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Abstract:

Background:

Micro-texture and macro-texture are two essential parameters that functionally evaluate friction on asphalt pavement surface. While micro-texture
indicates the irregularity of aggregate using British Pendulum Tester (BPN), macro-texture shows the larger irregularity of asphalt mix surface
using Mean Texture Depth (MTD). Both micro-texture and macro-texture contribute to increased skid resistance value, which is needed for road to
meet the safety qualification.

Aim:

This study aims to investigate the effect of local aggregate types and aggregate proportion (%) on asphalt mix on pavement textures (micro and
macro-texture).

Methods:

Laboratory experiments were conducted on four types of local aggregates (A, B, C, and D), which were carried from West Java, Indonesia, and
aggregate has a different characteristic to each other. In addition, three asphalt mix types (SMA-fine, AC-WC, and HRS-WC), each containing
varying proportion (%) of aggregates, were investigated to analyze change in texture on asphalt mix surface. Statistical analysis with two-way
ANOVA was carried out to investigate the significance of aggregate type and asphalt mix type on pavement surface.

Results:

The results showed that each aggregate exhibited different characteristics chemically and mechanically. Four types of local aggregate possessed
distinctive characteristics for the asphalt mix performance (i.e., OAC and density) and pavement textures. Statistically, it was clearly found that
both aggregate type and asphalt mix type were strongly related to pavement texture.

Conclusion:

Therefore, the aggregate type and asphalt mix type with varying aggregate proportions (%), such as coarse aggregate (CA), aggregate-fine (FA),
and filler (FF), affect the micro-texture and macro-texture.
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1. INTRODUCTION

Road is one of the supporting infrastructures required for
the  movement  of  people  and  goods  from  the  origin  to  the
destination. At this point, roads must be well-designed for the
comfort  and  safety  of  road  users  and  to  reduce  the  rate  of
traffic accidents. Many  factors  contribute  to  traffic  accidents,
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Environmental Engineering, Bandung Institute of Technology, 40132, Indonesia;
E-mail: eti_sulandari@yahoo.com

i.e.,  road geometry, vehicle conditions, pavement conditions,
and  weather  [1  -  6].  A  high  rate  of  traffic  accidents  occurs
when the road surface is wet and slippery [7 - 10], leading to
wheel  slip  easily;  therefore,  special  attention  is  given  to
pavement surfaces to reduce traffic accident rate by increasing
skid resistance, which is one of the safety conditions [11 - 13]
[9].  Based  on  functionality,  skid  resistance  has  a  strong
relationship  with  pavement  texture.  It  is  defined  as  the
endurance of pavement texture toward friction between wheels

https://opencivilengineeringjournal.com
http://crossmark.crossref.org/dialog/?doi=10.2174/18741495-v17-e230922-2023-44&domain=pdf
mailto:eti_sulandari@yahoo.com
mailto:reprints@benthamscience.net
http://dx.doi.org/10.2174/18741495-v17-e230922-2023-44


2   The Open Civil Engineering Journal, 2023, Volume 17 Sulandari et al.

and pavement surface, either flexible or rigid surfaces when a
vehicle  brakes  on  a  straight  or  curve  road.  Meanwhile,  the
pavement texture describes a surface condition that relates to
traffic safety [5, 14, 15]. The pavement texture is defined as the
irregularity  of  asphalt  pavement  surface  [16],  in  which
pavement texture based on wavelength can be classified into
four categories, i.e., micro-texture (< 0.5 mm), macro-texture
(0.5-50 mm), mega-texture (50 mm-500 mm), and unevenness
[17, 18]. Pavement textures relating to friction on the surface
are  micro-texture  and  macro-texture  [19,  20].  Micro-texture
describes  the  mineralogy  of  aggregate  and  the  roughness  of
aggregate  texture  itself,  while  macro-texture  describes  the
texture  of  the  asphalt  mixture  surface  [21,  22].  Moreover,
micro-texture influences the friction between wheels  and the
pavement  surface  at  low  speed;  meanwhile,  macro-texture
takes place due to friction at higher speed [23, 24]. Pavement
texture changes as time goes by due to temperature, moisture,
traffic load [25], and the type of vehicles that frequently pass,
which has the potential to change the functionality of pavement
texture.  Aggregates  with  different  characteristics,  quality,
strength,  and  durability  can  affect  the  performance  of  the
asphalt  mix  [26  -  28];  in  this  case,  every  region  requires
different  aggregates  [29].  Thus,  it  is  important  to  evaluate
aggregate  morphology  caused  by  degradation  [30],  for
example, through the abrasion experiment, micro-deval ACV,
and AIV. Macro-texture relies on the performance of asphalt
mix  [31],  which  consists  of  aggregate  materials  and  asphalt.
These  contents  contribute  to  the  formation  of  asphalt  mix
texture.  By  considering  types,  maximum  size,  characteristic
and composition of aggregates [32], surface pavement texture
of asphalt with higher skid resistance is obtainable; therefore,
no vehicle experiences slippery in wet surface condition. There
are  more  than  90% aggregates  in  asphalt  mix  [33];  thus,  the
selection of good aggregate is necessary regarding its effects
on asphalt mix [19]. In addition to asphalt pavement texture,
gradation  is  considerable;  for  example,  the  mixture  with
coarser aggregate makes the pavement surface texture rougher
than the one with less coarse aggregate.

