




































Texture and Skid Resistance of Asphalt
Concrete Surface Course Incorporating
Geopolymer Artificial Aggregates

I Dewa Made Alit Karyawan, Iswandaru Widyatmoko,
Januarti Jaya Ekaputri, and Ervina Ahyudanari

Abstract Skid resistance is required to prevent vehicle wheels from slipping on a
road surface. The skid resistance is influenced by surface texture of the road, which
is a function of aggregate properties and grading characteristics. This study aimed
to examine the effect of using artificial aggregates on the texture depth and the skid
resistance of two asphalt concrete surface course (ACSC) mixtures (dense and open
graded). The artificial aggregate, whichwasmade from amixture of a locally sourced
fly ash geopolymer paste and an alkaline activator, was used to partially substituting
the coarse aggregate in these ACSC mixtures. ACSC slab samples, without and with
25% artificial aggregate, were produced in laboratory. The texture depth and skid
resistance characteristics were subsequently determined. This study found that the
differences in texture depth and skid resistance of the two ACSC mixtures were
contributed by the difference in gradation of the mixtures and the properties of
the coarse aggregate in the mixtures. The ACSC mixture containing 100% natural
coarse aggregate (crushed stone) has a deeper and rougher texture depth than those
containing 25% rounded artificial aggregate. Post-wheel track loading, the texture
depth and skid resistance of open graded ACSCwere found to be higher than those of
dense graded ACSC. These trends were consistent regardless the type of aggregates
used in these ACSC samples. Overall, all tested samples showed skid resistance
values meeting the requirements for heavily trafficked roads in urban areas where
the traffic speed does not exceed 95 km/h.
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1 Introduction

Surface textures can represent different levels of roughness and/or smoothness of
pavement surfacing. One of them is macrotexture that is broadly formed by graded
aggregate mixtures, bonded and compacted to produce a relatively smooth running
surface but with some irregularities. In this context, larger irregularities can be asso-
ciated with voids between aggregate particles, and these are often contributed by size
and physical characteristics of aggregate particles [1]. Macrotexture is also essential
in providing escape channels to water during the dynamic tyre-surface interactions,
and therefore reducing risk to hydroplaning [2]. The macrotexture parameter is often
represented as either texture depth or mean profile depth [3].

Skid resistance is the most important safety parameter in preventing incidents
on road and airfield runway pavements. Therefore, careful consideration should be
taken when selecting the right material, design, and construction of these pavements
[4, 5]. Skid resistance can prevent the wheels from slipping on the pavement surface
[6]. External factors such as traffic speed, wheel load, surface water film thickness,
and depth of wheel tyre-tread, can also affect skid resistance. Low skid resistance
increases the stopping distance of running vehicles and can increase the risk of safety
incidents [7–9]. Variations in vehicle speed and thickness of surface water are known
to compromise skid resistance [8]. In the context of carrying out mix design for
asphalt concrete surface course (ACSC), excessive bitumen content must be avoided
to prevent bleeding which can cause slippery on the pavement surface. Aggregate
characteristics such as micro texture, shape, size and resistance to polishing, are
known to influence skid resistance of the compacted asphalt mixture [5, 10].

Previous research has reported development of artificial aggregate, manufac-
tured from by-product ofmanufacturing industry [11–13]. The resulting construction
materials can help reduce dependence on non-renewable resource materials [5]. In
addition, it will help the environment with regard to waste and reduce high energy
consumption in the procurement of these materials [11]. However, the manufac-
turing process resulted in aggregate having relatively porous but rounded shape. The
apparent shape and microstructure (under Scanning Electron Microscopy, SEM) of
the artificial aggregate are illustrated in Fig. 1.

Figure 1a shows the form of artificial aggregate produced using granulator. The
size of artificial aggregate depends on the addition of alkali activator, the angle
of granulator and the rotation speed of granulator [12]. Figure 1b presents the
microstructure of the artificial aggregate [13].

