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ABSTRACT 

 

Roads as transportation infrastructure play an important role in regional development 

and are used to transport basic necessities. Certain materials with specific durability are used 

for road construction, but damage can occur due to natural phenomena, excessive pressure, or 

material quality. This damage can endanger drivers and often causes accidents. The Bina 

Marga Road Maintenance Manual lists various types of damage, but this study only focuses on 

inspections to detect cracks. In Muara Angke, Central Jakarta, one ton of fish bone waste is 

produced every month from the fish cracker making process. This waste, which produces an 

unpleasant odor and contains BOD, COD, and TSS, pollutes the environment and makes the 

400 m² industrial area unhealthy. Due to lack of skills and technology, local communities have 

not been able to process or utilize this fish bone waste effectively. The results of Marshall 

testing on the composition of AC-WC asphalt using fish bone powder waste with variations of 

fine aggregate substitution of 0%, 25%, and 50%, and asphalt content of 5%, 6%, and 7% did 

not meet the 2018 Bina Marga specifications for Stability, Void in Air, Marshall Quotient, and 

Void in Material values. The Marshall characteristics obtained from the mixture with fish bone 

powder waste are not comparable to the regular AC-WC mixture without waste. In addition, 

the VIM value for the mixture with 6% asphalt content and waste variations of 0%, 25%, and 

50% also did not meet Bina Marga standards. However, all VMA and VFA levels still meet the 

asphalt and aggregate specification criteria according to Bina Marga 2018. 
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INTRODUCTION  

 

Roads as transportation infrastructure play an important role in regional development 

and are used to transport basic necessities. Certain materials with specific durability are used 

for road construction, but damage can occur due to natural phenomena, excessive pressure, or 

material quality. This damage can endanger drivers and often causes accidents. The Bina 

Marga Road Maintenance Manual lists various types of damage, but this study only focuses on 

inspections to detect cracks. In Muara Angke, Central Jakarta, one ton of fish bone waste is 

produced every month from the fish cracker making process. This waste, which produces an 

unpleasant odor and contains BOD, COD, and TSS, pollutes the environment and makes the 

400 m² industrial area unhealthy. Due to lack of skills and technology, local people have not 

been able to process or utilize this fish bone waste effectively. 
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METHODS 

 

 
Figure 1. Research Flowchart 

 

This research was conducted from May to June 2024 at the Asphalt Laboratory, Civil 

Engineering Study Program, Faculty of Engineering, Krisnadwipayana University, Jakarta. 

This study tested asphalt concrete wearing course samples with varying percentages of fish 

bone powder waste used as filler. 

The filler must not contain unwanted components and must be able to pass through 

sieve No. 200. In addition, additional filler materials must be free from lumps and in a dry 

condition. In this study, the bantak filler used was able to pass through sieve No. 200. The filler 

specifications described in SNI 1994 are presented in Table 4 below: 

 

Table 4. Filler Aggregate Requirements 

 
 

The tools used in this study include digital scales, digital sieves, ovens with a 

temperature of (110±5)⁰C, ordinary sieves, asphalt ductility tools, pycnometers, thermometers, 

stopwatches, soaking tubs, electric stoves, molding, extruders, Marshall test tools, compactor 

hammers, and specific gravity and absorption measuring tools for coarse aggregates. 
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Figure 2. Digital Filter 

 

RESULTS AND DISCUSSION 

 

Penetration testing evaluates asphalt hardness by inserting a needle into a standard 

sample at a temperature of 25°C with a load of 50 grams for 5 seconds. The results of this test 

show a penetration value of 64.75, which corresponds to an asphalt penetration level in the 

range of 60/70. 

 

Table 5. Asphalt Penetration Test 

 
 

 
 

Figure 3. Asphalt Penetration Test Graph 

The sieve analysis test is conducted to determine the percentage of material that passes 

through various sieve sizes. 
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Table 6. Cement Filler Sieve Test 

 
 

Table 7. Fish Bone Powder Waste Filler Sieve Test 

 
According to SNI 0013-81, the standard specific gravity of filler is between 2.25 – 2.7 

gr/cm³. In this study, the specific gravity of cement filler is 2.36 gr/cm³ and the specific gravity 

of fish bone powder waste filler is 2.44 gr/cm³. Based on the filler material standards, both 

types of filler are suitable for use as components in the manufacture of laston asphalt concrete 

wearing course. 

