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Abstract  This study investigates the effect of water 
cement (w/c) ratio and aggregate cement (a/c) ratio on 
consistency and compressive strength of concrete made by 
using volcanic stone waste aggregates. A total of 12 
(twelve) concrete mixtures were made by varying w/c ratio 
and a/c ratio. Portland pozzolan cement was used as a 
hydraulic binder while volcanic stone wastes with a 
maximum diameter of 40 mm granules were used as fine 
aggregate and coarse aggregate. The consistency test, 
which is expressed in term of slump, was carried out for 
fresh concrete, while the compressive strength test, for 
each concrete mixture, was realized at the age of 28 days 
using 5 (five) cubical specimens measuring 
150x150x150mm. The results of this study show that 
slump increases and compressive strength decreases with 
increasing w/c ratio for a constant a/c ratio. Slump 
decreases and compressive strength slightly increases with 
increasing a/c ratio for a constant w/c ratio. The decrease in 
slump and the increase in compressive strength with 
increasing a/c ratio for a constant w/c ratio is more clearly 
noted for a w/c ratio more than 0.5. Compressive strength 
decreases proportionally with increasing slump due to the 
increase in w/c ratio. This decrease tends to be sharper in 
mixture with lower a/c ratio. 

Keywords  Volcanic Stone Waste, Water Cement 
Ratio, Aggregate Cement Ratio, Consistency, Compressive 
Strength 

1. Introduction
Concrete as a construction material is currently at the 

top in the number of uses in the world. In the future, this 
condition will continue to meet the needs of the world's 
population for infrastructure. This can be observed from a 
report submitted by Chatham House which states that the 
production of Portland cement, as a hydraulic binder in 
the concrete industry, which currently has reached more 
than 4 billion tons per year will increase by 2050 to more 
than 5 billion tons per year [1]. The widely use of concrete 
for infrastructure construction in the world makes studies 
related to this construction material remain an interesting 
issue for researchers and industries in order to increase 
knowledge of its properties and performance so that its 
utilization in the world of construction services becomes 
more popular. In practice, strength, especially 
compressive strength, is the primary property of concrete 
that is of greatest concern to designers and engineers. This 
is related to the relative ease of carrying out strength test 
compared to other concrete property tests. In addition, 
many other concrete properties, such as modulus of 
elasticity and tensile strength, can be approximated by 
knowing the compressive strength data. In addition to 
compressive strength, consistency is an important 
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property of fresh concrete to be considered in concrete 
applications. Good concrete consistency will facilitate the 
compaction process of fresh concrete to produce high 
concrete density so that maximum concrete strength is 
obtained. 

It is well known that two of the main factors that affect 
the performance of both fresh and hard concrete are the 
characteristics and proportions of the constituent materials: 
water, cement, fine and coarse aggregates [2-4]. 
Researches related to the effect of water cement (w/c) 
ratio as well as aggregate cement (a/c) ratio in concrete 
mixture on the properties of fresh and hard concrete have 
been previously realized. The result of extensive research 
has shown that the compressive strength of concrete 
decreases with increasing w/c ratio, so long as the mixture 
is workable [5]. Another study found that concrete 
mixtures with higher a/c ratio, for a constant w/c ratio, 
resulted in higher compressive strength [6]. Furthermore, 
it was reported that for a constant w/c ratio of 0.6, the 
compressive strength of concrete at 7 days decreased by 
about 12% when cement content and coarse/fine 
aggregate proportion were progressively increased to 
produce a slump of 50 to 150 mm [3]. The increase in 
slump and compaction factor of concrete were observed 
when cement content increased and the aggregate content 
as well as w/c ratio decreased [7,8]. It was found next that 
the compressive strength of concrete, for a constant 
cement content, could be increased by slightly increasing 
or decreasing the ratio of fine aggregate to coarse 
aggregate relative to a control mixture [9]. In a study 
concerning lightweight concrete, it was reported that its 
compressive strength increased when a/c ratio decreased 
[10]. The results of those studies clearly show that fresh 
and hard concrete performance are influenced by relative 
content of water, cement, fine and coarse aggregates used 
in concrete mixture. 

