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Abstract— These characteristics can be affected by the
materials used, the composition of the mix, the degree of
mechanical bond between the plaster and the supporting
surface, and the quality of the work. Ferro cement is now
growing demand as a building material. Ferro-cement is
made from a variety of silicon and aluminum-rich
components, including fly ash, rice husk ash, silica fume,
metakaolin and blast furnace slag. Using ferro-cement
mortar lowers pollution since less CO2 is discharged into
the atmosphere. The behaviour of eco-friendly high-
performance mortar (HPM), which is used to make
ferrocement, will be investigated in this study. This study
will examine how different percentages (0%-15%) of silica
fume (SF) mortar and metakaolin (MK) mortar with
natural sisal fibres (NSF) behave. It will also test-cast a cube
with dimensions of 50 X 50 X 50 mm and test its compressive
strength and durability. The negative impact of silica fume
(SF) on workability is lessened and mechanical
performance is improved when metakaolin (MK) and SF
are used with cement in mortar as a partial replacement for
the cement. The mortar performs best at age 28 when
mixture of 5-10%SF and 10%MK is used.

Keyword: silica fume, metakaolin, ferrocement mortar,
natural sisal fibres.

I. INTRODUCTION

Natural resources like sand, gravel, crushed stone, etc.
are extensively used by the construction industry as
building materials. The majority (more than 70%) of the
concrete matrix is made up of fine aggregate, which is its
primary component. Due to the widespread usage of
concrete, mortar, and plastering materials, there is an
extremely high demand for natural sand on a global scale.
The need for alternative supplies of fine aggregate,
particularly those located close to major metropolitan
areas, has been prompted by the environmental
restrictions on mining riverbed sand. The price of natural
sand, which is used as a fine aggregate in concrete, has
fluctuated over the previous ten years, driving up
construction costs. In this case, research was started on a
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reasonably priced and widely accessible substitute for
natural sand. Sand-cement plaster is widely used in the
construction industry as a decorative or protective
coating on concrete and masonry walls and concrete
ceilings.

A composite substance called traditional cement mortar
is created by combining water, fine aggregate, and
cement. The physical characteristics of mortar in its fresh
condition, such as particle size distribution, specific
gravity, shape, and surface roughness, have a
considerable impact on its varied properties. In general,
it has been discovered that aggregates' properties in the
hardened state are influenced by their mineralogical
composition, modulus of elasticity, toughness, and
degree of alteration. The authorities have outlawed sand
mining due to the negative repercussions and ecological
imbalance caused by the removal of sand from riverbeds.
This caused the cost of natural sand to soar. In these
conditions, finding a suitable substitute for natural river
sand that won't compromise the mortar's strength and
durability is crucial to promoting infrastructure
expansion and environmental protection.

A) Ferrocement

A building material called ferrocement is made of cement
mortar and wire mesh. Due to its low dead weight, lack
of trained labour, absence of necessity for a frame, etc.,
ferro cement is widely used in the construction sector. It
was created in 1940 by Italian architect P.L.Nervi.
Because the components are designed for machine
adjustment and the construction site execution time is
reduced, the quality of ferrocement is ensured. Low
maintenance costs. Only in the past two decades has this
material become widely used in the construction sector.

» A thin reinforced concrete structure with a large
number of tiny diameter wire mesh evenly distributed
over the entire cross-section.

» The mesh can be made of metal or any suitable
material.
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« Itis avery versatile type of reinforced concrete.

* Instead of using concrete, Portland cement mortar is
employed; the strength of the structure depends on the
quality of the sand/cement mortar mix and the quantity
of reinforcing materials used.

B) Natural sisal fibers (NSF)
Due to their superior mechanical qualities, wide
availability, environmental friendliness, and significant
processing benefits, natural fibres are becoming more
and more essential in composite materials. Natural fibres
are stronger, more affordable, renewable, and eco-
friendly. However, the environmental circumstances in
which they are generated, as well as extraction and
processing methods, have an impact on the qualities of
natural fibres, which results in the unpredictable nature
of their mechanical properties. Such diversity must be
assessed to accurately forecast fibre qualities if natural
fibres are to replace synthetic fibres. The tensile
behaviour of sisal and other natural fibres has already
been the subject of investigations by a number of
researchers. Jain et al. studied the tensile behaviour of a
composite made of calibrated-length coir fibres

