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ABSTRACT  

Along with the times, people's needs are also increasing. No exception is the need for road infrastructure, both in 

urban and rural areas. The road is an important access to carry out daily activities. One of the important processes that 

must be carried out in the design and formation of roads is the process of road paving. Paving roads are an important 

point in a development, especially in terms of infrastructure for transportation. Bangka Belitung has the potential for 

fine aggregate material in the form of kaolin sand and tin tailing sand which are waste from mining natural resources 

of tin and kaolin. In order to reduce the use of river sand as standard fine agregate, kaolin sand and tin tailing sand can 

be used as an innovation or alternative for replacement on river sand as standard fine aggregate materials in road 

pavement structure. Therefore, research was carried out to find out the characteristics of kaolin sand and tin tailing 

sand in the AC-WC (Asphalt Concrete Wearing Course), AC-BC (Asphalt Concrete Binder Course), and Hot Rolled 

Sheet-Wearing Course (HRS-WC). This study uses the Marshall Tests parameter. Based on Marshall test results, the 

best Optimum Asphalt Content of AC-WC mixture using kaolin sand is 5.73%, AC-WC mixture using tin tailing sand 

is 5.45% and AC-WC mixture using river sand is 5.7%. The Optimum Asphalt Content of AC-BC mixture using 

kaolin sand is 5.8%, AC-BC mixture using tin tailing sand is 5.6% and AC-BC mixture using river sand is 5.55%. 

Optimum Asphalt Content of HRS-WC using kaolin sand is 8.045%, HRS-WC mixture using tin tailing sand of 

8.18% and HRS-WC using river sand is 7.965%. It can be concluded that the Optimum Asphalt Content of AC-WC 

mixture with the use of kaolin sand and river sand tends to be higher than the AC-WC mixture with the use of tin 

tailing sand. AC-BC mixture with the use of kaolin sand and tin tailing sand, the Optimum Asphalt Content tends to 

be more higher than the mixture of AC-BC using river sand. HRS-WC mixture with the use of kaolin sand and tin 

tailing sand, the Optimum Asphalt Content tends to be more than the mixture of HRS-WC with the use of river sand. 
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1. INTRODUCTION 

Along with the times, people's needs are also 

increasing. No exception is the need for road 

infrastructure, both in urban and rural areas. The road is 

an important access to carry out daily activities. One of 

the important processes that must be carried out in the 

design and formation of roads is the process of road 

paving.  

Paving roads are an important point in a 

development, especially in terms of infrastructure for 

transportation. One of the materials used as a mixture 

material in paving is Asphalt Concrete (AC) and Hot 

Rolled Sheet (HRS). This material is more commonly 

referred to as intermediate hot mix asphalt pavement. 

The characteristics of this material have a layer that is 

directly related to climate or weather, the thickness of 

layer had variation that it can withstand the maximum 

load of traffic passing through it. 
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The materials used in the Asphalt Concrete (AC) 

and Hot Rolled Sheet (HRS) consist of asphalt, fine 

aggregate, coarse aggregate, and filler. The use of 

coarse aggregate is used as the framework for the 

pavement, while the fine aggregate is used as the filling 

of the cavities in the coarse aggregate. 

2. LITERATURE REVIEW 

2.1. Asphalt Concrete Wearing Course 

 Asphalt Concrete-Wearing Course (AC-WC) or 

wear layer asphalt binder layer is a layer of pavement 

structure that is at the top and functions as a wear layer 

(Suherman Sulaiman et al., 2010) [6]. According to Cut 

Khairani (2018) [7] , the AC-WC layer serves as a link 

between the asphalt concrete layer and the Asphalt 

Concrete Binder Course (AC-BC) or top base layer or 

base layer.  

 

2.2. Asphalt Concrete Binder Course 

 Asphalt Concrete Binder Course (AC-BC) or often 

referred to as concrete asphalt binder layer is an 

intermediate layer of wear layer concrete asphalt (AC-

WC) with the Asphalt Base layer (AC-Base) (Cut 

Khairani, 2018) [7]. 

 Based on PUSLITBANG (Research and 

Development Centre), AC-BC aims to reduce stress and 

support traffic loads, so it must have sufficient strength. 

This coating must also be waterproof so that it does not 

penetrate through surface cracks or holes. 