This  study  used  aggregate  from  four  locations  and  three
asphalt  mixtures  (SMA-Fine,  AC-WC,  and  HRS-WC)  with
similar  maximum  aggregate  size,  i.e.,  12.5  cm,  but  different
aggregate  compositions  (gradation).  The  purpose  was  to
investigate whether the aggregate with different characteristics
affects  the  asphalt  mixture,  or  the  aggregate  composition
(gradation)  has  more  impact  on  the  texture,  and  or  both.

2. MATERIALS AND METHODOLOGY

Aggregates  used  in  this  study were  Andesite  and  Basalt,
obtained  from  four  locations,  i.e.,  Karawang  (Aggregate  A),
Cimahi (Aggregate B), Sumedang (Aggregate C), and Subang
(Aggregate D). A 60/70 shell asphalt was used as a binder in
the  asphalt  mixture.  Three  hot  mix  asphalts  were  used  for
micro-texture and macro-texture testing, including SMA-fine,
AC-WC, and HRS-WC, to determine the texture differences on
the  surface  of  the  asphalt  mixture.  This  research  method  is
experimental  in  the  laboratory.  The  first  step  is  to  test  the
properties of aggregate and asphalt. The second step is to make
a mixture of  hot  mix asphalt  SMA-Fine,  AC-WC, and HRS-
WC with the four aggregates. The third step is to make a hot

mix  asphalt  based  on  the  OAC  and  density  values  for  each
aggregate  and  asphalt  mixture  used.  The  fourth  step  is  to
perform micro-texture and macro-texture tests on the surface of
the asphalt mixture. Additionally, aggregate type and asphalt
mix type were statistically analyzed using two-way ANOVA to
investigate their relationship to pavement textures.

The equipment used for friction pavement testing (micro-
texture  and  macro-texture)  included  the  British  Pendulum
Tester  (BPT)  and  Sand  Patch  (Fig.  1).

Fig.  (1).  Friction  test  tools:  (a)  British  pendulum  tester  for  micro-
texture (BPT) and (b) Sand patch for macro-texture.

3. RESULTS AND DISCUSSION

3.1. Aggregate Property Tests

This  test  was  carried  out  to  determine  the  strength  and
durability of  aggregates with different  characteristics.  In this
study, used aggregates were locally taken from four different
locations  spread  over  West  Java,  Indonesia.  They  were
aggregate A (98.93 km), aggregate B (18 km), aggregate C (69
km), and aggregate D (132.1 km). In initial testing, aggregates
were chemically and mechanically tested to identify aggregate
characteristics  in  detail  since sampling was done at  different
locations.

Minerals were tested to determine the chemical elements
present in aggregates through X-ray fluorescence spectrometry
(XRF)  testing  at  the  hydrogeology  and  hydrogeochemistry
laboratory of FTTM ITB. Nearly all aggregates have the same
chemical  elements  but  different  percentages  of  chemical
elements,  and  silica  (SiO2)  was  the  most  dominant  chemical
element found in the aggregate.

Fig. (2). Polishing stone machine.

Aggregate  durability  testing  was  carried  out  through  an
aggregate  shape  conservation  test,  which  showed  the
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aggregate's  resistance  to  deformation  due  to  a  solution  of
magnesium sulfate. This test was carried out for 5 (five) days.
Aggregate  mechanical  testing,  called  aggregate  abrasion
testing,  used  a  Los  Angeles  machine  tool  to  determine  the
aggregate's  resistance  to  the  impact  of  steel  balls  for  500
rounds. Almost all aggregates have abrasion resistance stated
in the 2018 General  Specifications for Roads and Bridges of
Highways  2018  revision  2.  The  polishing  test  was  used  to
determine  the  resistance  of  aggregates  to  polishing  using  a
polishing  stone  machine  (Fig.  2)  with  a  duration  of  6  hours.
This test referred to the British Standard [34]. The result of the
aggregate testing is mentioned in Table 1.

Table 1 presents the aggregates originating from the four
locations with different aggregate characteristics. The easiest
initial  identification  is  through  color  (Fig.  3).  There  were
differences in the chemical element content of each aggregate.

Through  the  results  of  the  XRF  test,  the  chemical  element
contents in each aggregate were different with the order: SiO2 >
Al2O3  >  Fe2O3,  while  the  other  elements  have  different
percentages  of  chemical  element  content.  The  high  silica
content  (SiO2)  indicated  a  hard  aggregate.  Aggregate  D  has
high silica content with abrasion of 12,11%, showing that it is
more resistant to wear and tear compared to other aggregates.

The relationship of aggregate wear (abrasion) to polishing
is proportional. The higher the Los Angeles value, the higher
the polishing value [29]. As hard aggregate tends to be denser,
the  voids  in  the  aggregate  texture  are  small,  and  the  type  of
aggregate  tends  to  be  more  slippery  (small  PSV).  High
aggregate  absorption has  a  high polishing value  as  well  [29]
because  these  aggregates  have  large  voids  and  greater
absorption. The relationship between PSV (BPN) to abrasion
(%) and absorption (%) can be seen in Fig. (4).

