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Abstract

This research aims to utilize glycerin pitch waste as an alternative asphalt binder (extender) in Stone Mastic Asphalt (SMA) mixture. 

Glycerin pitch (GP) is a by-product from crude glycerol refining process from the palm oil oleochemical industry. The research method 

was carried out by testing the chemical and physical characteristics of GP by comparing it to pen 60/70, then testing based on asphalt 

binder rheology and asphalt concrete characteristics. ANOVA statistical test and Tukey-Kramer statistical grouping test were used to 

know the significant use of GP in SMA mixture. The variations of GP content tested to pen 60/70 were 0%, 15% and 25% by weight, 

then used as a binder for the SMA mixture which was tested under asphalt content (Pb) conditions based on Marshall characteristic, 

immersion index and drain down. The test results show that GP has the potential as an asphalt extender, with a maximum content of 

22% by weight of asphalt binder or with a ratio of 1 GP: 4 pen 60/70. The characteristics of the SMA mixture using pen 60/70 and GP 

as asphalt binder extender, under conditions of Pb = 7% produce SMA mixture that meets the specification. Statistically, in stability 

characteristics of SMA, GP has a significant effect on SMA + 22% GP mixture. In the immersion index, the use of GP has a significant 

effect on all type of mixture, while in the draindown characteristics has significant effect on the SMA+0% GP mixture.
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1 Introduction
Stone Matrix Asphalt (SMA) is a type of asphalt concrete 
with 70% to 80% coarse aggregate and 11% filler  [1, 2]. 
SMA mixtures are more resilient to deformation, has 
a higher skid resistance due to high coarse aggregate con-
tent. SMA also tends to last longer in time due to high 
asphalt content and stabilized with cellulose fiber can per-
form better under heavy vehicles [3].

The number of usages of asphalt as binder in SMA mix-
tures is at 5.5% to 7% and is considered high number of 
contents, compared to other type of asphalt mixtures [4–7]. 
This is because SMA is hoped to produce a pavement with 
higher skid resistance. Due to high asphalt content in the 
SMA mixture the application of the pavement is still lim-
ited in Indonesia, only in road or highway with high-speed 
vehicles that need safety factor, such as racing circuit, air-
craft runway, toll road and others.

In the future, the existence of roads or highway is not 
only required to provide comfort to road users, but also 
safety. SMA is a mixed type that can meet the needs of 
road users for the comfort and safety of road pavements [3]. 
To overcome this, the government needs to prepare from 
now on, one of which is preparing for the need for more 
asphalt binder use, it's just that up to now, Indonesia still 
relies on imports to meet 83% of its asphalt binder needs 
for road construction [8]. One way to overcome this prob-
lem is to replace some of the asphalt binder needs with 
asphalt binder substitutes/extenders.

Asphalt binder extender is an asphalt-like material 
that can be used to substitute or partially replace asphalt 
as a binder without reducing the performance of the 
asphalt concrete  [9,  10]. Finding replacement materials 
for asphalt or improving the service performance of pave-
ment received significant relevance from the life cycle 
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assessment (LCA) standpoint [11, 12]. As a country with 
enormous natural resources, Indonesia has many sources 
that can produce oil and its derivatives, one of which is the 
oleochemical palm oil industry. This oleochemical indus-
try has existed in Indonesia since 1975, the main product 
of this industry is palm oil which of course produces side 
materials, or which are considered waste or by-product 
because they cannot be reused. It's the same as petroleum 
processing which produces tar/asphalt as a side material 
which was previously considered valueless, but with the 
development of research on asphalt is used as a binder for 
asphalt concrete mixtures. Utilization of waste from the 
oleochemical industry is also expected to be like asphalt 
which can be developed so that the waste has more value.

One of the products from the oleochemical industry is 
glycerol, which is widely used in industries such as phar-
maceuticals, medical, food, and so on  [13]. Annually, 
Indonesia produces 650,000 tons of glycerol which in the 
refining process will produce a by-product material called 
glycerin pitch or GP as much as 3% of the total produc-
tion [14, 15]. An industry that produces waste is of course 
required to provide a waste treatment plant in order to 
protect the environment. Since 2014, the oleochemical 
industry has only had 9 (nine) waste treatment plants with 
a processing capacity of 1.40 million tons/year [16]. In the 
future the number of these factories will not be able to 
handle the waste processing from oleochemical produc-
tion in Indonesia, namely as much as 23.3 million tons/
year, which currently has the largest palm oil-based oleo-
chemical capacity in the world [17].