 

2.3. Hot Rolled Sheet-Wearing Course 

HRS or Concrete Asphalt Thin Layer (Lataston) is 

one type of pavement layer derived from hard asphalt, 

aggregate with unequal grading, and filler that is put 

together, stretched, and compacted at certain 

temperatures and conditions with a thickness of 

approximately 2.5 to 3 cm (Sukirman, 1999: 10) [8]. 

The HRS pavement construction consists of two 

layers that are mixed, namely HRS for wear layers 

(HRS-WC) and HRS for foundation layers (HR-SBC). 

HRS-WC is used as a wear layer for the asphalt surface. 

HRS-WC is waterproof, strong resistant to grooves, has 

a smooth surface, can distribute loads, and has slip 

resistance. This layer rubs directly against the wheels of 

the vehicle and the weather so it is easy to wear out.  

 

2.4. Tin Tailings Sand 

 Tin is the main natural resource originating from 

the island of Bangka Belitung. The large amount of tin 

in Bangka Belitung produces waste due to the mining 

process, and this waste is called tin tailing. 

 Tin tailing comes from the decomposition of tin 

metal that has been leached during mining activities 

(Inonu et al. 2011) [5]. Mangara et al. (2007) states that 

the tailing material comes from 50% fraction of fine 

sand with a diameter of 0.075 - 0.4 mm, while the rest is 

a clay fraction with a diameter of 0.075 mm. This tin 

tailing sand can be used as a fine aggregate material for 

road trays [9]. 

 

 
Figure 1. Tin Tailing Sand 

 

2.5. Kaolin Sand 

 Kaolin is a clay that is soft, smooth, and has a 

white colour. According to Utari (1994) kaolin is a type 

of rock that includes clay (clay) [10]. The composition 

of the content in kaolin is SiO2, Al2O3 and H2O. Kaolin 

is generally used as a manufacture of cosmetics, rubber, 

or paper. Kaolin comes from the mining area which 

forms irregular holes in the form of a lake filled with 

bright blue water surrounded by white sand. Kaolin 

mining is generally carried out by open techniques and 

by way of spraying (hydraulicking). 

 Usually kaolin processing is carried out by spraying 

the kaolin sediment with a monitor so that it is 

uncovered and forms a thick kaolin sludge which will 

then be filtered. This filtering process produces a new 

composition of kaolin, or what is called kaolin mining 

waste in which there is kaolin sand. 

 

 
Figure 2. Kaolin Sand 
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2.6. River Sand (Standard Fine Agregate) 

 River sand is sand obtained from rivers and is a 

natural material as a result of erosion of strong and sharp 

rocks which are then carried away by the river flow and 

settling on the bottom. River sand is in the form of 

grains with a size between 0.063 mm - 5 mm, not too big 

and not too small. River sand is one of the building 

materials that is often used in construction.   

 

 
Figure 3. River Sand (Standard Fine Agregate) 

 

2.7. Marshall Test 

 Marshall Test is conducted to determine the 

stability and flow of the asphalt mixture. Marshall 

testing is done using a Marshall engine. Prior to the 

Marshall test, samples were immersed in a water bath 

with a temperature of 60ºC for 30 minutes. Other 

Marshall Parameters are VIM, VMA, VFA, and MQ. 

The Optimal Bitumen Content can be determined using 

Marshall Paramaters (Stability, Flow, MQ, VIM, VMA, 

and VFA). 

3. RESULTS AND DISCUSSION 

3.1. Sand Test Results 

Fine Agregate Test on this study referring to the 

General Specifications of Bina Marga 2018 Division 6 

Section 6.3. The result of sand tests : 

 

 

 

Table 1. Sand Test Results  

 

No. 

 

Characteristics 

Results  

Spec. 

 Kaolin Sand Tin Tailling Sand River Sand 

1. Bulk Specific Gravity 

(g/cm3) 2,570 2,568 2,558 

Min 2,5 

2. SSD Specific Gravity(g/cm3) 2,593 2,592 2,591 Min 2,5 

3. Apparent Specific Gravity 

(g/cm3) 2,631 2,631 2,646 

Min 2,5 

4. Water Absorption (%) 0,908 0,918 1,297% Maks 2% 

5. Weight Content 1,443 1,464 1,458 - 

6. Value Equal to Sand (%) 95,45% 94,03% 86,97% Min 50% 

 

