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Abstract. Kelut volcano had erupted in February 2014. The eruption has produced various materials 

i.e. ash, sands, etc. Volcanic ash contains various elements such as Si, Al, Ca, Fe, Na and P. It is 

potential to be used as raw material for cement-based products. This study investigates the 

utilization of Kelut’s volcanic ash as the raw material of cement-brick. The Kelut’s volcanic ash 

was analyzed to determine the contents of iron (Fe), aluminum (Al), and silica (Si). The volcanic 

ash was screened to obtain 100 mesh size of ash. The volcanic ash of 100 mesh size was mixed with 

cement, sand, and water with ratio of 1 kg cement, 2 kg volcanic ash, and 15 kg sand (1 :2 :15). The 

mixture of volcanic ash, sand and cement was poured and pressed in the concrete brick mold. The 

concrete brick was then aerated in a room for hardening process. The experiment was repeated for 

another ratio of raw material (cement: volcanic ash: sand = 2:1:15) and the age of the concrete brick 

(46, 61, 75 and 89 days). Concrete bricks were analyzed to determine the quality and the mechanical 

characteristics. The results has shown that Kelut’s volcanic ash has a composition of aluminum (Al) 

4.707%, silica (SiO2) 23.4%, and iron (Fe) 3.85%, that is like the composition of the cement 

materials. The concrete bricks which are made of cement, Kelut’s volcanic ash, and sand with the 

ratio of 2:1:15 has a maximum compression strength of 18.85 MPa at the age of 89 days. The 

addition of Kelut’s volcanic ash has improved the strength of concrete brick. However, too much 

volcanic ash will lead to increasing compression strength.  

Introduction 

Mount Kelut is one of volcanoes in Indonesia. Kelut volcano (1731 m) is a strato-volcano located 

in East Java between the towns of Kediri, Blitar, and Malang. It is one of the most lethal volcanoes 

in Indonesia, with more than 15.000 people killed by its historic eruptions [1]. Kelut volcano 

erupted on midnight of February 13, 2014. Eruption column reached 17 km height and produced 

tephra-fall deposit up to 500 km away. The estimated volume of eruption was ± 0.78 km
3 

[2]. These 

deposits were characterized by dense lava dome block of various sizes mixed in a matrix of lapilli 

and ash [1]. Volcanic ash may stay in the environment for months or years following an eruption 

and can affect people of hundreds of kilometers away from the volcano [3]. Several studies on 

Kelut’s eruption have been done. Bélizal et al. [1] have studied the phenomenology, crisis 

management and social response of Kelut’s eruption. Wibowo et al. [2] studied about distribution 

area, thickness, grain size, volume, and petrologic characteristics of tephra fall deposit. Previously, 

Mount Merapi in Middle Java- Yogyakarta area erupted in 2010. Study on Merapi volcanic ash has 

been conducted by Wahyuni [4] who have investigated the chemical composition of Merapi’s 

volcanic ash.  The result showed that Merapi’s volcanic ash was composed of various elements such 

as SiO2, Ti, Al, Fe, Mn, Ca, Na, Cr and phosphorus as (P2O5). The study have revealed that 

Merapi’s volcanic ash contains a lot of silica, which can be used as main materials for cement 

manufacture or aggregate of concrete [4].  Kelut’s volcanic ash may have a similar content with that 

of other volcanoes, e.g. Merapi’s volcanic ash. Salamah [5] also studied the characterization of 

Merapi’s volcanic ash and its utilization as batik dye adsorbent. The results showed that Merapi’s 
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volcanic ash contains heavy metal elements such as As, Pb, Cr, and Cu, and metal elements such as 

aluminum (Al), calcium (Ca), iron (Fe), manganese (Mn), and sodium (Na). The capability of 

Merapi’s volcanic ash as adsorbent for batik industrial waste has been studied previously [6]. The 

results revealed that the Merapi’s volcanic ash adsorbent has a lower capability compared to other 

adsorbents i.e. natural zeolite. Gunawan [7] explains that Kelut’s volcanic ash can be used as a good 

construction material mixture because it can generates strength up to 150 kg load unit. Volcanic ash 

is formed from magma ejected explosively as grains of ash. Kelut’s volcanic ash that was ejected on 

February 14, 2014 was a taper-shaped. Commonly, the largest content of volcanic ash is silica. This 

research was aimed to investigate the capability of volcanic ash from Mount Kelut as materials or 

aggregate for the manufacture of concrete brick. It was expected to provide alternative utilization of 

volcanic ash if there was an eruption of volcano. 

