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aggregates (10 mm and 7 mm; 20 mm and 14 mm) to fill the cavity so that it is distributed evenly is
used in reinforced or prestressed concrete construction.

Lightweight aggregate concrete consists of lightweight aggregates (expanded shale material, clay to

develop porous structures) which can be used instead of normal aggregates such as broken rock or
sand. Foamed concrete is produced using cement paste or mortar [1].
Concrete is a composite mixture formed from cement, aggregate, water, and a mixture or partial
cement substitute. The main factors increasing the compressive strength of concrete are using a low
water to cement ratio increasing fine fillers, compacting wet concrete and removing cavities. One
effective fine filler is silicon dioxide, which is a polymorph of silicon dioxide [2].

High quality concrete is an integral part of many high-rise buildings. In accordance with ACI
211.1-91 the aggregate size of the mixture must be less than 0.5 inches to achieve a compressive
strength greater than 9000 psi. On the other hand the distribution of aggregates suitable for the design
of concrete mixes is a big problem, the authors propose the proportion of mixtures using additional
aggregates of volcanic ash instead of ultra-fine concrete aggregates (concrete silica sand powder).
Portland cement consists of two thirds of mass, calcium silicate (3Ca0, Si0; and 2Ca0O + SiO; (in
cement notation C = Ca0, S = SiO,; respectively C38 and C28)) one third of aluminum-(3Ca0O +
AlLO; or C3A) and iron-(4Ca0 « ALO: = Fe,0; or C4AF) containing phases and other crystalline
compounds [3]. During the hydration process, water reacts with cement particles (called clinkers) and
some chemical and physical reactions take place. cement has capillary pores called macropores or
mesoporous caused by empty space after the hydration reaction takes place. Hydrated cement
structures are very complex and consist of pores of different sizes where water molecules can be
found.

The degree of crystallinity and purity were analyzed using x-ray diffraction (XRD), and analysis of
higher resolution of texture and the presence of impurities using electron microscopy Xx-ray
spectroscopy with dispersive energy (SEM-EDS), the functional groups of the samples were analyzed
by FTIR.

Mix the proportion of concrete in kg / m’, made of cement, ordinary sand, gravel (hroken stone)
and volcanic ash (AV), volcanic ash is similar to the size of fine rubber particles [4]. Deformation of
normal aggregate concrete specimens is more symmetrical when crushed. Normal aggregate concrete
specimens and Mount Sinabung volcanic ash concrete specimens are the analyzes in this study. Very
small volcanic ash particles have sizes smaller than 1 pm. Silica sand powder concrete aggregate size
maximum less than 150 pm [2], with a 20 MPa compressive test is 1) using a low water ratio for high
grade cement, 2) Suitable pozzolanic material can be added to the mixture design, 3 ) High-
performance concrete can be achieved using sufficient super-plasticizers, 4) Chemical processes can
be improved by heat treatment. Material which has pozzolanic properties, such as fly ash, slag, and as
an additional cement material which is useful to increase mechanical properties and durability [5].
Total Si0, + AlL,O; + Fe 05> 70% indicates it can be used as a pozzolanic material (ASTM C-618)
[6].

The use of large amounts of cement requires a high w / ¢ ratio, but the shrinkage ratio of the
concrete must be reduced because it plays a very important role 1) reduction in interface tension, 2)
Release of water trapped between cement particles, 3) Slowing effect of cement hydration, 4 )
Changing the morphology of hydrated semen.

The process of making concrete quality k175 uses a ratio of 326 kg of cement, 760 kg of sand,
1029 kg of gravel and 215 liters of water. If you want to make this type of concrete tailored to your
needs, then you can use a 1: 2: 3 rough dose between cement, sand and gravel, see table 1 (SNI 7394:
2008) supported by table 1.2 [7] in contrast to table 1.3 [8].

Based on table 1.1, the K175 concrete composition has a size of 3: 4: 5: 6 or 6%, 8%, 10% and
12% of the total weight of cement used for normal aggregate concrete specimens while the Mount
Sinabung volcanic ash concrete specimens are based on analysis of density XRD used is 15%, 20%,
25% and 30% of the total weight of sand used. This study uses the method of absorption, compressive
strength, XRD, SEM, and FTIR.
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where P is porosity (%), m, is the mass of the test specimen in water (g), m; is the mass of the test
specimen after 24 hours of air drying (g), v stands for the volume of the test specimen (cm’), and py is
the density of water at room temperature (g / em’). Concrete absorption according to [14] in equation
(2) in the age of concrete 7 days, 28 days etc of 24 hours the formation of concrete:

Absorption = ("27%) x 100 @)

L

where: my, = mass of wet concrete (kg) m, = mass of dry concrete (kg).