3.2. Marshall Test Results 

 The materials used consist of 1-2 crushed 

stones and 1-1 crushed stones, rock ash, kaolin 

sand, tin tailling sand, river sand (standard fine 

aggregate), cement as filler and asphalt 60/70 

penetration. The specimens made in this study 

consist of 3 types of pavement, namely AC-WC, 

AC-BC and HRS-WC. From the Marshall test, the 

values of stability, flow, VMA, VFA, VIM and 

Marshall Quotient were obtained. Following are the 

Marshall test results after making the test object: 
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Table 2. Marshall Test Results of AC-WC Mixture Using Kaolin Sand 

 

 

Table 3. Marshall Test Result of AC-WC Mixture Using Tin Tailing 

Sand
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Table 4. Marshall Test Result of AC-WC Mixture Using River Sand (Standar Fine Agregate) 

 
 

Table 5. Marshall Test Results of AC-BC Mixture Using Kaolin Sand 
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Table 6. Marshall Test Result of AC-BC Mixture Using Tin Tailing Sand 

 
 

Table 7. Marshall Test Results of AC-BC Mixture Using River Sand (Standard Fine Agregate) 
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Table 8. Marshall Test Results of HRS-WC Mixture Using Kaolin Sand 

 
 

Table 9. Marshall Test Results of  HRS-WC Mixture Using Tin Tailing Sand 
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Table 10. Marshall Test Results of AC-BC Mixture Using River Sand (Standard Fine Agregate) 

 
 

3.3. Optimum Asphalt Content (KAO) 

After obtaining Optimum Asphalt Content 

(KAO), then look for the Marshall Parameter value 

against Optimum Asphalt Content (KAO) against 

the three layers, namely AC-WC, AC-BC and 

HRS-WC. The results can be found at : 

 

Table 11. Results of Marshall AC-WC Parameters on KAO 

No. Parameter 
AC-WC mix 

Kaolin Sand Tin Tailing Sand River Sand 

1. KAO (%) 5,73 5,45 5,7 

2. VMA (%) 16,662 15,690 16,563 

3. VFA (%) 76,005 78,174 76,860 

4. VIM (%) 4,002 3,604 4,464 

5. Stability (Kg) 1516,954 1344,249 1215,235 

6. Flow (mm) 3,719 3,813 3,588 

7. MQ (Kg / mm) 409,024 352,750 339,898 

The results obtained from the Marshall 

parameter above have different KAO values in each 

mixture. The difference in value will be used as a 

comparison of the three mixtures. 

Based on table 10, the Optimum Asphalt 

Content of the AC-WC mixture using kaolin sand is 

5.73%, AC-WC using tin tailings sand 5.45%, and 

the AC-WC mixture using river sand is 5.7%, and 

5.7%. The highest is the value of KAO for the 

utilization of kaolin sand.  

The combination of AC-WC with kaolin 

sand produced a VMA value of 16,662, which is 

higher than AC-WC mix with tin tailing sand 

utilization 15,690 and AC-WC mixture with river 

sand utilization 16,563. 

The high VFA value in the asphalt mixture 

shows that the more air voids between the 

aggregates and mixture are filled with asphalt. In 

this table, tin tailings sand has the highest value 

with a value of 78.174 while river sand is 76.860 

and kaolin sand is 76.005. 

The table shows that the AC-WC mixture 

using river sand is 4.115. When compared with the 

AC-WC mixture of kaolin sand (4.002) and tin 

tailing sand (3.604), river sand is the highest level. 
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Kaolin sand has the highest stability value at 

1516,954 while tin tailing sand is 1344,249 and 

river sand is 1215,235. This means that the lower 

the stability value of a mixture, the higher the 

potential to experience changes in shape due to 

traffic loads. 

The AC-WC mixture with the utilization of 

tin tailing sand produced the highest flow/melting 

value at 3,813, while kaolin sand at 3,719 and the 

lowest was owned by the AC-WC mixture with the 

utilization of river sand  at 3,588. The higher the 

flow/melting value of an asphalt mixture, the more 

flaccid and pliable the mixture will be. Conversely, 

the lower the flow/melting value of a mixture, the 

stiffer the mixture will be and tends to crack easily 

when given a load. 

From the results of the MQ value data, it can 

be seen that the AC-WC composite with the use of 

kaolin sand has the best stiffness and resistance to 

deformation with a height of 409.024 compared to 

the AC-WC mixture with the use of 352,750 tin 

tailings sand and 339,898 river sand. However, with 

the high MQ value, the AC-WC mixture with the 

utilization of river sand had a greater tendency to 

crack than the other two mixtures. 

