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Abstract 

This study aims to examine the use of nickel slag in HRS-Base 
mixture using Half Gap Graded which has been using gap graded. 
This research had been doing with This research was conducted 
by replacing the coarse aggregate with nickel slag with variation 
of asphalt content 5,5%, 5,93%, 6,35%, 6,78%, 7,2% and test to 
material characteristic and Marshal characteristic. The results 
showed that the variation of the five asphalt levels shows that the 
higher the bitumen content used, the smaller the VIM value. The 
more use of asphalt in the Half Gap Graded Lataston HRS-Base 
mixture will increase the stability to 6.35% asphalt content of the 
total mixed asphalt content, much of the asphalt use then the void 
value in the mix and in the asphalt filled aggregate (VFB) will 
increasingly, since the existing asphalt will cover the aggregate 
and fill the mixed void and aggregate void. The use of asphalt in 
a large Half Gap Graded Lataston HRS-Base Gradation mixture 
will decrease the flow value at 5.93% asphalt level and 6.35% of 
the total bitumen content used. The higher the asphalt content, 
the higher the VMA value, based on the immersion index value 
of 98.00%, the pavement that using nickel slag as a coarse 
aggregate for Lataston HRS - Base can withstand the temperature 
and duration of immersion in water.. 
 
Keywords : Characteristics, nickel slag, gradasi semi senjang, 
HRS-Base 

1. Introduction 

Nickel slag is solid waste mining and nickel processing 
process. The amount of nickel slag is increasingly 
accumulating, because each purification process produces 
about 50 tons of solid waste. The purpose of this study is 
to investigate Marshall characteristics and residual strength 
index against Lataston Mixture as an aggregate substitute 
for HRS-Base mixture. Slag nickel as a subtitute the coarse 
aggregate taken from the Soroako, East Luwu and stone 
ash areas in place of fine aggregate taken from the Malili 
area of East Luwu examined at the Laboratory. The 

regional laws insists each region to further optimize 
resources in the form of human resources and natural 
resources. Therefore, new innovations to get replacement 
filler from untapped waste material become so important to 
be developed. 

The Hot Rolled Sheet mixture is a gap graded mixture 
where its strength depends on its mortar strength (mixture 
of fine aggregate, filler, and bitumen) therefore the HRS 
mixture will use more fine aggregates and thus require a 
higher bitumen content compared to other asphalt mixtures. 
Thus it is clear that the fine aggregate especially the filler 
greatly determines the performance of the HRS mixture. 

This study aims to examine the use of nickel slag in HRS-
Base mixture using Half Gap Graded which has been using 
gap graded 

2. Literature Review 

a. Aggregat Gradation 
Gradation is an aggregate grain arrangement according to 
its size, aggregate size can be obtained through sieve 
analysis.  Aggregate gradation determines the extent of 
pores that may occur in mixed aggregates, a good 
aggregate mixture is aggregate comprising large to small 
aggregates evenly, as the void formed by large aggregates 
will be filled by smaller aggregates. The aggregate grading 
is determined by the filter analysis, where the aggregate 
sample must pass through each sieves. Each sieve 
represents the size of the wire network aperture and the 
filter number represents the number of wire network 
openings per square inch of the filter. Aggregate gradation 
is expressed as a percentage by weight of each sample 
passing on a particular sieve. This percentage is 
determined by weighing aggregates that pass or hold on 
each filter.  
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b. Lataston or Hot Rolled Sheet   
According to the Ministry of Public Works (Bina Marga 
revised 2010), Hot Rolled Sheet is a cover layer 
comprising a mixture of graded aggregates, fillers and hard 
asphalt with a certain ratio; which is hot mixed and 
compacted (in a certain temperature, minimum 124ºC), 
with a solid thickness of 2.5 cm or 3 cm. HRS pavement 
construction in its use is divided into two classes, namely 
class A and class B. The difference between the two 
pavement construction is found on the aggregate gradation 
used, the traffic load and the usage aspect. The type of 
aggregate used consists of coarse aggregate, fine aggregate 
and filler granules, whereas the bitumen used is typically 
hard asphalt type AC 60-70 and AC 80-100. 
Preparation of HRS aims to obtain a surface layer or 
interlayer on a highway pavement that is capable of 
contributing carrying capacity and serves as an 
impermeable layer that can protect its under construction. 
Hot Rolled Sheet is flexible and has high durability, this is 
due to the mixture of HRS with gradations of lame have a 
cavity in the mixture large enough, so as to absorb the 
amount of asphalt in large quantities (7-8%) without 
bleeding. In addition, the HRS is easily compacted so that 
the resulting coating has a high water and waterproofness. 
Early failure that often occurs in the field is on the process 
of spreading and compacting because HRS is not 
completely pure gapgraded (DGH, 2010). According to 
Bina Marga (2010).  

