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ABSTRACT

This study aims to increase the economic value of silica sand originating from mud volcano of the Lapindo well burst
which until now is known as a natural disaster and caused a lot of material loss by the people of Porong Sidoarjo. In
addition, the replacement of the percentage of cement composition against the compressive strength of the Glass Fiber
Reinforce Cement (GRC) formed will be known as the compressive strength characteristics of the concrete from the
GRC made. This research was conducted using an experimental method. A mixture of cement with fiber glass and
added silica sand with various compositions was used to print the research samples. The composition of cement to
silica sand used has the highest ratio of 50: 50. While the lowest value of the ratio of cement and silica sand is 80:20.
Next, each mixture of silica sand and cement is mixed with fiber with a fiber composition of 25% of the elements of
cement and silica sand. The board molds are formed with a size of 200mm X 150 mm with a thickness of 10mm and
dried in free air until the moisture content in the mold board is reduced evenly, the moisture content of each board is
measured to have a uniform value to maintain the validity of the results of the compressive strength test of GRC. Test
the compressive strength of GRC using a hammer test tool, and calibration is carried out for each sample. The result
of study was the greater the silica sand content in the boards that have been made, the value of the compressive strength
of the concrete decreases. The best value of the compressive strength of concrete is found on the cement board which
is added with silica sand as much as 120 mg. while the value of the lowest concrete compressive strength is a cement
board containing a mixture of silica sand of 480 mg.
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1. INTRODUCTION

As is known, Glass fiber reinforced cement (GRC)
board is an alternative that is used as a substitute for dy-
namic walls, where the main element of making GRC is
a mixture of cement as a filler and fiber as a matrix. The
use of GRC provides speed and aesthetics in building in-
stallation and the costs used are relatively cheaper. The
use of fiber as a matrix in the manufacture of GRC has
been stipulated in cement composite standards such as
those in ASTM C 1185 and ASTM C 1186. As an effort
to improve the quality of GRC boards, several research-
ers have attempted to reveal the effect of fiber content in
the composition of the cement used [1-4].

In a study conducted by Khorami et.al [5, 6], where
the glass fiber used in the manufacture of GRC was

added another fiber from Kraft pulp derived from waste
cardboard (acrylic and polypropylene fibers), giving a
positive impact in increasing flexural performance. In ad-
dition to the fiber used will affect the mechanical proper-
ties of the GRC, the shape of the fiber used also has a
significant effect. It was revealed by Cakir et.al [7] that
the fiber used in the chopped form has different mechan-
ical characteristics with the fiber used in the basalt form.

While the study about the other elements addition
in the manufacture of GRC, has also been investigated by
Cheng et.al [3], where the GRC made with the addition
of fly ash or slag elements affects the degradations mech-
anism. The addition of fly ash or slag improves the cor-
rosion properties of GRC for the long term, where in his
research, after 360 days of GRC, the addition of fly ash
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or slag only experienced corrosion, while at 180 days the
corrosion of this material had not been significantly cor-
roded. However, the addition of fly ash or slag did not
change the crack resistance that occurred in GRC. So that
the toughness degradation after the addition of fly ash or
slag does not occur significantly. Like the addition of fly
ash or slag, the addition of silica in the GRC also has an
impact in the form of improving mechanical analysis.
From the added GRC, the addition of 5% Nano silica to
the filler composition will increase 16.25% bending re-
sistance. However, if Nano silica is added up to 7% the
bending resistance actually decreases along with the ad-
dition of the percentage. However, this is inversely pro-
portional to the thermal resistance of the GRC, where the
addition of silica up to 7% of the thermal capacity of this
composite increases [8]. The excessive addition of silica
composition does not necessarily increase the mechani-
cal properties of GRC. This is proven by Hamzeh et.al
[9]. Where in the manufacture of fiber cement board
which has a filler composition of the matrix in the form
of fiber are 75:25, and the amount of cement used is re-
placed with a number of silica with a percentage of 25%
and 50% turns out to give a significant difference. At the
composition of silica and cement 50:50, the compressive
strength decreases when compared to the composition of
25% silica.

