals as well. Hence, sometimes using human hair as a fiber in the concrete can increase the
properties of concrete. Human hair is used for increasing its strength in tension and reducing the micro-cracks helps, to
increase the life period of the structure [3] It is defining characteristic of mammals. Human fiber has recently become eye-
catching to researchers, scientists, and engineers as a replacement or with reinforcement in fiber-reinforced concrete
composites Human hair is a non-degradable material and is present in a very amount. The cost of Human fiber is almost
zero or very cheap cost. [4] Thus, most developing countries also face the same problems as poor countries regarding their
disposal and handling. Recent research exposed that the growth speed of hair is 1.25 per month. In a year it is 15cm or 6
inches. By weighting, it is approximate 80 to 100gm per year (Shankar Lal Meghwar2016) [5]. Now consider that annually
every Pakistani cuts 80gm hair and the population of Pakistan is 22 million’s, its mean production of hair is 17600 tons
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annually and annually the whole world produces 6.4x1076 tons and now think about those who already dumped in past
years. And same as in past, in future the amount of hair will increase by enhancing in population for controlling this
pollution, the researcher took initiative and did research about to how to control earl dangerous evil and then in 1963
human hair invented as a natural fiber and after 2012s it is the part of the construction industry on the specific area.

Hair is added to concrete to increase its mechanical properties of concrete. [6] Recent research revealed that if the
proportion of hair and concrete ingredients is correct as well as the method of distribution of hair fiber into concrete is
correct then the mechanical and physical properties of concrete are easily enhanced. These properties of concrete are
changed after adding hair to plain cement concrete [7]. Some countries are working on that used hair in medicine and
agricultural industries but the amount of hair is too high. Thus, the remaining part affects our environment. Many types of
fibers are used in concrete as fiber but the problem is, that they are all not renewable. Human hair is waste material in most
of the world. Some countries are working on that used hair in medicine and agricultural industries. Therefore, it directly
damages to people in future Therefore, it directly damages people in future. That’s why the global wise now trend changed
toward hair, as fiber in concrete. [8] This study was checked the effect of hair Fibers on the mechanical properties of
concrete. Environmentally friendly, sustainable & economic concrete. For improving the strength and different properties,
in this project, human hair is used as fiber in concrete. The purpose of using human hair fiber increases the mechanical
properties of concrete. This study is found that by using human hair not just mechanical properties are increased same as
physical properties. This study is of interest to clients, concrete manufacturers, concrete additive manufacturers and
designers’ specifiers who need to know what effect human hair as fiber additives have upon the final compressive strength,
split tensile strength and flexural strength.

2 Experimental Procedures

The experimental work was performed in the laboratory. In this experimental work two categories of tests are performed
by “ASTM” procedures. First for fresh concrete and second for hardened concrete. Moreover, the complete detail of each
material used in the whole project is also explained. The concrete laboratory of UET TAXILA is used for all experiments
work. [9] Ordinary Portland cement was used as the main binding material followed by ASTM C150 Properties of Ordinary
Portland cement are shown in table 1 properties of inert material in table 2 and properties of human hair fiber in table 3.

Table 1 Properties of OPC

Chemicals SiO: TiO2 ALO; Fe:03 MnO MgO CaO0O NaxO KO P03 LOI

Ordinary 17.4 - 10.2 3.6 - 1.8 62.3 0.9 1.4 0.9
Portland cement

Table 2 Properties of inert materials

Properties Fine aggregate (F.A) Coarse aggregate (C.A)
Specific gravity 2.7 2.65
Water Absorption (% age) 1.2 0.54
Fineness modulus 2.99 -

Table 3 Properties of the human hair fiber

Properties Ranges
Hair length 20mm to 60mm
Hair Diameter 80 to 150 um

Tensile Strength of

human hair fiber 359 Mpa
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3 Research Methodology

3.1  Specimen preparation

In this extensive research work, all specimens are made and cured. The materials used during casting were also the same
as ASTM standards. The purpose of this code is to cast the specimen’s accurate control of the material and gain high
strength This standardized requirement provides the way how to prepare the sample, mixing of concrete and the curing of
concrete test specimens under laboratory condition. All specification is done then the stipulated strength is achieved. The
treatment of human hair is essential for gaining the required properties. [10] Most of the time hair is oily. This oil can be
effective during bonding between materials of the concrete and not good for bonding. Besides, same as wastage and dust
are also affected by it. Hair was collected from different barbershops and parlous. While collecting many wastages (tissue
paper, blade and paper) were present [11] Thus, it is a very important step to clear all hair from these wastages and just
used hair during mixing time as a file in concrete. The sorting method is very important for concrete. Grouping is done on
the base of the cooler, length and diameter of the hair. Color and diameter are checked randomly done by eyes but the
length is checked according to the required length by scale. In this project, the required length is 20mm to 60mm. By
giving a lot of time hair was categorized accurately in length. Scaling and groping of human hair fiber are shown in Figure
1.

Figure 2: human hair treatment, a. washing of human hair, and b. drying the human hair

The third step of the hair treatment is washing. In which head & shoulder shampoo is used. The intention of using this
chemical it gives very good results for hair to remove all types of impurities. After the washing hair is dry in the oven and
sunlight. Washing of hair and drying of hair are shown in Figure 2.
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Casting Procedure in this work, the casting of cylinders and beams and cubes was done. But it depends on proportion to
proportion and conventional concrete samples and human hair fiber samples were cast for 28 days are the curing span. The
different concrete mixes ratio 1:2:4 proportion and 1:1.5:3 proportion with the water /cement ratio is 0.50 with the
percentage of human hair fiber was 1%, 2% and 3%. used. Casting and testing of beams are shown in Figure 3, Casting
and testing of cylinders are shown in Figure 4, and Casting and testing of cubes are shown in Figure 5.

Figure 5: Cubes, a. casting of cubes, and b. testing of cube
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4 Results

The practical work was done in the laboratory for checking the mechanical properties of the concrete. The experiment
results show the strength of the concrete is increased. Not just the mechanical properties, but the physical is also enhanced.
The results of all tests show, that the optimum value of hair is 2%. The maximum values of all tests are noted on the point
of 2% hair. And all values are compared with conventional concrete and the value of human hair use in concrete is more
as compared to normal concrete. The workability of the concrete is decreased by increasing the percentages of the hair.
For workability slump test is conducted as the hair increase, workability decreases and the balling effect is also increased
while mixing. During filling the cone of the slump, hair makes more voids than the hammer is used for good compaction.
Different types of tests and properties investigate workability, density, Modulus of elasticity, compressive strength,
splitting tensile strength and UPV test and flexural strength of concrete and the result is given below.

4.1  Workability

The workability of concrete in the terms of the slump test was investigated. Results showed a decrease in the slump values
with an increase’s percentage of the human hair fibre. The value of Slump is noted as higher and lower at 1:1.5:3 mix
proportion of 90mm and 30mm than 1:2:4 mix proportion of S0mm and 9mm at 0% of human hair and 3% of human hair
fiber respectively. Graph show comparison between both mix respectively increases the percentage of hair a), and reduction
of slump value increases the percentage of hair b) are shown in figure 6.

Slump value (mm)
Slump value (mm)

100 90 __100
€ P
= 30 £ 1:2:4 Mix
£ 60 [ ] 1:.1.5:3 E 50
p Mix g —1:1.5:3
£ 40 g Mi
> 1:2:4 Mix £ IX
g' 20 3 0
73, 0 0 1% 2% 3%
% 1% % % Percentages of Hair
a) oreentages orn b)

Figure 6: Slump value of concrete, a. graphically comparison between both mix, and b Reduction of slump value by increasing hair

This experiment results of both mixes proportions 1:2:4 mix proportion and 1:1.5:3 mix proportion respectively are shown
in table 4.

Table 4 Result of Slump cone test

Mix percentage of hair Slump value (mm) 1:2:4 Mix Slump Value (mm)1:1.5:3 Mix
0 % of hair 50 90
1 % of hair 30 60
2% of hair 18 49
3% of hair 9 30

4.2  Density of concrete

The density of the concrete is measured at each percentage of the human hair fiber to know the relationship between the
strength and density of concrete. The maximum density is noted at 0% of the human hair fiber, while the minimum at 3%
of human hair fiber both mix proportions 1:2:4 and 1:1.5:3 respectively. Results showed the decrease in the density values
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with an increase’s percentage of the human hair fiber. Graph show comparison between both mix respectively increases
the percentage of hair a), and reduction of density value increases the percentage of hair b) are shown in figure 7.
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Figure 7: Density of concrete, a. graphically comparison between both mix, and b reduction of density value by increasing hair

This experiment results of both mixes proportions 1:2:4 mix proportion and 1:1.5:3 mix proportion respectively are shown
in table 5.

Table 5 Result of density of concrete

Mix percentage of hair Density (kg/m3) 1:2:4 Mix Density (kg/m3) 1:1.5:3 Mix
0 % of hair 2311 2301
1 % of hair 2302 2210
2% of hair 2293 2185
3% of hair 2285 2138

4.3  Compressive strength of Concrete

The test was performed on cubes of size 150mmX150mmX150mm to check the compressive strength of concrete by using
human hair fibre. The compressive strength of concrete is investigated during 28 days curing period. The compressive
strength of concrete is determined by the following ASTM C39/C 39M — 03. The standard cube specimens were placed in
the Universal Testing Machine and the load applied all specimens at each proportion of human hair fiber was tested and
then the average is taken. The compressive strength increases gradually with an increase in the percentage of Human hair
fiber in both concrete mix proportions as compared to plain concrete, till it increases the compressive strength by increasing
the human hair fiber and maximum value achieved at 2% of human hair fiber in both Mix ratio 1:2:4 and 1:1.5:3
respectively. After that increasing the compressive strength to 5.84% at 1 % human hair fiber and 9.59 % at 2% human
hair fiber and 3.13% at 3% human hair fiber by using a concrete proportion 1:2:4 mix and 5.96 % at 1% human hair fiber
and 8.15% at 2 % human hair fiber and 3.58% at 3% human hair fiber by using 1:1.5:3 mix ratio respectively. Results
showed an increase in the compressive strength with an increase’s percentage of the human hair fibre. Graph show
comparison between both mix respectively increases the percentage of hair a), and increment of compressive strength
increases the percentage of hair b) are shown in figure 8.
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Figure 8: Compressive strength, a. graphically comparison between both mix, and b Increment of compressive strength by increasing
hair

This experiment results of both mix proportion 1:2:4 mix proportion and 1:1.5:3 mix proportion respectively are shown in
table 6.

Table 6 Result of compressive strength

Mix percentage of hair Compressive strength (Mpa) Compressive strength (Mpa)
% 1:2:4 Mix 1:1.5:3 Mix

0 % of hair 21.37 22.31

1 % of hair 22.62 23.64

2% of hair 23.42 24.13

3% of hair 22.04 23.11

4.4 Splitting tensile strength of Concrete

The Splitting tensile strength of the concrete is indirectly to tensile strength of concrete. This test was performed on the
concrete cylinders. The maximum tensile strength value has been noted at 2% of hair and code by following the ASTM
code C-496. After that increasing the Splitting tensile strength to 16.58 % at 1 % hair and 19.9 % at 2% hair and 9.95% at
3% hair by using a 1:2:4 mix ratio and 3.47 % at 1% hair and 6.56 % at 2 % hair and 1.58% at 3% hair by using 1:1.5:3
mix ratio respectively.

As compared to both mix ratios percentage of increase in Splitting tensile strength in mix ratio 1:2:4 is more than compared
mix ratio 1:1.5:3 respectively. Results showed an increase in the Splitting tensile strength with an increase’s percentage of
the human hair fibre. Graph show comparison between both mix respectively increases the percentage of hair a), and
increment of Splitting tensile strength increases the percentage of hair b) are shown in figure 9.
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Figure 9: Splitting tensile strength, a. graphically comparison between both mix, and b Increment of Splitting tensile strength by
increasing hair

This experiment results of both mixes proportions 1:2:4 mix proportion and 1:1.5:3 mix proportion respectively are shown
in table 7.

