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ABSTRACT:The need for natural aggregates is increasing along with the use of concrete in construction 

work. This has an impact on the exploitation of natural aggregates to become out of control and damage the 

environment. Artificial aggregates are an alternative to replace the use of natural aggregates. This research 

focuses on the use of artificial aggregates in the form of round, broken and a combination of both on the 

mechanical properties of concrete. Tests were carried out on compressive, tensile and flexural strength. The 

results of this study indicate that artificial aggregates can replace natural aggregates. The best composition in 

the form of a mixture of spherical and broken aggregates by 50% produced a compressive strength of 93%, 

100% tensile strength and 122% flexural strength of the control concrete. 
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I. INTRODUCTION 

The need for concrete is increasing along with the increasing construction of buildings, infrastructure 

and bridges. The implication is the exploration of natural resources which can damage the environment because 

the content of sand and gravel in the volume of concrete is around 80% [1-2]. To reduce the use of natural 

materials, researchers are researching replacing coarse aggregate with artificial aggregate or with industrial 

waste materials [3-7]. One of the potentials to replace coarse aggregate is aggregate derived from coral waste 

which is quite a lot [8,9]. 

Some researchers state that the shape and texture of the aggregate are the determining factors in 

increasing the mechanical properties of the concrete mixture [10 -13]. The coarse aggregate shape affects 

increasing the mechanical properties of concrete compared to a round shape. Crushed aggregate increases by 

about 26% compressive strength, 46% flexural strength and 38% tensile strength [14-16]. Meanwhile, other 

researchers stated that crushed aggregates reduce the mechanical properties of concrete because the water 

absorption in broken aggregates is greater than in round aggregates [17]. In addition, aggregate angularity is also 

one of the main factors affecting workability [18, 19]. 

This study analyzed the mechanical properties (compressive, tensile and flexural strength) of artificial 

aggregates in an attempt to replace natural aggregates. 
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II. MATERIALS AND METHODS 

2.1 Materials 

The material used is an artificial stone from Kupang beach, East Nusa Tenggara, cement type I 

according to ASTM C 150-04 [20], coarse aggregate and fine aggregate used are from PT Adhimix. Curing 

(water immersion) is carried out by ASTM C192 [21]. Figure 1 shows (a) crushed artificial aggregate, (b) round 

artificial aggregate, and (c) natural aggregate. The proportion of the test objects is shown in Table 1. 

 
(a) 

 
(b) 

 
(c) 

Figure 1. (a) crushed artificial aggregate, (b) round artificial aggregate, (c) natural aggregate 

The test object code, BK is to control concrete with the proportions namely cement, natural aggregate, 

and fine aggregate. Round artificial aggregate BB. BP artificial aggregate broke. BM is a mixture of round 

artificial aggregate and crushed artificial aggregate. BKB spherical aggregate control test object. BKP artificial 

aggregate control test object broken. BKM specimens with a mixture of natural aggregate, and round and broken 

artificial aggregate. 

Table 1. Mix Design in 1m3 

Code Cement 

Coarse Aggregate 
Fine 

Aggregate 
Water Natural 

aggregate 

Artificial aggregate 

Round Broken 

BK 429.8 1158.7 
  

680.8 150.9 

BB 429.8 
 

1158.7 
 

680.8 150.9 

BP 429.8 
  

1158.7 680.8 150.9 

BM 429.8 
 

579.4 579.4 680.8 150.9 

BKB 429.8 579.4 579.4 
 

680.8 150.9 

BKP 429.8 579.4 
 

579.4 680.8 150.9 

BKM 429.8 579.4 289.7 289.7 680.8 150.9 
 

2.2 Methods 

Make specimens according to the mix design as shown in Table 1. Then perform compressive, tensile 

and flexural strength tests at 7, 28 and 56 days of age. Compressive and tensile strength testing using a 

cylindrical test object measuring 100 x 200 mm according to ASTM C39 [22]. The tensile strength test uses the 

