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Abstract 

 
This study aims to analyse mixtured Hot Rolled Sheet Base 
(HRS-Base)  characteristics when it influenced by nickel slag 
usage variation for gap graded and to get optimum bitumen 
content due to variation of bitumen content. This study uses 
laboratorum testing method. 
The result shows the lower VIM while the higher bitumen 
content usage, the higher bitumen content fill the voids, thus the 
unallocated void are reduced asphalt. The higher asphalt usage 
the higher stability will get. The higher bitumen content will 
reduce bonds between aggregate and the stability of mixture. 
The greater bitumen content usage the higher VFB value will 
get. The higher bitumen content the higher value of allocated 
aggregate will get. The higher bitumen content the lower flov 
value will get, because the higher bitumen content makes the 
thicker asphalt blanket, thereby the value of flow will get higher. 
The higher bitumen content usage will increase MQ , but MQ 
value will decrease if asphalt will using again, because the 
greater bitumen content will make the asphalt blanket thicker. 
The higher bitumen content usage will increase VMA value. 
Marshall Immertion test results shows Immersion index or  atau 
Base strength index is 97,03 %. 
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1. Introduction 

Luwuk Timur district, Sulawesi Selatan province is a one 
of nickel areas in Indonesia that has the potential to 

produce nickel slag. Kurniadji (2000), shows that nickel 
slag can qualify as road construction material. Another 
filler type that local material and cheap also can get easily 
is  unslaked lime. Unslaked lime can serve as an anti-
stripping agent by taking water from the aggregate and 
thereby improving the bitumen adhesion by aggregate, it 
also has a beneficial chemical effect on bitumen as it 
increases durability. Nickel slag abrasive material is a grit 
that is used in a blast cleaning process prepared by 
selective screening. Based on the shape, nickel slag can be 
distinguished as high, medium and low slag. The high 
category nickel slag is obtained from the purification 
process in the smooth brown converter, while the medium 
and low slag categories are obtained through the furnace. 
The number of nickel slag is increasingly accumulating, as 
each refining process of one tonne of nickel products 
produces 50 times the solid waste, equivalent to 50 tons. 
Therefore, from the result of slag, research is conducted to 
use the solid waste as pavement material, either as coarse 
and fine aggregate, or as a mixture of cement. 
Approximately 70% of chemical composition consists of 
Silica 41.47%, Ferric Oxide 30.44% and Aluminia 2.58%. 
The purpose of this research is to analyze the characteristic 
of Hot Rolled Sheet Base (HRS-Base) mixture with 
Marshall test method when the mixture of HRS-Base is 
affected by the variation of nickel slag usage for gap 
graded as well as to get the Optimum Asphalt Level 
asphalt. 
 
2. Literature Review 

a. Lapis Aspal Beton (Laston) 
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Lapis beton aspal (Laston) is a layer of highway 
construction, consisting of a mixture of hard and aggregate 
asphalt which is graded constantly, mixed, spread and 
compacted in a hot state at a certain temperature 
(Sukirman, 1999). The aggregate material comprises a 
mixture of coarse aggregates, fine aggregates and fine 
graded fillers mixed with bitumen penetration grade. 
Laston also known as AC (Asphalt Concrete) 

Lapisan aspal beton (laston) which are widely used in 
various countries, are planned to obtain high density, high 
structural values and low bitumen content. This usually 
leads to a relatively rigid material, so the consequences of 
low endurance and durability are low as well. 

 
b. Asphalt 
Asphalt or bitumen is a brownish black material that 

has viscoelastic. Thus it will melted  when it gets heat 
enough and vice versa (Sukirman,  2003).  This 
viscoelastic’s characteristic makes asphalt can cover and 
hold aggregate firmly in place during production process.  
Basically, asphalt made from hydrocarbon chain, called, 
bitumen, thus it is often called a bituminous material. 

 
c. Aggregate 
Aggregate or rock,  material granular is is a collective 

term for the mineral materials such as sand, gravel and 
crushed stone that are used with a binding medium (such as 
water, bitumen, portland cement, lime, etc.) to form 
compound materials (such as asphalt concrete and portland 
cement concrete). Aggregate is the most important thing in 
infrastructure transportation, especially pavement. 
Pavement durability is determined by aggregate 
characteristics. High quality of aggregate will determine in 
success and maintenance of road construction. Aggregate 
as a main component contains  90% – 95% agregat due to 
heavy percentage or 75% – 85% agregat due to volume 
percentage (Sukirman, 2003).  