Materials and Methods 

Materials  

Materials are sand, cement, water, and Kelut’s volcanic ash. Volcanic ash was taken from 

eruption of Mount Kelut on February 14, 2014. It was collected in the area of Sinduadi, Mlati, 

Sleman, Yogyakarta, Indonesia (about 180 km away from Mount Kelut).  

Methods 

1. Surface area and mineral contents of volcanic ash analysis 

Kelut’s volcanic ash was sieved with a size of 100 mesh and put into oven at temperature of  

100 °C for 1 hour. The sample was analyzed for its surface area and mineral contents of aluminum 

(Al), iron (Fe) and silica (Si) using Atomic Absorption Spectrophotometry (AAS).  

2. Concrete brick fabrication and test 

Each ingredient (i.e. cement, sand, Kelut’s volcanic ash) is weighed with a ratio of the cement: 

volcanic ash: sand = 3.0: 0: 15 (3.0 parts: 0 parts: 15 parts) as concrete brick without Kelut’s 

volcanic ash. The concrete brick with no volcanic ash is referred as no-ash concrete brick and used 

as a control or standard concrete brick. All ingredients were mixed with enough water until it was 

considered as homogeneous mixture. The mixture was poured into the concrete brick mold and 

pressed. The dimension of the mold (length x wide x height) was 100x97x90 mm. Following the 

molding process, the concrete brick was left to stand for approximately one day, until it was dry or 

strong enough to be moved. Those steps were repeated for the ratio of cement: volcanic ash: sand = 

1: 2: 15 parts and the ratio of cement: volcanic ash: sand = 2: 1: 15. Five concrete bricks were taken 

for density test and another 5 concrete bricks for mechanical (compressive) testing at every curing 

time of 28, 47, 61, 75, and 89 days. The average values were reported. The standard (no-ash) 

concrete bricks were tested at curing time of 89 days only. 

Result and Discussion 

Analysis surface area  

The results show that Kelut’s volcanic ash has a specific surface area of 4.533 m
2
/g, total pore 

volume of 4.527 x 10
-3

 cc/g and a pore radius of 19.973 Å.  

Contents of mineral elements of Kelut’s volcanic ash 

Kelut’s volcanic ash was analyzed for its mineral content using AAS (Atomic Absorption 

Spectrometry). The results of the analysis are shown in Table 1.  

Table 1 Mineral Elements of Kelut’s Volcanic Ash 

Sample Parameter Result [%] 

Kelut’s volcanic ash Si (silica) 23.400 

 Al (aluminum) 4.707 

 Fe (iron) 3.857 
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Concrete brick characteristics test 

 

Table 2 Analysis results of concrete brick density 

 

Concrete brick compressive strength test 

The quality of the concrete bricks increase with the increase of the age of the concrete brick. The 

results of concrete brick compressive strength test are presented in the Figure 1. 

 

 
Figure 1 Compressive strength of concrete brick at various age (days) 

 

Discussion 

Results of volcanic ash characterization 

The results show that Kelut’s volcanic ash has a specific surface area of 4.533 m
2
/g, total pore 

volume of 4.527 x 10
-3

 cc/g and a pore radius of 19.973Å. It appears that Kelut’s volcanic ash is not 

suitable to be used as an adsorbent because its specific surface area is small, compared to other 

adsorbent such as zeolite which has a specific surface area of 29.366 m
2
/g. However, Kelut’s 

volcanic ash is more suitable to be aggregate for manufacture of concrete brick materials, due to its 

high content of silica (23.400%). 

The composition (silica, aluminum and iron) of silica sand in the raw material of Ordinary 

Portland Cement (OPC) manufacturer is 17.69 %, 4.37 %, and 3.35 %, respectively [8-10]. Kelut’s 

volcanic ash with 23.400 % silica, 4.707 % aluminum and 3.707 % iron, has characteristics that 

meet the specification of raw material of cement or cement-based material, e.g. concrete brick. The 

No 
Composition Age 

[days] 

Mean density 

[kg/m
3
] Cement [kg] Kelut’s volcanic ash [kg] Sand [kg] 

1 3 0 15 89 1899.2 

2 1    2 15 

35 1826.6 

47 1859.2 

61 1962.8 

75 1942.0 

89 2000.0 

3 2 1 15 

35 1918.6 

46 1948.8 

61 1938.6 

75 2033.4 

89 2022.0 

198 Engineering Materials and Technologies



quality of concrete brick is affected by the water contents of cement and the age of the concrete 

brick. Cement that mainly composed of silica is the most important component of concrete brick. 

