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Abstract - The aim of the research is to determine
the impact of stone mastic asphalt gradations on
permanent deformation rate. Four compositions of
SMA-11 with different grading compositions were
made in a full scale asphalt plant and two equally
graded mixtures using different additives were
mixed in a laboratory. Different raw material frac-
tions of granite were used to vary the number of
voids and the structure of the mineral carcass. Road
bitumen 70/100 was used as binder. Asphalt slabs
were made using roller compactor and tested with
the help of a wheel tracking method. The results
show a clear correlation between the number of air
voids, grading composition and additives used in
the mixture with performance observed in the wheel
tracking test.

1. METHODS

By variation of grading composition and material
fraction, four different asphalt mixtures SMA-11 [1]
are produced in a full scale asphalt plant and two
equally graded specimens are mixed in the laborato-
ry. AMOMATIC VS 1508 asphalt plant is used. For
each type of mixture two slabs are made: one for
determining particle size distribution [2], soluble
binder content [3] and void characteristics [4] with
the Marshall Method [5] and one for the wheel
tracking test (WTT) [6]. Asphalt slabs used in the
WTT have been manufactured by roller compactor
according to EN 12697-33 [7]. Thickness of the

specimens corresponds to that of the field com-
pacted layer, in this case 40mm. The wheel tracking
test is performed in accordance with EN 12697-22 —
the standard method for a small size device for
testing in air, procedure B. Testing conditions are
fixed in EN 13108-20 [8]. Testing is performed at
+60°C — the wearing up temperature of the asphalt
pavement surface during the hottest summer days
[9], when the rut formation dynamics are the larg-
est. 10000 cycles are performed. The equipment in
the laboratory circumstances simulates the asphalt
slab specimen load, which is close to the actual
heavy transport load on asphalt pavement; in this
case the applied load is 700N for a rubber wheel of
diameter 200mm and width of 50mm.

The mineral materials used are from the same
quarry and have similar properties. The materials
used in each sample and composition of materials
for production is shown in Table 1.

II. RESULTS AND DISCUSSION

The results obtained by testing the asphalt speci-
mens using the Marshall Method together with the
requirements of Road specifications 2005 [10] in
Latvia, are shown in Table 2. This table also con-
tains estimated values for wheel tracking slope
(WTSARr) and proportional rut depth (PRD4r) and
highest and lowest categories of EN 13108-5. De-
velopments of rut deformations are in Figure 1.

Conlsumptl.o ns of aggre.gate: for Precise dozation on asphalt plant, kg Fibre additive Adhesion
Sample| Date of plant primary dozation, % "Antrocell”, | additive
Nr.|production| g-11 | 58 | 255 | 0-5 | 0-6mm | 6-10mm [10-14mm| Dolomite |  Ho2 | %of mixture | "Stardope”,
granite | granite| grante | granite| bunker | bunker | bunker | powder 71(;;1 OZ mass % of bitumen
Nr.1 | 09.06.2009 78 - - 22 220 127 490 100 63 0.40% 0.24%
Nr.2 | 13.10.2008 63 14 6 17 309 484 43 100 64 0.40% 0.24%
Nr.3 | 12.06.2009 78 - - 22 220 124 482 110 64 0.40% 0.24%
Nr.4 | 04.06.2009 84 - - 16 244 296 296 100 64 0.40% 0.24%
Consumptions of asphalt mixtures, mass%
Nr.5 [ 15.11.2008 53 12 4.7 14 . . 10.0 6.3 0.40% 0.24%
Mixed in laboratory
Nr.6 [ 15.11.2008 53 12 4.7 14 10.0 6.3 0.40% -

Table 1: Compositions of asphalt mixtures



Particles passing sieve, mass% Requirement in LV

Sieve

Nr.1|Nr.2|Nr.3|Nr.4|Nr.5|Nr.6 max min
0.063mm 9.6 | 89 19797 |108]10.8 12 8
0.125mm 112116 114108 | 12.8 ] 12.8 15 9
0.25mm 135158 14 | 129|146 | 14.6 20 10
0.5mm 1691203 | 176|159 | 164 | 16.4 24 12
Imm 203|237 21 [194]179]179 27 15
2mm 2831309279285 ]21.6]21.6 30 19
4mm 3261409 | 3141339 |30.1]30.1 35 24
5.6mm 34.6 1484332364 |36.7]36.7 40 27
8mm 489|652 |47.2| 48.6 | 49.7 | 49.7 60 35
11.2mm 91.8191.4[893] 93 [949]949 99 85
16mm 100 1 99.7 | 100 | 100 | 100 | 100 100 98
Bitumen (B), % 62 | 60| 61| 59|60 60 Bk Biineo
Air voids (V), % 58 2129|5656 55 Vias.s Vinin2.0
Voids filled with
bitumen (VFB),% | 71.6 | 87.5 | 83.8 | 71.5 | 72.6 | 72.7 | VFBuuoo | VFBuinr
Wheel Tracking test Reqm]riToe;f;fEN
WISum, 0.13 | 0.07 | 0.06 | 0.12 | 0.06 | 0.10 WTS,mris |WTSximas
mm/10 cycles
PRDr, % 7.55|6.53 | 6.05 | 7.75 | 6.23 | 7.93 [PRDjpsy [PRD,p1
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Table 2: Specimen testing results

All of the mixtures satisfy the highest category of
WTSAro3 more than twice and there is a clear cor-
relation between the number of air voids in the
mixture and the wheel tracking slope - the fewer the
number of voids present, the smaller is the wheel
tracking slope. The situation is the same for the
PRD, test if the results are compared - minimiza-
tion of the number of air voids improves the results.
But in the case of evaluating PRDap, it is clear that
rut depth exceeds the minimal requirement of
PRD,Rrs for all specimens. As the wheel tracking
slope is calculated from the last 5000 cycles and the
results are very satisfying, but PRD,g is estimated
over the entire range of the experiment, including
the first — the stabilisation part, then it is fair to say
that unsatisfactory results, as we can see from the
Figure 1, are mostly observed during the first 2000
cycles, when the rate of rut depth growth is the
largest. The connection between aggregate grada-
tion and performance in the wheel tracking test may
be established if the specimen has a similar amount
of air voids. For mixtures closer to the minimal
requirements of number of particles passing the
sieve, the results for both assessments improve
noticeably. Also, it is clear that the usage of adhe-
sion additive improves performance in the wheel
tracking test — WTSr is improved by 40% and
PRDAIR — by 21%.

III. CONCLUSIONS

1. Usage of adhesion additive greatly improves
performance in the wheel tracking test.

2. All of the specimens satisfy the highest cate-
gory of WTS,r, but exceed the lowest catego-
ry of PRD,Rr. However reducing the number
of air voids improves performance in both
cases.

Figure 1: Development of rut depths

3. Designing mixtures closer to the minimal re-
quirements of particles passing the sieves im-
proves results for both assessments.
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