Fillers are finely divided substances which are 
insoluble in bitumen but cart be mixtures dispersed in it as 
a means of modifying its consistency and mechanical 
properties. The higher filler content tends to cause the 
mixture became brittle, as a result will be easily cracked 
due to the traffic load, on the other hand the low filler 
content causes the mixture to become mushy at a relatively 
high temperature. The aggregate properties that determine 
its quality as pavement material are gradation, hygiene, 
hardness and aggregate resistance, grain shape, surface 
texture, porosity, water-absorbing capacity, specific 
gravity, and asphalt attachment (Sukirman, 2003).  

d. Gap graded (gap graded)  
The poorly graded aggregate commonly used for 

flexible pavement layers is a mixture with one missing 
fraction or one slight fraction. This gradation is also called 

a gap graded. The gap graded will produce a pavement 
layer whose quality lies between the two types above. 

e. VIM (Voids In Mix) 
Voids In Mix or also called voids in the mixture is 

used to determine the size of the mixed void in percent. 
The resulting air void is determined by the arrangement of 
aggregate particles in the mix and the uniformity of the 
aggregate forms. The air void is an indicator of the 
durability of the asphalt mixture so that the void is not too 
small or too large.  

f. Void Filled with Asphalt (VFA) 
The asphalt filled void / Void Filled with Asphalt 

(VFA) is the percent of the cavity present between the 
VMA aggregate particles filled with asphalt, but not 
including the asphalt absorbed by the aggregate. 

g. Metode Marshall 
Marshall method aims to determine flexible pavement 

characteristics. It contains Marshall test and marshall 
parameters : stability, flow, MQ, VIM, VMA and VFA. 

 
3. Study Methodology 

Study methodology has two parts, are: a) literature 
review, aims to to examine the relationship of variables to 
be studied by studying existing theories to formulate 
research hypotheses. b) Experiment study in laboratory to 
gets needed data. The data will analysed by statistic to 
examine hypotheses to get the final conclusion.    

   
a. Data Collection 
Aggregate material was taken from Soroako sub-

district, Luwuk distict, Sulawesi Selatan province and 
stone ash as fine aggregate replacement was taken from 
Malili sub-district, Luwuk district, Sulawesi Selatan 
province, Indonesia that examined at Kristen Indonesia 
Paulus University Road and asphalt research laboratory. 

Aggregate materials from each loaction was further 
investigated at laboratory to get data :  
a) Aggregate inspection data, such as: aggregate abrasion 

test, thickness test, aggregate angularity test, bulk 
specify gravity, sand sieve analysis. 

b) Data Marshall Test,: stability, flow, Marshall 
Quotient, % void in mix (VIM), % void in aggregate  
(VMA), dan absorbsion index.  

c) Asphalt material data: bitumen materials penetration, 
flash and fire softening point of bitumen, bitumen 
materials, bituminous specimens, asphalt concrete 
mixture. 

Furthermore, the data were analyzed statistically to 
test the hypothesis to obtained a final conclusion. 

 
b. Road Material Preparation 

To obtain material in accordance with the 
requirements, it is necessary to check the material first. 
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Aggregates are the main ingredient in road pavement mix 
consisting of coarse aggregate (crushed stone) and fine 
aggregate (sand) taken from three locations, while asphalt 
used is Pertamina asphalt with penetration 60/70 

 
4. RESULT and ANALYZE 

Based on Sorowako Nickel slag aggregate 
characteristis test, the results as follows : 

 
a. Coarse Aggregate characteristis 

Sand Sieve analysis shows the aggregate gradation is 
in the middle limits. Abrasion test using Los Angeles 
Abrasion Tool obtained crude aggregate resistance value 
against abrasion of Fraction A is 15.72%, Fraction B is 
17.18%, Fraction C is 20.16% and Fraction D is 28.04%.  
The result of bulk specify and crude aggregate absorption 
using two samples obtained mean value for Bulk specify 
gravity is 3.12%, the specific gravity of SSD is 3.20%, the 
pseudest weight is 3.14% and the Water Absorption is 2, 
68. While the test results of Bulk specify gravity and 
absorption for fine aggregate using two samples obtained 
the average value for Bulk specify gravity is 2.68%, 
Specific Weight of SSD is 2.72%, Specific Weight is 
2.81% and Water Absorption is 1.73%. Based on mud test 
that used two samples had result obtained the average 
result for Sand Equivalent (SE) value is 97.40% and 
2.60% sludge content. The viscosity value is determined 
from the surface area of the asphalt covered sample (less 
than 95% or more than 95%). From this observation it can 
be seen that asphalt can be well attached to the aggregate. 
The results of the test material passes No. No. 200 is 2.6%. 
From this observation it can be seen that the aggregate is 
not contain of clay and silt. Filler test 3,05. Filler that has 
been used is stone ash whose bulk specify is 2,62. Based 
on the results of the index of thickness aggregate index and 
aggregate angularity obtained by the thickness index that is 
8.02%, 9.03%, and 5.41%. And angularity index that is 
8.80%, 9.71%, and 7.94%. 