 
c. Marshall Method 
1) Marshall Test  

A mixed design based on the Marshall method was 
invented by Bruce Marshall. Marshall testing aims to 
measure the durability (stability) of aggregate and asphalt 
mixtures against plastic melt. Flow defined as a 
deformation change or strain of a mixture starting from no-
load, until the maximum load. 
The marshall is a press device equipped with a 22-2 KN 
(5000 lbs) Proving ring and flowmeter. The proving ring is 
used to measure the stability value, and the flowmeter to 
measure the plastic melt or flow. Standard marshall test 
specimens cylinders 4 inches diameter (10.16 cm) and 
height 2.5 inches (6.35 cm). 
 
2) Marshall Testing Parameters 
The characteristics of asphalt mixture can be seen from the 
parameters of marshall testing, among others: 
a) Marshall Stability 
According to The Asphalt Institute, Mudianto (2004), 
Stability is the ability of the asphalt mixture to withstand 
deformation due to the work load without permanent 
deformation such as wave, groove or bleeding expressed in 

kg or lb. The stability value is obtained from the direct 
reading on the Marshall Test while performing the 
Marshall test. Stability value that is too high will result in a 
pavement that is too rigid so that its durability decreases. 
b) Flow 
As well as how to obtain a stability value, the flow value is 
the value of each indicated by the dial needle (in mm units) 
during the Marshall test. A mixture that has a low melt will 
be more rigid and tends to experience premature fracture at 
the service age, whereas high melt values indicate the 
mixture is plastic. 
c) Marshall quotient  
Marshall Quotient is the result of comparison between 
stability and melt (flow). The higher the MQ, the higher 
the stiffness of a mixture and the more susceptible the 
mixture will be cracked, 
d) Void Filled with Asphalt (VFA)  
Void Filled with Asphalt (VFA) is the percent of the cavity 
present between the aggregate particles (VMA) filled with 
asphalt, not including the asphalt absorbed by the 
aggregate. 
e) Void in Mineral Aggregate (VMA)  
VMA is the cavity space between the aggregate particles 
on a pavement, including the air cavity and the effective 
asphalt volume (excluding aggregate absorbed asphalt 
volume). 
f) Voids In Mix (VIM)  
The air cavity in the mixture (Va) or VIM in a paved 
asphalt mixture comprises the upper air space between the 
asphalt aggregate particles. 

 
d. Nickel Slag 
Nickel slag is one of the mine's solid wastes and nickel 
processing process. The amount of nickel slag is 
increasingly piling up. Since each process of purifying a 
ton of nickel products produces 50 times the solid waste, 
the equivalent of 50 tons.  

  

 
 

Figure 1. Malili Sub-District East Luwu District 
Nickel Slag 

 
So from the results of considerable waste, conducted 
research to use the solid waste as a concrete forming 
material, both as a coarse and fine aggregate, or as a 
mixture of cement. Approximately 70% of chemical 
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composition consists of Silica 41.47%, Ferric Oxide 
30.44% and Aluminia 2.58%. 
Big composition in the nickel slag can make the hydration 
process that occurs between the paste and the aggregate 
cement forms a more perfect interface, so that concrete 
destruction does not occur on the interface, or even if the 
interface takes a high enough enegy. As for the formation 
of slag nickel slag there are two kinds of slag that is 
formed that is porous slag about 2.835 porous. 
 