Table 7 Result of Splitting tensile strength

Mix percentage of hair Splitting tensile strength (Mpa) Splitting tensile strength (Mpa)
% 1:2:4 Mix 1:1.5:3 Mix

0 % of hair 2.11 2.59

1 % of hair 2.46 2.68

2% of hair 2.53 2.76

3% of hair 2.32 2.62

4.5  Flexural Strength of Concrete

The flexural strength of the concrete test is performed on the beam. By using the center point loading method. This method
also gives the indirectly tensile strength of the concrete. The ratios of hair were used 0%, 1%, 2% and 3% and the curing
span were 28 days. After that increasing the flexural strength by 15.9% % at 1 % hair and 21.1 % at 2% hair and 10.3% at
3% hair by using a 1:1.5:3 mix ratio and 11.98 % at 1% hair and 17.8 % at 2 % hair and 9.93 % at 3% hair by using 1:2:4
mix ratio respectively. The optimum value is 2% of human hair. Results showed an increase in the flexural strength with
an increase’s percentage of the human hair fiber. Graph show comparison between both mix respectively increases the
percentage of hair a), and increment of Flexural strength increases the percentage of hair b) are shown in figure 10.
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Figure 10: Flexural strength, a. graphically comparison between both mix, and b Increment of Flexural strength by increasing hair

b)

This experiment results of both mixes proportions 1:2:4 mix proportion and 1:1.5:3 mix proportion respectively are shown
in table 8.

Table 8 Result of Flexural strength

Mix percentage of hair Flexural strength (Mpa) Flexural strength (Mpa)
% 1:2:4 Mix 1:1.5:3 Mix

0 % of hair 2.92 3.27

1 % of hair 3.27 3.79

2% of hair 3.44 3.96

3% of hair 3.21 3.61

4.6  Ultrasonic Pulse Velocity (UPV) Test of Concrete

The quality of concrete was determined by a non-destructive UPV test by using directly the method. Results Shown an
increase in the UPV value with an increase’s percentage of the human hair fiber. Graph show comparison between both
mix respectively increases the percentage of hair a), and increment of Ultrasonic Pulse Velocity increases the percentage
of hair b) are shown in figure 11.

UPV TEST e ]:].5:3 Mix em—1:2:4 Mix

LR

— 4500 3 = 10
n <z

= > g

> 4000 E, <§( 6
5 - 1:2:4 =

3500 Mix 22 ¢
s I

2

3000 0

0% 2% 0 1% 2% 3%
PERCENTAGES OF HAIR % PERCENTAGES OF HAR %

a)

Figure 11: Ultrasonic Pulse Velocity, a. graphically comparison between both mix, and b Increment of Ultrasonic Pulse Velocity by
increasing hair

b)
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This experiment results of both mixes proportion 1:2:4 mix proportion and 1:1.5:3 mix proportion respectively are shown
in table 9.

Table 9 Result of Ultrasonic Pulse Velocity

Mix percentage of hair Ultrasonic Pulse Velocity Ultrasonic Pulse Velocity
% 1:2:4 Mix 1:1.5:3 Mix

0 % of hair 3620 4024

1 % of hair 3850 4238

2% of hair 3930 4320

3% of hair 3805 4240

4.7  Modulus of elasticity of Concrete

The Modulus of Elasticity is checked concrete resistance and elastic deformation and elasticity module defines stiffness
higher elasticity modulus of the material, The optimum value at 2% of human hair. Results Showed the increase Modulus
of elasticity with an increase’s percentage of the human hair fiber. Graph show comparison between both mix respectively
increases the percentage of hair a), and increment Modulus of elasticity increases the percentage of hair b) are shown in
figure 12.
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Figure 12: Modulus of elasticity, a. graphically comparison between both mix, and b Increment of Modulus of elasticity by increasing
hair

This experiment results of both mixes proportion 1:2:4 mix proportion and 1:1.5:3 mix proportion respectively are shown
in table 10.

Table 10 Result of Modulus of elasticity

Mix percentage of hair Modulus of elasticity Modulus of elasticity
% 1:2:4 Mix 1:1.5:3 Mix

ss0 % of hair 23.11 23.61

1 % of hair 23.78 24.64

2% of hair 24.19 24.56

3% of hair 23.47 24.03
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4.8  Water Absorption of Concrete

The concrete samples were tested water absorption of concrete and water absorption property was increased with
increasing the percentage of human hair, addition to the water absorption in concrete may be human hair absorbs more
water as compared to the control mix of concrete. Graph show comparison between both mix respectively increases the
percentage of hair a), and increment water Absorption increases the percentage of hair b) are shown in figure 13.
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Figure 13: Water Absorption, a. graphically comparison between both mix, and b Increment of Water Absorption by increasing hair

This experiment results of both mixes proportion 1:2:4 mix proportion and 1:1.5:3 mix proportion respectively are shown
in table 11.

Table 11 Result of compressive strength

Mix percentage of hair Water Absorption (%) Water Absorption (%)
% 1:2:4 Mix 1:1.5:3 Mix

0 % of hair 2.50 2.70

1 % of hair 2.70 2.85

2% of hair 2.86 2.99

3% of hair 3.05 3.14

S DISCUSSION

The practical work was done in the laboratory for checking the mechanical properties of the concrete. The experiment
results show the strength of the concrete is increased. Not just the mechanical properties, but the physical is also enhanced.
The results of all tests show, that the optimum value of hair is 2%. The maximum values of all tests are noted on the point
of 2% hair. And all values are compared with conventional concrete and the value of human hair use in concrete is more
as compared to normal concrete. The workability of the concrete is decreased by increasing the percentages of the hair.
For workability slump test is conducted as the hair increase, workability decreases and the balling effect is also increased
while mixing. During filling the cone of the slump, hair makes more voids than the hammer is used for good compaction.

6 Conclusion

These are the following conclusions are shown at the end of this comprehensive research work:

1 Workability in terms of slump value decreases with an increase in the percentage of human hair fiber a lower value
is recorded at 3% of the human hair fiber. Comparatively, a higher slump value is noted at 1:1.5:3 mix proportion.
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The density of concrete decreases as the percentage of human hair fibers increases. Reduction in density is 1.12%
and 7.15% at 1:2:4 and 1:1.5:3 mix proportion respectively.

The compressive strength increases to 9.59 % and 8.15% in 1:2:4 and 1:1.5:3 mix proportion respectively at 2%
addition of human hair fiber and it decreases at other percentages of hair fibers and the same as Modulus of Elasticity
of concrete is maximum noted at 2 % addition of human hair fiber.

The splitting tensile strength of concrete increases to 19.9 % and 6.56% in 1:2:4 and 1:1.5:3 mix proportion
respectively at 2% addition of human hair fiber and it decreases at other percentages of hair fibers.

The flexural strength of concrete by using human hair fiber in concrete increases to 17.8% and 21.1% in 1:2:4 and
1:1.5:3 mix proportion respectively at 2% addition of hair fibers. It decreases at other percentages of human hair
fibers.

The UPV value of concrete by using human hair fiber in concrete increases to 8.5% and 7.3% in 1:2:4 and 1:1.5:3
mix proportion respectively at 2% addition of hair fibers.

The concrete samples were checked the water absorption of concrete and maximum water absorption was noted 16.29
% at 3% of hair mix ratio 1:1.5:3 and 21.99 % at 3% of hair mix ratio 1:2:4 respectively, and minimum water
absorption was noted by at 0% of hair after 28 days. After that increasing the water absorption to 8 % at 1 % human
hair fiber and 14.34 % at 2% human hair fiber and 21.99% at 3% human hair fiber by using a concrete proportion
1:2:4 mix and 5.55 % at 1% human hair fiber and 10.74% at 2 % human hair fiber and 16.29% at 3% human hair
fiber by using 1:1.5:3 mix ratio respectively.

Comparatively, a higher value in both strengths was recorded at a 1:2:4 mix proportion rather than a 1:1.5:3 mix
proportion at the same water/cement ratio.
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Abstract- The aim of this research is to utilize the paper waste in mortar mixtures
as a cement replacement in form of Wastepaper Sludge Ash (WPSA) to make
them more efficient and enhance their required properties such as water
resistance, permeability, sorptivity. Mixture was then investigated to understand
its chemical, mechanical and physical properties. Depletion of natural resource
can be reduced by using WPSA as cement replacement. Carbon dioxide (COy)
and Sulphur dioxide (SO,) emissions can be reduced as well because of less usage
of cement proportions. The physical and chemical properties of WPSA was
compared with the cement. As the result of testing, WPSA showed similar
cementitious properties and at 25% cement replacement by weight with the
WPSA, it showed favorable ultimate strength of 19.05 MPa. Also by using
WPSA, water absorption was reduced approximately up to 60% hence it increases
water resistivity and decreases permeability and sorptivity thus making the
structure more durable.

Keywords- Ecofriendly, mortar, wastepaper sludge ash, water absorption.

1 Introduction

The Global Population massively increases with time which puts increased pressure on urban construction including
residential, commercial, and industrial buildings. This led to increase in the need for cement use worldwide [1,2].
Cement is a basic construction material that has many applications [3,4]. Nevertheless, the cement industry is
identified by a high energy consumption [5,6] and high greenhouse gases emissions [7-9]. Cement industries emits
about 7% of Carbon dioxide (CO2) worldwide. [9,10]. Hence, there is an urgent need to explore a feasible replacement
for cement to reduce this environmental impact [11]. The reutilization of waste products rather than disposal in
landfills is an economical and viable solution to these issues [12,13]. A huge amount of paper waste is produced at
daily basis in Pakistan. It is produced in every part of the country and it constitutes a huge proportion of total wastes
produced. Waste paper sludge is produced in paper production industries and especially newspaper printing industries
which is then incinerated and then disposed of to landfills which have harmful effects on soil properties. During the
production of Paper and Pulp/Paper sludge, chlorine based bleaches are used. These are toxic materials or additives
so when the paper waste is dumped in soil or released in the water (rivers, seas or oceans) it causes hazardous pollution.
Also when the paper rots it emits methane gas which is 25 times more toxic than CO2 emission.

These current disposal methods are not environmentally helpful rather causes more pollution. Increasing rate of
population is increasing the rate of production of paper waste, it is also increasing because paper is taking place of
plastic products worldwide such as paper bags and cardboards. Apart from all that use of cement is increasing day by
day as well which is decreasing the natural resources for its production. Also it requires a huge portion of budget to
treat these wastes that is ultimately effecting the economy of the country. In order to overcome all of these problems
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a proper solution is needed to reduce the depletion of natural resources and reutilizing the waste materials that will be
beneficial for both environment and economy. Therefore, a search for alternative methods to efficiently reuse WPSA
is initiated and the most appropriate way to recycle the wastepaper sludge is in mortars, concrete or bricks
manufacturing. This will alleviate the costs needed to dispose the WPSA and it will preserve the soil properties as
well. Also by partially replacing WPSA with cement it will shrink the cement production rate and will eventually
decrease the depletion of natural resources that will help the environment. By fulfilling the 3R concept, reuse,
recycling and recovery of WPSA as an alternate method in construction, it is helping the environment and ecosystem
in a positive manner. Replacement of cement with other ashes has been done and investigated by many researchers
within last few decades. [14-16]. The research on WPSA is very limited. As per Scopus website data, only few
documents were found related to WPSA in different fields like Veterinary, decision sciences, mathematics etc.
however more research is carried out in engineering fields as given in Fig 1.

Number of Documents

Veterinary

Decision Sciences
Multidisciplinary

Mathematics

Immunology and Microbiology
Medicine

Computer Science

Physics and Astronomy

Earth and Planetary Sciences

Chemical Engineering

Materials Science

Engineering

o

100 200 300 400 500 600 700 800

H Number of Documents

Figure 1: Publications of WPSA in different study fields.

In this research work WPSA is used as a partial replacement of Cement in the Mortar mix of 1:2.75 (binder/sand ratio).
WPSA binds the Sand particles together similar to Cement. To produce waste paper sludge ash, paper sludge is
combusted at 700-750 °C. As it contains a high proportion of organic matter, in form of cellulose and some inorganic
compounds such as clays and calcium carbonate [17]. At 700 °C temperature, combustion of paper sludge transforms
the clay minerals such as kaolinite into metakaolinite [17] and thus WPSA will behave as pozzolanic material [18,19].
Although composition of WPSA varies, it commonly contains a sufficient amount of Lime (CaO), Silica (SiO;) and
Alumina (Al,Os) and because of this reason it is being used as a supplementary cementitious material (SCM) [18,19].
The main objective of this research is to make green technology material. Also physical and chemical properties are
not effected at a larger scale of material.