Cement and water will undergo a reaction of hydration. The hydrate compound of cement has 

plasticity and ability to adhere to other materials. 

Concrete brick characteristics test 

Results in Table 2 show that the density characteristics of concrete bricks increase with the 

increase of the age of the concrete brick, compared with no-ash concrete brick. Minimum age of 

concrete bricks sample is 28 days since it is the minimum age limit of concrete brick to apply in 

building [11]. The density of no-ash concrete brick after put in oven is 1899.2 kg/m
3
, while the 

density of concrete bricks with the addition of Kelut’s volcanic ash which hereinafter referred as ash 

concrete bricks at the same age is 2022 kg/m
3
. This is probably due to the increasing of the age of 

the concrete brick results in the strengthening of V an der Walls bond between minerals constituting 

the cement and minerals constituting Kelut’s volcanic ash. This process leads to the smaller volume 

of concrete brick and the increase of density of concrete brick.  

Concrete brick compressive strength test 

The quality of the concrete brick increases with the increase of the age of the concrete brick     

[10-11]. Figure 1 reveals that the mean compressive strength generally increase with the increase of  

the age of concrete brick. The no-ash concrete brick of 89 days age has strength of 2.001 MPa. No-

ash concrete brick was tested on the compressive strength at the longest days because no volcanic 

ash mixed in the concrete brick and thus considered as constant. The compressive strength of the 

ash concrete brick increases with the increase of the age of the concrete brick. At the age of 89 days 

the compressive strength of the concrete brick is 18.89 MPa. It has exceeded the strength of a good 

standard concrete brick.  The good standard concrete brick has compressive strength of 100 kg/cm
2
 

(9.8 MPa) (SNI 3-0349-1989) [11, 12].  

Ash concrete brick has compressive strength above the average. This is probably due to the 

increasing of concrete brick age (curing time) resulting an increase in the density of the concrete 

brick. It leads to the hardening of the materials and thus increases the compressive strength of the 

concrete brick. The increase in the compressive strength is also caused by the large amount of silica 

content of the volcanic ash, with the increase in the age of the concrete brick the bonds between 

molecules are getting stronger. Volcanic ash could be considered as trash in cement manufacture. 

Trash is the material that is produced during the volcanic eruption. Trash is fine-grained and 

contains lots of amorphous silica oxide (SiO2) that has experienced weathering up to a certain 

degree. It is also one of the basic ingredients of cement manufacture. Trash is used as a mixture of 

PPC type cement as pozolan activity. The addition of trash is intended so that the free line levels can 

be reduced to provide more stable compressive strength. Main content of Trash is active silica as 

SiO2, which with the addition water will react, with Ca(OH)2 to form CSH (calcium silica hydrate) 

and thus contributes to the compressive strength. Chemical equation of calcium hydrate is as 

follows. 

 

CaO        +   H2O        Ca(OH)2.          (1) 

Ca(OH)2 +     SiO2      CaOSiO2.H2O.          (2) 

 

The compressive strength of ash concrete brick is more stable than no-ash concrete brick because it 

contains many CSH particles, which are originated from the SiO2. The SiO2 content is contributed 

by the cement and the volcanic ash that is added to the mixture. Based on the above data, good 

compressive strength of the concrete brick is obtained at a ratio of cement: volcanic ash: sand = 2: 

1: 15. It is due to the adhesive characteristic of cement and the addition of Kelut’s volcanic ash, 

which contains SiO2, will result in the bonds between the minerals add strength to the concrete 

brick. 
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Summary 

1. Kelut’s volcanic ash that contains aluminum of 4.707%, silica of 23.4% and iron of 3.86% is 

suitable to be aggregate mixture for concrete brick. 

2. Concrete brick has a maximum strength test at the ratio of cement: ash: sand = 2 : 1 : 15 with 

strength of 18.85 MPa at the age of 89 days. 

3. The longer the age of concrete brick, the greater compressive strength of the brick. 
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