3. Research Method 
 
The research was conducted in the laboratory on the basis 
of the hot asphalt mixing system of Laston Binder Course 
(AC-BC) with the guidance of the New Specification of 
Hot Mixed Asphalt Concrete in August 2001 of the 
Department of Kimpraswil which is the basis of the Terms. 
While other testing standards are used, some use standards 
issued by the British Standard (BS), the American 
Association of State Highways and Transportation 
Officials (AASHTO), the American Society for Testing 
and Materials (ASTM). Most of the others also adopted 
from the method approved or standardized by the 
Department of Kimpraswil in the form of SK SNI. Bina 
Marga 1999 on the Procedure of Determining the Absolute 
Density of Hot Asphalt Mixes, Revised Specification of 
Highways, June 2000. 
In this study, the test was carried out in stages, consisting 
of aggregate testing (coarse, fine and filler), asphalt and 
test against mixture (Marshall test). Tests on aggregates 
include heavy-duty checks, Los Angeles testing, aggregate 
attachment to asphalt, flaky index, and water absorption. 
For asphalt test also includes penetration testing, flash 
point-burning point, softening point, weight loss, solubility 
(CCl4), ductility and specific gravity. While the method 
used as mixed testers is Marshall method, which from 
Marshall test is obtained results in the form of Marshall 
properties are, stability, flow, Void In the Mix (VIM), 
Void Filled with Bitumen (VFB), Void in Mineral 
Aggregate (VMA) and calculated its Marshall Quotient, 
the final test is a Marshall immersion test or Immersion test. 
Then after all the above test has been passed and get the 
results in the form of data, then further can be done 
calculation or analysis and after that can be discussed 
whether the analysis results obtained in accordance with 
the specifications set by the Directorate General of 
Highways Ministry of Public Works of the Republic of 
Indonesia, General Specifications 2010 Division 6 revision 
3. 
 
 
4. Results And Analysis 

 

The results of the tests conducted at the laboratory of Civil 
Engineering University of Kristen Indonesia Paulus, 
aggregate characteristics of nickel slag from Soroako 
region, Malili sub-district, East Luwu regency, South 
Sulawesi province, Indonesia as follows: 
 
a. Coarse Aggregate Characteristic 
The results of screening test meet the standards specified 
in the specification standards issued by DGH. Testing of 
aggregate wear done with tida fraction, obtained value for 
fraction A is 15,72%, fraction B is 17,18%, fraction C is 
20,16% and fraction D is 28,04%. Tests of crude aggregate 
weight and absorption using two samples obtained mean 
values for Bulk Type Weight are 3.12%, the specific 
gravity of SSD is 3.20%, the pseudest weigh is 3.14% and 
the Water Absorption is 2.68 %. Tests for Type Weight 
and absorption for fine aggregates obtained by average 
values for Bulk Type Weight are 2.68%, Weight of Type 
SSD is 2.72%, Pseque Weight is 2.81% and Water 
Absorption is 1.73%. Tests of mud content obtained by the 
average for Sand Equivalent (SE) value is 97.40% and 
2.60% sludge content. 200 is 2.6%, whereas the result of 
testing of filler type weight is 3.05. The results of the index 
of aggregate kepundihan and aggregate kelonjongan 
obtained by the index of kepipihan that is 8.02%, 9.03%, 
and 5.41%. And kelonjongan index that is 8.80%, 9.71%, 
and 7.94%. Tests of Asphalt Characteristic based on 
asphalt specification from factory by using PEN 60. 
 
b. Mixed HRS-Base Analyse 
a) Mixed Composition 
Mixed composititon for each gradation due to Spesific 
Gravity. As seen on table 1. 
 

Table 1. Mixed Half Gap Graded Composition 
 

Material 
Mixed Composition (%) 

5,50 5,93 6,35 6,78 7,20 
Coarse Aggregate 35,93 35,81 35,69 35,56 35,44 
Fine Aggregate 53,36 53,11 52,87 52,63 52,39 

Filler  5,21 5,15 5,09 5,03 4,97 
Asphalt 5,50 5,93 6,35 6,78 7,20 

 
b) HRS-Base Mixed Marshall Analysis 

1) VIM (Void in Mix) 
The result of the test as shown in Table 1 shows that 

by using Asphalt content of 5,50%, VIM value 5,60% is 
obtained, for 5.93% asphalt content obtained VIM value 
5.41%, for bitumen 6.35 % obtained an average VIM value 
of 5.08%, for 6.78% asphalt content obtained an average 
VIM value of 4.85% and for asphalt level of 7.2% 
obtained an average VIM value of 4.55%. This shows that 
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asphalt content 5.5%, 5.93%, 6.35%, 6.78, and 7.20% 
meet the requirements. 
 