On the other hand, in Bali, Indonesia, there is a type of 
stone formed from the cooling process of volcanic lava. 
This type of stone, hereinafter referred to as volcanic 
stone, is dark in color, blackish gray, and has a lower 
density than basalt but higher than pumice. In Bali, this 
type of stone is generally used as handmade ornaments for 
traditional Balinese buildings. However, the rest of this 
stone processing, in the form of pieces of stone, is usually 
disposed of around the craftsman's work site into waste or 
used as backfill. If this condition continues, it will 
certainly disturb the environment in the future. In addition, 
the waste will not have significant technical and economic 
value. One of the efforts that can be done to overcome this 
problem and to increase simultaneously their technical 
and economic value is to process this waste into aggregate 
in the manufacture of concrete [11]. In other country, the 
use of Cameroonian coarse volcanic scoria as sand in 
Portland cement mortar [12] as well as the potential 
utilization of volcanic rock waste from southern Brazil as 

a natural soil fertilizer [13] have been studied. 
It is realized that a more in-depth study of this waste is 

needed to improve understanding of its properties as 
aggregates in the manufacture of concrete. If the use of 
waste as aggregate can produce performance equivalent to 
the use of normal aggregates, it is expected that natural 
stone mining can be reduced so that environmental 
sustainability can be maintained. Related to this, it will be 
investigated the effect of both w/c ratio and a/c ratio on 
consistency and compressive strength of concrete made by 
using volcanic stone waste as fine and coarse aggregates. 
This is interesting considering that the properties of fresh 
and hard concrete depend also on the type and origin of 
the aggregates used in the concrete mixture [14,15]. In 
this study, consistency is measured in terms of slump on 
fresh concrete while compressive strength is determined 
on the 28 day old specimens. The results obtained are 
expected to increase knowledge in the field of concrete 
technology, especially related to the effect of w/c ratio and 
a/c ratio on consistency and compressive strength of 
concrete using volcanic stone waste aggregates. 

2. Materials and Methods 
The materials used to make concrete in this study 

consisted of water, cement, fine aggregate and coarse 
aggregate. Water was obtained from municipal tap water 
network in the Structure and Materials Laboratory, Civil 
Engineering Department, Faculty of Engineering, 
Udayana University. For hydraulic binder, it was used 
Portland pozzolan cement (PPC) which was purchased 
from a building material store. This hydraulic binder 
complies with the provisions of SNI 15-0302-2004 
concerning PPC [16]. This Indonesian standard refers to 
ASTM C 595-03 [17]. Fine aggregate (FA) and coarse 
aggregate (CA) were volcanic stone waste being residual 
of volcanic stone processing for producing traditional 
Balinese buildings handmade ornaments. 

The waste obtained from the craftsman's work area was 
prepared before being used as aggregate in the concrete 
mixture. First, the stone waste was crushed manually 
using a hammer to obtain grains with a maximum 
diameter of 40 mm. And then, the grains were sorted 
according to the FA category i.e. grains with a size of 0.15 
mm - 4.0 mm and the CA category i.e. grains with a size 
of 4.0 mm - 40.0 mm. The distribution of FA and CA 
grains were designed to meet zone 2 for FA and grains 
with a maximum diameter of 40 mm for CA, according to 
SNI 03-2834-2000 concerning procedures for designing 
concrete mixtures [18]. Before using these aggregates, 
their physical properties were examined. Table 1 shows 
their physical properties while Figures 1 and 2 present 
their grading design. 
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Table 1.  Physical properties of fine aggregate and coarse aggregate 

No. Physical Properties Fine Aggregate Coarse Aggregate 

1. Unit weight (g/cm3) 1.4 1.1 

2. Specific weight SSD 2.5 2.0 

3. Absorption (%) 1.3 5.9 

4. Abrasion (%) - 28.7 

 
Figure 1.  Grading curve for fine aggregate with SNI 03-2834-2000 grading limits 

It was determined to study 3 (three) proportions of concrete mixture, by weight ratio, between PPC, FA, and CA 
which resulted in 3 (three) variations of a/c ratio, namely 4.0, 5.0, and 6.0. To mixing each concrete mixture proportion, 
4 (four) variations of the w/c ratio were used in the range of 0.4 to 0.9. Thus in total there were 12 (twelve) variations of 
concrete mixture as shown in Table 2. It is necessary to use a different range of w/c ratios for each mixture proportion 
in order to ensure that the concrete is workable. 