 

Table 12. Results of Marshall AC-BC Parameters on KAO 

 

No. 

 

Parameter 

 

AC-BC mix 

Kaolin Sand Tin Tailing Sand River Sand 

1. KAO (%) 5,8 5,6 5,55 

2. VMA (%) 17,014 16,460 16,410 

3. VFA (%) 75,779 76,000 75,557 

4. VIM (%) 4,126 4,464 3,954 

5. Stability (Kg) 1104,711 1055,637 1120,092 

6. Flow (mm) 3,277 3,533 3,460 

7. MQ (Kg/mm) 337,415 298,977 308,268 

The Marshall Parameter results obtained were 

different for each mixture due to the different KAO 

values in each mixture. From these differences in 

values, a comparison of the values between the 

three mixtures can be made. 

 Based on table 11, the KAO value of AC-

BC mixture using kaolin sand, AC-BC mixture with 

residual sand, and AC-BC mixture using river sand 

were 5.8%, 5.6% and respectively. 5.55%. 

Therefore, AC-BC mixture with the utilization of 

river sand, the use of asphalt tends to be less than 

the AC-BC mixture with the utilization of kaolin 

sand and tin tailings sand. 

 A mixture of AC-BC with the use tin tile 

sand and a mixture of AC-BC with the use of river 

sand. So that AC-BC mix the kaolin sand tends to 

have more cavities or pores among the aggregates 

among other AC-BC mixtures. 

 Based on the research results, the AC-BC 

mixture using tin tailings sand had a greater VFA 

value between the AC-BC mixture using kaolin 

sand and the AC-BC mixture using river sand.  

 The AC-BC mixture with the use of tin 

tailings sand showed a lower VIM value than the 

AC-BC mixture using kaolin sand and AC-BC 

mixture using the utilization of tin tailings sand. It 

can be concluded that AC-BC mixtures using tin 

tailings sand tend to have less cavities or pores in 

the mixture than AC-BC mixtures using kaolin sand 

and AC-BC mixtures using river sand 

 Mixture of AC-BC with utilization of river 

sand shows greater stability value between AC-BC 

admixture with the utilization of kaolin sand and tin 

tailings sand. So it can be concluded that the AC-

BC admixture with the utilization of river sand has 

the ability to withstand the load without 

experiencing a change in shape, greater than the 

AC-BC mixture using kaolin sand and AC-BC 

mixture using residue tin sand. 

 Based on table 11, the AC-BC admixture 

with the utilization of tin tailings sand has a greater 

melting value (flow) among the AC-BC admixture 

with the utilization of kaolin sand and the AC-BC 

admixture with the utilization of river sand. 
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Based on data from the results of the MQ 

value, it can be seen that the HRS-WC mixture with 

the use of kaolin sand has the best stiffness and 

resistance to deformation, with a value of 337,415 

compared to the HRS-WC mixture with the use of 

tin tailings sand 298,977 and river sand 308,268. 

However, with the high MQ value, the HRS-WC 

mixture with the utilization of tin tailings sand had a 

greater tendency to crack than the other two 

mixtures. 

 
Table 13. Results of Marshall HRS-WC Parameters on KAO 

No. Parameter 
HRS-WC mix 

Kaolin Sand Tin Tailings Sand River Sand 

1. KAO (%) 8.045 8.18 7.965 

2. VMA (%) 22.284 18.578 21.047 

3. VFA (%) 76.894 98.572 81.933 

4. VIM (%) 5.184 5.106 5.037 

5. Stability (Kg) 1123.401 1227.642 1271.962 

6. Flow (mm) 2.579 3.563 3.097 

7. MQ (Kg/mm) 432.775 408.302 419.902 

 

The results obtained based on the Marshall 

parameters above show different KAO values for 

each mixture. The difference in value will be used 

as a comparison of the three mixtures.  

First is the Optimum Asphalt Contentobtained 

based on a mixture of HRS-WC with kaolin sand, a 

mixture of HRS-WC with tin tailings sand, and a 

mixture of HRS-WC with river sand with values of 

8.045%, 8.18% and 7.965% respectively. The 

highest was a mixture of HRS-WC with the 

utilization of tin tailings sand. 

The HRS-WC mixture with the use of kaolin 

sand showed a VMA value of 22.284%, higher than 

the HRS-WC mixture with the utilization of tin 

tailings sand 18.578% and the HRS-WC mixture 

using river sand 21.047%. 