Thus durability of a structure is not compromised. It also does not affect the compressive strength and water absorption
is decreased. Researches have been done by replacing Cement with WPSA in concrete and bricks but our aim is to
make mortar usage ecofriendly and efficient because it is a key material used for grey structure finishing and for other
masonry purposes during the construction of projects. Mortar is also used to repair joints and cracks. By replacing
25% of cement by WPSA in mortar mix we can obtain such efficient mortar [17].
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2 Materials and Methodology

2.1 Materials.

In this test Ordinary Portland cement (OPC) and waste paper sludge ash (WPSA) was used as a cementitious material.
Waste paper sludge was collected from Private schools and universities of Abbottabad. It was then sun dried for 10 to
15 days and then burnt in electric furnace at 700°C for 2 hours. WPSA used in this test is shown in Fig 2.

Figure 2: Wastepaper sludge Ash (125g).

The Conventional chemical composition of OPC and WPSA is similar as given in the Table 1. [20,21]. Concentration
of Si0,, Al,O3 and CaO is greater in both of Cementitious materials. These oxides are present in similar quantities in
both Cement and WPSA. Table 1 is showing detailed comparison of oxides present in Ordinary Portland Cement and
WPSA. Sand used in this test was passed through 3.35mm IS sieve for better gradation as used in [9]. Ground water
was used for mixing of materials.

Table 1 Chemical composition of OPC and WPSA

Empirical formula OPC (% w/w) WPSA (% w/w)
Si02 21.3 23.3
AI203 5.6 53
Fe203 34 0.8
TiO2 0.1 0.5
MgO 2.1 2.5
CaO 64.6 62.4
Na20 0.1 0.4
K20 0.2 0.4
P20 0.1 0.5
MnO 0.1 0.5
SO3 2.1 0.6

2.2 Mix Proportion.

Mortar samples were prepared with 25% replacement with WPSA. Mixing proportion details are given in the Table 2
where MO denotes samples with zero percent WPSA and M25 is named for samples having 25 percent WPSA as a
cement replacement. Sand to binder ratio was taken as 1:2.75 and water to cement ratio used for mixing was restricted
to 0.48.
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Table 2 Mix proportion of WPSA and OPC.

Mix ID Ordinary Portland cement (OPC) Waste paper sludge Ash (WPSA)  Sand Water

MO 500 g Og 1375 g 242 ¢
M25 375¢g 125 ¢ 1375 g 242 ¢

2.3 Preparation of Samples.

Specimens were prepared according to ASTM C109/C109M. Materials (OPC, PSA and sand) in dry form were firstly
mixed in an Automatic Programmable Mortar mixer UTCM-0085 for 2 min. Water is added to the mixture and then
blended for 5 more min in a mixture machine. Then wet mix was casted in (50x50x50) mm cube moulds shown in Fig
3. Samples were taken out of moulds after 24h and then placed in water container for curing at room temperature
(20°C to 25°C). Samples were ready for testing after ultimate strength was achieved as shown in Fig 4.

Figure 3: Mortar mix Casted in Moulds.

Figure 4: WPSA (25%) Mortar Samples.

2.4 Water Absorption.

Mixes with 0% and 25% WPSA were tested for water absorption using ASTM C642-97. Samples were firstly dried
in oven for 24h at 100°C to 110°C temperature and then allowed to cool down in air at room temperature. Saturated
mass was then determined after immersion of samples for 48h in a water container. Specimens were then boiled for
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5h and after boiling, their saturated mass was determined. After that immersed apparent weights of specimens were
examined. Water absorption percentage was then calculated using these weights.

3 Results and Discussion
3.1 Compressive strength.

The impact of curing period and replacement of Ordinary Portland Cement (OPC) with 25% Waste Paper Sludge Ash
(WPSA) is tested. Increase in curing time increased the compressive strength of mortar mix while an addition of
WPSA has decreased the compressive strength. At early ages of curing both samples were having same compressive
strength. Similar results were obtained by other researchers [9,22]. Mortar cubes with 0% WPSA showed Compressive
strength of 16.47 and 24.17 MPa after 7 and 28 days of curing and cubes with 25% WPSA gave compressive strength
of 14.9 and 19.05 MPa as mentioned in Table 3. Therefore, at 25% cement replacement by weight with WPSA showed
favourable ultimate strength of 19.05 MPa, thus it can be adopted for environmental friendly and economical
construction.

Table 3 Compressive strength at 7, 14, 21, 28 days.

Curing days Compressive strength (MPa)
0 % WPSA 25% WPSA
7 16.47 14.9
14 21.73 17.21
21 23.1 18.95
28 24.173 19.05

3.2 Water Absorption.

Addition of 25% WPSA reduced water absorption up to 55%, 57%, 60% after 7, 14 and 28 days of curing respectively
as given in Table 4. Mortar samples with 0% WPSA has water absorption of 10.49 and 9.79 percent after 7 and 28
days of curing while samples having 25% WPSA has water absorption of 4.8 and 3.9 percent as shown in Table 4.
Replacement of 100% cement with WPSA increases water absorption as mentioned in [23]. However, using 25%
WPSA with cement increased water resistivity, reduced pores, decreased permeability and water absorption. Hence
using WPSA can make structure more durable.

Table 4 Water Absorption at 7, 14, 28 days.

Curing days Water Absorption (%)
0 % WPSA 25% WPSA
7 10.49 4.8
14 10.20 4.4
28 9.79 3.9

As waste paper sludge ash is lighter in weight as compared to cement particles, it occupies more volume when we
replace 25% of it by weight. By excessive volume it decreases internal voids that decreases the water absorption. And
also WPSA provides an adequate amount of compressive strength by binding the aggregate.

4 Conclusion

By obtaining all the favourable results we can conclude many significances and can predict the usages of WPSA
mortar. From experimental data following conclusions are made:

1. Chemical and physical properties of WPSA showed similar behaviour as that of cement.
2. WPSA reduces the emission of CO; and SO, causing less environmental damages and is ecofriendly.
3. Replacement of 25% WPSA with cement showed favourable ultimate compressive strength of 19.05 MPa.
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4. By usage of WPSA, water absorption reduced to approximately 60% which indicated less permeability.
5. The technique developed in this study can be used in runoff structures, sewage pipes, canal surfaces and
wall plastering.
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Abstract. Recently many researchers have introduced the concept of using waste
plastic in concrete to save natural resources and control environmental pollution.
Because the strength of concrete decreases when plastic is used to partially substitute
coarse aggregates, such concrete cannot be used for structural purposes. The goal of
this research is to see how silica fume, stainless steel fibers, and polypropylene fibers
affect the mechanical properties of plastic waste concrete to improve its strength and
durability. Normal control mix was prepared for the comparison of results with
plastic waste concrete In plastic concrete, the proportion of coarse aggregates
replaced by plastic aggregates was kept constant (20 %). Cement was replaced with
silica fume by weight and fibers (steel and polypropylene) were added by volume of
concrete. The addition of silica fume and fibers in mixes was optimum based on the
literature review. When compared to the control mix, the split tensile, compressive,
and flexural strength of plastic concrete with 20% replacement decreased by 50%,
16.29 %, and 33.25 %, respectively. By incorporating silica fume and steel fibers
split tensile, compressive, and flexural strength of plastic concrete was reduced only
by 4.72%, 4.56 %, and 1.376 %, respectively. Polypropylene fibers and silica fume
improved the tensile, compressive, and flexural strength of plastic concrete by
86.18%, 69.75%, and 97.93% respectively. The mechanical properties were
enhanced with the inclusion of steel fibers, polypropylene fibers, and silica fume.
Hence, it is concluded that plastic concrete can be used for structural elements by
adding some additional constituents to it.

Keywords- Mechanical properties, Plastic concrete, Polypropylene, Steel fiber

1 Introduction

The use of various types of plastics is a challenge to protect the environment. Currently, different types of plastic are
used worldwide. However, the advantages of using plastic are outweighed by its negative environmental impact. In
developing countries, improper disposal of plastic waste can be a chief cause of health problems and pollution. The
reuse of plastic waste in concrete manufacturing is a feasible way to control its bad impacts on the environment. Many
researchers have utilized plastic waste in their studies as a replacement material for coarse aggregate.

Zeeshan Ullah [1] has researched concrete containing plastic waste up to replacement ratios of 15% and 20% with
conventional aggregate concrete. The results revealed that with the inclusion of plastic waste aggregates in concrete
there is a significant decrease in mechanical properties due to poor interlocking. The tensile and compressive strength
was reduced by 32.4% —23.5% at a 20% replacement ratio. Prasanna et al [2] has investigated the effect of using broken
E-waste as a coarse aggregate substitute on concrete strength. It was determined that using more than a 20%
replacement ratio of E-waste as coarse aggregate would be unsuitable because it would reduce the compressive strength
of concrete by 33.7 %. Khawar Ali [3] has evaluated the mechanical properties of plastic waste concrete containing
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silica fume and observed the thermal behavior against elevated temperatures. The Optimum result was obtained with
20% sand replacement and cement with plastic fine aggregate (PFA) and silica fume respectively. The compressive
and tensile strengths were improved by incorporating silica fume in PFA concrete. Manjunath [4] has replaced both
coarse and fine aggregates with waste particles.

At 20% replacement of coarse and fine aggregates split tensile, compressive, and flexural strength decreased by
22.44%, 52.98%, and 42.52% respectively. Zeeshan Ahmad [5] has utilized shredded electronic waste along with
micro-synthetic fibers with a 30 % replacement ratio of coarse aggregates in concrete. The inclusion of 0.75 % fibrous
material raised the compressive and tensile strengths by 30% and 75%, respectively.

Adewumi john [6] reviewed the engineering properties of recycled plastic waste. There was a reduction in strength by
using plastic waste in concrete but still can be used in many engineering applications like temporary structures, concrete
pavements, etc., Ramadevi [7] prepared concrete by using grounded PET bottle flakes for fine aggregates with the
replacement of 1%,,2%,4%, and 6%. The compressive and tensile strengths were increased and it was concluded that
PET bottle fibers can be used to substitute fine aggregates up to an extent of 2%. Liliana Avila Cordoba [8]casted
concrete specimens containing PET particles.

The PET bottles were recycled to obtain PET flakes and were used in the ratio of 1, 2.5, and, 5% by volume and in
three different sizes 0.5, 1.5, and 3mm. It was observed that with the increase in the size of PET particles, Young’s
modulus decreases whereas the smaller size of PET particles and lower concentration improve compressive strength
and strain.

According to the above literature review, the use of plastic waste aggregates in concrete results in a decrease in strength
properties. As a result, additives may be required to achieve good strength properties when using plastic concrete. The
current study aims to improve the mechanical properties of plastic-containing concrete by using silica fume as a partial
substitute for cement and different types of fibers

2  Methodology

The current study's goal is to enhance the mechanical strengths of concrete that contains waste plastic using silica
fume, steel, and polypropylene fibers. For this purpose, four types of mixes are prepared with mix IDS M1, M2, M3,
and M4. The M1 mix represents natural coarse aggregate (NCA) concrete which acts as a control mix for comparison
of results. The M2 mix represents plastic concrete in which natural coarse aggregates are partially replaced by plastic
coarse aggregates (PCA).

The M3 represents a plastic concrete mix in which cement and NCA are partially replaced by silica fume (SF) and
PCA respectively along with the inclusion of stainless-steel fibers (SSF). M4 mix contains polypropylene fiber (PPF)
by volume, SF, and PCA as a partial replacement of cement and NCA respectively. A total of 24 cylindrical specimens
(150 mm x 300 mm) six for each mix type are prepared for split tensile and compressive strength determination.
Similarly, for modulus of rupture, 12 beam specimens (100mmx100mmx400mm) are prepared, three for each mix.
All the samples are tested in a compression testing machine having a capacity of 3000KN.

3 Experimental program

3.1 Constituents

As adhesives in this study, silica fume and Portland cement (OPC) are used. The coarse aggregates are taken from
Margallah quarries. The river bed sand from Lawrancepur having a maximum size of 4.75mm is used as fine aggregates.
The plastic aggregates are mainly prepared from a scrap of TV, LCD, computer monitors, computer keyboards, etc.
For the present study, plastic waste was obtained from the local market in processed form with a maximum size of 20
mm. The maximum size of natural coarse aggregate is kept as 20mm.