Table 2.  Proportion of concrete mixture  

Mixture Proportion PPC : FA : CA w/c Ratio a/c Ratio 

M1 1.0 : 1.5 : 2.5 0.4 4.0 

M2 1.0 : 1.5 : 2.5 0.5 4.0 

M3 1.0 : 1.5 : 2.5 0.6 4.0 

M4 1.0 : 1.5 : 2.5 0.7 4.0 

M5 1.0 : 2.0 : 3.0 0.5 5.0 

M6 1.0 : 2.0 : 3.0 0.6 5.0 

M7 1.0 : 2.0 : 3.0 0.7 5.0 

M8 1.0 : 2.0 : 3.0 0.8 5.0 

M9 1.0 : 2.5 : 3.5 0.6 6.0 

M10 1.0 : 2.5 : 3.5 0.7 6.0 

M11 1.0 : 2.5 : 3.5 0.8 6.0 

M12 1.0 : 2.5 : 3.5 0.9 6.0 
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Figure 2.  Grading curve for coarse aggregate with SNI 03-2834-2000 grading limits 

Mixing of the concrete mixture was realized by using a 
mixer and before being mixed the aggregate was prepared 
in Saturated Surface Dry (SSD) condition. After mixing, 
slump test was carried out to determine consistency of the 
fresh concrete mixture by using slump test equipment. 
And then, cubical specimens sizing of 150 x 150 x 150 
mm were casted. The specimens were prepared in 
accordance with SNI 2493-2011 concerning procedures 
for casting and maintaining concrete specimens in the 
laboratory [19]. This Indonesian standard refers to ASTM 
C 192/C 192M-95 [20]. After casting, the specimen were 
kept in molds for 24 hours and then demolded and cured 
in water until used for compressive strength test. For each 
mixture proportion, 5 (five) specimens were made for the 
strength test at the age of 28 days. The compressive 
strength test was carried out according to SNI 1974-2011 
concerning test method for compressive strength of 
concrete [21] using a compression test machine with a 
capacity of 2000 kN. Figure 3 presents the process of 
casting and curing of the specimens as well as measuring 
the consistency and the compressive strength of concrete. 

 

 

 

 

  

  
Figure 3.  Casting and curing of specimens and measuring consistency 
and compressive strength of concrete 
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3. Results 

3.1. Slump 

The results of consistency test of concrete mixture for each proportion, which were carried out through slump test, 
are shown in Table 3. In this table it is presented the average result of 5 (five) measurements of slump, standard 
deviation (s) and coefficient of variance (CV). Based on the CV for each mixture, it can be considered that all of the 
mixture were well mixed and homogenous. 

From this data, Figure 4 was then made illustrating changes in slump based on variations in the proportion of the 
mixture obtained by varying the w/c ratio and a/c ratio. 

Table 3.  Slump, standard deviation and coefficient of variance 

Mixture Slump (mm) s (mm) CV (%) 

M1 5 0.2 4.6 

M2 12 0.7 5.9 

M3 125 7.0 5.5 

M4 175 9.4 5.3 

M5 10 0.5 5.4 

M6 45 2.5 5.7 

M7 145 7.9 5.5 

M8 185 9.7 5.2 

M9 12 0.7  5.5 

M10 80 4.6  5.7 

M11 105 6.1  5.8 

M12 157 8.4  5.4 

 

 
Figure 4.  Slump vs w/c for various a/c 

From Table 3 and Figure 4 it can be clearly seen that 
slump varies due to changes in w/c ratio and a/c ratio. For 
the mixture with a/c ratio of 4.0 and w/c ratio increased 
from 0.4 to 0.7, slump increases from 5 mm to 175 mm. 
In the mixture with a/c ratio of 5.0 and w/c ratio increased 
from 0.5 to 0.8, it increases from 10 mm to 185 mm and 

for the mixture with a/c ratio of 6.0 and w/c ratio 
increased from 0.6 to 0.9, it increases from 12 mm to 157 
mm. This indicates that, in general, for mixtures with 
constant a/c, slump increases with increasing w/c ratio. 
This is in accordance with what is mentioned in the 
literature [2-4]. It is then observed that a greater increase 
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in slump with increasing w/c ratio tends to occur in 
mixtures with lower a/c ratio. 

On the other hand, for mixtures with a constant w/c 
ratio, it is seen that slump decreases with increasing a/c 
ratio. The decrease in slump with increasing a/c ratio is 
more clearly seen when the w/c ratio is more than 0.5. 

3.2. Compressive Strength 

The results of the compressive strength test of the 
specimens at the age of 28 days for each mixture 
proportion are shown in Table 4. In this table it is 
presented the average result of 5 (five) specimens, 
standard deviation (s) and coefficient of variance (CV). 
As in the case of slump and according to the CV of each 
mixture, it can also be considered here that all of the 
mixture were well mixed and homogenous. By using this 
data, Figure 5 was then made illustrating changes in 

compressive strength based on variations in the proportion 
of the mixture. 