Fig 1 Natural sisaIAfibers (NSF) -

C) Silica fume

Microsilica, commonly referred to as silica fume, is an
amorphous (non-crystalline) form of silicon dioxide,
generally known as silica. It is an ultrafine powder with
an average particle diameter of 150 nm that is gathered
as a waste product from the manufacturing of silicon and
ferrosilicon alloy. Pozzolanic material is the primary
application area for high-quality concrete. It can
occasionally be mistaken for fumed silica. However,
compared to silica fume, fumed silica is manufactured
differently, has distinct particle characteristics, and is
employed in different applications.
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Fig 2 Silica fume

D) Metakaolin

The calcined anhydrous form of the clay mineral
kaolinite is known as metakaolin. Minerals high in
kaolinite are referred to as kaolin or kaolin, and they have
historically been used to make porcelain. Metakaolin's
particles are not as fine as silica fume, but they are
smaller than cement's. The characteristics of the raw
material are a major determinant of the metakaolin's
quality and reactivity

Fig 3 Metakaolin
Il. PROBLEM STATEMENT

The Plain Concrete Mortar with Normal Sisal Strands
(NSF), Silica Rage, and Metakaolin was put through an
exploratory evaluation to see if it was adequate and
reliable in the climatic conditions of India. For the
present assessment, three distinctive products from
leading market producers were compared to a control
mortar. It was them,
« Blend A: Plain mortor
« Blend B: mortor - silica Flume
« Blend C: mortor - metakaolin
» Blend D: mortor - silica Flume + sisal
» Blend E: mortor - metakaolin + sisal.

Table 1 Mix Proportion for Silica Fume (SF) Mortar
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No of Trials (f(eg';‘;gt) (ngl?gs) %SF |SF (Kg/m3)

1 478.8 1620 0% 0

2 466.83 1620 2.5% 11.97

3 454.86 1620 5% 23.94

4 442.89 1620 7.5% 35.91

5 430.92 1620 10% 47.88

6 406.98 1620 15% 71.82

Table 2 Mix Proportion for Metakaolin (MK) Mortar

No of Trials (f(eg';‘;gt) (ngl?gs) %SF |SF (Kg/m3)

1 478.8 1620 0% 0

2 466.83 1620 2.5% 11.97

3 454.86 1620 5% 23.94

4 442.89 1620 7.5% 35.91

5 430.92 1620 10% 47.88

6 406.98 1620 15% 71.82

I1l. RESULTS AND DISCUSSION

A. Mechanical tests Results For Silica Fume (SF) Mortar
Table 3 Results for Density of Cube (N/mm2)

Compressive Strength (Mpa) Density of Mortar Cube
(Silica Fume (SF) Mortar)

SF 3 DAYS 7 DAYS 28 DAYS
SF - 0% 10.48 14.07 22.28
SF- 2.5% 10.74 14.42 22.83
SF- 5% 11.00 14.77 23.39
SF- 7.5% 11.27 15.14 23.97
SF- 10% 11.55 15.51 24.56
SF- 15% 10.98 14.74 23.34

Compressive Strength (Mpa) Density of Mortar Cube
(Silica Fume (SF) Mortar)

|3 DAYS

' ' ' ' ' ' :
28 DAYS
SF-0% SF- 2.59 SF-5% SF-75 SF- 109 SF- 155

Silica Fume (SF) Mortar ¢

Compr

Fig 4 Results for Density of Cube (N/mm2)
The findings for cube density with 3 days, 7 days, and 28
days of curing for the substitution of silica fume (SF)
mortar with 0%, 2.5%, 5%, 7.5%, 10%, and 15% are
shown in the following graph. The findings demonstrate
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that silica fume (SF) replacement at 5% and 10% yields
superior results to replacement at 15%.

B. Mechanical tests Results for Metakaolin (MK)
Table 4 Results for Density of Cube (N/mm2)

Compressive Strength (Mpa) Density of Mortar Cube
Metakaolin (MK)

MK 3 DAYS 7 DAYS 28 DAYS
MK - 0% 9.64 12.94 20.50
MK- 2.5% 9.88 13.26 21.01
MK- 5% 10.12 13.59 21.52
MK-7.5% 10.37 13.93 22.06
MK- 10% 10.63 14.27 22.60
MK- 15% 10.10 13.56 21.47

Compressive Strength (Mpa) Density of Mortar Cube

Metakaolin (MK)
MK-0%  MK-25 ME- S5 MK-7.5¢ ME- 10 MK- 15¢

Metakaolin (MK) Mortar %

W 3 DAYS
7 DAYS

28DAYS

Compressive Strength (Mpa)

Fig 5 Results for Density of Cube (N/mm2)

The graph up top displays the density of the cube after 3
days, 7 days, and 28 days of curing when Metakaolin
(MK) mortar was substituted with 0%, 2.5%, 5%, 7.5%,
10%, and 15%. The findings demonstrate that replacing
Metakaolin (MK) at 10% has superior effects to replacing
it at 5% and 15%. However, silica fume (SF) replacement
is reduced by 2-5%.