Gupta et.al [10] has revealed the same thing. When
3% Nano silica is added to concrete, the effect of Nano
silica is to increase work ability. In addition, it was fol-
lowed by an increase in comprehensive strength of 18%.
So the use of Nano silica in concrete is widely recom-
mended. If used to prevent cracking on the GRC surface,
the treatment using Nano silica also has a very good im-
pact. This is evidenced by Lee et.al [11]. Where Nano
silica used for structural polymer fiber treatment on
strength and interfacial toughness increased 104-113%
higher than without Nano silica treated.

In addition to providing a good effect on increasing
the mechanical properties of GRC, the silica element
used to coat paper is able to withstand the propagation of
fire on the paper up to a certain temperature. This has
been proven by the authors in the use of silica as a me-
dium to restrain the rate of fire propagation [12]. On the
other hand Silica can also be used as a material to break
the fire triangle chain in several small-scale fire events
and fire protection that have also been studied previously
[13-18].

From the description above, silica can be used in
various forms to improve the material quality. This is not
only limited to building materials but also to the safety
field. In addition, according to reports, elemental silica is
an element that is very abundantly provided by nature.
Sand, as well as foodstuffs such as rice also contain a lot
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of silica. In Indonesia, there is a well burst which turns
out to contain a lot of silica element [19, 20]. Although
the well caused a lot of material loss in the area of the
local population because the material that was emitted up
to 100,000 m3 was not handled properly. So that it inter-
feres with human life, especially in the Porong Sidoarjo
area. According to the report from the disaster manage-
ment agency, the material in the form of mud consists of
70% liquid and 30% solid mud, where in the mud solids
there is high silica content with a percentage above 50%.
From this phenomenon, the authors use silica from Lap-
indo mud as a cement additive in the manufacture of
GRC to obtain data on the compressive strength of con-
crete from all variations of the specimens provided.

2. METHODS

To find out the addition of silica as filler in the man-
ufacture of GRC, the author uses an experimental
method. To be measuring directly the compressive
strength of concrete using a hammer test tool with a ver-
tical position on each specimen that has been made. To
obtain valid data, the compressive strength test of con-
crete tested 3 times on each specimen. This is done to
eliminate the occurrence of anomalies from the hammer
test tool. The filler and matrix composition of each spec-
imen made is 85:15 percent where from each filler com-
position will be modified by adding the silica element
contained in the

Lapindo mudflow. In the preparation of materials
used in making GRC, cement is the most dominant ele-
ment among other elements. In this study, the cement
used was white Portland cement. This type of cement is
different from the gray colored cement which is usually
used as an ingredient for making GRC in general. The
difference between white cement and gray cement can be
seen in Table 1. The silica used is mild silica that has
gone through the stages of filtering and heating, and then
ground again to resemble powder. This is done to sim-
plify the mixing process with cement so that it can mix
perfectly. The image of silica used as a cement mixing
material can be seen as shown in Figure 1. While the
glass fiber used is Lloyd's type 300 glass fiber.
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Table 1. The difference of chemical elements in white cement and gray cement
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From the results of

No Specification White cement Gray cement Energy Dispersive X-Ray
S i Spectroscopy (EDS) on

1 MOthOlogy based B W Jars * 4 ¢ both types of cement,
on SEM : white cement has less Sil-

ica content than gray ce-

ment, so this type of ce-

ment was chosen in this

2 Composition Element (K) Mass (%) Element (K) Mass (%) f::eur?]é/n:— ir;eb(:s]ce)(ljcgr? l;hv(\alfglée:‘
c 20.69 c 60.29 pearance of the color to be

) 50.11 0 22.48 made, while the silica

Mg 2152 Al 025 compositi_on i_n whitg ce-

i ment which is relatively

Al 0.51 Si 11.16 less than the silica compo-

Si 5.88 Ti 4.72 sition in gray cement will

Ca 1.27 increase in volume along

' b Wy c

Figure 1. Lapindo mud as used as cement mixture; Lap-
indo mud (a); Drained mud (b); pulverized dry mud (c).

From the original form of the mud produced from
the Lapindo well in Sidoarajo, it can be seen in Figure 1
a, that the material contains a lot of water, after the water
content is reduced by drying, then pounding the dried
mud. This process aims to remove other materials that
have dimensions that have the potential not to mix ce-
ment and silica sand evenly. The form of silica sand that
has been mashed and is ready to be mixed with white ce-
ment as a matrix looks like Figure 1c. After the volume
of material used to make the specimen is fulfilled, next is
the mixture of silica to cement is carried out with a com-
position such as Table 2 below.