Gradation curves for both fine and coarse aggregates are shown in Figure 1 . Potable water is used to mix all ingredients.
The steel and polypropylene fibers are used to enhance strength properties. The properties of natural coarse aggregates
(NCA), Plastic coarse aggregates (PCA), and fine aggregates are enlisted in Table 1. Figure 2 shows plastic aggregates,
silica fume, and fiber types.
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Figure 1: a) Gradation curve for sand b) Gradation curve for NCA and PCA
Table 1: Aggregate properties
Properties NCA PCA SAND
Max aggregate size(mm) 20 19 4.75
Min aggregate size(mm) 4.75 4.75 -
Specific gravity 2.68 1.06 2.64

a) Silica fume and Plastic aggregate b) Steel and polypropylene fibers

Figure 2: a) Plastic aggregate and silica fume b) Steel and polypropylene fibers

3.2 Mix design

The concrete mix is designed in a 1:1.68:3.20 ratio. The four mix types are prepared. Table 2 depicts the details of
ingredients for mixes. The optimum values of PCA, silica fume, and steel and polypropylene fibers are taken from the
previous studies. Therefore, the coarse aggregates were replaced with plastic aggregates at 20% [4, 9, 10], silica fume
(SF) was replaced at 20% with OPC [3]; while steel and polypropylene fibers are used in the ranges of 0.75% and
0.5% respectively [11-13][12, 14, 15] by volume of concrete to enhance strength properties.
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Mix Fiber PCA (%) Fiber Silica OPC Sand NCA  PCA Silica  Fiber =~ Water  Plasticizer

ID type (%) Fume (%) kg/m* kg/m®* kg/m® kg/m® Fume kg/m® kg/m3 kg/m?
kg/m?

M1 - - - - 392 661 1256 0 0 0 176 4.6

M2 - 20% - - 392 661 1004.8 62.88 0 0 176 4.1

M3 SSF 20% 0.75% 20% 313.6 661 1004.8 62.88 5525 5895 176 4.9

M4 PPF 20% 0.5% 20% 313.6 661 1004.8 62.88 5525 4.5 176 4.9

3.3  Mix preparation and casting

A concrete mixer of capacity 0.15m?’ is used to prepare all mixes. In the first step, all dry concrete ingredients (sand,
cement, NCA, PCA, and SF) are placed in a mixer and half of the required water is added to mix it for 3 to 4 minutes
to produce a homogeneous mixture. After that, fibers are added to the addition of remaining water and allowed to mix
for another five minutes. Super plasticizerzer is added to achieve slump within 100-120 mm range mm. After concrete
preparation, following proper compaction, cylinders (150 mm x 300 mm) and beams (100mmx100mmx400mm) were
casted for compressive, tensile, and flexural strengths.

3.4 Curing and testing

After 24 hours of casting, all samples are de-molded and placed in a water tank to cure for 28 days at room temperature.
When the testing age is reached, the samples are air-dried and prepared for testing. The compressive and tensile
strengths of cylindrical concrete specimens are determined using a compression testing machine for each mix type
conforming to ASTMC39 [16] and ASTMC496 [17] respectively. For flexural strength/modulus of rupture, beams are
tested by central point loading confirming to ASTM C293 [18].See Figure 3 failure modes in compression, flexural
and tension for all mixes.

Figure 3:a)Failure modes in compression b)Failure modes in flexural c)Failure modes in tension
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4 Results and Discussions

4.1  Compressive strength

Three cylindrical samples for each mix type were tested for average compressive strength determination. Figure 4
shows the variation of compressive strength for each mix type (M1, M2, M3, and M4). For controlled mix M1,
compressive strength of 2715 psi is obtained. With the partial substitution of coarse aggregates with plastic waste
aggregates in mix type M2, the compressive strength was reduced by 16.293%. Plastic aggregate’s smooth texture
causes poor adhesion with cement paste, resulting in a decrease in strength. For mix type M3 in which cement is
partially replaced by silica fume and steel fibers are added by volume along with the incorporation of plastic aggregates,
the compressive strength was decreased by 4.56% as compared to the control mix. Similarly for mix M4 in which
polypropylene fibers are induced instead of steel fibers, the compressive strength was decreased by 4.9% to the control
mix. The packing and pozzolanic action of silica fume, as well as the bridging and interlocking effect of steel and
polypropylene fibers, are the primary causes of the increase in compressive strength.

Compressive strength

2800
S 2700
2 600 B M1(PA 0%,SF 0%,SSF 0%,PPFO%)
=
o 2500 B M2(PA 20%,SF0%,SSF0%,PPF0%)
2 2400
% 2300 B M3(PA20%,5F20%,SSF0.75%, PPFO%)
o
2200
£ 5100 M4(PA 20%,SF20%,SSF0%,PPF0.5%)
(@)
2000

Mix types
Figure 4: The Comparison of compressive strength results

4.2  Splitting tensile strength

Twelve cylindrical specimens, three for each mix type, were tested in a compression testing machine to determine the
average splitting tensile strength. For the control mix, the tensile strength comes out to be 275psi. Tensile strength for
Mix type M2 is 50% less as compared to control mix M1. This decrease in tensile strength is brought on by the flimsy
adhesiveness or bond among cementitious material and plastic aggregates. With the inclusion of silica fume and steel
fibers, the strength of plastic concrete improves by 90.54% (i.e. M3 mix). However, it was increased by 86.18% with
the incorporation of, silica fume, and polypropylene fibers (i.e. M4 mix). Figure 5 shows the tensile strengths of all
mixes. The ability of fibers to reduce small cracks in the concrete matrix accounts for the majority of the increase in
tensile strength. When the splitting occurred and continued, the load was gradually supported by the fibers by acting as
a conduit for stress transfer from the matrix to the fibers. The stress transfer caused the tensile capacity to rise.

Tensile strength

< 300 W M1(PA 0%,SF 0%,SSF
) 0%,PPF0%)
g 200 m M2(PA
o 20%,SF0%,SSF0%,PPFO%)
= 100 m M3(PA20%,5F20%,55F0.75%,P
E, PF0%)

0

Mix types

Figure 5: The comparison of split tensile strength results

Paper ID. 22-135 Page 48 of 465



s, 4™ Conference on Sustainability in Civil Engineering (CSCE’22)

;‘&m’ 4 Department of Civil Engineering
\*‘}J Capital University of Science and Technology, Islamabad Pakistan

4.3 Modulus of rupture

The casted prisms were subjected to central point loading for each mix type. The flexural strength was decreased with
the addition of plastic waste (M2 mix) due to PCA's smooth surface texture and the cement paste's poor interfacial
binding, or adhesiveness; however, it improved with the incorporation of silica fume, steel, and polypropylene fibers
(i.e. M3 and M4 mixes). For control mix M1, the flexural strength is 436psi. For mix M2 it decreased by 33.25%. Mix
M3 and M4 improved the flexural strength of plastic concrete by 95.86% and 97.93% respectively. Figure 6 shows
flexural strength results. The improved fiber-matrix bond may be responsible for the increase in flexural strength. The
main reason for the increase could be the fibers that cross the crack in the tension half of the reinforced beam.

Flexural Strength

500 B M1(PA 0%,SF 0%,SSF 0%,PPF0%)

400
B M2(PA 20%,5F0%,5SF0%, PPF0%)
300
200 B M3(PA20%,5F20%,5SF0.75%,PPFO
%)
100 M4(PA

3 20%,SF20%,SSF0%,PPF0.5%)
Mix types

Flexural strength

Figure 6: The comparison of flexural strength test results

5 Conclusions

The current study leads to the following conclusions:

1 When plastic waste is mixed into concrete, the compressive, tensile, and flexural strength decrease by 16.29 %,
50 %, and 33.25 %, respectively because the of hydrophobic nature of plastic aggregates and poor bonding
between cement matrix and PCA.

2 By adding silica fume the compactness of the matrix increased due to the pozzolanic and filling effects of SF as
a result the mechanical properties of plastic concrete increased significantly.

3 The SSF and PPF fibers significantly enhanced the tensile and flexural strength due to crack arrest ability and
the crack bridging mechanism.
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Abstract- The mechanical characteristics of fiber reinforced self compacting concrete in
the hardened condition are investigated in this study. The goal of this experiment is to see
what impact polypropylene fibers (PPF) have at different doses, such as 0%, 0.50%, 1%,
and 1.50% and to estimate the maximum amount of polypropylene fibers (PPF) that can
be added safely. Furthermore, Silica fume was used to displace up to 10% of the cement,
which was consistent across all blends. The replacement of fine aggregate was carried out
with 10% fly ash for blends (M1, M2, M3 and M4). Then percentage increased up to 20%
for mixtures (M5, M6, M7 and MS). The purpose of the experimental study programme
was to look at split tensile strength after 14 and 28 days of curing. The mix containing
varied amounts of polypropylene fibers was then compared to conventional concrete.
Tensile strength was improved by adding polypropylene fibers to the mix. At 1%
polypropylene fiber insertion, the tensile strength reaches its maximum.

Keywords- Polypropylene fibers (PPF), split tensile strength, self-compacting concrete (SSC)

1 Introduction

Self-consolidating concrete is another name for self-compacting concrete. By its own weight, this form of concrete can be
placed or modified in any location. It may be conveniently installed in busy reinforcing areas. There is no need to use
mechanical vibrators to compact the SCC during installation.

In this experiment, seven PPF-containing mixtures and one control blend were used to test SCC tensile strength. All
mixtures had a predetermined substitution of cement with silica fume and fine aggregate with fly ash. Fibers were gradually
added to all combinations at a rate of 0.5 percent. The percentages of replacement were 0 percent, 0.5 percent, 1 percent,
and 1.5 percent. All mixtures used a fixed 0.33 water-cement ratio, and using super plasticizer increased the workability
of SCC while maintaining the water content. The goal of this research effort was to determine the mechanical
characteristics of concrete, including compression, split tensile and flexural strength. All of the polypropylene fiber
mixtures were compared to the control mix. It was discovered that adding fibers to SCC increased tensile strength of
concrete [1]. Four different amounts of polypropylene fibers were used in the concrete mixes to determine the tensile
strength. The amounts of fibers were 0.10, 0.20, 0.30, and 0.40 percent by the weight of cement. Four different blends
were created for this purpose. At 28 days, the tensile strength was assessed. Polypropylene fibers were found to enhance
the tensile strength of self-compacting concrete. [2].The properties of SCC in fresh and hardened states were assessed
using an experimental method. Polypropylene fibers were added in various amounts of 0 percent, 0.50, 0.75 and 1 percent,
together with steel fibers, for this purpose. The greatest tensile strength was reached with the addition of 1% PPF [3].
Polypropylene fibers in the numbers of 1, 2, and 3 kg/m? were used in this study. High-performance PPF was used in this
study. At temperatures of 250 °C, 1000 °C, 2000 °C, and 3000 °C, mechanical properties such as tensile, compressive, and
flexural strengths were investigated. When 1 kg of fibers were added to concrete, the compression strength enhanced by
14.0 percent, the split tensile strength improved by 17.0 percent, and the flexural strength increased by 8.50 percent [4].
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The damage evolution rule, compressive strength, and damage performance of PPF concrete were all tested experimentally.
The ordinary concrete was used as a comparison for the results. The results showed that adding PPF to concrete increased
its split tensile strength [S]. The 28-day mechanical properties of PP fibers increases at low values, but decreases by 3% -
5% at higher concentrations [6]. The split tensile strength of fibers reinforced concrete was related to the fibers length
used. With longer fibers, the split tensile increases [7].Flexural, split tensile, and modulus of rupture were all significantly
increased when compared to conventional concrete [8].The purpose of this experimental program was to study the effect
of PPF on SCC modified with fly ash. Moreover, to find the optimum content of PPF for SCC modified with fly ash for
mechanical property like tensile strength of SCC.

2 Experimental Procedures

The first of all the selection of materials used in the mixes was carried out. The selection of aggregate quarries was
influenced by the petrography of the rock resources. The Margalla, Rohi, Sargodha, and Gari Habib Ullah quarries, for
example, yield calcium carbonate, dolomite, limestone, and granite minerals. At this point, the project's ingredients
included cementitious materials, fly ash, Portland cement, and polypropylene fibers. Then typical mix designs were created
in the. The ACI-211 requirements were followed with a one-to-one mix ratio (1:1.4:1.6).