Further study was considered necessary to assess the impact from incorporating
the relatively porous but rounded artificial aggregate on the macrotexture and skid
resistance of ACSC. This paper presents findings from the study, aiming to examine
the impact from using the artificial aggregate on the macrotexture (texture depth)
and skid resistance of dense and open graded ACSC mixtures.
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Fig. 1 Artificial aggregate: a apparent shape [12] and b microstructure [13]

2 Material

2.1 Component Materials

Based on the recommendation from the previous studies [11, 13], artificial aggregate
was manufactured from a mixture of fly ash geopolymer paste and activator alkali
at a ratio of 75:25%. The alkali activator was a mixture of sodium hydroxide and
sodium silicate with a ratio of 2.5 [11–13]. In addition, natural material is mineral
quarried aggregate which have been crushed into different fractions, namely: coarse
aggregate, fine aggregate and filler. The physical properties of the natural and the
artificial aggregates, as well as the organoleptic check of the apparent shape and
surface texture (microtexture) of these aggregates, are summarized in Table 1.

The binder used to produce asphalt mixture was paving grade bitumen 60/70. The
component materials used for producing the asphalt mixture met the requirements
of the Indonesia National Specification (SNI) [14]. These component materials are
illustrated in Fig. 2.

Table 1 Properties of artificial and natural aggregates

Properties Unit Test method Artificial aggregate Natural aggregate

Specific gravity gr/cm3 SNI 1969:2008
SNI 1969:2008

1.9 2.5

Water absorption % 6.1 2.3

Durability (soundness) % SNI 3407:2008 5.2 9.7

Toughness (Los Angeles) % SNI 2417:2008 22.8 30.8

Apparent shape – – Rounded Angular

Apparent microtexture – – Porous Dense
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Fig. 2 a Artificial aggregate, b coarse aggregate, c fine aggregate, d filler, and e bitumen

2.2 Target ACSC Mixtures

Two sets of ACSC mixtures were produced, namely open and dense graded ACSC
mixtures. These two mixture gradations are illustrated in Fig. 3.

Each sample set comprises either 100% natural aggregate (therefore without arti-
ficial aggregate), or, a mixture of 25% artificial aggregate and 75% natural aggregate.
The proportions between artificial aggregate, natural aggregate and bitumen in each
sample set are summarized in Table 2.

3 Methodology

This section presents the methodology for sample manufacturing and testing.

(a) (b)

Max limit
Mid point
Min limit

Max limit
Mid point
Min limit

Fig. 3 Combined aggregate gradations: a dense graded and b open graded ACSC mixtures
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Table 2 The proportions of material for each set of asphalt mixture

Sample set Density
(g/cm3)

Total sample
weight (g)

Artificial
aggregate
weight (g)

Natural
aggregate (g)

Bitumen
weight (g)

Dense graded
without artificial
aggregates

2.330 10,490 0 9871 619

Dense graded
with 25%
artificial
aggregate

2.180 9810 2328 6982 500

Open graded
without artificial
aggregates

2.320 10,440 0 9814 626

Open graded
with 25%
artificial
aggregate

2.220 9990 2345 7036 609

Fig. 4 Asphalt slab manufacturing process: a material preparation, b heating of the material, c
mixing process, d compaction process, e samples ready to be tested

3.1 Sample Manufacturing

The four sets of ACSC samples were manufactured by using a laboratory roller
compactor. Each loose asphalt mixture was compacted in a mould with a dimension
of 30 cm × 30 cm × 5 cm (see Fig. 4). The four sets of compacted ACSC samples
are illustrated in Fig. 5.

3.2 Macrotexture and Skid Resistance Measurements
of Samples

Surface characteristics of the ACSC sample sets were assessed under two conditions:
(1) pre-wheel track loading and (2) post-wheel-track loading. Wheel track loading
was carried out using a laboratory small scale wheel track tester, running at 21 passes



274 I D. M. A. Karyawan et al.

Fig. 5 Four asphaltmixture sample sets: a dense gradedwithout artificial aggregate,b dense graded
with 25% artificial aggregate, c open graded without artificial aggregate, d open graded with 25%
artificial aggregate

Fig. 6 a Sand patch to measure texture depth, b BPT to measure skid resistance

per minute for 60 min at 60 °C. Measurement of surface characteristics includes:
(a) determining texture depth using the sand patch method, and (b) assessing skid
resistance using a British Pendulum Tester (BPT). These methods are illustrated in
Fig. 6. Test results and discussions are presented in Sect. 4.