Fig. (3). Aggregate color.

Table 1. Aggregate characteristics.

S.No. Information
Aggregate Types

A B C D
1 Origin Karawang Cimahi Sumedang Subang
2 Color Light grey Dark grey Dark grey Dark brown ridded
3 Chemical elements (%)

- SiO2 56,5 47,4 52,4 57,4
- Al2O3 20,5 17,5 21,4 18,5
- Fe2O3 10,2 10,7 8,34 8,76
- CaO 6,93 9,93 10,2 5,73
- MgO 2,44 10,5 2,95 0,911

- Others < 2 < 2 < 2 < 2
4 Property tests

- Specific gravity 2,635 2,559 2,666 2,593
- Absorption (%) 1,791 2,904 2,77 2,661
- Abrasion (%) 15,22 19,89 21,67 12,11

- Soundness (%) 1,01 4,94 3,67 1,87
- PSV (BPN) 56,8 58,8 57 56,6
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Fig. (4). Relationship of PSV to aggregate properties (a) PSV vs. abrasion and (b) PSV vs. absorption.

A  higher  abrasion  value  indicates  that  the  resistance  of
aggregate  against  abrasion  decreases.  Aggregate  B  is  less
resistant  to  abrasion  than  other  aggregates,  but  it  is  highly
resistant to polishing. Due to its porous texture, this aggregate
has great absorption and greatly impacts asphalt content. Since
the  testing  of  aggregate  properties  was  done  with  random
aggregate sampling, for accurate results, the testing was done
multiple times.

3.2. Hot Mix Asphalt Test

The  mineralogical  content  of  aggregates  impacts  the
durability  and  performance  of  the  asphalt  mixture  [35,  36].
This  study  introduced  three  types  of  asphalt  mixtures  with
different aggregate proportions (%). For hot mix asphalt types,
SMA-fine asphalt mixture used coarse gradations, and AC-WC
used continuous gradation, whereas HRS-WC was set with fine
gradations.  The  percentage  proportions  of  coarse  aggregate
(CA),  fine  aggregate  (FA),  and  filler  (FF)  are  presented  in
Table 2. Asphalt shell with the mixture temperature of 156oC
and compaction temperature of 145oC was used as binder in hot
mix asphalt.

Table 2. Aggregate proportion in hot mix asphalt.

Aggregate Compositions
Asphalt mixture types

SMA-fine AC-WC HRS-WC
Coarse Aggregate (CA), %

Aggregate-fine (FA), %
Filler (FF), %

72,5
18
9.5

39
55
6

20
72
8

Marshall method was chosen to evaluate the performances
of asphalt mixture, such as optimum asphalt content (or OAC)
and density for each aggregate, as mentioned in Table 3. The
characteristics  of  aggregates  showed  the  effects  on  the
performance of the asphalt mixture; even a similar aggregate
composition  was  used  in  an  individual  asphalt  type.  Greater
aggregate  absorption  employed  a  large  asphalt  content.  As
mentioned in Table 1, aggregate B has the greatest absorption
among other aggregates.  Owing to this unique characteristic,

the  exploitation  of  aggregate  B  in  the  hot  mix  asphalt,
therefore, resulted in higher optimum asphalt content. Despite
the  content,  density  plays  a  role  in  asphalt  mixture
performance, and its values vary depending on the aggregate
types in the asphalt mixture. For instance, high asphalt content
has  a  poor  density  due  to  the  excessive  bonding  between
aggregate  and  asphalt.

Table 3. OAC and density in hot mix asphalt.

Aggregate Types
Asphalt Mixture Types

SMA-Fine AC-WC HRS-WC
Optimum Asphalt Content, OAC (%)

Aggregate A
Aggregate B
Aggregate C
Aggregate D

6,55
7,15
6,7
6,5

5,3
6,28
5,45
5,7

7,35
9,5
7,5
7,75

- Density (gr/mm3)
Aggregate A
Aggregate B
Aggregate C
Aggregate D

2,318
2,255
2,335
2,312

2,36
2,28
2,36
2,31

2,296
2,204
2,254
2,310

3.3. Micro-texture and Macro-texture Testing on Hot Mix
Asphalt

Skid resistance in the asphalt mixture is determined by two
imperative  parameters:  micro-texture  and  macro-texture.  On
pavement,  micro-texture and macro-texture depend primarily
on the size and gradation of aggregates, aggregate mineralogy,
voids  on  the  surface,  and  pavement  type  [1].  While  micro-
texture  describes  the  irregularity  of  the  aggregate  surface,
macro-texture portrays an uneven asphalt mixture on a larger
scale  on  the  surface.  Micro-texture  and  macro-texture
evaluation were carried out by designing sample testing based
on the OAC and density values of aggregate for each asphalt
mixture. The compaction tool for test specimens was equipped
with  a  30  x  40  x  10  cm  specimen-size  roller  compactor,  as
shown  in  Fig.  (5a  and  5b).  The  differences  in  micro-texture
and  macrotexture  on  the  surface  of  the  asphalt  mixture  are
shown in Fig. (5c).
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Fig. (5). Micro-texture and Macro-texture (a) Roller compactor (b) Sample testing (c) Micro-texture and Macro-texture illustration.