Glycerin pitch (GP) is a dark brown viscous liquid that 
contains non-glycerol organic compounds and has a high 
mineral content [18]. Physically, this brownish-black GP 
has a gel-like viscosity similar to asphalt/tar/bitumen. From 
previous research, GP was used as binder to replace asphalt 
in producing asphalt roof shingles (ARS) which comply 
with the minimum requirements for roof tile strength based 
on ASTM C 1492-03 [19] and water absorption according 
to ASTM C 1167-03 [20]. ARS is a tile made of bitumen 
as a binder and is commonly used in several countries 

because it has advantages such as being durable, afford-
able, and suitable for use in countries with low tempera-
tures. Dry strength glycerin pitch roof shingles (GPRS) 
value of 5385.40 N and a wet strength of 1139.96 N, and 
absorption with a value of 4.66% were obtained [21]. Based 
on this, the physical characteristics of GP are similar to 
asphalt, making the reason for using GP as a binder in the 
manufacture of asphalt mixtures for road pavements.

In this research, the utilization of GP as a substitute for 
asphalt for Stone Mastic Asphalt (SMA) mixture is expected 
to be the initial stage of utilization of oleochemical waste in 
Indonesia. The test to determine GP characteristic needs to 
be carried out first, then further test is carried out to see 
its effect on oil asphalt and how it affects SMA mixture, 
so then GP is hoped can be use as asphalt substitution.

2 Materials and method
2.1 Materials
The materials used in this research are:

a.	 Asphalt pen 60/70, was chosen because according 
to the Highway General Specification of Indonesia 
standard, 2018 [22], the use of a binder for the Stone 
Mastic Asphalt mixture is asphalt with criteria accord-
ing to the specifications for asphalt pen 60/70 [22].

b.	 Glycerin Pitch (GP) originating from the palm oil 
oleochemical industry in Bekasi Regency, West Java 
Province, Indonesia which is produced from the 
glycerol purification process by the hydrolysis route 
as shown in Fig. 1.

2.2 Test method
The characteristics of glycerin pitch (GP) were carried out 
by testing the characteristics, chemical structure, saponi-
fication rate test [23], organic content [24], and the com-
pounds contained in the GP. Chemical structure testing is 
carried out using the FTIR (Fourier Transform Infrared 
Spectroscopy) device while testing the GP compounds is 
tested using XRD and GCMS (Gas Chromatography and 
Mass Spectroscopy), on asphalt this test can identify the 
number of carbon (C) atoms [25, 26].

Fig. 1 Hydrolysis route glycerol purification process
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Number of C atoms test is carried out to identify which 
distillate material is classified in which fuel category, for 
example in the distillation of petroleum in the form of 
binder asphalt it has a number of C atoms > 20, if it is in 
the form of a lubricant it has a number of C atoms of 15 and 
the smaller the number in line with lower temperatures in 
the petroleum distillation process, which at temperatures 
< 25 °C the results of petroleum distillation are in the form 
of gas [27]. In addition, the further test is carried to classi-
fied whether GP waste is as organic or non-organic mate-
rial, even though GP is produced from organic material, 
but has gone through various glycerol purification pro-
cesses. By knowing the characteristics of GP, it can then be 
considered for drawing conclusions on the results of stud-
ies regarding the influence of organic or inorganic materi-
als on the characteristics of asphalt and asphalt mixtures.

The method used in this research was adding glycerin 
pitch to asphalt pen 60/70 with variation of GP content of 
0%, 15%, 20%, 25%, and 30% to the weight of asphalt pen 
60/70 mixed using a hot plate magnetic stirrer device as 
shown in Fig. 2 at a temperature of 120 °C for 15–20 min-
utes with a mixing speed of 0.4–0.6 kr/sec [28] until homo-
geneous [29–31]. Once homogeneous, the asphalt resulting 
from mixing GP and asphalt pen 60/70 is tested based on 
the basic asphalt test that has been used since the 19th cen-
tury [32], namely penetration and softening point [33, 34].

The maximum GP content which still produces asphalt 
with asphalt pen characteristics of 60/70, was then tested for 
its chemical characteristics using Fourier-transform infra- 
red spectroscopy (FTIR) [35] and asphalt rheology tests.