PPF was used at the following concentrations: 0%, 0.50%, 1%, and 1.5. The mixes were made with 0.33 w/c ratio to
investigate the impact of PPF on concrete properties. The researcher used PPF dosages of 0, 0.5, 1, and 1.5 percent. Figure
1 shows the quantities and identities of cement (C), fine aggregate, coarse aggregate, silica fume (SF), fly ash (FA),
admixture, and polypropylene fibres (PPF) in self compacting concrete mixtures. First and foremost, all aggregates were
combined in a drum type concrete mixer for about one minute in a dry state. After that, PPF was applied, and the missing
was completed for another minute in a dry environment. At the beginning, 2/3 of the water was utilised, and the mixture
was mixed for another minute. The last 1/3 of the water and the super plasticizer were added at this point. The fresh
properties like slump flow, flow ability and passing ability were determined. The mix proportions used for experimental
program are given below. Sample 1:1.4:1.6 mix was used for all the batches. It was because, in Pakistan most commonly
used concrete mix as shown in Figure 1.

Mix  Mixture W/B  Water C SF FA Fine  Coarse PPF Admixture

No ID Agg Agg Fraction
- - Kg/m® Kg/m® % Kg/m® % Kg/m® Kg/m® Kgm® % Kg/m? Kg/m?®
1 Control 032 142 444 - - - - 690 769 5.3
2 M1 032 128 400 10 44 10 69 621 769 0 0.0 4.8
3 M2 032 127 397 10 44 10 69 621 769 05 22 4.8
4 M3 032 126 395 10 44 10 69 621 769 1 44 4.7
5 M4 032 126 393 10 44 10 69 621 769 15 6.7 4.7
6 M5 032 128 400 10 44 20 138 552 769 0 0.0 4.8
7 M6 032 127 397 10 44 20 138 552 769 05 22 4.8
8 M7 032 126 395 10 44 20 138 552 769 1 44 4.7
9 M8 032 126 393 10 44 20 138 552 769 15 67 4.7

Figure 1: Polypropylene fibers

1.1  Materials

The Naturally available sand of Lawrence pur quarry was used as a fine aggregate (FA) & coarse aggregate (CA) of crushed
Margalla Hills was used. The addition of silica fume & polypropylene fiber (PPF) reduces the workability of concrete, to
get desirable slump value superplasticizer was used. In this research, an Ultra high range water reducing admixture
viscocrete 3110 was used.

1.2 Polypropylene fibre

The monomer C3H6 is used to make polypropylene fibres. These fibres are chemically resistant. Figure 2 shows the white
polypropylene fibres with a diameter of 12 mm that were employed in the research for the experimental programme.
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Figure 2: Polypropylene fibers

2 Research Methodology

Splitting tests on cemented concrete may be used to assess tensile strength. Moreover, direct tension test and the flexural
test can be used to find the tensile strength of concrete. Crack size and depth in constructed settings are directly related to
the tensile strength of concrete. Because of this, concrete is very brittle and hence extremely weak under strain.
Furthermore, the concrete is extremely weak under tension due to its brittle character. As a result, direct tension is unlikely
to be tolerated. Cracks emerge when tensile forces exceed the concrete's tensile strength. The maximum load bearing
capacity of concrete components was determined by determining its strength. It's also possible to assess the tensile strength
of concrete by breaking it in half. According to ASTM C496 standards. As a last step, we'll go through the various aspects
of the split cylinder’s test for concrete samples. The tensile strength of SCC in the hardened condition was tested at 14 and
28 days after curing to see how PPF affected its performance.

The tensile strength of SCC was determined by applying stress to cylindrical samples having 150 mm diameter and 300
mm height. According to ASTM C39, compression testing machine was used to determine the split tensile strength. For
this purpose, the specimen was placed on a flat surface with the vertical and centered lines drawn on the ends. Laid another
plywood strip over the specimen and lowered it until it touched the plywood strip. Determined the breaking load. By using
that load, tensile strength was determined. The calculated tensile strength is shown in Figure 3. The average of three
samples were used as a final result.

Figure 3: Polypropylene fibers

3 Results

The split tensile strength was determined according to ASTM C496. The tensile strength of SCC with different
proportions of PPF and proposed contents of silica fume and fly ash are shown in the Figure 4.
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Figure 4: Polypropylene fibers

Figure 3 shows the tensile strength of SCC with various PPF percent and proposed silica fume and fly ash contents. The
improvement in mixes containing 10% fly ash for M1 to M4 and 20% for M5 to M8, 10% silica fume for mixes and
proposed contents of PPF are shown in the graph. The effect of PPF in increasing split tensile strength was more than that
of compression test & get the improvement in the results up to 1% PPF. The mix containing 0%, 0.5%, 1% and 1.5% PPF
increased the strength by 8%, 10%, 17% and 7% respectively at 28 days for M1 to M4 for mixes M5 to M8 the strength
improved by 10%, 14%, 21% and 8% respectively at 28 days of curing. Since PPF and cement paste were interlocked
during testing, this failure pattern differed from that of plain concrete mixtures, the failure pattern was unique as shown in
Figure 5.

Figure 5: Polypropylene fibers

4 Conclusion

The main purpose of the study was to evaluate the beneficial effect of polypropylene fibers in contents like 0%,
0.5%, 1% and 1.5% on self compacting. SCC behavior was also studied under the influence of fly ash and silica
fume. From the research, the following findings can be drawn:

1 In case of tensile strength, the addition of PPF increased the tensile strength of SCC. The addition of PPF reduced
the brittleness nature of concrete. As a result tensile strength increased.
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The maximum strength was obtained at 1% addition of PPF. The failure pattern was different than the plain concrete
mixes, after testing the two parts were not separated from each other due to the interlocking of PPF in the cement
paste.

As a result of the entire experimental study, it is possible to use polypropylene fibers in the creation of SCC up to a
maximum of 1%. Further addition of PPF causes the reduction of tensile strength of SCC.

References

Rani, B.S. and N. Priyanka, "Self compacting concrete using polypropylene fibre, " International Journal of Research Studies
in Science, Engineering and Technology, vol. 4, pp. 16-19,2020.
Kurian, S.V and A. Sarah, "Inflence of polyproplene fibbre in self compactng concrete," International Research Journal of
Engineering and Technology, vol. 5, pp. 1102-1104,2021.
Abaecian, R., et al., "Effects of high temperatures on mechanical behavior of high strength concrete reinforced with high
performance synthetic macro polypropylene (HPP) fibres," Construction and Building Materials, vol. 165, pp. 631-638,2018
Liu, X, et al.,, "Properties of self-compacting lightweight concrete reinforced with steel and polypropylene fibers,"
Construction and Building Materials, vol. 226, pp. 388-398,2022.
Qin, Y..et al., "Experimental study of compressive behaviour of polypropylene-fibre-reinforced and polypropylene-fibre-
fabric-reinforced concrete," Construction and Building Materials, vol. 194, pp. 216-225,2022.

Priti A. Patel, Dr. Atul K. Desai and Dr. Jatin A. Desai, "Evaluation of Engineering Properties for PP Fiber Reinforced
Concrete," International Journal of Advanced Engineering Technology, Vol.3,pp. 42-45,2022.
Miss Komal Bedi, "Experimental Study For Flexure Strength on PP Fiber Reinforced Concrete," IOSR Journal of Mechanical
and Civil Engineering (IOSR-JMCE), vol.3, pp. 16-22,2022.
Mounir M. Kamal, Mohamed A. Safan, Zeinab A. Etman,, Bsma M. Kasem,"Mechanical Properties of Self Compacted Fiber
Mixes," Housing and Building National Research Center Journal (HBRC), Vol.10,pp. 25-34,2022

Paper ID. 22-139 Page 55 of 465



4™ Conference on Sustainability in Civil Engineering (CSCE’22)
Department of Civil Engineering
Capital University of Science and Technology, Islamabad Pakistan

Bapppan

MECHANICAL BEHAVIOUR OF MORTAR USING
P0OZZOLANA AS PARTIAL REPLACEMENT OF CEMENT

2 Adil Khan*, ® Muhammad Shakeel, ¢ Irfan Ullah, ¢ Yasir Khan

a: Department of Civil Engineering, University of Engineering and Technology Peshawar, 18pwciv5027@uetpeshawar.edu.pk
b: Department of Civil Engineering, University of Engineering and Technology Peshawar, 18pwciv5186(@uetpeshawar.edu.pk
c: Department of Civil Engineering, University of Engineering and Technology Peshawar, irfanullah20120@gmail.com
d: Department of Civil Engineering, University of Engineering and Technology Peshawar, yasirkhancivileng@gmail.com
* Corresponding author: Email ID: 18pwciv5027@uetpeshawar.edu.pk

Abstract- Lightweight concrete structures are being built by human beings since ancient
time for shelter and other purposes. These structures are composed of different materials
like concrete, wood, glass, steel, stones and mud. But in the modern world, the use of
lightweight concrete is increasing. After water, concrete is the most widely used material
on our planet. Due to its relatively low cost, it is commonly used building material. The
major binding material of concrete is cement. This leads to the production of cement in
very large amount. The excess use and production of cement leads to environmental
problems and concrete structure disintegration. We can reduce the production of cement
by adding different types of pozzolanic materials as partial replacement of cement which
will also decrease the dead load of the building. In this study we will evaluate the results
of adding different proportions of Pozzolana as partial replacement of cement. The type
of pozzolanic material used in this study is pumice. Pumice is available naturally in the
form of stones. The pumice stone is always easily available everywhere and having low
density then all the other aggregates used in the concrete mortar. The light weight mortar
cubes are prepared by partially replacing the cement with powdered pumice aggregate
by 12, 24, and 36%. The mix design and all the respective percentages are prepared by
mixing it with water. After proper curing the mechanical and the durability properties of
conventional control mix and the partially replaced mortar cubes are compared by
conducting compressive strength and porosity tests for specific replacement of the

Keywords- Lightweight concrete, Admixtures, Durability, control mix.

1 Introduction

Construction is a very old human practice. Human beings are involved in construction since ancient times. With time the
structures become more durable and stronger. For more than 2000 years LWC has been used as a building material [1]. In
this study, the main focus is on concrete. As cement is the major constituent of concrete, there are many side effects of
excess cement production such as environmental degradation [2]. Chromium in it that can cause allergy. Crystalline silica
is not good for lungs and skin, lime and other alkaline compounds are highly corrosive to human tissues [3]. The solution
is to use as minimum cement as possible. One of the ways is to replace this with another material that needs to have the
same properties or even better properties than cement. We have to reduce the use of cement in concrete by replacing it
with another material that is pozzolanic or simply known as pozzolan [4]. Pumice stone being embossed volcanic rock,
comes into form when lava with a very high content of gases and water is squeezed out of volcanic action. Pumice is a
lightweight stone that floats on the surface of the water [5]. The main objective of this study is to find a combination of
cement and pumice that should not affect the properties of concrete.

Nowadays we need a type of concrete that will be LWC to decrease the weight of the building, which leads to economical
and safe building construction. The novelty of this research is that pumice stone being lightweight when used as a partial
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replacement for cement will decrease the weight of the concrete, which decreases the weight of the structure and hence
will lead to less cement production and economical building construction. In this study, different percentages of pumice
were used to obtain such a percentage of pumice as a replacement for cement to improve its properties.

2 Research Methodology
2.1 Material Collection

The following is the material collected for the research as shown in Table 1.

Table 1: Material collection

S.NO Material Description

1 Pumice Stone 1n this study, the pumice stone was collected from Lahore
and then brought to Peshawar. Pumice stones were then
ground at 100 ‘C and 700 °C temperatures in PCSIR
Laboratory located on Nasir Bagh Road, Peshawar. Then it
was passed through sieve no 200, in this way the desired
fine form of pumice stone was obtained.

2 Sand In this study, different samples of sand were collected from
different locations, in search of sand having a modulus of
about 2.5. The fineness modulus of all the collected samples
was evaluated and the sand with a fineness modulus of 2.5
was selected for the study. The selected sample was
obtained from Uzair Material Stock Forest Bazar Peshawar.