Table 2. Composition of materials for making GRC

Test object Material composition (gram)
water White | Lapindo Fiber
cement mud glass
Specimen 1 480 480 480 240
Specimen 2 420 480 360 210
Specimen 3 360 480 240 180
Specimen 4 330 480 180 165
Specimen 5 300 480 120 150

with mixing the cement
with the silica sand used. While the shape of the mold
used to make the specimen can be seen as shown in Fig-
ure 2.

Figure 2. The mold for prodhc}hg seiens
From the Table 2, the maximum fiber used is 15 from the
filler in the form of a mixture of cement and silica mud,
as well as the water used is weighed according to the
weight of the material.

3. RESULTS AND DISCUSSION

Based on the tests that have been carried out,
namely from the results of the study to get the even water
content in each specimen requires a different time. The
water content was tested using the MD4G moisture meter
equipment, where the highest water con-tent in the first
24 hours was in sample 1 while the lowest water content
was in specimen 5. Meanwhile, to get the ideal concrete
compressive strength test results, the water content dur-
ing testing was at a value the same one. For the GRC on
the market has a moisture content of 13%, this is in ac-
cordance with the Japanese Industrial Standard (JIS) A
5908-2003 and for other specimens the compressive
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strength test of concrete is carried out after the water con-
tent in the GRC made has reached 13%. To achieve the
same moisture content and be dried naturally, the drying
time requirements can be seen in table 3 below.

Table 3. The drying time up to 13 % of water content

No Name Water content, | Drying time,
% hour

1 Specimen 1 480 480

2 Specimen 2 420 480

3 Specimen 3 360 480

4 Specimen 4 330 480

5 Specimen 5 300 480

The next one that has been produced is as shown in Fig-
ure 4. An assessment of the compressive strength of con-
crete using a hammer test is carried out in accordance
with the ASTM 805-02 standard regarding testing the
compressive strength of concrete. The results of testing
the compressive strength of concrete get values like table
4. The test is carried out in a vertical position or 90 de-
grees. This is done to obtain an even position of the spec-
imen. On each specimen, tests performed using a ham-
mer test are carried out.

Table 4. The value of compressive strength of con-
crete using hammer test

The average
s ’:gnr;(;:f((y Specimen value of compres-
P fller) 0 forms sive strength of
concrete, Nmm?

Specimen 1

(50:50) 107
Specimen 2

(57:43) 120
Specimen 3

(67:33) 153

The filler composition with a ratio of cement to sil-
ica sand of 80:20 has the best compressive strength of
concrete. There were conducted the tests, where from the
three test results described the average compressive
strength of concrete is 18.6667 N/mmz2. This is inversely
proportional to the 50:50 filler composition. In this com-
position, silica sand is equivalent to the cement used.
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From the results of the concrete compressive strength
test, the value obtained is the lowest value of the 5 spec-
imens provided. In other words, the composition of silica
sand can result in a decrease in the compressive strength
of concrete. The comparison value between the 5 speci-
mens that have been made can be seen in the graph be-
low. (Figure 4.).
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Figure 4. The value of the compressive strength of con-
crete in each specimen.

From the picture above, the filler composition of 57: 43
does not significantly increase the compressive strength
of the concrete. This composition has the compressive
strength of concrete only increases by 1.4 N/mm? from
the filler composition of 50% silica sand. While the ce-
ment filler composition of silica sand 67: 33, there was
an increase in the value of the compressive strength of
concrete to 15,3 N/mm? where when compared to the
filler composition of 50% silica sand there was an in-
crease of 5 N/mm?. The same thing happened to the filler
composition 73: 27. There was an increase in the value
of the compressive strength of concrete to 16,7 N/mm?.

4. CONCLUSION

From the results of the research above, the use of
silica sand as an addition to the composition of cement as
a filler in the manufacture of GRC shows a negative
value to the value of the compressive strength of concrete
using a hammer test tool. It is evident that the compres-
sive strength of concrete decreases with the addition of
silica composition to cement. The best value of the com-
pressive strength of concrete is obtained from the ratio of
the highest cement to silica sand used. The value of the
lowest compressive strength of concrete is obtained from
the largest composition of silica sand to cement as filler
in the manufacture of GRC board.
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