The FTIR-Alpha-P from Bruker Optics Company, 
which was controlled by the opus software, had a resolu-
tion of 4 cm–1, a scanning speed of 32 sheets per second, 
and a chosen frequency range of 4000–500 cm–1. For addi-
tional investigation, functional groups were established 
and contrasted. In addition to the IR spectra, changes in 

the carbonyl group (C=O) and sulfoxide group (S=O) can 
also be used to determine whether an asphalt binder has 
been modified [36–38]. Carbonyl (-C=O) is represented by 
the band at 1700  cm–1  [39] and sulfoxide is represented 
by the band at 1030  cm–1. Using the equation presented 
by Lamontagne et  al.  [40], the analysis was conducted 
by assessing the carbonyl index (Ic) and the sulfoxide 
index (Is), as shown in Eq. (1) and Eq. (2).

I =
Area of the carbonyl band around 1.700 cm

Area of the spectral
c=o

-1

bbands between 2.000 and 600 cm-1
	

(1)

I =
Area of the sulfoxide band around 1.030 cm

Area of the spectra
s=o

-1

ll bands between 2.000 and 600 cm-1
	

(2)

Binder asphalt rheology tested under unaged asphalt con-
ditions and RTFO (rolling thin film oven) aging conditions, 
using penetration, softening point, ductility, and mass loss 
parameters. In the asphalt binder mass loss criterion, it was 
determined by the percent weight loss due to loss of vola-
tiles at high temperatures, which was measured based on 
the Eq. (3). Based on the superpave specifications [41], the 
recommended mass loss due to RTFO must be less than 1%.

mass loss=
weight before aging-weight after aging

weight before aginng
×100% 	

(3)

After testing the characteristics of glycerin pitch and 
pen 60/70 asphalt before and after adding GP based on the 
chemical structure and rheology of the asphalt, then testing 
the effect of using pen 60/70 asphalt substituted for GP on 
the stone matrix asphalt mixture was carried out. Where 
pen 60/70 asphalt + glycerin pitch is used as a binding 
agent for aggregate in the SMA mixture. The experimental 
procedures carried out in this study can be seen in Fig. 3.

3 Result and discussion
3.1 Glycerin pitch
Before testing the effect of GP on asphalt pen 60/70, it is 
necessary to test the characteristics of the glycerin pitch 
which can be seen in Table 1 [42]. An overview of the 
glycerin pitch can be seen in Fig. 4.

Based on the results of the glycerin pitch test in Table 1, 
it is known that the pH of GP is greater than  10, which 
means that GP has alkaline properties, the higher the pH, 
the greater the solubility of the catalyst salt in glycerin pitch 
which causes a high ash content  [18]. The ash content is Fig. 2 Hot plate magnetic stirrer device
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35% indicating that the content of inorganic matter such 
as potassium salts probably comes from SW purification 
(HCl and NaOH). The GP saponification number indicates 
that the non-glycerol organic material does not have sapon-
ified compounds such as oil or fat, or perhaps because the 

triglyceride value is too small. The organic content is 
14.45%, the content of inorganic compounds in GP from 
the results of the X-Ray Diffraction test shows that the 
largest non-organic content is NaCl of 47.44%, the rest is 
26.13% CaCO3 compound and 26.43% NaO2 compound.

Fig. 3 Flowchart of the experimental procedure

Table 1 Characteristics of glycerin pitch

Test Parameter Unit BS 2622:1979 [42] Result

PH - - > 10 (Base)

Glycerol % > 80 13.02

Moisture content % No 2.56

Ash content % < 1.0 35

Saponification rate - - -

Matter organic non 
glycerol (MONG) % < 1.5 14.45

Appearance - - Brownish solid
Fig. 4 Glycerin pitch
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In the GCMS test results, the number of C atoms is 24 
(Fig. 5 and Table 2), which means that GP is included in 
bitumen materials such as the result of petroleum distilla-
tion, this is one of the factors that can be used as the basis 
that GP has the potential as asphalt substitute material.

3.2 Asphalt binder substitution penetration and 
softening point
The results of adding GP to asphalt pen 60/70 are seen 
based on the results of the penetration test and softening 
point, from the results of the penetration test (Fig. 6) it is 
known that higher the GP content added to asphalt pen 
60/70 decreases the penetration value of asphalt, the max-
imum level of GP that produces asphalt with a penetration 
value that is still within the range of the pen 60/70 asphalt 
standard is 22%.