3.2.1 Macrotexture

The sand patch tests were carried out on the test section to determine an equivalent
mean texture depth (MTD) [15]. The texture depth was calculated based on the
amount of fine sand that is required to cover irregularity and pores of the sample
surface. This process involves pouring fine sand with a certain volume (Vs) over the
sample surface and then spread evenly with a circular motion in a circle until the
sand is levelled with the surface (ASTM E965-06) [16]. The final diameter of the
circled sand (d) is measured in 4 directions (horizontal, vertical, and diagonal) and
the results are averaged. The area of the circle (As = 1/4πd2), then the mean texture
depth (MTD), can be calculated using “Eq. (1)”.
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Fig. 7 Texture measurements on the ACSC sample (pre-wheel track loading): a the sample, b the
sand is poured onto the sample surface, c the sand is leveled using a circular motion, dmeasurement
of the diameter of the sand circle in four positions

Fig. 8 Texture measurements on the ACSC sample (post-wheel track loading): a the sample under
the wheel track load conditions, b the sand is poured onto the sample surface (outside the track),
then leveled, c measurements in the four directions of the circle diameter, d the sand is poured and
smoothed on the track, e measurement of the length of the sand distribution on the track

MTD = Vs/As = Vs/(1/4πd2) = 4Vs/πd2 (1)

The texture depth was measured in two conditions: pre- and post-wheel track
loading. For the post-wheel track loading condition, two set of measurements were
made, namely outside and inside the wheel track. The pre loading test process is
shown in Fig. 7, and post loading in Fig. 8.

3.2.2 Skid Resistance

Skid resistance was determined using a BPT. For this test, a small rubber foot (75mm
× 25 mm) was used. The pendulum was released, swinging over the test surface and
the skid resistance value was determined as the British Pendulum Number (BPN).
The final BPN value is the average of the five readings after temperature correction
was applied to normalize the test condition to 20 °C, according BS EN 13036-4; see
Table 3 [17].
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Table 3 Temperature
correction for BPN when
tested at other than 20 °C [17]

Measured slider temperature
(°C)

Correction to measured value

36–40 +3

30–35 +2

23–29 +1

19–22 0

16–18 −1

11–15 −2

8–10 −3

5–7 −4

Note The temperature correction can be affected by the texture of
the surface

The samples used for skid resistance testing were the same sample as those
subjected to the texture depth assessment. With a note that the skid resistance assess-
ment was carried out before measuring the texture, so that the test surface remained
clean without contamination from traces of sand on the surface.

The skid resistance assessment was carried out under two conditions: pre and post
wheel track loading. In the post-loading condition, the skid resistance test was only
carried out on the outside of the wheel track. The section within the wheel track was
not tested, because the pendulum head is wider than the track width, which prevented
it from reaching the tracked surface. The pre loading test process is shown in Fig. 9,
and post loading in Fig. 10.

Fig. 9 Measure the skid resistance on the ACSC plate using a BPT (pre-wheel track loading): a
the sample, b setting the BPT, c wetting the sample surface, then swinging the pendulum, d reading
the dial
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Fig. 10 Measuring the slip resistance on the ACSC plate using a BPT (post-wheel track loading):
a a sample plate that has been given a wheel track load, b setting the BPT, c wetting the sample
surface, then swinging the pendulum, d reading the dial

4 Results and Discussion

The properties of artificial aggregates show advantages over the natural aggregates,
specifically in terms of durability and toughness, as shown in Table 1. The dura-
bility by soundness test showed that the artificial aggregate has better resistance to
degradation than the natural aggregate. Also, the toughness by Los Angeles abra-
sion test showed that the artificial aggregate has better wearing resistance than the
natural aggregate. The organoleptic check of the apparent shape and microtexture of
these aggregates suggested that the more rounded and porous artificial aggregate has
surface characteristics which are less favourable than those of the more angular and
dense natural aggregate. These can be seen as potential risks to compromising the
surface characteristics of the asphalt mixtures, therefore, subsequent assessment of
texture depth and skid resistance on the ACSC samples containing these aggregates
were carried out.