3 Cement The type of cement used in this study was ordinary Portland
cement conforming to ASTM C204-18el., from a company
called Kohat Cement. An admixture of Sika-viscocrete was
also added to reduce shrinkage and creep in the concrete.

4 Water Looking into different parameters such as alkalinity,
turbidity, oxygen saturation, temperature, conductivity, and
freshwater conforms IS 456-2000 were used for the
preparation of concrete.

2.2 Percentage of Pumice Stone as Partial Cement Replacement

Different percentages of pumice stone were used as a replacement for cement to find out the required percentage of a
pumice stone to achieve high-performance quality. In this study 12, 24, 36% of pumice stone was used as a partial
replacement for cement, and properties were evaluated.
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2.3 Quantity of Specimens

The number of specimens prepared and tested in this study is given in Table 2.

Table 2: Calculation for Number of Samples

No. of cubes for No. of cubes
Percentages Ages Compression test for Porosity Sum
test

7 6 15
P-12 9

28 9 6 15

7 6 15
P-24 ?

28 9 6 15

7 9 6 15
P-36

28 9 6 15

2.4 Mixing Procedure

The mixing procedure of cement mortar was followed by ASTM C-305 to get a uniform mix, having plastic consistency
and adequate workability to be placed easily in the mould.

2.4 Specimen Preparation

In this study, the standard cubes of size (25.4 x 25.4 x 25.4) mm were prepared in the cube moulds. For compression, the
9 specimens will be cast for each age and each percentage. The casting of partially replace pumice mortar is similar to
that of conventional control mix design, before grinding the pumice it should be uniformly pre-wet to get its total
saturation, then allow to sit until the whole of the water drains out from it [8]. After the casting of concrete, the specimens
were kept for 24 hours and then de-mould. After the demolding, all these will have immersed in the curing tank for curing,
and then they should be extracted at their specific testing time.

2.5 Laboratory Tests
The following are the tests performed in this research as shown in Table 3.

Table 3: Laboratory Tests

S. Test Standard Description Image of Assembly

1 Compressive ~ ASTM C109 It gives the determination
strength behavior of the material under
a load and the maximum
stress that a material can
sustain over a period under
applied load.

2 Porosity ASTM C1754 Porosity is the percentage of
void spaces in mortar or
concrete. It is the measure of
the volume of voids in
concrete.
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3  Results and Discussion

3.1 Compressive Strength

The following are the results of compressive strength as shown in Table 4.

Table 5: Compressive strength

Compressive strength (Ksi)

S. No Compositions P-700 P-100
7-days 28-days 7-days 28-days
1 Control 2.342 3.290 2.342 3.290
2 P-12 2.623 3.417 2.299 3.053
3 P-24 2.105 3.797 2.502 3.373
4 P-36 2.194 4.321 2.001 3.549

3.1.1 Compressive Strength Comparison

It is clearly shown in Figure 1 below that P-36-700 at 28 days curing gives us maximum strength i.e 4.321ksi. And P-

36-100 at 7 days curing gives us minimum strength i.e 2.105 ksi.
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3.2 Porosity

Figure 1: Compressive strength comparison chart

To find porosity, we need the oven-dried weight (Wd), surface saturated weight (WssD), and submerge in water
weight (Ww). The soaked and dry weights were founded for all the specimens of all ages and the average was taken
for each set. Table 5 below shows the porosity of samples.

Table 6: Porosity of samples

P-700 P-100

S. Compositions
N 7 days 28 days 7 days 28 days

Ww WssD Wd Ww WssD Wd Ww WssD Wd Ww WssD Wd
1 Control 167 294.2 277 164 292 274 167 2942 277 164 292 274
2 P-12 162 293.3 267 160 290 263 161 2963 276 159 289.5 268
3 P-24 163 297.5 270 162 294 268 159 296.7 275 162 300 282
4 P-36 164 299.7 289 165 296.7 280 160 2925 270 162 300 282
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3.2.1 Porosity Comparison

The following column chart as shown in Figure 2 below is showing the comparison of porosity for different pumice
compositions for 7- and 28-days curing. It is clear from the chart that P-24-700 7 days curing has maximum porosity
0f 20.497% while P-36-700 7 days have a minimum porosity of 7.721%.
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Figure 2: Porosity comparison chart

From the results, it is clear that compressive strength increases with the increasing percent of pumice and curing
period as shown in Figure 3. Generally, porosity is going to decrease when pumice stone percentage is going to
increases as shown in Figure 3.
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Figure 3: Compression & Porosity

3.3 Discussion

From our research being lightweight, when pumice is used as a partial replacement for cement it will form LWC
having the following benefits:

1. It will decrease the production of cement and hence environmental degradation will decrease.
2. It will decrease the health risks associated with cement.
3. It will decrease the dead load of the building.

4. Tt will reduce transportation costs.

Paper ID. 22-141 Page 60 of 465



4™ Conference on Sustainability in Civil Engineering (CSCE’22) g‘*’ftﬁ%
Department of Civil Engineering %
Capital University of Science and Technology, Islamabad Pakistan &S

Conclusion

From the conducted study the following conclusions can be drawn:

1. P-36-700 at 28 days curing give us maximum strength i.e 4.321 ksi. And 36-100 at 7 days curing gives us
minimum strength i.e 2.105 ksi.
2. P-24-700 7 days curing has maximum porosity of 20.497% while P-36-700 7 days have a minimum porosity
of 7.721%.
3. The best combination is P-36-700 (28 days) which gives compressive strength of 4.3 ksi and 12.7% porosity.
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Abstract- Bamboo is a material that has been used in construction for generations. One
of the biggest disadvantages to this material is the natural variability, however, there is
the potential for it to be used as core material in sandwich panels. Therefore, to maximise
bamboo's potential for usage as a structural material and limit the impact of natural
variability, bamboo core sandwich panels were developed. The experimental procedure
was broken down into 3 stages. The first stage reviewed the impact of different core
configurations on the modulus of rupture and compressive strength of sandwich panels
produced with plywood as the outer skin and bamboo rings as the core. The second stage
took the best configuration from stage 1 and produced a 2m beam to review the
mechanical properties and was thereafter compared to a control beam with no bamboo
rings. The final stage of the experimental procedure reviewed the compressive strength
of the bamboo rings both parallel and perpendicular to the grain to validate the results
obtained in stage 1 and 2. Results showed that the core configuration has a big impact on
the modulus of ruptures and that there was a clear relationship between density and
modulus of rupture. Stiffness of the beams and cubes tested increased as the cross-
sectional area of rings increased and allowed for a greater contact area. Finally, the testing
of the bamboo rings aligned with results that were expected when testing parallel and
perpendicular to the samples, with split bamboo rings producing good strengths in
comparison to good rings.

Keywords- Bamboo, Sandwich Panels, Mechanical properties.

1 Introduction

There are around 1000 different subspecies of bamboo in the world, and many of them are common in temperate, tropical,
and subtropical climate zones. Bamboo has been a dependable building material for both temporary and permanent
structures for generations, among its many other uses. One of the reasons that bamboo has been used for construction is
because of its strength to weight ratio, mechanical properties, rate of growth and seismic performance [1]. Although, there
have been comparisons to materials such as steel, studies have showed that the strength properties are similar to that of
lumber, with certain species approaching strengths of high grade (D40) [2]. The allowable stresses for most species are
found to be between 10 and 20 N/mm? [3].

Sandwich panels have been extensively employed in construction because of its inherent thermal, acoustic, and fire
insulation capacities and where weight is a major consideration [4][5]. Currently, many of the available sandwich panels
employ less dense materials as their core material, but this method is not the most effective when flexural pressures are
involved. The core's function in flexural resistance is essential because it must transfer shear forces between the encasing
skins. Therefore, the core must provide a stability in resisting shear deformations. A study evaluated how the bamboos
core diameter and the type of adhesive used to connect the skin to the core affected the panels' equivalent density, flexural
strength, and shear strength with a brand-new sandwich panel made of prepreg flax skins [6]. It was concluded that both
the density and diameter of the bamboo rings had an impact on the characteristics of sandwich panels [6]. Both diameter
and density were found to have an impact on the mechanical properties. As the diameter of the bamboo cores increased,
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there was greater flexural strengths and as the diameter decreased there was an improvement in the core transverse shear
modulus [6]. A separate study conducted a numerical analysis on the flexural behaviour of how the height of bamboo
rings and the thickness of plywood skins affected the bending stiffness in comparison to cross-laminated timber (CLT)
sections [7]. It was concluded that that the bending stiffnesses of the sandwich panels constructed from bamboo rings were
similar to that of the CLT. Therefore, showed that there is potential for more slender areas and much lighter components
[7]. A similar review with bamboo cores with multiplex plywood skins was conducted to understand the impact of both
core and skin thickness on the mechanical properties of sandwich panels [8]. With the use of a two-way ANOVA statistical
analysis, it was concluded that individually altering the thickness of both elements impacted the results. However,
increasing the thickness of both elements together, tended to not impact the bending strength of the panels [8]. It has also
been reported that bamboo rings in a honeycomb configuration can improve flexural strength and impact resistance [9].
As well as configuration of bamboo rings, the adhesive plays a crucial role, as bamboo in comparison to wood has a higher
density and starch, wax and silica content which impacts its bonding ability [10]. Overall, studies have shown the potential
for bamboo to be used as a core in sandwich panels for structural application. The sustainable benefits could prove popular
with the strategies that have been placed by many governments across the world. Therefore, the aim of the paper is to
determine the structural capability of using bamboo cores in timber sandwich panels. With the purpose of determining if
the mechanical properties bamboo sandwich panels have the potential to be used for structural application.

2 Experimental Procedures

To review the impact of bamboo sandwich panels, the experimental procedure was broken down into 3 stages.

2.1 Stagel

In this stage, there were four beams (500mm x 165mm x 120mm) and two cubes (100*¥100*100) with different core
configurations produced and one beam was produced with no cores as a control sample. Beams were tested for their flexural
strength and the cubes were tested in compression. Table 1 provides the details of the specimen number, core configuration
and number of cores used for the beam samples. For the cube samples, there were 3 and 4 cores in the two different samples
produced. The cores used were 100mm in length and the plywood used for the outer casing had a thickness of 9mm. Figure
1 provides an image of a cube sample that was prepared. The beams were tested under 4-point bending, with loading at a
rate of 3kN/sec and two-point loads were applied at 300mm.

Table 1. Details of beam samples

Specimen Number of
Number Core Configuration Cores
Plan View Elevation
Control specimen with no
S1-01 bamboo N/A None
500.0 Longimdir}al core
i 5 T configuration,
N with equivalent
S length of bamboo
S1-02 as S1-04
] 500.0 ,
S1-03 10
; 500.0 .
OO |
S1-04 15
; 500.0 , -
S1-05 O O O O O ]]D 10
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Figure 1. Compression samples

2.2 Stage?2

The second stage of the experimental procedure involved producing 2m sandwich panels and investigating the structural
behaviour. A 2m control beam (S2-01-P) was compared to the 2m sandwich panel using the configuration of S1-03 (S2-
01-BP) in phase 1, as this has the greatest strength to weight ratio of any samples tested. The beams were tested under 4-
point bending, had dimensions of 2000 x 120 x 165 mm and an effective span of 1800mm. Figure 2 provides the setup of
the 4-point bending tests and the location of the linear variable displacement transducer (LVDT) which was used to
measure the deflection at mid span. The loading rate for the test was 0.15 mm/s
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Figure 2: Test setup for four-point loading on 2m beam

2.3 Stage3

The final stage of the experimental procedure reviewed the compressive strength of the bamboo ring both parallel and
perpendicular to the grain. Furthermore, in addition to testing the good quality bamboo rings, bamboo with defects and
those rings that had failed in the sandwich panels were also investigated for their compressive strength in both directions.
Table 2 provides details of the samples that were tested.