While the effect on the softening point of asphalt pen 
60/70 (Fig. 7), it is known that higher the GP content added 
to pen 60/70 will increase the softening point value, at a GP 
level of 22%, the resulting softening point value is 52.2 °C 
which is still in accordance with the softening point spec-
ification standard for asphalt pen 60/70 which is ≥ 48 °C.

Based on penetration test and softening point of the 
asphalt, it is known that the maximum grade of GP as an 
asphalt pen 60/70 substitution is 22% by weight of asphalt. 
Furthermore, for testing the chemical structure and the 
other rheological parameters of asphalt will be tested at 
the 22% GP content.

3.3 Asphalt binder substitution chemical structure by 
FTIR
Asphalt chemical structure testing was carried out 
using FTIR on glycerin pitch, pen 60/70 asphalt and pen 
60/70 asphalt +22% glycerin pitch. Then the test results 
were analyzed to identify the chemical structure of each 
type of asphalt compared to the chemical structure of 
pure asphaltene based on the results of the FTIR test by 

Leon–Bermudes and Salazar [43]. The FTIR test results of 
the three types of asphalt compared to the pure asphaltene 
are shown in Fig. 8 and Table 3.

Table 2 Compound content in glycerin pitch

Compound RM

Methyl alcohol CH4O

Acetone C3H6O

2.2 – Dimethoxypropane C5H12O2

Glycerol C3H8O3

Diacetone alcohol C6H12O2

Diglycerol C6H14O5

Number of C Atoms 24

Fig. 5 Spectrum of GCMS glycerin pitch test results

Fig. 6 Effect of adding GP on asphalt penetration pen 60/70

Fig. 7 Effect of addition of GP on softening point asphalt pen 60/70
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Based on the IR spectrum Table and Chart by Skoog 
et  al.  [44] and the compound functional group table by 
Coates in 2006 [45], known from Fig. 8 (green line), 
namely asphalt pen 60/70 showing -OH stretching groups 
which identify the presence of alcohol and phenol groups, 
the addition of 22% glycerin pitch increases the number 
of these groups. Other groups contained in asphalt pen 
60/70 +22% GP are C-H bending and C-H stretching which 
identify alkanes, besides that there is also an aromatic 
group = C-H2. The carbonyl group is also present in the 
asphalt mixture and finally the C=C group which identifies 
the presence of ketones, alkenes, aldehydes, or carboxylic 
acids. The O-H stretching groups increase with each addi-
tion of glycerin pitch to the asphalt which increases the 
absorbance value, this indicates compounds such as ace-
tone, carboxylic acids, esters, phenolic monomers evap- 
orate during the analysis process so that more and more 

aromatic groups are identified. This aromatic group is 
identical to most of the groups found in asphalt.

In Table 3, it is known that the IR spectrum of pure 
asphaltene is entirely in pen 60/70. The results show 
that pen 60/70 based on its chemical structure is asphalt, 
whereas in glycerin pitch, there is 1 (one) IR spectrum from 
pure asphaltene which it does not have, namely in the IR 
spectrum of 1456 cm–1. However, after being added to pen 
60/70, the entire IR spectrum of pure asphaltene is found in 
pen 60/70 + 22% GP, this shows that the addition of glyc-
erin pitch to asphalt pen 60/70 does not change the chemical 
structure of asphalt so that GP can be used as an extender.

A part from being based on the IR spectrum of asphal-
tene, an analysis of changes in the chemical structure of 
asphalt pen 60/70 after adding GP was carried out by cal-
culating the carbonyl index and sulfoxide index using 
Eqs. (2) and (3). Changes in the Ic and Is values indicate that 
a modification of the asphalt occurs after adding added 
ingredients. in Table 4 and Fig. 9, it is known that the Ic 
and Is values have increased when compared to before pen 
60/70 and GP were mixed, this could indicate a change in 
chemical structure.