The high VFA value in the asphalt mixture 

indicates that the more air voids between the 

aggregates are filled with asphalt. Conversely, if 

the VFA value is too low, the asphalt mixture will 

become more hollow so that it can minimize the 

tightness of the asphalt mixture and can make the 

mixture last. The VFA value of tin tailings sand is 

higher with a value of 98.450% while river sand is 

81.933% and kaolin sand is 76.894%. 

The HRS-WC mixture using kaolin sand 

showed the largest percentage of VIM values, which 

is 5.184% when compared to other HRS-WC 

mixtures, such as tin tailings sand with a value of 

5.106% and river sand of 5.037%. Asphalt mixtures 

with high VIM values will result in a mixture that is 

hollower and more prone to cracking.  

The higher the value the stability of an asphalt 

mixture, the stronger the mixture while supporting 

more traffic. Based on the results, it shows that 

river sand is higher with a value of 1271.962% 

while tin tailings sand is 1227.642% and kaolin 

sand 1123.401%. Conversely, the lower the 

stability value of a mixture, the higher the potential 

to change shape due to traffic loads. 

The mixture of HRS-WC with the utilization 

of tin tailings sand had the highest melting value, 

namely 3.563%, while river sand was 3.097% and 

the lowest was owned by the HRS-WC mixture with 

the use of kaolin sand of 2.579%. The higher the 

melting value of an asphalt mixture, the more 

flaccid and flexible the mixture will be. Conversely, 

the lower the melting value of a mixture, the stiffer 

the mixture will be and tends to crack easily when 

given a load. 

Based on data from the results of the MQ 

value, it can be seen that the HRS-WC mixture with 

the use of kaolin sand has the best stiffness and 

resistance to deformation, with a value of 432.775% 

compared to the HRS-WC mixture with the use of 

tin tailings sand 407.302% and river sand 

419.902%. However, with the high MQ value, the 

HRS-WC mixture with the utilization of tin tailings 

sand had a greater tendency to crack than the other 

two mixtures. 
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4. CONCLUSION 

4.1. Based on the results obtained from the 

research on the performance of AC-WC 

flexible pavement using kaolin sand and 

tin tailing sand with Marshall testing, it 

can be concluded: 

a. Tin tailings sand and kaolin sand can be used 

as fine aggregate material on the pavements, 

because the characteristics of the tin tailings 

sand and kaolin sand are in accordance with 

Bina Marga 2018 specifications. 

b. Comparison of KAO values based on 

Marshall Parameters. 

The KAO obtained based on the results of 

the AC-WC mixture using kaolin sand was 

5.73%, the AC-WC mixture using tin tailings 

sand 5.45%, and the AC-WC mixture using 

river sand of 5.7%. Thus, the AC-WC mixture 

with the use of  sand tends to be more 

efficient in the use of asphalt. 

 

4.2. The results of research on the 

performance of the laston binder course 

flexible pavement using kaolin sand and 

tin tailing sand with Marshall testing, are 

summarized as follows: 

a. Kaolin sand and tin tailings sand can be used 

as materials in the form of fine aggregates on 

road pavements, because the characteristics of 

kaolin sand and tin tailings meets the 

specifications of Bina Marga 2018. 

b. Comparison of KAO values based on 

Marshall Parameters. 

KAO obtained from the AC-BC admixture 

with the use of kaolin sand was 5.8%, the AC-

BC admixture with the utilization of tin 

tailings sand was 5.6%, and the AC-BC 

admixture with the utilization of river sand 

was 5.55%. So it can be concluded that the 

AC-BC admixture with the use of river sand 

tends to be more efficient in using asphalt. 

 

 

 

4.3. The results of research on the 

performance of HRS-WC flexible 

pavement using kaolin sand and tin 

tailing sand with Marshall testing can be 

concluded as follows: 

a. Kaolin sand and tin tailings sand can be used 

as materials in the form of fine aggregates on 

road pavements, because the characteristics of 

kaolin sand and tin tailings meets the 

specifications of Bina Marga 2018. 

b. Comparison of KAO values based on 

Marshall Parameters. 

KAO obtained from the HRS-WC mixture 

with the use of kaolin sand was 8.045%, the 

HRS-WC mixture with the utilization of tin 

tailings sand 8.18%, and the HRS-WC 

mixture with the utilization of river sand by 

7.965%. So it can be concluded that the HRS-

WC mixture with the use of river sand tends 

to be more efficient in the use of asphalt. 
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