3.3.1. Micro-texture

Micro-texture represents the texture of the aggregate in the
asphalt mixture. It was tested using a British Pendulum Tester
(BPT) and was expressed by British Pendulum Number (BPN).
BPN  is  known  when  the  pendulum  swing  of  the  BPT  tool
reaches the pavement surface, and the measurement was done
up to 5 times for accuracy. The differences in texture were less
found in measurement. When varying aggregates were tested
using the BPT tool, there were only insignificant differences in
BPN values.

SMA-fine  hot  mix  asphalt  employed  dominantly  coarse
aggregate  up  to  72,5%;  hence,  SMA-fine  has  a  rougher
pavement texture. The roughness of asphalt pavement surface
resulted from the arrangement of aggregate and asphalt as the

binder, where voids were formed on the surface. SMA-fine has
higher BPN values than AC-WC and HRS-WC. Aggregate D
in SMA-Fine mix asphalt has greater BPN values, followed by
other aggregate types. The order was aggregate D > aggregate
C > aggregate A > aggregate B.

Otherwise, HRS-WC hot mix asphalt differed from SMA-
fine  because  it  has  a  smoother  pavement  texture  due  to
approximately 80% of fine aggregate. This type possessed tiny
voids with lower BPN values compared to SMA-fine and AC-
WC.  The  texture  of  HRS-WC  was  not  appropriate  for  the
asphalt mixture and contributed to decreasing skid resistance
values. HRS-WC hot mix asphalt with different aggregates was
ordered  based  on  BPN values:  aggregate  A >  aggregate  C >
aggregate D > aggregate B.

Fig. (6). Micro-texture testing performance based on British Pendulum Number (BPN).
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A suitable asphalt mixture in this experiment was AC-WC
because  it  has  a  balance  in  aggregate  composition  with
continuous  gradation.  BPN  values  were  between  SMA-Fine
and HRS-WC. On the  other  hand,  the  forming micro-texture
was satisfied. Aggregate C in AC-WC mix asphalt contributed
to higher BPN values, followed by aggregate D, aggregate A,
and aggregate B.

Each asphalt  mix type,  such as  SMA-Fine,  AC-WC, and
HRS-WC, using aggregate B exhibited the lowest BPN values
because  this  aggregate  has  poorer  quality.  Owing  to  high
absorption,  asphalt  covering  aggregate  was  greater,  and  the
performance  of  asphalt  mix  and  micro-texture  was  affected.
Varying BPN values of aggregates A, B, C, and D indicating
the shape and size of the aggregate were considerable. Thus,
aggregate  type  in  asphalt  mixture  clearly  impacted  micro-
texture  with  even minor  changes  in  BPN values.  The micro-
texture test is shown in Fig. (6).

3.3.2. Macro-texture

Macro-texture  was  evaluated  to  determine  the  non-
uniformity  of  asphalt  pavement  texture,  expressed  by  Mean
Texture  Depth  (MTD).  The  main  factors  contributing  to
macrotexture  were  aggregate  mineralogy,  gradation,  asphalt
content,  and  pore  volume  in  the  asphalt  mixture  [24].  This
study analysed the effect of aggregate type, asphalt mix type
(gradation),  and  optimum  asphalt  content  in  each  asphalt
mixture. Macro-texture test used the sand circle method and a
volume of 20 ml sand, which refers to British Standards (BS
EN 13036-1:2010), with the Eq. (1):

(1)

Where:

V = Sand’s volume (mm3)

D = Diameter (mm)

The  proportion  of  aggregate  for  each  aggregate  mix
gradation includes coarse aggregate (CA), fine aggregate (FA),
and filler fraction (FF), as mentioned in Table 3. Three asphalt

types  (SMA-Fine,  AC-WC,  and  HRS-WC)  represent  three
gradations  of  different  aggregate  mixtures  (coarse-textured
gradation,  continuous  texture,  and  fine-texture  gradation).
Hence, three aggregate mix gradations have a large impact on
changes in asphalt pavement texture, as shown in Fig. (7).

Fig. (7). Changes in Texture due to differences in aggregate proportion
(%) (a) SMA-fine (b) AC-WC (c) HRS-WC.

Aggregate proportions in SMA-Fine hot mix asphalt were
73% of coarse aggregate, 18% of fine aggregate, and 9.5% of
filler.  The  amount  of  coarse  aggregate  led  to  the  forming  of
large voids, rougher pavement surface, and higher MTD values
compared to other asphalt mix types (AC-WC and HRS-WC).
SMA-Fine using aggregate  D was the greatest  contributor  to
MTD  values,  followed  by  aggregate  C,  aggregate  B,  and
aggregate  A.  The  minor  differences  in  MTD values  between
aggregates and SMA-fine indicated their effects.