 
b. Asphalt Characteristics 

Based on result of examination of asphalt 
characteristic obtained, penetration examination before 
losing weight obtained result for penetration value is 68,8 
mm, this is in accordance with provisions of SNI 06-2461-
1991. Examination of soft point of asphalt obtained value 
50˚C. Weight Loss Examination obtained results that is 
0.142%. Inspection of penetration after losing weight 
obtained penetration value is 95,78%. Ductility test results 
obtained ductility value of 149 cm while the results of 
asphalt weight testing results obtained for the value of the 
bit type of asphalt is 1.073 grams / cc. 

 
 

c. Mixed HRS-Base 
a) Mixture Composition 
Mixture composition for each gradation due to 

specific gravity value shows on table 1 
 

Tabel 1. Mix Gap graded composition 

Material 
Mixed composition (%) 

5,50 5,93 6,35 6,78 7,20 
Coarse aggregate 20,67 20,53 20,38 20,24 35,44 
Fine aggregate 69,25 69,04 68,83 68,61 52,39 

Filler 4,58 4,51 4,44 4,37 4,97 
Asphalt 5,50 5,93 6,35 6,78 7,20 

 

a) Mixture Marshall analysis  

1) VIM analysis (Void in Mix) 

The result of VIM analysis test as shown in Fig. 1 is 
confirmed that by using Asphalt Level 5,50% - 7,20% 
obtained VIM value between 4,90 - 5,90. VIM values with 
Asphalt level 5.0%, 5.93%, 6.35%, 6.78, and 7.2% are 
eligible. Based on Figure 8 it can be concluded that the 
higher the bitumen content used the VIM value will be 
smaller (decrease) because the high bitumen content will 
fill the cavities in the mix so that the unallocated cavity 
(VIM) decreases 

 
Figure 1. VIM and Bitumen Content Graph 

 
2) Stability Analysis 
The result of the stability analysis can be seen in figure 2. 
Using Asphalt Level 5,50% - 7,20% obtained Stability 
value between 1403,32 - 1655,67. Stability values with gap 
graded of Asphalt 5.5%, 6.93%, 6.35%, 6.78, and 7.2% 
comply with the requirements issued by the Directorate 
General of Highways Ministry of Public Works of the 
Republic of Indonesia, General Specification 2010 
Division 6 revision 3. 
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Figure 2. Stability and Bitumen Content 

 
3) Void in Filled with Aggregate (VFB) 

The result of the VFB (Void Filled with Bitumen) 
analysis test is as shown in Figure 3. Void Field with 
Bitument (VFB) is a cavity in the aggregate mixture filled 
with asphalt, where in the Latastone mixture HRS-Base 
Gap graded with Asphalt 5.50% 7.20% obtained VFB 
value between 66.00% - 76.19%. VFB values with graded 
gap of 5.50% asphalt did not meet the requirements and 
bitumen content of 5.93%, 6.35%, 6.78%, and 7.2%. 

The VFB value is strongly influenced by mixed 
bitumen content, compacting temperature, the amount of 
tack and gradation and the type of aggregate / rock used. 
Based on Figure 3 it can be seen that more and more 
asphalt usage in Lataston HRS-Base Gap graded mixture 
then the VFB value / void in mixture and aggregate filled 
with asphalt will be more and more, so that the decrease of 
void volume contained in mixed aggregate grains because 
asphalt in addition to cover aggregate, will also enter the 
void fill in the aggregate so that VMA increases. 