Then the K175 quality concrete is dried at room temperature for 28 days in normal concrete A,,
then the mountain fly ash concrete that has been sifted A4, Ay, Ay and A, and the mountain fly ash
concrete that is not sifted B;s, By, Bys, and By, based (analysis density) with XRD compressive
strength test. After analyzing the three best samples obtained, namely Ay, A and Bysy which
were characterized using XRD, SEM-EDX and FTIR.

2.3 Testing Methods

Measuring concrete with a ratio of cement: sand: split stone / gravel 1: 2: 3 volume of cement has a
1/6 part of 1 m’ concrete = 0.167 ', Sand has a 2/6 part of 1 m’ concrete = 0.333 m’, Split Stone /
Gravel has a 3/6 part of 1 m” concrete = 0.5 m’. Planning concrete tests (concrete cubes) has a size of
15 x 15 em’, then the volume of concrete cubes that will be made with a thickness of 15 cm is 0.15 x
0.15 x 0.15 m' = 0.003375 m® = 3375 cm’. Concrete made according to the rules set by SNI
(Indonesian National Standard) K175 quality concrete means that it has a compressive strength of 175
kg / cm’ issued by the Public Works Agency by (1) reducing cement adding volcanic ash sifted to
table 2.1 [2], (2) reducing sand adding volcanic ash not sifted Table 2.2 [1].

3. Results and Discussion

The making of volcanic ash concrete has been successfully made with the following materials:
cement, fine aggregate (ordinary sand and volcanic ash), coarse aggregate (broken rock) and water,
The specimens were removed after 28 days from the soaking bath and placed in the treatment room
until the samples dried for 24 hours. Then a mechanical test is carried out, namely water absorption,
compressive strength, XRD test, SEM test and FTIR test. The compressive strength of concrete is very
much determined by the composition of the material, which is the ratio between gravel, cement,
ordinary sand, volcanic ash and water. In this study the manufacture of quality concrete K175 with a
composition namely: cement: fine aggregate: coarse aggregate = 1: 2: 3. To determine the
characteristics of the concrete needs to be tested namely water absorption, compressive strength, XRD
test, SEM test and FTIR test, below can be seen the results of testing of samples.

3.1 Testing Methods

Water absorption in concrete can increase at 7 days or decrease at 28 days [14], water absorption
provides information about the porosity of concrete studied at ages 7 and 28 days. Water absorption
test to determine the ability of concrete to absorb water is made and maintained for 28 days after
drying for 24 hours. Determination of water absorption in concrete can be obtained from the
measurement of dry mass and wet mass. The results of water absorption from concrete with the
addition of volcanic ash can be seen in the Figure 3.1.

Water absorption in a concrete is influenced by pores or cavities. The more pores contained in the
concrete, the greater the absorption so that the resistance will be reduced. From the graph above the
smallest absorption capacity in normal concrete is 0.3343 and the high water absorption is at the
addition of volcanic ash 10% of the cement mass of 0.443, while the addition of 25% volcanic ash as a
substitute for sand has an absorption of 0.3399. From the graph above it can be concluded that the size
of the absorption is determined by the composition and size of volcanic ash aggregates.
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em” shows the O - H bond which is a stretching and bending vibration, it is seen an increase in the
sharpness of the absorption peak, [19] strengthen SiO- so that the compressive strength of concrete
with a mixture of 10% high volcanic ash and small concrete pores by The SEM shown in Figure 3.4.
Based on research conducted by [1] on Fly-ash obtained SiO, functional groups there are peaks at
wave number 1004.10 cm™ and O-H function groups at wave numbers 3715 — 2358 cm™.

Table 2.5 Function groups of K175 quality concrete using volcanic ash

-1
Wavenumbers cm

Volcanic Ash % itv C Functional Groups
Quality Concrete Frequency Area

K175

Ao 779.16 675 900 C H
874.67, 987.81 1400 — 800 Si-0
1417.21 1340 — 1470 C-H
1650.77 1690-1760 C=0
3443.02 3300-4000 O-H

Ao 472.17 675 — 900 C-H
1003.31 1400 — 800 Si-0
1423.75, 1458.40 1340 — 1470 C-H
1508.53, 1650. 10 1500 — 1680 c=cC
3504.76, 3525.22, 3300 — 4000 O-H
3546.60, 3567.07,
3588.82, 3615.96,
3945.53

Bis.u 467.84,875.04 675 — 900 C H
1000.82 1400 — 800 Si-0
1419.67, 1340 — 1470 C-H
1493.18, 1510.98 1500 — 1680 C=C
343590, 3572.60, 3300 — 4000 O-H
3622.70, 3633.63,
3655.39

4. Conclusion

Sifted volcanic ash added to K175 quality concrete acts as a substitute for cement for A, concrete and
without sifting acts as an aggregate substitute for B,s concrete, analyzed from absorption and
compressive strength followed by characterization of XRD, SEM-EDX and FTIR. The following is
the novelty obtained is the absorption is proportional to the compressive strength, NiSi, can increase
the compressive strength of concrete,
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