AC-WC  hot  mix  asphalt  with  a  balanced  proportion  of
course and fine aggregate has a uniform aggregate size. Thus,
the texture in AC-WC was smoother than SMA-fine because
the voids were reduced. Based on MTD values, aggregates in
AC-WC  were  insignificantly  different  with  the  order:
aggregate  C  >  aggregate  D  >  aggregate  A  >  aggregate  B.
Similar to SMA-fine, there were differences in MTD values in
AC-WC.  Moreover,  HRS-WC  hot  mix  asphalt  with  a  20%
coarse aggregate features a smooth pavement surface and less
void. The MTD values in this type vary with order: aggregate
A > aggregate C > aggregate D > aggregate B.

Fig. (8). Macro-texture testing performance based on Mean Texture Depth (MTD).

                    MTD = 4V/πD2                                                                                                  
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Table 4. Two-way ANOVA analysis of BPN measurement (Micro-texture).

Source Type III Sum of Squares df. Mean Square F Sig.
Corrected Model

Intercept
Type Aggregate
Type Mixture

Type Aggregate*
Type Mixture

Error
Total

Corrected Total

6634.983a

421514.017
615.650
5664.933
354.400

270.000
428419.000
6904.983

11
1
3
2
6

48
60
59

603.180
421514.017

205.217
2832.467
59.067

5.625

107.232
74935.825

36.483
503.550
10.501

.000

.000

.000

.000

.000

Table 5. Two-way ANOVA analysis of MTD measurement (Macro-texture).

Source Type III Sum of Squares df Mean Square F Sig.
Corrected Model

Intercept
Type Aggregate
Type Mixture

Type Aggregate*
Type Mixture

Error
Total

Corrected Total

5.402a

23.254
.092
5.252
0.58

0.29
28.685
5,431

11
1
3
2
6

48
60
59

0.491
23.254
0.031
2.626
.010

.001

811.560
38427.018

50.72
4339.199
16.098

.000

.000

.000

.000

.000

A  macro-texture  review  exemplified  that  comparison  of
aggregate  proportion  (CA,  FA,  and  FF)  has  more  impact  on
MTD value than aggregate  type.  As shown in  Fig.  (8),  there
was  a  significant  difference  in  MTD values  between  asphalt
mix  type  SMA-fine,  AC-WC,  and  HRS-WC.  However,  only
small  changes  were  found when different  types  of  aggregate
(A, B, C, and D) were used in the same asphalt mix type.

High asphalt content was affected by aggregate absorption
and aggregate proportion (%) or gradation in each asphalt mix.
Consequently,  the  texture  of  the  asphalt  pavement  surface
became smaller pores, as well as the values of MTD and BPN
decreased.  Therefore,  asphalt  was  used  appropriately  in  the
asphalt mixture. Since asphalt is a proper binder, this material
prevents  aggregate  bonding  from being  broken  or  separated.
The surface  texture  of  asphalt  mix  is  a  part  of  the  pavement
that  directly  deals  with  traffic  load  on  it.  At  this  point,  tear
takes place on the surface texture of the pavement at a certain
time, and the adhesion between asphalt and aggregate becomes
weaker.  Consequently,  aggregate particles work for a certain
time until  the resistance of an aggregate to polishing or PSV
values decreases. Understanding the importance of aggregate
characteristic, gradation, and asphalt mix design in an attempt
to gain the surface texture of asphalt mixture, including micro-
texture and macro-texture, lead to proper friction that increases
safety for the driver.

3.4. Statistical Analysis with Two-Way ANOVA on Micro-
texture and Macro-texture

Based on the various experimental results described above,
aggregate type and asphalt mix type influence the texture, both
macro and micro, of pavement structure. This study analyzed
these  two  variables  statistically  using  two-way  ANOVA  to
determine their  relationship with pavement textures and how
much  degree  aggregate  type  correlates  with  asphalt  mix.  P-

values  were  used  as  a  criterion  in  decision-making  on  the
observed variables, in which the significance value, which is
typically expressed with α = 0,05, was used in the analysis.

Tables  4  and  5  present  the  results  of  statistical  analysis
conducted on aggregate type and asphalt mix type against BPN
(Micro-texture)  and  MTD  (Macro-texture)  using  two-way
ANOVA.  P-values  from  all  sources  in  each  table  were  less
than 0.05 (Sig. < 0.05), indicating that either aggregate type or
asphalt mix type was valid and significant on BPN and MTD
measurement. Furthermore, a strong interaction was observed
between aggregate type and asphalt mix type.

As  expected,  all  these  results  were  in  alignment  with
previous experimental analyses, presented in 3.3.1 and 3.3.2, in
which the higher the Mean Texture Depth (MTD), the higher
the  British  Pendulum  Number  (BPN).  Hence,  the  texture
becomes  coarser  and  has  an  increased  skid  resistance.

CONCLUSION

In  this  study,  it  has  been  observed  that  aggregate  from
different  locations  has  different  aggregate  characteristics  in
regard to the composition of the chemical elements contained
in the aggregate. Nearly all aggregates have SiO2, which is the
most dominant element. Aggregates with high SiO2 tend to be
hard and dense, resistant to abrasion tests, and less resistant to
polishing.  For  example,  in  the  abrasion  test,  aggregate  D
accounted for 12.11% lower resistance than aggregate B, which
resulted  in  19.89%.  In  contrast,  aggregate  D  has  a  poor
resistance against polishing with a BPN value of 56.6, which
was  lower  than  aggregate  B  with  a  BPN  value  of  58.8.
Nonetheless,  the  difference  in  aggregate  properties  can  be
predicted  based  on  colour,  which  is  not  typically  used  to
investigate  an  aggregate  characteristic.