Figure 11 shows that the inclusion of artificial aggregate did not have practical

(a) (b)

Pre-
loading

Post-
loading

Pre-
loading

Post-
loading

Fig. 11 Comparison of the results of ACSC texture depth measurements without (0%) and with
25% artificial aggregate a dense graded, b open graded, pre- and post-wheel track loading
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impact to the texture depths of both sets of ACSC samples, dense and open graded.
The texture depth values appear to be comparable for both samples sets. Similar
trend is also observed for the texture depth values obtained before and after wheel
track loading where the observed reduction in texture depths appear to be of a similar
magnitude for both sample sets. Note that the reporting requirement for texture depth
values is typically to the nearest 0.1 mm, however the test results are presented to the
nearest 0.01 mm for the purpose demonstrating the slight differences in the values.

Higher skid resistance value is known to be related to rougher surface. In the
BPT test, the measurement scale starts from 0 to 120. A scale of 0 means that the
surface is very slippery (zero resistance against skidding). Conversely, the value
120 is the maximum value at which the pendulum does not swing further, after
touching on the test surface. The test results show that for dense graded ACSC
samples, the skid resistance value for those without artificial aggregate is higher than
those with artificial aggregate. In contrast, for open graded ACSC samples, the skid
resistance of those with artificial aggregates is slightly higher than those without
artificial aggregate, after being loaded by the wheel tracking test (see Fig. 12).

Figure 12 explains the impact from apparent aggregate shape on skid resis-
tance. For the ACSCmixture without artificial aggregate (therefore containing 100%
angular natural aggregate), the skid resistance value seems to be higher than those
containing 25% artificial aggregate. As stated previously, the apparent shape of the
artificial aggregates was rounded. These results suggest that the rounded artificial
coarse aggregate used in themixture has contributed to the skid resistant values being
lower than those containing 100% crushed natural aggregate. Overall however the
skid resistant values for these samples are not less than BPN 65, indicating good skid
resistance characteristics under the adopted test condition. When compared against
the site category for the minimum values of ‘skid resistance’ as measured with the
portable tester suggested by Road Note 27 [18], the BPN results for these samples

(a) (b)

Pre-
loading

Post-
Loading

Pre-
loading

Post-
Loading

Fig. 12 Comparison of the results of ACSC skid resistance measurements without (0%) and with
25% artificial aggregate a dense graded, b open graded, pre- and post-wheel track loading
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Table 4 Suggested minimum values of ‘skid resistance’ [18]

Category Type of site Minimum ‘skid-resistance’ (wet surface)

A Difficult sites such as:
(a) Roundabouts
(b) Bends with radius less than 150 m on
unrestricted roads
(c) Gradients, 1 in 20 or steeper, of
lengths greater than 100 m
(d) Approaches to traffic lights on
unrestricted roads

65

B Motorways, trunk and class 1 roads and
heavily trafficked roads in urban areas
(carrying more than 2000 vehicles per
day)

55

C All other sites 45

Note For category A and B sites where speed of traffic is high (in excess of 95 km/h) an additional
requirement is a minimum ‘texture depth’ of 0.65 mm

meet the requirements for category B, for site where traffic speed does not exceed
95 km/h (reproduced in Table 4).

5 Conclusion and Recommendation

Tests on aggregate properties demonstrated durability and toughness values of the
artificial aggregate being better than those of the natural aggregate. Themacrotexture
of the ASCS produced with a blend of artificial and natural aggregates was found to
be comparable to that producedwith 100%natural aggregate. The apparent aggregate
shape and surface texture seems to have influenced the skid resistance. The results
showed that the use of 25% artificial aggregate resulted a decrease in skid resistance
of the ACSC surface. Dense graded ACSC showed slightly lower texture depth and
skid resistance values than the open graded ACSC. Post-wheel track loading, the
texture depth and skid resistance of open graded ACSC were found to be higher than
those of dense graded ACSC, regardless the type of aggregates used in these ACSC
samples.