 

Table 8. Specific Gravity Analysis Test of Cement and Fish Bone Powder Waste 

 
The composition of the asphalt mixture or dense asphalt concrete was designed in the 

Concrete Laboratory of the Faculty of Civil Engineering, Krisnadwipayana University. The 

experiment determined the composition of hot bin I at 42%, hot bin II 37%, hot bin III 20%, 

with the addition of 1% cement filler and asphalt content of 5.7%. 
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Table 9. Cement Filler Planning Output 

 
 

Table 10. Design of 40% Fish Bone Powder Waste Filler 

 
 

Table 11. Results of Design of 80% Fish Bone Powder Waste Filler 

 
The test showed that the fish bone powder filler, with a stability result of 2487 kg at a 

variation of 40% and 2568 kg at a variation of 80%, had higher stability compared to the 

cement filler which reached 2266 kg. Stability, which measures the ability of the pavement 

mixture to withstand loads until melting (flow) occurs, is influenced by internal friction and the 

thickness of the asphalt layer. The stability value of fish bone powder meets the Bina Marga 

standard which requires a minimum of 2200 kg, so fish bone powder has the potential to be an 

effective substitute for cement filler. The test results showed that the value of voids in 

aggregate (VMA) differed depending on the type of filler used. With cement filler, the VMA 

was 27.90%. However, with the use of fish bone powder filler at a variation of 40%, the VMA 

value increased to 36.51% and at a variation of 80%, the value increased further to 37.31%. 

This shows that the use of fish bone powder filler produces a higher volume of void space in 

the aggregate compared to the use of cement filler, meeting the minimum criteria of 18% 

required by Bina Marga 2018. 

The test shows that the mixture with cement filler has a flow value of 3.35 mm, while 

with fish bone powder filler the flow value is 3.35 mm at a variation of 40% and 3.40 mm at a 

variation of 80%. This shows that the mixture using fish bone powder filler requires more 

asphalt, resulting in smaller air gaps and the potential for increased plastic deformation during 
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loading. Although the flow value of the mixture with fish bone powder waste filler is higher, it 

still meets the Bina Marga criteria which stipulates a flow range of 2 to 4 mm. 

The pore volume remaining after compaction of the asphalt mixture is known as the 

pore volume of dense asphalt concrete (VIM). The test shows that the VIM value of the 

mixture with cement filler is 16.17%. Meanwhile, for the mixture with fish bone powder filler, 

the VIM value was 26.19% at 40% variation and 27.12% at 80% variation. The use of fish 

bone powder filler increases VIM, indicating the presence of more air cavities due to larger 

grains compared to cement filler. Although the flow value is higher in the mixture with fish 

bone powder filler (3.35 mm for 40% variation and 3.40 mm for 80% variation), the mixture 

still meets the Bina Marga flow criteria which range from 2 to 4 mm. Both types of filler, 

cement and fish bone powder, meet the 2018 Bina Marga specifications which set a minimum 

VIM of 3.5-5.5%. The Marshall Quotient (MQ) value indicates the ratio of flow to stability, 

which describes the stiffness and flexibility of the mixture. The higher the MQ value, the 

harder the mixture, and the lower, the more flexible. From the test, the MQ value for the 

mixture with cement filler was 676 kg/mm. In the study using fish bone powder, the MQ value 

was 742 kg/mm at 40% variation and 756 kg/mm at 80% variation, indicating that the mixture 

with fish bone powder had higher stiffness compared to cement filler. However, both types of 

fillers met the minimum Bina Marga 2018 specification of 250 kg/mm. 

 

CONCLUSIONS 

 

The Marshall test results on the AC-WC asphalt composition using fish bone powder 

waste with fine aggregate substitution variations of 0%, 25%, and 50%, and asphalt content of 

5%, 6%, and 7% did not meet the 2018 Bina Marga specifications for Stability, Void in Air, 

Marshall Quotient, and Void in Material values. The Marshall characteristics obtained from the 

mixture with fish bone powder waste were not comparable to the regular AC-WC mixture 

without waste. In addition, the VIM value for the mixture with 6% asphalt content and waste 

variations of 0%, 25%, and 50% also did not meet the Bina Marga standards. However, all 

VMA and VFA levels still met the asphalt and aggregate specification criteria according to 

Bina Marga 2018. 
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