Differences in aggregate characteristics largely affect the
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performance  of  hot  mix  asphalt,  especially  optimum  asphalt
content  and  density  in  each  aggregate  in  different  hot  mix
asphalt.  High  absorption  aggregate  typically  has  more  OAC
and  less  density  in  the  same  asphalt  mix  type.  For  example,
aggregate B has the highest OAC (7.15%) and lowest density
(2.255 gr/mm3)  in  the same asphalt  mix type.  A similar  case
occurred in asphalt-type AC-WC and HRS-WC.

The percentage proportion of the aggregate in an asphalt
mixture  has  a  greater  effect  on  macrotexture  or  pavement
texture  because  of  variations  in  the  aggregate  proportion,
including  coarse  aggregate  (CA),  fine  aggregate  (FA),  and
filler  fraction  (FF).  When  coarse  aggregate  was  used,  the
asphalt mix tended to have a rough texture and the voids were
largely formed. Hence, BPN values in micro-texture and MTD
values  in  macrotexture  were  high.  MTD  values  in  order  are
SMA-fine > AC-WC > HRS-WC, and this trend was observed
with increased BPN values.

Aggregate type has an impact on micro-texture and macro-
texture,  displayed  by  BPN  and  MTD  values  with  minor
differences  in  the  same  asphalt  mix  type.

Two-way  ANOVA  indicated  the  strong  interaction
between two variables (aggregate type and asphalt mix type)
and pavement textures, with a p-value of no more than 0.05 (P
<  α).  This  result  is  relevant  to  laboratory  experiments
conducted.

LIST OF ABBREVIATIONS

CA = Coarse Aggregate

FA = Fine Aggregate

FF = Filler Fraction

MTD = Mean Texture Depth

BPN = British Pendulum Number

CONSENT FOR PUBLICATION

Not applicable.

AVAILABILITY OF DATA AND MATERIAL

The  materials  applied,  including  aggregates,  originated
from West Java, Indonesia. The experiment was carried out in
the Tansportation and road engineering laboratory at Bandung
Institute of Technology.

FUNDING

None.

CONFLICT OF INTEREST

The  authors  declared  no  conflict  of  interest,  financial  or
otherwise.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

M.A. Ahammed, and S.L. Tighe, "Asphalt pavements surface texture[1]
and skid resistance - exploring the reality", Can. J. Civ. Eng., vol. 39,
no. 1, pp. 1-9, 2012.