Fig. 8 All samples IR spectrum

Table 3 IR Spectrum all samples with asphaltene

Asphaltene 
IR spectrum 
(cm–1)

Samples

Pen 60/70 Glycerin Pitch Pen 60/70 
+ 22% GP

3433 3448.72 3417.86 3381.21

2920 2922.16 2939.52 2931.80

1621 1600.79 1641.42 1641.42

1456 1460.11 - 1452.40

1373 1375.25 1328.95 1371.39

859 864.11 856.39 852.54

Table 4 Carbonyl index and sulfoxide index of asphalt binder

Asphalt Binder Types Carbonyl Index (Ic) Sulfoxide Index (Is)

Pen 60/70 0.00461 0.01776

Glycerin Pitch (GP) 0.00880 0.01302

Pen 60/70 + 22%GP 0.01879 0.03905
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3.4 Physical and rheological properties of asphalt 
binder substitution
Apart from being tested based on its chemical structure, 
the addition of GP as an asphalt substitution for pen 60/70 
at 22% content was also tested based on its rheological 
properties. The results of the asphalt rheology testing are 
shown in Table 5. Apart from the original conditions, the 
tests were also carried out under aged conditions or roll-
ing thin film oven (RTFO) tests.

Based on the asphalt rheological test results shown in 
Table 5, it is known that the addition of GP up to 22% to the 
weight of pen 60/70 asphalt still produces asphalt that com-
plies with the specifications of pen 60/70 asphalt (AASHTO 
M 20-70 [46] and ASTM D946 [47]). Fig. 10(a)–(c) illus-
trate the changes in the physical properties of pen 60/70 after 
adding glycerin pitch, however, in both original and aged 
conditions (RTFO), the changes that occur in the physical 
properties of pen 60/70 after adding glycerin pitch are still 
appropriate. with asphalt pen specifications of 60/70, so it 
can be seen that the addition of glycerin pitch up to 22% can 
still maintain the characteristics of asphalt in RTFO condi-
tions. This shows that glycerin pitch based on the rheological 
test results of asphalt can be used as an asphalt substitution.

3.5 SMA mixtures
The use of GP in SMA asphalt mixture is as a substitute 
or extender for asphalt pen 60/70. Based on the Marga 
General Specification, 2018, the binder used must have 
pen 60/70 asphalt specifications for the SMA mixture. 
Based on the results of asphalt testing, it is known that 
the maximum GP content that can be substituted is 22%.

So that in the asphalt mixture are made into 3 types of 
variables of asphalt mixture according to the specifica-
tions of SMA, as follows:

1.	 SMA with pen 60/70 asphalt binder + 0% GP = SMA 
+ 0% GP

2.	 SMA with asphalt binder pen 60/70 + 15% GP = SMA 
+ 15% GP

3.	 SMA with asphalt binder pen 60/70 + 22% GP = SMA 
+ 22% GP

The asphalt mixture is designed at Pb conditions (reference 
asphalt content, Pb) based on Eq. (4) according to the SMA 
mix design gradation (Table 6 and Fig. 11).

P CA FA Filler Kb � � � � � � � � � �0 035 0 045 1 18. % . % . % ,	 (4)

where: 
Pb (%) = reference asphalt content, percent by weight of 
the mix,
CA (%) = percent coarse aggregate (percentage of retained 
aggregate No. 4 (4.75 mm)),
FA (%) = percent of fine aggregate (percentage of aggre-
gate passing No. 4 (4.75 mm) and retained on sieve No. 200 
(0.075 mm),
Filler (%) = percent filler (percentage of aggregate passing 
No. 200 (0.075 mm)),
K = constant (0.5–1.0).

Fig. 9 Carbonyl index and sulfoxide index of asphalt binder

Table 5 Rheology properties of pen 60/70 and pen 60/70 + 22% GP

Test Unit Pen 60/70 Specification Pen 60/70 Std Dev Pen 60/70 + 22% GP std Dev

Penetration, 25 °C, 100 gr, 5 sec 0.1 mm 60 - 70 68 0.764 60 0.764

Kinematic Viscosity 135 °C cSt > 300 512.6 8.053 459.96 5.341

Softening Point °C > 48 50 0.577 52.2 1.000

Ductility, 25 °C, 5 cm/minute cm > 100 > 100 - > 100 -

Flash point with Clevelen Open Cup °C > 232 340 1.528 325 4.359

Solubility in Trichloroethylene % > 99 100.5 1.274 125 8.386

Specific gravity - > 1 1.04 0.018 1.061 0.002

Mass Loss % Weight < 0.8 0.149 0.008 0.24 0.081

Penetration RTFO 0.1 mm > 54 58.8 0.361 55.5 1.500

Softening Point RTFO °C - 56 1.000 57 0.961

Ductility RTFO Cm > 100 >100 0.577 > 100 1.528
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Based on the gradation of the SMA mix aggregate 
design, the Pbvalue is 7%, then the mixture is made using 
this asphalt content. Tests carried out on the SMA mix-
ture in this study consisted of volumetric, stability, flow, 
immersion index, and draindown tests in accordance with 
the Indonesian Highway General Specification, 2018 [22]. 
The number of test objects made is described in Table 7.
The material used to make Marshall test objects is

a.	 Pen 60/70 is asphalt from the distillation of petroleum which 
is used as the main binder in the SMA mixture, according 
to the Indonesian Highway General Specifications 2018.