 

 
 Figure 3. VFB and Bitumen Content  

 
4) Flow Analysis 

Flow analysis test results can be seen in Figure 4 
Based on Table 38, on Latastone mixture of HRS-Base gap 

graded using Asphalt Level 5,50% - 7,20% obtained Flow 
value between 3,12 - 4,18 mm. Flow value with gap graded 
asphalt level 5,5%, 5,93%, 6,35%, 6,78% and 7,2% fulfill 
requirement issued by Directorate General of Highways 
Ministry of Public Works Republic of Indonesia General 
Specification 2010 Division 6 revision 3. 

 
figure 4. Flow and Bitumen Content 

 
In Figure 4 it can be seen that the greater use of asphalt in 
the Latastone HRS-Base gap graded mixture will decrease 
the flow value to the asphalt level of 6.35% of total 
bitumen content in use because the asphalt serves to 
envelop aggregates and asphalt blankets affect the 
flexibility. Where if the bitumen use a little thin asphalt so 
that the stability of the mixture is small but the flexibility is 
large. If the amount of asphalt increases again then the 
aggregate surface will be asphalt covered so well that the 
mixed stability will increase but the flexibility decreases. 
However, if the asphalt increases more then the asphalt 
blanket on the aggregate surface becomes thicker causing 
the bonds between agragates to be volatile resulting in a 
mixture with large flows. 
5) Marshall Quotient (MQ) 

The results of the analysis test on MQ (Marshall 
Quotient) can be seen in Figure 5 In Mixed Lataston HRS-
Base Gap graded with Asphalt Level 5,50% - 7,20% 
obtained MQ value between 335,793 - 530,097.Value MQ. 
According to Fig. 5 it is concluded that the MQ value 
which is the ratio of stability and flow is determined by the 
bitumen content used because the stability will be inversely 
proportional to the flow if the stability of the mixture is 
large, the flow will be small and vice versa. 

 

11 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 5 Issue 3, March 2018  

 ISSN (Online) 2348 – 7968  

www.ijiset.com  

 
Figure 5. Marshall Quotient dan Bitumen Content 

                   
6) VMA Analysis (Void in Mineral Aggregate) 

Void in Mineral Aggregate (VMA) results are shown 
in Figure 6. Void in Mineral Agregate (VMA) is a cavity 
within the aggregate grains filled with asphalt, where in the 
Lataston mixture HRS-Base Gap graded with Asphalt 5.50 
% - 7.20% obtained VMA value between 17.35% - 
20.58%. VMA value with Asphalt Level 5,5%, not 
qualified. However, the value of VMA with Bitumen 
content of 6.93%, 6.35%, 6.78, and 7.2%. 
 

 
Figure 6. VMA and Bitument Content  

 
VMA values are strongly influenced by mixed bitumen 
content, compacting temperature, amount of scales and 
gradations and the type of aggregates / rocks used. Based 
on Figure 6 it can be seen that more and more use of 
asphalt in Lataston HRS-Base Gap graded mixture then the 
value of VMA / cavity in aggregate grains filled by asphalt 
will be higher also, due to the decreasing of void volume 
contained in mixed aggregate grains due to asphalt besides 
enveloping the aggregate, will also enter the cavity fill in 
the aggregate so that the VMA increases. 
 
 

a. Optimum Bitumen content 
a) Bitumen Content Lataston HRS - BASE 

Senjang 
Based on analysis result of characteristic of HRS-Base 
Mixture of optimum bitumen content range that bitumen 
content that fulfill all characteristic is asphalt level range 
5,93% - 7,2%, hence specified optimum asphalt level 
6,35% is Mixture having stability value highest because of 
the HRS-Base blend as a support in the surface layer. 
 
Table 2. Immersion Index Lataston HRS -BASE Senjang 

Test 
object

s 

Proportion 
of asphalt 

(%) 

Stability 
Marshall 

Immertion 
(kg) 

Stability 
Marshall 

Konvensional 
(kg) 

Immersion 
index  
(%) 

1. 6,35 1661,82 1606,43 96,67 
2. 6,35 1624,89 1587,96 97,73 
3. 6,35 1680,29 1624,89 96,70 
Rata – Rata 1655,67 1606,43 97,03 

 
Marshall Immersion is one test to determine durability 
(resistance to load and temperature effect) or durability of 
a mixture, the result of this test is the stability ratio. The 
ratio compares the stability of the Marshall test object after 
immersion at 60ºC in the waterbath for 24 hours on the 
stability of the marshall test object by a 30-minute 
immersion called the soaking index (IP) or the residual 
strength index .  

