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Research Objectives 215

To develop a novel
and economical
solution for dust

To investigate the
effectiveness of
bituminous emulsion

level monitoring on treatment on crushed rock
unsealed roads for enhanced performance
Existing dust monitoring methods Particle size distribution

Machine learning - semantic segmentation Atterberg limits

Soil particle density
Benchmark dataset

Dry density — moisture content relationship

Field experiments Modified Proctor
Gyratory compactor
Different machine learning models Tensile strength

Resilient modulus

i ) i Performance against rutting
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Material Characterisation
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Materials — Crushed Rock Treated With Emulsion™

CT Scans

Microstructure of crushed rock treated with
anionic slow set bituminous emulsion.

(a)3D view of 100 mm diameter quarter cut
cylindrical sample,

(b) Cross-sectional view of untreated crushed
rock,

(c) Cross-sectional view of crushed rock treated
with 1% bituminous emulsion,

(d) Cross-sectional view of crushed rock treated
with 2% bituminous emulsion,

(e) Cross-sectional view of crushed rock treated
with 3% bituminous emulsion.

Bitumen mastic | Coarse particles [l Voids
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Wheel tracker testing
Table 1: OMC and MDD of different mixtures.
N I R O Mixture Binder content (%) OMC MDD (t/m?)

1 0 6.7 2.23

AUSTRACK 2 0 6.7 2.23
3 | 6.3 2.26
4 2 6.0 2.24
5 3 6.5 2.22
Table 2: Test conditions.
Test temperature 20 + 5 °C
Tyre pressure 600 &+ 5 kPa
Rolling load 20 0.1 kN
Travel of the tyre 700 + 5 mm

Centre line of the tyre tracking 10 mm
The angle of skew of the tyre 0.0 &£ g.5°

Vertical load 20 + 0.1 kN
Frequency of wheel travel 0.4 + 0.1 Hz
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Wheel tracker testing ctd... s
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Wheel tracker #/19
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Mean Profile Deformation Maximum Profile Deformation

=1

. PDrinax(N) = MaxXj=1ton; (mij(N) - mij(o))
i

PDLean(N) = it profile mean deformation at cycle N (mm)
PDL,qr(N) = it" profile maximum deformation at cycle N (mm)
m;j(N) = the actual position recorded at the location j and the cycle N (mm)

n; = number of transverse locations defined for the i profile measurements located in the wheelpath defined by the tyre nominal width

Parameter Value
n; 405 [-202,+202]
N 0, 10, 25, 50, 75, 100, 200, 400, 800, 1,000, 2,000, 4,000,
8,000, 10,000, 20,000, 30,000, 40,000, 80,000, 100,000
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Overall Mean Deformation

PDi (N
D, . (N)= Z PDmean(N)

n
i=1 p

Overall Maximum Deformation

& PDE (N
Diax (N) = Z #

n
i=1 p

Diean(N) = overall mean deformation at cycle N (mm)

Dinax(N) = overall maximum deformation at cycle N (mm)
n, = number of profiles

PDLean(N) = it profile mean deformation at cycle N (mm)

PDL, o (N) = it" profile maximum deformation at cycle N (mm)

n, = 5(-150, -75, 0, +75, +150)
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Maximum Profile Rut Depth

PRD}ax(N) = maxj—s eo n, (7;(V))

PRDL, 0, (N) = it" profile maximum rut depth at cycle N (mm)

n; = number of transverse locations defined for the i*" profile measurements
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1;;(N) = the distance calculated at the location j and the cycle N between the straight edge and the specimen surface (mm

Overall Maximum Rut Depth

Ny .
PRD} N
RDpyqx (N) = Z %()
i=1 p

RDyp, 0 (N) = overall maximum rut depth at cycle N (mm)
n, = number of profiles

PRDL,, (N) = i*" profile maximum rut depth at cycle N (mm)
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Tyre-Ground Contact Area (mm?2)

Load {kN) Angle (%)
Smaooth Tyre Treaded Tyre

- Treaded tyre 2 i 2613 EUG4 3
10 0 127935 88342
15 o 15852.0 1619.0
© Smooth tyre 20 [\ 18773.6 142712
20 50 178129 122387
20 180 20077.4 13658.0
20 270 18632.2 127161
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Slab 1 — Smooth tyre — Untreated
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Vertical surface deformation (mm)

Cross-section (X =-1560 mm)

Surface Deformation by Laser Profilometry

Cross-section (X = -75 mm)

12/19

Central cross-secllon (X = 0 mm)
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Surface Deformation by Laser Profilometry ctd... =

Slab 1 — Smooth tyre — Untreated
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Surface Deformation by Laser Protilometry ctd...

Bitumen emulsion
S for Smooth tyre

0%BE_S { T for treaded tyre

Binder content
I T I T I T I T |

N - 8 ]
,__25__ . 0___.--&——0 : e Y| |
£ / Rutting reduces E7 i
£ 20- 7 RN significantly as . = |
o J Fi ‘~\ X . . =
2 / . bitumenemulsion - -% |
S F ., content increases - Es .
E _- 4 \\ ___—P—"”'D _' % ]
S \‘ — . =] 4 —
E \ T c
3 10 Y . S| ]
E 44 \kll 7 E 2 : ]
s | . — R . ]
LR — . @2 .
Q5% - - e _
@) %B—E'E’" . @) "

0 _I ' | ; | ' | : | : | : 0 :!- . | . | . , . , . ,
0 20000 40000 60000 80000 100000 0 20000 40000 60000 80000 100000
Number of cycles Number of cycles
|—EI— DWBE 5, —&— 0%BE T—=— 1%BE T—~— 2%BE T, 3%5E_T| |—E|— 0%BE_S—>—0%BE_T, =—1%BE_T,—2—2%BE T,—— 3%BE_T|

Australian Pavement Recycling
and Stabilisation Conference

Designing fdr Reuse and Resilience - A u S

( qu]maﬁ King George Square, Brisba}ie « 7thAugust 2024

Pavement Recycling and Stabilisation Association



Permanent Deformation by Deflection Sensors

Deflection (mm)
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Permanent Deformation ctd...
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Conclusions

The use of a treaded tyre in contrast to a smooth tyre is highlighted by

observing how the rutting is considerably higher when a treaded tyre was
used.

The results from WT test suggest that bituminous emulsion treatment
considerably improves the rutting performance of the pavement.

Crushed rock treated with the 3% bituminous emulsion showed the lowest
overall maximum rut depth and overall mean deformation whereas

untreated crushed rock showed the highest overall maximum rut depth and
overall mean deformation.

The results of this study show that the bituminous emulsion treatment is

effective in terms of the long-term performance of unsealed road
pavements.
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