b.	 Glycerin pitch is an oleochemical waste as a substitute 
for binder for SMA mix asphalt, the result of the sub-
stitution is in accordance with the specifications for 
SMA mix binder according to the Bina Marga General 
Specifications, 2018.

Fig. 10 Physical properties of asphalt binder before and after RTFO, (a) penetration, (b) softening point, (c) ductility, (d) mass loss

(a) (b)

(c) (d)

Table 6 SMA Gradation design mixtures

Sieve Number SMA 
Specification Gradation (%)

SMA Gradation 
DesignInch Mm

11/2 25 100 100.0

3/4" 19 90–100 95.0

1/2" 12.5 50–88 69.0

3/8" 9.52 25–60 42.5

No. 4 4.76 20–28 24.0

No. 8 2.36 16–24 20.0

No. 200 0.075 8–11 9.5
Fig. 11 Aggregate Gradation of Stone Mastic Asphalt
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c.	 Viatop66 cellulose fiber is the main carbohydrate syn-
thesized by plants and occupies almost 60% of the com-
ponents of the wood structure, as an added material to 
assist the granulation process and as a filler in the space 
between fibers needed to complete the dispersion pro-
cess on the fibers during the asphalt mixing process. 
The specification requirements for cellulose fiber are in 
accordance with SNI 8129:2015.

d.	Aggregates from Batujajar, West Java Province, 
Indonesia whose sizes are adjusted to the gradation of 
the SMA mix plan according to the Bina Marga General 
Specifications, 2018.

The SMA mixture was prepared by first prepar-
ing asphalt as a binder which was made from pen 60/70 
asphalt with 3 variations of GP substitution namely 0%, 
15%, and 22%. The use of variations in the amount of GP 
was carried out to see the effect of using GP as a substi-
tute for asphalt on the characteristics of the SMA mix. 
Furthermore, the asphalt is heated according to the mix-
ing viscosity (Table 8), the aggregate is heated at a mix-
ing temperature of 28 °C, then the aggregate and asphalt 
along with the cellulose fiber are mixed at the mixing tem-
perature for 30–60 seconds until it reaches the compaction 
temperature, put it into the Marshall mold, then compacted 
with the number of blows on each side as much as 50 times. 
Furthermore, the sample is removed from the mold and can 

be tested volumetrically, before being tested for Marshall 
stability, the test object is coated with paraffin and then 
immersed in a water bath at a maintained temperature of 
60 ± 1 °C for 30 minutes following the Marshall stability 
test procedure according to SNI 8129: 2015 [48]. 

In the immersion index test, the specimens were made 
the same as the Marshall test specimens, the difference 
was the immersion time when the Marshall stability was 
to be tested, in this study, the immersion time was carried 
out for 30 minutes and 24 hours.

For the draindown test, asphalt, aggregate, and cellu-
lose fiber pellets are mixed at mixing temperature with-
out compaction, then put into a wire basket with an alu-
minum base (Fig.  12), standard basket made according 
to AASHTO  T305  [49], which is 165  ±  16.5  mm deep, 
108  ±  10.8  mm wide, with basket bottom 25  ±  2.5  mm 
from the bottom of the wire basket assembly, constructed 
using standard 0.25 inch (6.3 mm) sieve cloth as specified 
in AASHTO M 231 [50]. Store the test object in the oven 
at 120–175 °C ± 2 °C for 1 hour ± 5 minutes. If the spec-
imen has cooled to more than 25 °C before being put into 
the oven, it only needs to be in the oven for 70 ± 5 min-
utes. After that, remove the specimen from the oven and 
separate the wire basket and aluminum mat then weigh 
the weight of the aluminum mat which has been filled with 
melted asphalt mixture. Then a calculation analysis is car-
ried out to determine the percentage of draindown values.