From Marshall Immertion test results obtained the average 
value for immersion index that is 97.03%. The value of 
this immersion index has met the standards set by DGH as 
follows: ≥90%. Based on these values it can be concluded 
that the road surface using Optimum Asphalt Level for 
Lataston HRS - Base can withstand temperature and 
duration of immersion in water. 

 
4. CONCLUSION   

The results of Marshall characteristic for HRS -Base 
Senjang with average values are:  
1) Void in Mix (VIM) value shows the higher indicates 

that the larger bitumen content will reduce the VIM 
value by an average of 0.25% to asphalt level of 
7.20%. This is because the high bitumen content will 
fill the void in the mix so that the unallocated cavity 
(VIM) is reduced. 
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2) Void Field with Bitument (VFB) value shows that the 
larger bitumen content will increase the VFB value 
by an average of 2.55% to 7.20% asphalt level. This 
is because the higher the bitumen content makes the 
volume between the aggregates filled with the asphalt 
getting bigger. 

3) Flow value shows that the more indicates that the 
larger the bitumen used will decrease the flow value 
by an average of 0.29 mm to asphalt level 6.35%, 
then if the asphalt increases again the flow value 
increases by an average of 0.53 mm to asphalt level 
7, 20%. This is because the higher the bitumen 
content makes the asphalt blanket thicker so that the 
flow (melt) increases.  

4) Void in Mineral Aggregate (VMA) shows that the 
more that the greater the bitumen content used will 
increase the VMA value by an average of 0.81% to 
asphalt level of 7.20%. This is due to the reduced 
volume of cavities contained within the aggregate 
grain so that the asphalt present in the mixture other 
than enveloping the aggregate, will also enter the 
void in the aggregate so that the VMA increases.  

5) Marshall Immertion test results shows immersion 
index or base strength index is 97,03 %. 

 
References 

[1]. American Association of State Highway and 
Transportation Officials (AASHTO), Standard 
Specification for Transportation Materials and 
Methods of Sampling and Testing, Part I and Part II, 
Washington DC. 1990 

[2]. American Association of State Highway and 
Transportation Officials  (AASHTO), Guide for 
Design of Pavement Structure; Washington DC. 
1993. 

[3]. Anonim, Metode Pengujian Agregat, SNI. Departemen 
Pekerjaan Umum,  Standar Nasional Indonesia. 1991. 

[4]. Anonim,  Asphalt Testing Method,  SNI.  Public 
Works Departement,  Indonesian National Standard, 
1991 

[5]  Anonim,  ,  General Specification 2010 Division  6 
Asphalt Pavement. Directorate General of Highways 
Public Works Departement Indonesia Jakarta, 2010. 

[6] Dardak H, T Tool, S.Mahmud, AT Dahlan, The 
Performance of Asphaltic Premix Surfacing in 

Indonesia, Proceeding, 7th , REAAA Conference, 
Singapore. 1992 

[7]. Public Works Departement, Road Pavement Manual 
Design with Pavement Manual Design 2013, 
Directorate General of Highways, Jakarta, 2013. 

[8] Kurniadji, Yamin, R.A., Pemanfaatan Bahan Lokal Sub 
Standar untuk Konstruksi Perkerasan Jalan. 
Puslitbang Prasarana Transportasi, Konferensi 
Nasional Teknik Jalan (KNTJ) Ke-6, Jakarta, 2000 

[9]  Mustika, Wayan. “Nickel Slag as aggregate in mixed” 
Thesis. Postgraduate Program Civil Engineering, 
2015. 

[10] Sukirman, Hot Asphalt Concrete. Jakarta. Granit, 
2003. 

First Author Ari Kusuma, Lecturer Civil Engineering 
Department Engineering Faculty of Kristen Indonesia 
Paulus University, Makassar, Indonesia; teaching courses 
in Road Pavement Engineering, Master of Civil 
Engineering Kristen Indonesia Paulus University, 
Profession Organization of Indonesian Transportation 
Society of South Sulawesi Province. 

Second Author Rais Racman, Lecturer Civil Engineering 
Department Engineering Faculty of Kristen Indonesia 
Paulus University, Makassar, Indonesia; teaching courses 
in Road Pavement Engineering, and Geometric Road 
Planning, Doctor in Civil Engineering Transportation 
Hasanuddin University, Profession Organization of 
Indonesian Transportation Society of South Sulawesi 
Province. 

 

13 
 

http://www.ijiset.com/

	figure 4. Flow and Bitumen Content
	Figure 6. VMA and Bitument Content