Table 2: Compression test specimen details

Specimencode Description
PD-1
PD-2 Parallel to grain of damaged beams
PPD1
PPD2 Perpendicular to grain of damaged beams
PS-1 Parallel to grain of split bamboo
PPS-2 Perpendicular to grain of split bamboo
PP-1
PP-2 Perpendicular to grain off good bamboo
P-1
P2 Parallel to grains of good bamboo
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3 Results
3.1 Mechanical properties of the bamboo sandwich panel

Figure 3 provides the Modulus of Rupture (MOR) vs density of the 5 beams produced in stage 1. Results show that there
is a direct link between density and MOR, as density increases so does the MOR. The beam that produced the greatest
MOR was S1-02 which had rings arranged longitudinally along the longitudinal axis of the beam. It assumed that this
produced the greatest strength as the arrangement allowed for the loads to be distributed parallel to the grain, which has
been stated to be its strongest direction [11]. S1-04 failed due bamboo rings being compressed. It is assumed that the higher
shear stresses located around the support caused the rings to fail in compression in those areas. From the results it can be
noted that S1-04 which has a similar density to that of S1-05 and S1-03 produced a higher MOR value. The reason for this
is due to the increase in bamboo rings that were used in S1-04. S1-04 had 33% more rings in comparison to S1-05 and S1-
03, which is assumed to have provided greater rigidity due to an increase in the contact area. Similar studies concluded
that an increase in the number of rings will increase the MOR due to the rings having a greater contact area with the outer
skins and therefore, increasing the rigidity and providing greater resistance [8]. Figure 4 provides an image of the failure
mode of one of the beams and it was noted that all beams had similar modes of failure. It was noted that initially the top
skin of beam failed and thereafter there was delamination from the core. Similar trends had been noted in other studies
where it was observed that failure of top skin occurred in the initial phase of loading, followed by the complete separation
of the specimen in the mid-span at failure [12].

Table 3 provides the results of the cube samples that were tested for its compressive strength. Testing showed that S1-C1
failed due to vertical cracks running along the longitudinal axis while S1-C2 failed due the punching of plywood skins.
Although S1-C2 had more bamboo rings, the results show that there is a direct link between the cross-sectional area of the
rings and the compressive strength. As the cross-section area increased, so did the compressive strength. S1-C1 is assumed
to have produced greater strengths as its cross-sectional area was 43% greater than that of S1-C2.
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Figure 3: MOR vs Density Figure 4: Failure mode of beam

Table 3: Test results and calculations of compressive specimens

Number of Total cross- Load at
Specimen bamboo Mass (Kg) sectional area failure (kN)
cores of bamboo culms
(mm?2)
S1-C1 3 0.35 2490 124
S1-C2 4 0.27 1740 92
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3.2 Structural behaviour of the bamboo sandwich panel

Figure 5 provides the load vs deflection of the 2m sandwich panels that were produced in stage 2. Figures 6 and 7 show
the failure of S2-01-P and S2-01-BP, respectively. The trends for both control sample (S2-01-P) and sample with bamboo
rings (S2-01-BP) are initially similar. However, S2-01-BP produces a slightly greater maximum load and withstands load
for a greater period after the initial linear trend. At about 27mm of mid-span deflection, which corresponds to the vertical
board of the beams cracking, the initial failure of both beams was visible. Following the initial failure, S2-01-P failed,
however S2-01-BP had better capacity resistance by 0.2kN. The nonlinear behaviour that can be noted in S2-01-BP is
assumed to be due to the incorporation of the bamboo rings, which is increasing the flexural stiffness of the panel. This in
turn could be related to the hogging that was observed near the supports. When reviewing the Modulus of Elasticity (MOE),
S2-01-BP had an MOE of 3.97 GPa. These results seem reasonable as they are similar to trends which were noted in other
studies where the MOE ranged from 2.2 GPa to 4.2 GPa depending on the diameter and the type of adhesive used [4].
Although the range is similar, it must be noted that different materials were used for the outer skins of the sandwich panels,
which would then have an impact on the mechanical properties of the panels. Overall, it may be seen that S2-01-BP gains
more strength from the bamboo core as the weight is increased. Even though the beam's midspan has a consistent bending
force during the four-point bending test, S2-01-BP fails under the right-side load point. This might be because the bamboo
core's properties vary widely, distributing the load unevenly.

Load vs Deflection Relationship- Stage-02
8 /‘
7 —— Plywood Box Beam-52-01-P
. )\
5
4 4
3 ™
N4 //

Bamboo sandwich beam-52-01-BP

Load [kN]

10 20 30 40 50 60

Displacement [mm]

Figure 5: Load-deflection relationship of the beams

Cracking of vertical board

Figure 6: Failure of S2-01-P Figure 7: Failure of S2-01-BP
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3.3  Compressive strength of bamboo culms

Table 4 provides the results of all sample tested in stage 3 of the experimental procedure. The stress at failure was only
able to be determined for those samples tested parallel to the grain as those tested perpendicular to the grain were
insignificant.

Table 4: Compression test results of bamboo cores

Max.
Specimenn Code Load AV(gI;I]n)li)a Thickness(mm) Stress at failure(N/mm?)
(kN)
PD-1 34.4 43.7 4.7 60.2
PD-2 45.1 45.2 4.4 80.5
PPDI1 5.7 45.6 6.4 -
PPD2 7.6 39.7 3.9 -
PS-1 65.7 43.8 6.4 87.4
PPS-2 0.0 45.0 5.8 -
PP-1 0.0 47.0 4.7 -
PP-2 0.0 423 7.2 -
P-1 71.9 40.3 7.6 91.9
P-2 44.7 43.0 4.0 90.6

The cross-sectional area has a significant impact on bamboo's compressive strength. The test findings show that the impact
of a split bamboo ring on the final compressive strength is negligible. Every sample of bamboo examined perpendicular
to grain failed with no discernible failure. The two specimens that were removed from the damaged beams were the only
exceptions. It can be inferred that the only reason these samples could support some loads was because they included
nodes, which served as a strong point to withstand the tensile strains created within the sample. Bamboo ring failure in the
direction of the grains can be characterised by longitudinal splitting and bulging, with compressive stresses achieving the
expected values. These findings support the longitudinal configuration's failure mechanism that was put to the test in stage
1. Even though the longitudinal direction of the bending stresses was aligned, the beam broke because of the compressive
force perpendicular to the grain, which caused the ring to fracture.

When reviewing all results, the flexural strength values were high enough to consider using bamboo sandwich panels for
a floor application. The use of bamboo core sandwich panels increases the depth of the structure compared to wood floors,
but the increased joist spacing can reduce the overall weight of the floor. Apart from that, services may also accompany
within structural zones, mitigating the effects of increasing structural depth. Overall, bamboo core sandwich panels have
excellent mechanical properties and have been shown to somewhat minimize practical problems caused by bamboo's
natural variability, making it a good candidate for secondary structural applications.

4 Conclusion

The following conclusions can be drawn from the conducted study:
1. S1-04 provided the greatest strength to weight ratio due to the increase in contact area which increased the rigidity

and strength.

2. Although S1-C2 contained a lower number of rings, the cross-sectional area of rings used allowed for a greater
contact area which in turn increased the compressive strength.

3. the incorporation of bamboo rings in 2m sandwich panels increased the maximum load and stiffness.
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4. testing of the bamboo rings aligned with results that were expected when testing parallel and perpendicular to the
samples.

The aim of the paper was to determine the structural capability of using bamboo cores in timber sandwich panels. From
the results obtained in the stages of this study, it can be concluded that bamboo core sandwich panels have the potential to
be used in construction due to the mechanical properties and minimised impact of variability that is expected due to it
being a natural product.
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Abstract- Bitumen is a strong hydrocarbon that is often used as a binding material in
flexible pavement and is produced as a by-product of petroleum refineries. Bitumen is
non-toxic at room temperature, although when heated between 165-200 C to cover all the
aggregates, it generates a poisonous smoke which is extremely damaging to someone's
health also environmental destruction, depletion of petroleum resources, and rising prices
were among the consequences. Other binder sources for pavement structure will be
investigated by researchers. This experiment will examine the impact of using wasted
crumb rubber and engine oil to reduce emissions. The amount of bitumen used was a
combination of crumbs rubber and wasted engine oil. Both Modifiers are manufactured
from waste products, are easily accessible, and are low-cost. This technique of recycling
these waste items reduces clutter and helps to keep the environment clean. AASHTO and
ASTM standards were used to examine the rheological and physical properties of
modified binders in the laboratory. To determine if the unique mixture might be utilized
on an industrial level, the results will be compared to a sample group of neat bitumen. To
determine the relationship between factors such as shear modulus and phase angle at
different frequencies, master curves were produced. According to the study findings,
bitumen could be replaced up to 12.5 percent as a sample of W5CR?7.5, resulting in
comparable or better performance based on rutting resistance, stability, and flow. This
work directly makes a unique contribution to highway and transportation developments
in the establishment of alternate materials for pavement structure by providing improved
binder composition from waste resources.

Keywords- Bitumen, Waste materials, Modified binder, Pavement material.

1 Introduction

At the end of its life, the asphaltic pavement has a significant amount of value [1]. Overlays of fresh concrete mixture
layers can be used to repair degraded parts in which situation the underneath old asphalt can still provide significant
structural strength. In places at which modifications in ending pavement level can impair storms water draining and bridge
clearance, all or a section of the affected pavement is shaved away from the sections such that the overlay's elevation
conforms to the pavement surface [2]. Pavement grinding is now so common that massive amounts of Recycled Asphalt
Pavements (RAP) are produced each year.

RAP would either be landfilled or preserved for use in future construction projects. To conserve natural resources and to
save finances, the use of RAP in asphalt binders is becoming more popular as a rehabilitation alternative. RAP substance
also has been commonly used as a granular base course content in Portland and asphalt cement concrete construction,
while also integrated back into asphalt mixtures for innovative pavement construction [3].
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With the advancement of the Superpave efficiency grading scale, a necessity for the formation of Superpave
recommendations for using RAP in asphalt pavement has recently arisen [4]. Superpave is a key product of the Strategic
Highway Research Program (SHRP), which is a framework of specified requirements, testing procedures, and engineering
practices that allow for the adequate selection of material as well as mixture layout of hot mix asphalt to fulfill the
atmospheric and traffic patterns of road surface pavement projects. Highway engineers and builders can utilize this
methodology to produce pavement that lasts longer, needs less maintenance, and has a shorter life expense than pavement
planned to use earlier engineering techniques [5]. Realizing the importance of flexibility of asphalt pavement recycling as
well as its potential application in Pakistan, there is an urgent need to design and establish Superpave guidance to use RAP
in asphalt pavement recycling and rehabilitative operations under severe climate and loading conditions. These standards
must be founded on rigorous testing of materials to assess the predicted performance of various ingredients and their
quantities in asphalt binder [6].

This study examines the performance qualities of several mixes for existing grades 60-70 virgin and recovered asphalt
binders from two tasks on N-5 (i.e., Mandra & Nowshera). To characterize the binder mixes according to the Superpave
function graded system, extensive laboratory testing is performed (PG grades). This study only considers the low and high-
temperature characteristics of Rolling Thin Film Oven (RTFO) residues as evaluated by Dynamic Shear Rheometer (DSR)
and Bending Beam Rheometer (BBR). Furthermore, the mixing charts and master curves are produced as guidelines for
PG grade determination and prospective asphalt pavement recycling and rehabilitation operations in Pakistan.

2 Experimental Procedures

Bitumen Pen 60/70 was chosen to determine the physical properties of both the modified asphalt binder and make a
comparison to the properties of the pure bitumen binder. Different types of physical tests such as the ductility test (ASTM
D113), softening point test (ASTM D36-06), penetration test (IS:1203-1978), and viscosity test was carried out (IS 1206-
PART-2). The procedure of Preparation of some experimental samples is shown in Figure 1. The purpose of this study
was to compare the effects of crumb rubber and waste motor oil on the rheological performance of asphalt binders. The
AASHTO T315 Dynamic Shear Dynamometer test was carried out.

LR |

Figure 1: Preparation of Sample

The phase angle, viscous and elastic components termed loss modulus and storage modulus were all determined using a
dynamic shear rheometer. The rheometer test is carried out to study the effect of bitumen aging at different temperatures
on its performance at different frequencies in terms of Phase Angle versus Complex Modulus.
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As shown in Table 1, test samples of various bitumen ratios were prepared with the replacement of waste engine oil and
crumb rubber.