The National Asphalt Pavement Association (NAPA), 
states draindown is a condition where aggregate and 
asphalt separate from the sample as a whole and flow down 
from the mixture (asphalt drainage) [51]. The draindown 
test is more significant for dense and conventionally graded 
SMA mixtures. This draindown test is used to determine 
the amount of asphalt mixture draindown according to pre-
determined specifications. The draindown test was devel-
oped by AASHTO T305 [49], which is a test to anticipate 
conditions that may occur during the production, storage, 
transportation and spread of asphalt mixtures.

Table 7 Type of test and number of samples

Mixture Types Type of Tests Samples

SMA + 0%GP

Volumetric and Marshall's Stability 3

Immersion Index 6

Draindown 3

SMA + 15%GP

Volumetric and Marshall's Stability 3

Immersion Index 6

Draindown 3

SMA + 22%GP

Volumetric and Marshall's Stability 3

Immersion Index 6

Draindown 3

Total 36

Table 8 The mixing temperature of the SMA mixture is based on the 
results of the asphalt viscosity test

Mixture Types Mixing Temperature 
(°C)

Compaction 
Temperature (°C)

SMA + 0%GP 154.5 144.5

SMA + 15%GP 158.0 144.0

SMA + 22%GP 168.0 151.5 Fig. 12 Draindown test apparatus; (a) Draindown basket, (b) Buffer plat
(a) (b)
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The results of testing the SMA mixture for each GP con-
tent are described in Fig. 13 and Table 9. These values are the 
average of each test object made for each type of mixture.

Based on the test results of the SMA mix using glyc-
erin pitch as a substitute for asphalt pen 60/70 with various 
variations, it can be seen that:

1.	 Based on the density value, the addition of GP levels 
indicates a change in the density value

2.	Based on volumetric asphalt mix, it is known that 
based on VMA and VIM, the value increases after the 
GP percentage is 15% and decreases when the GP is 
22%, this condition is inversely proportional to VFB.

3.	 The stability of the SMA mixture for each mixture 
is included in the specification, which is greater than 
600 Kg, the stability value shows an increase in line 
with the increase in the GP content in the asphalt. 
However, the flow of each mix is not included in the 
SMA mix specifications.

4.	 The immersion index of the SMA mixture using GP as 
a substitute for asphalt pen 60/70, shows an increase 
at 15% GP and decreased at 22% GP. Based on the 
immersion index, the mixture of SMA  +  15%  GP 
is a mixture with an immersion index according to 
specifications. 

Table 9 Characteristics of the SMA mixture with variations of glycerin pitch content

Mixture Characteristics Units Specification [22]
Test Results

SMA + 0%GP SMA + 15%GP SMA + 20%GP

Asphalt Content % - 7 7 7

Density gr/cc - 2.25 2.19 2.22

Void in Mineral Aggregate, VMA % min 17 14.94 17.10 16.05

Void In Mixture, VIM % 3.0–5.0 3.69 6.14 5.23

Void Filled with Bitumen, VFB % - 75.30 64.08 67.93

Stability Kg 600 787.5 748.3 812.5

Flow mm 2.0–4.5 8.8 6.92 5.66

Immersion Index % > 90 91.61 93.20 53.31

Draindown % < 0.3 0.009 0.161 0.183

Fig. 13 SMA mixture characteristics based on glycerin pitch content; (a) Void in mineral aggregate, (b) Void in mix, (c) Void filled with bitumen, (d) 
Stability, (e) Marshall immersion index, (f) Drainddown

(a) (b) (c)

(d) (e) (f)
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In draindown, it is known that based on the specifica-
tions, the SMA mix has a maximum draindown value of 
0.3%. The test results show that all types of mixtures have 
draindown according to specifications, an increase in GP 
content on asphalt pen 60/70 affects SMA mixtures with 
an increased draindown value.

Overall, from the results of testing the SMA mix using 
glycerin pitch substituted asphalt, it is the SMA mix with 
15% GP that has the characteristics best suited to the SMA 
asphalt mix specifications according to the Indonesian 
Highway General Specification, 2018 [22].

Although in terms of the chemical structure and rhe-
ology of asphalt, the addition of GP up to 22% produces 
asphalt that meets the specifications of pen 60/70 asphalt, 
but in its application in SMA asphalt mixtures, the most 
appropriate GP content to use is 15% by weight of pen 60/70 
asphalt binder.