It is necessary to explore in the next research how to increase the skid resistance on
the ACSC surface. The scope of the study on the shape of the aggregate, the strength
of the aggregate, its impact on the area of contact with tyre and the grading of the
aggregate still needs to be developed. Therefore, further research is recommended
to explore these and other influencing factors such as finding alternatives to assess
the sensitivity of the dimension of the contact area between the rubber wheel and the
ACSC surface on the skid resistance value and carrying out field validation testing.



280 I D. M. A. Karyawan et al.

References

1. Bhadane KR, Naktode DPL (2020) A literature review: surface texture characteristics and
frictional noise of the pavement. Aegaeum J 8(5):745–751

2. Kienle R, Ressel W, Götz T, Weise M (2018) The influence of road surface texture on the skid
resistance under wet conditions. February 6, 2018

3. Li QJ, Zhan Y, Yang G, Wang KCP (2020) Pavement skid resistance as a function of pavement
surface and aggregate texture properties. Int J Pavement Eng 21(10):1159–1169

4. Mataei B, Zakeri H, Zahedi M, Nejad FM (2016) Pavement friction and skid resistance
measurement methods: a literature review. Open J Civ Eng 6:537–565

5. Wang GC (2016) Slag use in asphalt pavingin; the utilization of slag in civil infrastructure
construction, 2016. https://www.sciencedirect.com/topics/engineering/skid-resistance

6. Dunlap DF, Fancher PS, Scott RE, MacAdam CC, Segel L (1976) Transp Res Rec 584:15–21
7. Yager TJ (2013) Retired NASA research engineer consultant on tire/pavement friction issues.

Presented at TenthALACPAAirport Pavement SeminarMexico City,Mexico; 30 September–4
October 2013

8. Pasindu HR, Fwa TF, Ong GP (2012) Analysis of skid resistance variation on a runway
during an aircraft landing operation. In: Seventh international conference on maintenance and
rehabilitation of pavements and technological control, Auckland, January 2012. New Zealand

9. Sekartadji R, Karyawan IDMA (2021) Analysis of the causes and prevention of runway excur-
sions. In: ICST conference, December 14th 2020, Proceeding ICST (2021) vol 2, June 2021.
e-ISSN: 2722-7375

10. Sengoz B, Onsori A, Topal A (2014) Effect of aggregate shape on the surface properties of
flexible pavement; properties of flexible pavement. KSCE J Civ Eng 18(5):1–8

11. Karyawan IDMA, Ekaputri JJ, Widyatmoko I, Ahyudanari E (2019) The effects of
Na2SiO3/NaOH ratios on the volumetric properties of fly ash geopolymer artificial aggregates.
Mater Sci Forum 967:228–235

12. Yuliana HA, Karyawan IDMA, Murtiadi S, Ekaputri JJ, Ahyudanari E (2019) The Effect of
slope granulator on the characteristic of artificial geopolymer aggregate. J Eng Sci Technol
14(3):1466–1481

13. Karyawan IDMA, Ekaputri JJ, Widyatmoko I, Ahyudanari E (2020) The effect of various
Na2SiO3/NaOH ratios on the physical properties and microstructure of artificial aggregates. J
Eng Sci Technol 15(2):1139–1154

14. Spesifikasi Umum Bina Marga Konstruksi Jalan dan Jembatan. Ditjen Bina Marga. Kemente-
rian PUPR. 2018

15. Yaacob H, Bituminous pavement surface texture and skid resistance testing: the investigation
of surface roughness of bituminous pavements

16. ASTM E965-06 (2006) Standard test method for measuring pavement macro texture depth
using a volumetric technique. ASTM

17. BS EN 13036-4 (2011) Road and airfield surface characteristics—test methods part 4: method
for measurement of slip/skid resistance of a surface: the pendulum test. BSI

18. Road Note 27 (1969) Instructions for using the portable skid-resistance tester. Road Research
Laboratory. HMSO London

https://www.sciencedirect.com/topics/engineering/skid-resistance

	1-3.cover.pdf (p.1-10)
	4. indec scopus.pdf (p.11-12)
	5.sjr.pdf (p.13-18)
	6.ARTIKELchp_10.1007_978-3-030-87379-0_19 (1).pdf (p.19-30)