Tabel 1. VIM Value from Marshall Characteristics 
Testing Results 

 

 
2) Stability 
The result of stability test as shown in table 2 shows 

that using Asphalt Level of 5,50% obtained by stability 
value average 1,200,21kg for asphalt level 5,93% obtained 
value stability average is 1,323,30 kg, for bitumen content 
6, 35% obtained by stability value average 1,538,73 kg, for 
asphalt level 6,78% obtained value of stability average is 
1,366,39 kg and for asphalt level of 7,20% obtained value 
of stability average is 1,144,81 kg . This shows that asphalt 
content 5.5%, 5.93%, 6.35%, 6.78, and 7.20% meet the 
requirements. 

 
Table 2. Stability Value from Marshall Caracteristic 

Testing 
 

  Testing 
Bitumen Content (%) 

5,50 5,93 6,35 6,78 7,20 

Stability 
(Kg) 

1218,67 1329,46 1569,50 1329,46 1107,88 
1181,74 1292,53 1532,57 1366,39 1144,81 
1200,21 1347,92 1514,11 1403,32 1181,74 

Average 1200,21 1323,30 1538,73 1366,39 1144,81 

Specification Min 800 
 

3) Void in Filled with Aggregate (VFB) 
The result of VFB test on asphalt characteristic test as 

in table 3, obtained by using Asphalt Level 5,50%.  
Table 3. VFB Value Testing 

 

Testing 
Bitumen Content (%) 

5,50 5,93 6,35 6,78 7,20 

VFB (%) 
67,31 69,80 72,01 75,43 78,00 
67,10 70,13 72,67 75,23 77,80 
67,75 70,25 72,79 75,35 77,60 

Average 67,38 70,06 72,49 75,34 77,08 
Specification Min 68 

 
Obtained by VFB value 67,38%, for asphalt level 5,93% 
obtained VFB value 70,06%, for asphalt content of 6.35% 

obtained by VFB value of 72,49%, for asphalt level 6,78% 
obtained by VFB value 75,34% and for asphalt level 7,2% 
obtained value of VFB average 77 , 08%. This shows that 
asphalt content 5.5%, 5.93%, 6.35%, 6.78, and 7.20% 
meet the requirements. 
 

4) Flow 
Flow test results on asphalt characteristic test as in 

table 4, obtained by using Asphalt Level 5,50% obtained 
by average flow value 4,71 mm, for asphalt level 5,93% 
obtained average flow value 4,12 mm, for asphalt level of 
6.35% obtained by average flow value 3,82 mm, for 
asphalt level 6,78% obtained by average flow value 4,22 
mm and for asphalt level of 7,2% obtained average value 
of flow 4 , 52 mm. This shows that asphalt content 5.5%, 
5.93%, 6.35%, 6.78, and 7.20% meet the requirements. 
 

Table 4. Marshall Flow Characteristic 
 

Testing 
Bitumen Content (%) 

5,50 5,93 6,35 6,78 7,20 

Flow (mm) 
4,70 4,10 3,80 4,20 4,50 
4,71 4,12 3,84 4,22 4,52 
4,72 4,14 3,82 4,24 4,54 

Average 4.71 4,12 3.82 4,22 4.52 
Specification Min 3 

 
5) Marshall Quotient (MQ) 
The result of MQ test on asphalt characteristic test as 

in table 5, obtained by using Asphalt Level 5,50% obtained 
MQ value 254,82 kg / mm average, for asphalt level 5,93% 
got MQ value average 321,19 kg / mm for asphalt content 
of 6.35% obtained MQ value of 402.83 kg / mm average, 
for asphalt level of 6.78% obtained MQ value average 
323,77 kg / mm and for asphalt level 7,2% obtained an 
average MQ value of 253.26 kg / mm This shows with 
asphalt content 5.5%, 5.93%, 6.35%, 6.78, and 7.20% 
meet the requirements. 