[http://dx.doi.org/10.1139/l11-109]
S.P. Hadiwardoyo, E.S. Sinaga, and H. Fikri, "The influence of Buton[2]
asphalt  additive  on  skid  resistance  based  on  penetration  index  and
temperature", Constr. Build. Mater., vol. 42, pp. 5-10, 2013.
[http://dx.doi.org/10.1016/j.conbuildmat.2012.12.018]
T. Andriejauskas, and V. Vorobjovas, "Evaluation of skid resistance[3]
characteristics  and  measurement  methods",  The  9th  International
Conference “Environmental  Engineering",  Vilnius,  Lithuania,22–23
May, 2014, pp. 1-8
[http://dx.doi.org/10.3846/enviro.2014.141]
B.  Chen,  X.  Zhang,  J.  Yu,  and  Y.  Wang,  "Impact  of  contact  stress[4]
distribution on skid resistance of asphalt pavements", Constr. Build.
Mater., vol. 133, pp. 330-339, 2017.
[http://dx.doi.org/10.1016/j.conbuildmat.2016.12.078]
V.E. Uz, and İ. Gökalp, "Comparative laboratory evaluation of macro[5]
texture  depth  of  surface  coatings  with  standard  volumetric  test
methods",  Constr.  Build.  Mater.,  vol.  139,  pp.  267-276,  2017.
[http://dx.doi.org/10.1016/j.conbuildmat.2017.02.059]
E.N.  Ünal,  M.  Komut,  and  Ş.  Altıok,  "Effect  of  aggregate  and[6]
pavement  types  on  skid  resistance  evolution",  Proceedings  7th
Eurasphalt  &  Eueobitume  Congrress,  2021,  pp.  0-10
P.  Cao,  "Effects  of  contaminants  on  skid  resistance  of  asphalt[7]
pavements",  In:  Traffic  and  Transportation  Studies  2010,  ASCE,
2010, pp. 1341-1351.
[http://dx.doi.org/10.1061/41123(383)128]
B. Mataei, H. Zakeri, M. Zahedi, and F.M. Nejad, "Pavement friction[8]
and skid resistance measurement methods: A literature review", Open
J. Civil Eng., vol. 6, no. 4, pp. 537-565, 2016.
[http://dx.doi.org/10.4236/ojce.2016.64046]
C.P. Chou, C.C. Lee, A.C. Chen, and C.Y. Wu, "Using a constructive[9]
pavement texture index for skid resistance screening", Int. J. Pavement
Res. Technol., vol. 10, no. 4, pp. 360-368, 2017.
[http://dx.doi.org/10.1016/j.ijprt.2017.05.002]
T.F. Fwa, "Skid resistance determination for pavement management[10]
and wet-weather road safety", Int. J. Transport. Sci. Technol., vol. 6,
no. 3, pp. 217-227, 2017.
[http://dx.doi.org/10.1016/j.ijtst.2017.08.001]
B. Sengoz, A. Topal, and S. Tanyel, "Comparison of pavement surface[11]
texture  determination  by  sand  patch  test  and  3D  laser  scanning",
Period. Polytech. Civ. Eng., vol. 56, no. 1, p. 73, 2012.
[http://dx.doi.org/10.3311/pp.ci.2012-1.08]
P.  Kotek,  and  Z.  Florková,  "Comparison  of  the  skid  resistance  at[12]
different asphalt pavement surfaces over time", Procedia Eng., vol. 91,
pp. 459-463, 2014.
[http://dx.doi.org/10.1016/j.proeng.2014.12.026]
Y. Miao, J. Li, X. Zheng, and L. Wang, "Field investigation of skid[13]
resistance degradation of asphalt pavement during early service", Int.
J. Pavement Res. Technol., vol. 9, no. 4, pp. 313-320, 2016.
[http://dx.doi.org/10.1016/j.ijprt.2016.08.005]
A. Aavik, T. Kaal, and M. Jentson, "Use Of pavement surface texture[14]
characteristics measurement result in estonia", XXVIII Int. Baltic Road
Conf., pp. 1-10, 2013.
F.G. Praticò, and P.G. Briante, "Prediction of surface texture for better[15]
performance of friction courses", Construct. Building Mater., vol. 230,
p. 116991, 2020.
M.A. Khasawneh, and M.A. Alsheyab, "Effect of nominal maximum[16]
aggregate  size  and  aggregate  gradation  on  the  surface  frictional
properties of hot mix asphalt mixtures", Construct. Building Mater.,
vol. 244, p. 118355, 2020.
L. Hu, D. Yun, Z. Liu, S. Du, Z. Zhang, and Y. Bao, "Effect of three-[17]
dimensional  macrotexture  characteristics  on  dynamic  frictional
coefficient of asphalt pavement surface", Constr. Build. Mater., vol.
126, pp. 720-729, 2016.
[http://dx.doi.org/10.1016/j.conbuildmat.2016.09.088]
M.R.  Ganji,  A.  Ghelmani,  A.  Golroo,  and  H.  Sheikhzadeh,  "Mean[18]
texture depth measurement with an acoustical-based apparatus using
cepstral  signal  processing  and  support  vector  machine",  Appl.
Acoustics,  vol.  161,  p.  107168,  2020.
M.A. Alfalah, "Evaluating skid resistance of different asphalt concrete[19]
mixes", Int. J. Inven. Eng. Sci., vol. 5, no. 1, pp. 15-18, 2018. [IJIES].
M. Kane, and V. Edmondson, "Long-term skid resistance of asphalt[20]
surfacings and aggregates’ mineralogical composition: Generalisation
to pavements made of different aggregate types", Wear, vol. 454-455,
p. 203339, 2020.
[http://dx.doi.org/10.1016/j.wear.2020.203339]
R.B. Kogbara, E.A. Masad, E. Kassem, A.T. Scarpas, and K. Anupam,[21]
"A state-of-the-art review of parameters influencing measurement and

http://dx.doi.org/10.1139/l11-109
http://dx.doi.org/10.1016/j.conbuildmat.2012.12.018
http://dx.doi.org/10.3846/enviro.2014.141
http://dx.doi.org/10.1016/j.conbuildmat.2016.12.078
http://dx.doi.org/10.1016/j.conbuildmat.2017.02.059
http://dx.doi.org/10.1061/41123(383)128
http://dx.doi.org/10.4236/ojce.2016.64046
http://dx.doi.org/10.1016/j.ijprt.2017.05.002
http://dx.doi.org/10.1016/j.ijtst.2017.08.001
http://dx.doi.org/10.3311/pp.ci.2012-1.08
http://dx.doi.org/10.1016/j.proeng.2014.12.026
http://dx.doi.org/10.1016/j.ijprt.2016.08.005
http://dx.doi.org/10.1016/j.conbuildmat.2016.09.088
http://dx.doi.org/10.1016/j.wear.2020.203339