ASTM C496 standard [23]. Then p.stest the flexural strength of concrete beams according to standards(ASTM 

C78-94)[24]. 
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(a) (b) (c) (d) 

Figure 2. (a) Test object, (b) Compressive strength test, (c) Tensile test, (d) Flexure test 

III. RESULTS AND DISCUSSION 

3.1 Compressive Strength 

The compressive strength results can be seen in Figure 3, BK aged 7 days compressive strength of 27 

MPa and aged 28 33 MPa. At 7 days BP, the compressive strength was 18 MPa and 24 MPa at 28 days. BB at 7 

days of compressive strength was 15 MPa and 18 MPa at 28 days. This proves that the shape of crushed stone 

aggregate has a higher compressive strength value compared to round-shaped aggregate according to previous 

researchers [25]. This is due to crushed aggregate having a rough surface, and relatively smaller cavities so that 

it has good adhesion between aggregates [26]. 

Then the compressive strength BM was 23 MPa at 7 days and 31 MPa at 28 days. BKB at the age of 7 

days compressive strength of 23 MPa and 24 MPa at the age of 28 days. BKP aged 7 days had a compressive 

strength of 15 MPa and 19 MPa at 28 days of age. BKM at the age of 7 days was 18 MPa and at 28 days it 

became 23 MPa. Based on the results of mixing artificial and natural aggregates both round, broken and round 

broken mixture, the achievement of compressive strength is around 73% of the control concrete. The highest 

compressive strength in the use of mixed artificial aggregate (BM) reached 93% of the control concrete (BK). 

 
Figure 3. Compressive strength 

3.2 Tensile Strength 

The tensile strength results (Figure 4) show that the BK and BP samples yielded tensile strength at 7 

days and 28 days of 11 MPa and 10 MPa respectively. Meanwhile, for the BB sample, it was 8 MPa. This 

proves that the concrete tensile strength of the BP sample (Broken Artificial Aggregate) is higher than that of 

the BB sample (Round Artificial Aggregate). This is because the crushed coarse aggregate has a higher tensile 
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strength than the round-shaped coarse aggregate. Crushed stone has a more diverse shape so it will have a high 

density, while the strength of round aggregate is relatively low [27,28]. 

Then the BM and BKB samples had the same value and increase, at 7 days of the age of 10 MPa and 

28 days of 11 MPa. For the BKP and BKM samples, they have the same value at 7 days of the age of 8 MPa and 

10 MPa at 28 days of age. The highest tensile strength results in BM and BKB reaching 100% of the control 

concrete (BK) 

 
Figure 4. Tensile strength 

 

3.3 Flexural Strength 

Figure 5 shows the results of flexural strength, for the BP sample at 28 days of age it was 5.4 MPa and 

for the BB sample at 28 days of age, it was 4.5 MPa. It can be seen that the flexural strength of crushed 

aggregate is higher than that of the round aggregate because the crushed stone has an adhesive surface and 

adheres to the concrete paste [29,30]. 

The BM sample at the age of 7 days was 4.4 MPa and at the age of 28 days, it was 6.0 MPa. The BKB 

sample at the age of 7 days was 4.0 MPa and at the age of 28 days was 4.5 MPa. The BKP at 7 days old was 3.6 

MPa and at 28 days old it was 5.0 MPa. BKM at 7 days of age was 4.7 MPa and at 28 days of age was 5.4 MPa. 

The highest yield of flexural strength in BM is 6.0 MPa and reaches 122% of the control concrete (BK) 

 
Figure 5. Flexural strength 
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IV. CONCLUSION 

Round and broken artificial aggregates can be used as a substitute for natural aggregates, with the 

achievement of compressive strength reaching 93%, 100% tensile strength, and 122% flexural strength of 

control concrete (BK). A mixture of round and broken artificial aggregates with a percentage of 50% each is the 

best composition to replace natural aggregates. 
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