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Abstract :

determining the stress change rate index R, and the

This paper proposed a novel method for

locking point of stress (LPS) based on a new granular
sensor (SmartRock) to test the contact stress of particles
inside the asphalt mixtures during rotary compaction.
Three asphalt mixtures, AC-13, AC-20, and SMA-13,
were selected for rotational compaction to test the contact
stress of coarse aggregates. The interlocking state of
mixture samples was investigated and identified from the
perspective of micro-mechanics. In addition, the results
of the identifications were compared with those from the
traditional rotary compaction method. The results indicate
that the test signals of the SmartRocks located at the top
and bottom of the specimen have a spectral aliasing and
harmonic interference. It is recommended to arrange the
smart sensors in the middle of the specimen with less
interference. For the AC-13 mixture, three compaction
stages could be found. In the initial compaction stage, the
coarse and fine aggregates contact and squeeze each
other, and the stress and R, of the coarse aggregates
increase rapidly. As the fine aggregate and asphalt binder
suspend around, the coarse aggregate begin to bear the
load, and the stress of the coarse aggregate and R,
decrease and enter the creeping stage. When a stable
internal structure is formed between the aggregate and the
asphalt binder, the stress reaches an interlocking state.
For the AC-20 mixture, the coarse aggregates quickly
form an occlusal skeleton and the contact stress continues
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to increase under the action of external load to enter the
tightening stage, resulting in the increase of stress and R..
When the aggregates form a stable skeleton load-bearing
structure, the interlocking state is reached. For the SMA-
13 mixture, it would segregate due to the improper
temperature. At a mixing temperature of 170° C, the
particle stress amplitude fluctuates and increases non-
linearly during the tightening compaction phase.
Compared with the interlocking points results from the
traditional method, the LPS determined based on R, all

lags behind the volume interlocking point.

Key words: asphalt mixture; gyratory compaction;

SmartRock; stress change rate; locking point
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Tab.1 Parameters of SmartRock for stress conversion
RS R J7 I a b ¢ U,
X —0.047 71 0.093 67 —0.717 80 2.28
R1 Y —0.05377 0.127 00 —1.13700 2.30
Z —0.061 23 0. 066 68 —0.692 40 2.38
X —0. 044 00 —0.065 09 0.041 85 2.32
R2 Y —0.050 06 —0.065 09 —0.084 48 1.86
Z —0.052 62 —0.022 23 —0.395 90 2.04
X —0.05348 0.092 08 —0. 660 90 2.30
R3 Y —0.067 35 —0.020 64 —0.415 60 2.44
Z —0.052 27 0.0031 75 —0.423 90 2.00
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Tab. 2 Mix design of asphalt mixture
AN A i PR ot £ 3 88/ Vo ) '
IRA RIS — WM/ Y% At/ Y REREF LT Y
0~3mm 3~5mm  5~10mm 10~15mm 15~25mm
AC—20 27 10 19 15 26 3 4.2 0
AC—13 31 16 31 19 0 3 5.1
SMA—13 14 5 34 37 0 10 5.7 0.35

UiTs 5 ER A TS bRAFE IR 3R 4 TR,
T 235 S 2473 LV % T AR o M i i TR A Bk
RIEHFEY (JTG E20—2011) (2K .

*3 HEHEARER
Tab. 3 Technical index of asphalt
g H £FAJE/0. Imm AL/ C FERE /cm
Frifisk 40~60 =75 =30
[T TS 47 92 54
EH T 48.5 98 38
1.3 RWAHR
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BOR 1200k o T 25 SRR X 75 TR AR R 52
FEPESZ IR, SMA-13 1R G BHH AL EE 437 B 170°C |
180°C \ 190°C, e Hs FESL R B 100K . LA BIRA
A E T 4. 8kgo B R FLA X R
SR G S 5 ), R e Uk 43 ) 38 T
PR b R R E AT, W 3b N . TR
VLAY , a0 v R RE SR SR 45 1 S0 7 1R S 7
R IR TR A LA R B SRR 43
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Tab. 4 Summary of physical and mechanical parameters of mixture

N =y 3 —3 A B ol o Dl ol el ST — IR %H" 3
v/ ) OO ey sy PRI SITEE 00, 10m
I I3
SMA—13 2.51 2.62 4.1 16.9 75.5 11.3 34.0
AC—13 2.39 2.51 4.0 14.2 71.8 10.6 28.6
AC—20 2.43 2.55 4.4 13.4 67.2 11.1 33.6
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