Micro-texture and Macro-texture Characteristics of Asphalt Mixture The Open Civil Engineering Journal, 2023, Volume 17   9

modeling  of  skid  resistance  of  asphalt  pavements",  Constr.  Build.
Mater., vol. 114, pp. 602-617, 2016.
[http://dx.doi.org/10.1016/j.conbuildmat.2016.04.002]
S. Ding, K.C.P. Wang, E. Yang, and Y. Zhan, "Influence of effective[22]
texture  depth  on  pavement  friction  based  on  3D  texture  area",
Construct.  Building  Mater.,  vol.  287,  p.  123002,  2021.
S.H.  Dahir,  and  J.J.  Henry,  "Alternatives  for  the  optimization  of[23]
aggregate  and  pavement  properties  related  to  friction  and  wear
resistance",  Available  from:https://rosap.ntl.bts.gov/view/dot/67500
I.  Pranjić,  and  A.  Deluka  Tibljas,  "Pavement  texture-friction[24]
relationship  establishment  via  image  analysis  methods",  Materials,
vol. 15, no. 3, p. 846, 2022.
C.  Kangkhajitre,  and  K.  Kanitpong,  "Effect  of  aggregate[25]
characteristics  on  texture  and  skid  resistance  of  asphalt  pavement
surface", J. Eastern Asia Society Transport. Stud., vol. 9, 2011.
P.  J.  Beaven,  and  L.  W.  Tubey,  The  polishing  of  roadstone  in[26]
Peninsular Malaysia., TRRL: Crowthorne, 1978.
C.R.  Bennett,  C.  Chen,  and  G.W.  Flintsch,  Data  Collection[27]
Technologies  for  Road  Management.,  East  Asia  Pacific  Transport
Unit, 2007.
S.  Siriphun,  S.  Chotisakul,  and  S.  Horpibulsuk,  "Skid  resistance  of[28]
asphalt concrete at the construction stage based on thai aggregates", J.
Mater. Civil Eng., vol. 28, no. 12, .
[http://dx.doi.org/10.1061/(ASCE)MT.1943-5533.0001662]
O. Đokić, V. Matović, S. Erić, and K. Šarić, "Influence of engineering[29]
properties  on  Polished  Stone  Value  (PSV):  A  case  study  on  basic
igneous  rocks  from  Serbia",  Constr.  Build.  Mater.,  vol.  101,  pp.

1088-1096, 2015.
[http://dx.doi.org/10.1016/j.conbuildmat.2015.10.033]
M.  Kamani,  and  R.  Ajalloeian,  "Investigation  of  the  changes  in[30]
aggregate  morphology  during  different  aggregate  abrasion  /
degradation tests using image analysis", Construct. Building Mater.,
vol. 314, p. 125614, 2022.
I.  Ban,  and  R.  Skender,  "Pavement  surface  macrotexture  analysis",[31]
International  Conference on Road and Rail  Infrastructure,.  Zadar  ,
Croatia, 17-19 May, 2018.
F.G.  Praticò,  and  R.  Vaiana,  "A  study  on  the  relationship  between[32]
mean  texture  depth  and  mean  profile  depth  of  asphalt  pavements",
Constr. Build. Mater., vol. 101, pp. 72-79, 2015.
[http://dx.doi.org/10.1016/j.conbuildmat.2015.10.021]
Y.  Zong,  "Effect  of  morphology  characteristics  on  the  polishing[33]
resistance  of  coarse  aggregates  on  asphalt  pavement",  Construct.
Building Mater., vol. 341, p. 127755, 2022.
British  Standard,  "BS  EN  1097-8:2020  Tests  for  mechanical  and[34]
physical  properties  of  aggregates",  Available
from:https://www.thenbs.com/PublicationIndex/documents/details?Pu
b=BSI&DocID=328926
S.  Anastasio,  A.P.  Perez  Fortes,  I.  Hoff,  and  I.  Hoff,  "Effect  of[35]
aggregate petrology on the durability of asphalt pavements", Constr.
Build. Mater., vol. 146, pp. 652-657, 2017.
[http://dx.doi.org/10.1016/j.conbuildmat.2017.04.126]
F.  Gong,  Y.  Liu,  Z.  You,  and  X.  Zhou,  "Characterization  and[36]
evaluation of morphological features for aggregate in asphalt mixture:
A review", Construct. Building Mater., vol. 273, p. 121989, 2021.

© 2023 The Author(s). Published by Bentham Science Publisher.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

http://dx.doi.org/10.1016/j.conbuildmat.2016.04.002
https://rosap.ntl.bts.gov/view/dot/67500
http://dx.doi.org/10.1061/(ASCE)MT.1943-5533.0001662
http://dx.doi.org/10.1016/j.conbuildmat.2015.10.033
http://dx.doi.org/10.1016/j.conbuildmat.2015.10.021
https://www.thenbs.com/PublicationIndex/documents/details?Pub=BSI&DocID=328926
https://www.thenbs.com/PublicationIndex/documents/details?Pub=BSI&DocID=328926
http://dx.doi.org/10.1016/j.conbuildmat.2017.04.126
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/

	Analysis of Aggregate Types with Micro-texture and Macro-texture Characteristics of Asphalt Mixture in Indonesia 
	[Background:]
	Background:
	Aim:
	Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. MATERIALS AND METHODOLOGY
	3. RESULTS AND DISCUSSION
	3.1. Aggregate Property Tests
	3.2. Hot Mix Asphalt Test
	3.3. Micro-texture and Macro-texture Testing on Hot Mix Asphalt
	3.3.1. Micro-texture
	3.3.2. Macro-texture

	3.4. Statistical Analysis with Two-Way ANOVA on Micro-texture and Macro-texture

	CONCLUSION
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIAL
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