Table 1 Mix Design Ratio of samples

Sample ID Bitumen Type Binder %  Waste Engine Oil % Crumb Rubber%
Virgin (WOCRO) Pen 60/70 100 0 0
WS5CRS Pen 60/70 90 5 5
WS5CR7.5 Pen 60/70 87.5 5 75
WS5CR10 Pen 60/70 85 5 10
W7.5CR5 Pen 60/70 87.5 75 5
W7.5CR7.5 Pen 60/70 85 75 75
W7.5CR10 Pen 60/70 82.5 75 10

3 Research Methodology

Before the start of experimental work detail, literature studies were performed. Experimental work involved sample
preparation with two different materials including waste engine oil and crumb rubber. The raw material including waste
engine oil and crumb rubber was collected from local workshops, Bitumen material of Pen 60/70 was also procured. After
that test doses of 0,5%,7.5%, and 10% of waste engine oil and crumb rubber were given in replacement of neat bitumen
as shown in Table 1.

3.1 Selection of materials
The most important aspect of developing a customized alternatives binder is material selection. Materials were chosen
based on their availability and cost-effectiveness. The following materials were used to make samples.

1. Bitumen 60/70 (Penetration grade)
ii. Waste Engine oil.
iil. Crumb Rubber.

3.2 Laboratory evaluation

Laboratory tests were separated into two categories to assess the qualities of modified binder samples and compared them
to the behavior and properties of neat sample bitumen 60/70.

1. Physical test

The viscosity test, penetration, and softness point elasticity were used to determine physical attributes. Physical testing
results supported the research by determining allowable combining ratios of crumb rubber and waste engine oil. Results
of the physical test are shown in Figures 2,3,4 and 5.

il. Rheological test

In this study, a dynamic shear rheometer test was used to analyze the rheological properties of the sample to identify rutting
requirements and fatigue. The viscoelastic properties of bitumen were determined using a Dynamic Shear Rheometer
(DSR). DSR can measure the sample's phase angle (8) and complex shear modulus (G*).
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4 Results

4.1 Physical test

Physical test reviled that by replacing the Waste Oil and Crumb Rubber Content in greater content samples softening points
were found decreasing and Penetration depth found in an increasing trend as shown in Figure 4 and Figure 2 respectively.
Also, by increasing cooking oil waste the sample becomes less viscous and increasing the content of crumb rubber results
in more viscose as shown in Figure 3 but overall, these additives enhance the working abilities of the binder. Figure 5
shows that the sample’s ductility may vary with a change in the composition of both additives as by increasing the
percentage of crumb rubber due to its elastic nature, the sample shows more ductile behavior but by increasing the
percentage of waste engine oil the sample’s elastic limit may decrease up to certain limit.
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Figure 4: Softening Point Test results Figure 5: Ductility Test results
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4.2  Rheological test

Results shown in Figure 6 indicated that under a specific loading frequency, the complex modulus decreases with an
increase in temperature. In contrast, at a given temperature, it increases with an increase in frequency. This demonstrates
that the viscoelastic properties of the elastic component decrease over the temperature range from 22°C to 74°C. The phase
angle values of the binders were primarily in the 39° to 87° range.

Virgin @ Temperature 34°C
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Figure 6a & 6b: comparison of virgin sample @ 34°° and W5CR7.5 @ 34°C

These values of phase angles for both asphalt binders and mixtures confirm the results of previous research and are in
accordance with their limits.
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The black diagram in Figure 7 of the Virgin sample vs W5CR?7.5 indicates linear trends in results. We can see from this
comparison shown in Figure 7 that by adding W5CR?7.5 with bitumen, the value of complex modulus rises from a high
value that indicates the improved performance of the binder sample.

Black Diagram of Virgin Sample

BLACK DIAGRAM

W g s

W5CR?7.5 Black Diagram

BLACK DIAGRAM (5+7.5)

e dyi 4 ok ol o M

Figure 7a & 7h: comparison of black diagram of virgin sample and W5CR7.5 @ temperature ranges from 22°-76°

Master curves were created for the examination of the relationship between complex modulus and phase angle at different
frequency levels using neat bitumen with engine oil and crumb rubber under various time and temperature circumstances

Paper ID. 22-144 Page 74 of 465



4™ Conference on Sustainability in Civil Engineering (CSCE’22) g"’"fﬁéﬁ?"’w
Department of Civil Engineering %\\ ;
Capital University of Science and Technology, Islamabad Pakistan ey

as shown in Figure 8. Results indicated that temperature and loading frequency had a significant impact on asphalt's
physical behavior.
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Figure 8a & 8b: comparison of Master Curve of virgin sample and W5CR7.5 to find Predicted Complex Modulus G*
5 Conclusion

The research has led to the following conclusions:

1. From a detailed study of the physical properties of the modified sample of engine oil and crumb rubber with neat
bitumen, it is revealed that by increasing cooking oil waste the sample becomes less viscous and increasing the
content of crumb rubber results in more viscose but overall, they enhance the abilities of the sample if added up
to some limit.

2. It is also concluded that by replacing the Waste oil and Crumb Rubber Content in greater content samples
Softening points were found decreasing and Penetration depth was found in increasing trend.

3. From the rheological properties study, it is also observed that the Complex Modulus which is resistant to
deformation for a mix of Waste Engine oil and crumb rubber has shown greater value up to 34° resulting in better
performance as compared to the virgin sample.

4. TItis concluded from the black diagrams that by increasing additive as in the case of W5CR?7.5 up to certain limits
black diagram has shown a linear trend indicating consistent behavior of binder which results in a good
performance.
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Finally, it is concluded that the replacement of engine oil and recycled crumb rubber with bitumen is a very useful technique
to meet the industry requirement and utilizing this waste material will help a more significant cause to protect the
environment.
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Abstract- Rapid growth of the construction industry results in high demand for the
aggregate. However, the aggressive consumption of aggregate significantly affects the
environment when mining and quarry activities need to be carried out to supply the
aggregate. This study was conducted to use agricultural waste, i.e., crushed coconut shells
as an alternative to coarse aggregate in the concrete mix known as coconut shell concrete
(CSC). A series of experiments were carried out to determine the compressive strength
of CSC and to study the micro-morphologies of the CSC at 1, 7 and 28 days. The strength
development of the CSC was observed and validated with the compressive strength of the
samples at different ages. The use of crushed coconut shells as aggregates replacement
does not change the micro-morphologies of normal concrete mix.

Keywords- Agricultural wastes, Coconut Shell Concrete, Lightweight Aggregate Concrete, Sustainability.

1 Introduction

Concrete is widely used in building construction due to its properties and strength. The main constituents of the concrete
are cement, sand, and aggregate which are mixed with water. Concrete production requires a significant number of natural
resources such as rocks and sand since approximately three-quarters of the concrete volume is occupied by aggregate. The
aggregates have a significant effect on the structural performance and durability of the concrete [1]. The high demand for
concrete due to the rapid growth of the construction industry and aggressive consumption of non-renewable sources caused
a shortage of the aggregate [2]. Recent studies have been carried out to develop alternative materials to substitute the use
of aggregate in the concrete mixture including the utilization of agricultural wastes such as palm kernel shells (PKS) and
coconut shells (CS) [3]-[9].

The CS has great abrasion, high strength and toughness [10]. It is also can be classified as lightweight aggregate [11]. The
physical characteristics of CS with smooth surface, angular shape and varies in size offer a good bond and workability for
the concrete mix [12]. Table 1 shows physical properties of coconut shell and coarse aggregate [13]. Previous studies
reported that the use of crushed coconut shells as aggregate replacement in conventional concrete reduced the density in
the range of 1750 kg/m> to 1900 kg/m? [5], [14]. Comprehensive studies reported the potential of CSC as the alternative to
aggregate substitution in the concrete mix with reliable mechanical properties and performance of the CSC as structural
and non-structural application [5], [10], [15], [16]. Incorporation of pozzolana and fibres in the CSC also showed
improvement in the ultimate moment capacity and flexural toughness up to 14% and 45% respectively [17] . However less
reported on the micro-morphologies of the CSC.

Strength development and micro-morphology of concrete is studied by observing the interior microstructure characteristics
of the concrete. It provides understanding on the interaction between the CSC constituents since the microstructure of
concrete changes with time due to ongoing hydration and environmental factors. Various methods are used to investigate
the microstructure such as Scanning Electron Microscope (SEM) and X-Ray Diffraction (XRD). The SEM is used to reveal
vast cross-sectional regions while XRD is common to determine the quantity of components of the samples in different
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phases [18]. This study was carried out to examine the micro-morphologies of CSC at different ages of curing days. A
comparison was made with the interior characteristics of normal concrete.

Table 1 Physical properties of coconut shell and coarse aggregate [13]

Properties Coarse Crushed
aggregate coconut shell

Fineness modulus 4.2 6.5
Specific gravity 2.7 1.3
Loose bulk density (kg/m®) 1480 510
Dense bulk density (kg/m?) 1610 600
Water absorption (%) 1 6

Aggregate crushing value (%) 16.6 2.5
Aggregate impact value (%) 11.0 4.2

2 Experimental Procedures

2.1  Sample preparation

A total of 18 samples were prepared which consist of control samples (NC) and coconut shell concrete (CSC) with a design
mix ratio of 1: 1.6: 0.7 (cement: sand: aggregate/CS). The cement contents and water-cement ratio were 480 kg/m* and
0.42 respectively. The design mix for 1 m? samples is shown in Table 2.

Table 2 Concrete mix design for 1 m® sample

Sample Cement Sand Water Coarse Crushed
aggregate coconut shell
NC 480 770 200 340 -
CsC 480 770 200 - 340
* All units in kg

The concrete mix batches were mixed using a concrete mixer approximately for 3 minutes to ensure the constituents were
mixed well. The CS was purchased from the wider of east coast of Malaysia and available in a crush form. The range size
of CS (see Figure 1a) and coarse aggregate approximately 10 mm — 13 mm. Prior to the CSC mixing, the crushed coconut
shells were immersed in the water for 24 hours to confirm that the condition of the crushed coconut shells was in a saturated
surface dry (SSD) state. In the SSD state, all the pores in the CS are full and the water absorption during concrete mixing
can be controlled. All the 18 samples were cast in cube moulds with dimensions of 150 mm x 150 mm x 150 mm and
demoulded after 24 hours. The samples were covered with plastic sheet for curing purposes (Figure 1b). The plastic cover
was used to keep the moisture of the samples for the cement hydration process.

Figure 1: (a) Crushed coconut shell (b) curing with plastic cover
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2.2  Compression test setup

A compression test was conducted to determine the compressive strength of samples in accordance with [19]. The
compressive strength of the cube samples was measured at ages 1, 7 and 28 days of the samples using the Universal Testing
Machine (UTM) as shown in Figure 2a. Figure 2b shows the compression test setup of the cube samples. The compressive

strength of the samples was calculated using equation (1) [19].
F
fo= 5 (M
where f¢ is the compressive strength (N/mm?), F is the maximum load at failure (N) and A is the cross-sectional area of

the specimen on which the compressive force acts (mm?).

2.3 Scanning electron microscope (SEM) and energy-dispersive X-ray spectroscopy (EDS) analysis

In this study, the surface morphology observations of samples were performed using a ZEISS Gemini SEM 500 (Figure
3) and EDS was used to determine composition of the samples which was measured in terms of weight percentage (wt.
%). Prior to the SEM and EDS analysis, the samples from post compression test at age 1-, 7- and 28 days were taken at
the middle of the broken samples.

b) N7

Figure 2: (a) Universal testing machine (b) compression test setup

Figure 3: Gemini SEM 500 instrument
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Figure 4: (a) Sample powder on aluminium stub (b) Sample coating with platinum

3 Results and Discussion

3.1  Compressive strength, f;

Crushed coconut replacement with aggregate slightly reduced the compressive strength approximately 3.7% when
compared to the NC. The compressive strength both type of the concrete samples increased with the increment of the
curing age (see Figure 5). With the presence of water, the cement hydration process began when the silicates and luminates
in cement produce hard mass called hardened cement paste [1]. Strength development of both concrete samples showed
significant increment at the early age with the strength rate up to 180% when measured from day-1 to day-7 of the samples.
However, at the later age, the increment rate showed slight reduction when the strength increment of the samples was only
about 30% at the age of 28 days. At this phase the cement hydration process was almost complete, and the hard mass also
occupied the concrete volume. The aggregate replacement with crushed coconut shell did not ch