C. Mechanical tests Results For Silica Fume (SF) Mortar
with natural sisal fibers (NSF)
After reviewing the substitute When silica fume (SF) and
natural sisal fibres (NSF) were added to mortar, each
specimen’'s compressive strength was measured. The
results are as follows.

Table 5 Results for Density of Cube (N/mmz2)

Compressive Strength (Mpa) Density of Mortar Cube
(Silica Fume (SF) Mortar) with natural sisal fibers (NSF) 0.5%
SF +(NSF) 0.5% 3 DAYS | 7DAYS | 28 DAYS
SF - 0%+(NSF) 0.5% 12.05 16.18 25.62
SF- 5%+(NSF) 0.5% 12.65 16.99 26.90
SF- 10%+(NSF) 0.5% 13.28 17.84 28.24
SF- 15%-+(NSF) 0.5% 12.63 16.95 26.84
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Compressive Strength (Mpa)
(Silica Fume (SF) Mortar) with natural sisal fibers (NSF) 0.5%

*  »

ive Strength (Mpa)

Compress

SF- 10%+NSF) 0.5%

SF- 153%+{NSF) 0.5

(Silica Fume (S r) with natural sisal fibers {NSF) 0.5%

Fig 6 Results for Density of Cube (N/mm2)

The results of replacing silica fume (SF) mortar with
natural sisal fibres (NSF) 0.5% after 3 days, 7 days, and
28 days of curing are shown in the graph above for the
density of the cube. The findings demonstrate that adding
0.5% of natural sisal fibres (NSF) to mortar that already
contains silica fume (SF) improves each replacement of
mortar by 15%
D) Mechanical tests Results for Metakaolin (MK) with
natural sisal fibers (NSF
The results of analyzing the compressive strength of the
cube after adding 0.5% of natural sisal fibres to the
mortar to replace the metakaolin (MK) are as follows

Table 6 Results for Density of Cube (N/mm2)

Compressive Strength (Mpa) Density of Mortar Cube
Metakaolin (MK) + natural sisal fibers (NSF) 0.5%
MK+(NSF) 0.5% 3 DAYS | 7 DAYS | 28 DAYS
MK - 0%+(NSF) 0.5% 11.182 15.010 23.780
MK- 5%+(NSF) 0.5% 11.739 15.764 24.963
MK- 10%+(NSF) 0.5% | 12.331 16.553 26.216
MK- 15%+(NSF) 0.5% | 11.716 15.730 24.905

Compressive Strength (Mpa)
Metakaolin (MK) + natural sisal fibers (NSF) 0.5%
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Fig 7 Results for Density of Cube (N/mm2)
The graph above displays the density of the cube after 3
days, 7 days, and 28 days of curing when Metakaolin
(MK) mortar was substituted with 0%, 5%, 10%, and
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15%) of natural sisal fibres (NSF). The findings
demonstrate that adding 0.5% of natural sisal fibres
(NSF) to Metakaolin (MK) mortar improves each mortar
replacement by 16% as compared to using only
Metakaolin (MK).

IV. CONCLUSION

e  Ferrocement has undergone significant development
over the past three decades and is now a very
sophisticated building material in terms of
manufacture and design. For emergency shelters and
low-cost housing in disaster-affected cities, the
construction method utilising ferrocement is highly
helpful in terms of cost reduction and environmental
impact.

e This research studied the behavior of eco-friendly
high-performance mortar (HPM) that is used for
producing ferrocement.

e The Mixture of metakaolin (MK) and silica fume
(SF) in mortar as a partial replacement of cement
gave better effect of SF on workability, enhance the
mechanical performance compared with the SF or
MK.

e  The use of mixture 5-10%SF and 10 %MK gives the
mortar the best performance at age 28 days.

e The inclusion of natural sisal fiber in High
performance mortar (HPM) slightly increases the
compressive strength.
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