Referring to Table 4 and Figure 5, it can be seen that 
the variation in compressive strength follows changes in 
w/c ratio and a/c ratio. In concrete with a/c ratio of 4.0 and 
w/c ratio increased from 0.4 to 0.7, the compressive 
strength reduces from 42 MPa to 15 MPa. For concrete 
with a/c ratio of 5.0 and the w/c ratio increased from 0.5 
to 0.8, it reduces from 31 MPa to 10 MPa and for concrete 
with a/c ratio of 6.0 and the w/c ratio increased from 0.6 
to 0.9, it reduces from 24 MPa to 9 MPa. In general, these 
results indicate that for mixtures with constant a/c ratio, 
the compressive strength of concrete decreases with 
increasing w/c ratio. This is in accordance with the results 
shown in previous study [6]. In addition, it is also 
observed that the decrease in the compressive strength of 
concrete tends to be sharper in the mixture with lower a/c 
ratio. 

Table 4.  Compressive strength, standard deviation and coefficient of variance 

Mixture Compressive Strength (MPa) s 
(MPa) 

CV 
(%) 

M1 42 1.8 4.2 

M2 35 1.5 4.4 

M3 21 1.2 5.7 

M4 15 0.4 2.8 

M5 31 0.9 2.8 

M6 22 1.2 5.5 

M7 17 0.4 2.4 

M8 10 0.6 5.7 

M9 24 1.1 4.7 

M10 18 0.4 2.2 

M11 11 0.3 2.4 

M12 9 0.5 5.0 

 

Figure 5.  Compressive strength vs w/c for various a/c
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On the other hand, it can be seen that, for concrete 
mixtures with a constant w/c ratio, the compressive 
strength tends to increase slightly with increasing a/c ratio. 
This phenomenon is also mentioned in other study [6]. 
However, it is only clearly seen in concrete mixtures with 
a w/c ratio more than 0.5. 

4. Discussion 
The test results on the slump and compressive strength 

of concrete mixtures with variations in w/c ratio and a/c 
ratio clearly show the effect of each of these factors on the 
properties of both fresh and hard concrete. Regarding 
consistency of the concrete mixture as expressed by slump, 
it was noted that slump increases with increasing w/c ratio 
for a constant a/c ratio. This is related to the increase in 
the amount of water used to mixing the concrete which 
increases lubrication of the aggregate grains so that the 
internal friction between the grains is reduced. Therefore, 
the flow of the concrete mixture becomes easier which 
results in a higher slump. With lower a/c ratio, slump 
increases more sharply when w/c ratio increases. This 
phenomenon is related to the use of cement in the mixture 
which is relatively more than the aggregate so that more 
paste is formed than in the mixture with a higher a/c ratio. 
Furthermore, with lower a/c ratio, the surface area of the 
aggregates decreases. Consequently, the flow of the 
mixture becomes easier so that slump increases sharply. 

On the other hand, it was found that slump decreases 
with increasing a/c ratio at a constant w/c ratio. This is 
related to the increase in the amount of aggregate while 
the amount of cement decreases in the mixture. As the 
amount of aggregate increases, the surface area of the 
aggregate increases while the amount of water, as a 
function of the amount of cement, decreases even though 
the w/c remains constant. This condition causes the 
mixture to become drier and the friction between the 
aggregate grains increases so that the flow of the mixture 
becomes difficult and finally slump of the mixture reduces. 
This phenomenon is clearly seen when w/c ratio is above 
0.5 related to the amount of more water used for mixing 
so that change in consistency becomes easier to observe. 
However, in mixtures with a ratio of w/c = 0.5, M2 (a/c = 
4.0) and M5 (a/c = 5.0), this phenomenon can also be 
observed but with very small slump changes. Therefore, it 
is important to underline that the slump in the mixture 
depends on the degree of variation in the w/c and a/c 
ratios as well as the shape and surface texture of the 
aggregate used. The aggregates used in this study which 
were produced by manual crushing have an angular and a 
rough texture. It seems that the relatively low slumps 
measured on M1, M2, M5, and M9 mixtures are strongly 
influenced by these conditions. 

It is well known that the proportion of the concrete 
mixture affects the compressive strength of concrete. The 
results of this study showed that the compressive strength 

of concrete decreases with increasing w/c ratio, for a 
constant a/c ratio. This phenomenon is caused by 
increasing porosity with increase in the amount of water 
used to mixing the concrete [2-4]. It is well known that to 
achieve complete hydration, cement requires water, 
depending on its fineness, about 25%-30% by weight [22]. 
The use of water in concrete other than for cement 
hydration process is also to lubricate the aggregate so that 
the concrete is more workable. Excess water that is not 
needed for the hydration process, in the course of time, 
will be expelled and will leave pores in hard concrete. The 
more water is used to mixing concrete, the more pores are 
formed due to excess water so that the density of concrete 
decreases and consequently its strength also decreases. In 
addition, the excess water used in the mixture is also 
vulnerable in terms of the durability of the concrete [2-4]. 
This is related to the increase in the permeability of the 
concrete due to the formation of more pores which in turn 
facilitates chemical attacks that cause concrete damage. 
Thus, in fact, only a sufficient amount of water is needed 
for concrete mixing. However, the mixing water must be 
sufficient for cement hydration and simultaneously to 
produce a workable concrete mixture in order to obtain 
maximum strength. 