3.6 Tukey–Kramer statistical grouping
Tukey–Kramer statistical grouping analysis [52, 53], was 
carried out to see and compare the significance of the effect 
of glycerin pitch on each mixture based on its character-
istics. Significance was analyzed for the characteristics 
of the SMA mix, namely stability, immersion index, and 
draindown. Tables 10–12 show the results of the Tukey–
Kramer Statistical Grouping analysis for SMA mixtures 
using glycerin pitch as a substitute for asphalt pen 60/70.

Based on Table 10, the significance of using GP as 
a  extender/substitute for asphalt binder pen 60/70 on the 
stability of the asphalt mixture does not have a significant 
effect on the entire mixture, but when compared to the three, 
the use of GP has a significant effect on SMA + 22% GP 
mixture, this can be seen from the absolute value the mean 
different stability of the mixture is greater than that of 
other SMA mixtures. While on the characteristics of the 

Table 10 Results of the Tukey–Kramer statistical grouping analysis of stability of SMA + GP mixtures

Mixture Type Count Sum Average Variance

SMA + 0% GP 3 2362.49 787.49 26758.95

SMA + 15% GP 3 2244.81 748.27 16645.49

SMA + 22% GP 3 2426.41 808.80 164.65

Comparison Abs. Mean Diff Q critical value Significant

SMA + 0%GP vs SMA + 15% GP 39.22 128.55 no

SMA + 15%GP vs SMA + 22% GP 60.53 128.55 no

SMA + 0%GP vs SMA + 22% GP 21.31 128.55 no

Table 11 Results of the Tukey–Kramer statistical grouping analysis of immersion index of SMA + GP mixtures

Mixture Type Count Sum Average Variance

SMA + 0% GP 3 279.96 93.32 152.79

SMA + 15% GP 3 289.67 96.56 1160.21

SMA + 22% GP 3 158.42 52.81 222.63

Comparison Abs. Mean Diff Q critical value Significant

SMA + 0% GP vs SMA + 15% GP 3.24 24.13 no

SMA + 15% GP vs SMA + 22% GP 43.75 24.13 yes

SMA + 0% GP vs SMA + 22% GP 40.51 24.13 yes

Table 12 Results of the Tukey–Kramer statistical grouping analysis of draindown of SMA + GP mixtures

Mixture Type Count Sum Average Variance

SMA + 0% GP 3 0.0261 0.0087 0.0001

SMA + 15% GP 3 0.4817 0.1606 0.0328

SMA + 22% GP 3 0.5484 0.1828 0.0018

Comparison Abs. Mean Diff Q critical value Significant

SMA + 0% GP vs SMA + 15% GP 0.15 0.11 yes

SMA + 15% GP vs SMA + 22% GP 0.02 0.11 no

SMA + 0% GP vs SMA + 22% GP 0.17 0.11 yes
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immersion index (Table 11), the use of GP has a significant 
effect on the mixture of SMA + 0% GP and SMA + 15% GP 
against SMA + 22% GP. Furthermore, in the analysis of 
the significance of GP on the draindown characteristics 
of the SMA mixture (Table 12), it is known that GP has 
a significant effect on the draindown of the SMA  +  0% 
GP mixture.

4 Conclusions
Based on the test results of GP as asphalt substitute it can 
be concluded, as follows:

1.	 The characteristics of GP based on chemical struc-
ture and atomic content of C showed that GP has an 
IR spectrum and atomic content of 24 C, this indi-
cates that GP has the potential like asphalt binder.

2.	Based on the results of the penetration test and 
softening point, the maximum content of GP as an 
asphalt substitution is 22% by weight of pen 60/70 
asphalt.

3.	 In terms of asphalt rheology, it is known that the 
addition of GP as asphalt binder extender/substitu-
tions still provides asphalt binder characteristics that 
comply with the standard specifications for asphalt 
binder pen 60/70.

4.	 The most appropriate glycerin pitch content to be 
used as a substitute for asphalt pen 60/70 to produce 
SMA asphalt mixture according to specifications is 
15% by weight of asphalt.

5.	 By Tukey-Kramer analysis, in stability characteristics 
of SMA, GP has a significant effect on SMA + 22% GP 
mixture. In the immersion index, the use of GP has 
a significant effect on all type of mixture, while in the 
draindown characteristics has significant effect on the 
SMA + 0% GP mixture.
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