 
Table 5. MQ Value Testing 

 

Pengujian 
Bitumen Content (%) 

5,50 5,93 6,35 6,78 7,20 

MQ (Kg/mm) 
259,29 324,26 413,03 316,54 246,20 
250,90 313,72 399,11 323,79 253,28 
254,28 325,59 396,36 330,97 260,30 

Average 254,82 321,19 402,83 323,77 253,26 
Specification Min 250 
 

 
6) Void in Mineral Aggregate (VMA) 

Testing 
Bitumen Content (%) 

5,50 5,93 6,35 6,78 7,20 

VIM (%) 
5,62 5,47 5,20 4,83 4,49 
5,67 5,39 5,04 4,88 4,55 
5,52 5,36 5,01 4,85 4,60 

Average 5.60 5.41 5,08 4.85 4.55 
Specification 4 – 6 % 
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The result of VMA test on asphalt characteristic test 
as in table 6, obtained by using Asphalt Level 5,50% 
obtained by VMA value 17,88%, for asphalt level 5,93% 
obtained VMA value average 18,07%, for asphalt content 
of 6.35% obtained an average VMA value of 18.47%, for 
asphalt content of 6.78% obtained an average VMA value 
of 16.69% and for asphalt level of 7.2% obtained an 
average VMA value of 20 , 47%. This shows that asphalt 
content 5.5%, 5.93%, 6.35%, 6.78, and 7.20% meet the 
requirements. 

Table 6. VMA Value Testing 
 

Testing 
Bitumen Content (%) 

5,50 5,93 6,35 6,78 7,20 

VMA (%) 
17,20 18,12 18,57 19,67 20,43 
17,24 18,06 18,43 19,72 20,47 
17,10 18,03 18,41 19,69 20,51 

Average 17,18 18,07 18,47 19,69 20,47 
Specification Min 18 
 
c. Optimum Asphalt Content 
a) Optimum Asphal Content for HRS - BASE Half Gap 

Graded 
Based on analysis result of characteristic of HRS-Base 

Mixture of optimum asphalt content range that asphalt 
content that fulfill all criterion or 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. 

 
Tabel 7. Immersion Index 

 

 
b) Marshall Immersion 

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

From Marshall Immersion test results obtained the 
immersion index average value is 98.00%. 

 
5. Conclusion 
a. The higher the bitumen content used, the VIM value 

will be smaller (decrease) because the high asphalt 
content will fill the cavities in the mix so that the 
unallocated cavity (VIM) will decrease. 

b. The more use of asphalt in the Half Gap Graded HRS-
Base mixture will increase the stability to a level of 
6.35% asphalt from the total mixed asphalt content, 
since the asphalt will wrap the aggregate well so that 
the interlocking bond becomes stronger and the 
stability increases, but if the asphalt level increases 
again the asphalt blanket on the aggregate becomes 
thicker so that the interlocking bond becomes weaker 
resulting in decreased stability. In other words, high 
asphalt content will lead to thicker asphalt blankets, 
thus reducing the bond between aggregate (interlocking) 
and decreasing the strength / stability of the Half Gap 
Graded HRS-Base mixture. 

c. The more use of asphalt, the cavity value in the mixture 
and in the asphalt filled aggregate (VFB) is increasing, 
since the existing asphalt will envelop aggregate and 
fill the mixed cavity and aggregate cavity. 

d. The use of asphalt in a large Semi Senjang Latastone 
HRS-Base Gradation mixture will decrease the flow 
value at 5.93% asphalt and 6.35% of total asphalt 
content in use, but if the asphalt usage increases then 
the aggregate surface will be covered with asphalt well 
so 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 the agragates to be 
weak / lable resulting in a mixture with a large flow. 

e. The MQ value which is the strength of the mixture 
bears the load every 1 mm of the thickness of the 
mixture where the results obtained from the ratio of 
stability and the flow are determined by the bitumin 
content used because the stability will be inversely 
proportional to the flow if the stability of the mixture is 
large, flow will be small and vice versa 

f. The higher the level of asphalt content, the higher the 
VMA value also, because the reduced volume of the 
cavity contained in the aggregate grain due to the 
asphalt present in the mixture other than the aggregate 
cover, will also enter the cavities in the aggregate so 
that the VMA increases. 

g. Based on the soaking index value of 98.00% it can be 
concluded that the road pavement using nickel slag as a 
coarse aggregate for HRS - BASE can withstand 
temperature and duration of immersion in water. 

 
 

Sample 
Asphalt 

Proportion 
(%) 

Stability of 
Marshall 

Immertion 
(kg) 

Stabilitas of 
Marshall 

konvensional 
(kg) 

Immersi
on Index 
IP (%) 

1. 6,35 1569,50 1532,57 97,65 
2. 6,35 1532,57 1514,11 98,80 
3. 6,35 1514,11 1477,18 97,56 

average 1538,73 1507,95 98,00 
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