The trend towards a sharper decrease in compressive 
strength in mixtures with lower a/c ratio along with an 
increase in w/c ratio is related to the amount of cement in 
the mixture being relatively higher than the amount of 
aggregate. As w/c ratio increases, relatively more water is 
used to mixing the concrete. This condition resulted in 
more residual water in the mixture with lower a/c ratio 
compared to higher a/c ratio. This condition causes the 
pores formed in the concrete increase more so that the 
compressive strength decreases sharply. 

Moreover, it is interesting to note that the compressive 
strength tends to increase slightly with increasing a/c ratio 
for concrete mixtures with a constant w/c ratio. This could 
be related to the porosity formed in the concrete. In a 
mixture with a higher a/c ratio, the use of cement is 
relatively less compared to a mixture with a lower a/c 
ratio, but still within sufficient limits to bind well the 
aggregate to form a solid mass. With less cement, less 
mixing water is used for a constant w/c ratio and 
consequently less excess water. This condition causes the 
pores formed decrease so that the resulting compressive 
strength is slightly higher than the mixture with a lower 
a/c. However, this phenomenon only occurs in concrete 
mixtures with a w/c ratio more than 0.5. It seems that the 
use of a higher a/c ratio under this condition has a 
beneficial effect on the development of compressive 
strength associated with the reduction of pores formed in 
the concrete. 

Furthermore, in Figure 6 it is presented changes in 
compressive strength related to changes in slump due to 
variation of w/c and a/c ratios. 
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Figure 6.  Compressive strength vs slump for various a/c 

From Figure 6 it can be seen that the compressive 
strength decreases proportionally with the increase of 
slump, for all variations of a/c ratio. The increase of slump 
in the concrete mixture is caused by the increase of 
mixing water which is represented by the increase of w/c 
ratio. The use of a higher amount of water, as previously 
stated, for a constant mixture proportion, implies the 
formation of more pores in concrete due to the release of 
excess water than required for the hydration process. With 
higher porosity, the compressive strength produced by a 
concrete mixture is reduced. 

Furthermore, it can be observed that there is a sharper 
decrease in compressive strength when slump increase in 
concrete with lower a/c ratio. As described previously, 
this phenomenon is related to the relatively higher amount 
of cement than aggregate used in concrete with lower a/c 
ratio. When w/c ratio increases, slump increases because 
more water is used to mixing the concrete. This condition 
causes more pores formed due to excess water in the 
mixture with lower a/c ratio compared to higher a/c ratio 
resulting in a sharp reduction in the compressive strength. 

Finally, it is interesting to note that waste volcanic 
stone whose properties are lower than natural stone after 
being formed into aggregates can be used to produce 
structural concrete based on SNI 2847-2019 [23]. 
According to this Indonesian standard which refers to ACI 
318M-14/318RM-14 [24], the required concrete 
compressive strength is a minimum of 17 MPa for general 
use and a minimum of 21 MPa for special moment 
resisting frame systems and special structural walls. 
Therefore, from the point of view strength only, a mixture 
of M7 and M10 could be used for the former while M1, 
M2, M3, M5, M6, and M9 could be used for the latter. 

5. Conclusions 
From the results obtained from this study and the 

discussion carried out, it can be concluded as follows. 
 The consistency of the concrete mixture which is 

indicated by slump, decreases with increasing a/c 
ratio for a constant w/c ratio and increases with 
increasing w/c ratio for a constant a/c ratio. 

 The compressive strength of concrete decreases with 
increasing w/c ratio for a constant a/c ratio and 
increases slightly with increasing a/c ratio for a 
constant w/c ratio. 

 The decrease in slump and the increase in 
compressive strength with increasing a/c ratio for a 
constant w/c ratio is more clearly seen for a w/c ratio 
more than 0.5. 

 The compressive strength decreases proportionally 
with the increase in slump which is caused by the 
increase in w/c ratio. 

 The decrease in compressive strength due to the 
increase in slump tends to be sharper in the mixture 
with lower a/c ratio. 
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