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1 INTRODUCTION 

The fugitive dust generated during traffic on unpaved 
roads affects the roadside safety and the environment 
(Edvardsson & Magnusson 2009). Fugitive dust 
might impair visibility and dust particles can be de-
posited on buildings, plant leaves and can cause ex-
cessive wear to passing vehicles (Addo & Sanders 
1995).  

Boulter (2005) stated that particulate matter 
smaller than 10 µm (PM10) impairs visibility. Loss 
of visibility is due to the light scattering from fine and 
coarse particles fractions (Moosmuller et al. 2005). 
Dust emission is significantly generated by the ero-
sion of aggregates during traffic cycles (Lohnes & 
Corree 2002). The mechanism of airborne dust emis-
sion is well developed in the literature (Vinkovic 
2005; Han et al. 2009) whereas, the mechanism of 
dust production remains unknown. 

Some recent studies analysed the effect of several 
primary factors on dust production in the case of un-
paved road (Bolander & Yamada 1999; Foley & 
Cropley 1996; Addo & Sanders 1995; Etymezian et 
al. 2003; Thenoux et al. 2007). 

Bolander and Yamada (1999) stated that dust 
abatement could be done in several ways: agglomer-
ation of fines particles, increase of the adherence of 
particles on the soil surface, or increase of the density 
of road surface material. According to Thenoux et al. 

(2007), unpaved road construction can be improved 
by increasing the soil homogeneity and compaction 
quality.   

A change in practice during earthworks is also pro-
posed. Succarieh (1992) recommended reduction of 
vehicle speed, while, Moses et al. (2012) concluded 
that reduction of traffic volume significantly contrib-
utes to dust reduction. Some other setting parameters 
are proposed in the literature such as- fiberglass or 
granular matter covering. These solutions remain 
suitable in the short term but still uneconomic. 

At present, dust reduction is done mainly by water 
spraying, but such procedure is not environmentally 
friendly. To enhance water saving, analysis of the 
mechanism of dust production is fundamental.  

This study aims to analyse the combined effect of 
traffic cycles and hydromechanics stresses on surface 
degradability, and the modification of the microstruc-
ture of compacted soils.   

2 MATERIALS AND METHODS 

2.1 Experimental procedure  

Soil compaction and traffic cycles were carried out by 
means of a laboratory roller compactor and a labora-
tory traffic simulator, respectively. Before traffic test, 
soil specimens were prepared and compacted at wSPO 
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and 0.75wSPO and dry unit weights of dSPO and d1 

(Fig. 1).  

 

 
 
Figure 1. Scheme of tested configurations.  

Specimen prepared under configuration I is dried af-
ter compaction down to a hydric state of 0.75 of 
Standard Proctor Optimum (SPO) water content (0.75 
wSPO) to obtain I’, while specimens compacted under 
configurations II and III are submitted to traffic cy-
cles directly after compaction. Details of prepared 
specimens before degradation tests are summarized in 
Table 1.    

Table 1. Characteristics of tested configurations. 

 Config. 
Compaction 
conditions 

Drying 
Degradation 
conditions 

Rolling 
I wSPO /  

γdSPO 
No wSPO /  

γdSPO 

 
II 0.75wSPO /  

γdSPO 
No 0.75wSPO /  

γdSPO 

 
III 0.75wSPO / 

 γd1 
No 0.75wSPO /  

γd1 
Drying
+ Rol-
ling 

I’ wSPO /  
γdSPO 

Yes 0.75wSPO /  
γdSPO 

 
Test configurations I, II, and III are used to highlight 
the influence of compaction, while, I and I’ are used 
to clarify the influence of drying. 

The tests were performed on two soils composed 
by mixtures of Speswhite kaolin clay and Hostun 
sand. The loss of mass, the change in the grain size 
distribution between eroded soil particles and soil ref-
erence and the evolution of the Pore Size Distribution 
(PSD) of the compacted soil, resulting from the traffic 
cycles, were analysed. Reference soil corresponds to 
the unconsolidated dry soil.   

2.2 Soil properties 

The two fine-grained soils are formed by mixtures of 
sand from Hostun HN38 and kaolin Speswhite clay: 
the first mixture is composed by 50% of both sand 
and clay soils (noted S50K50) and the second is com-
posed by 75% of sand HN38 and 25% of Speswhite 
kaolin clay (noted S75K25). Speswhite kaolin clay is 
used as reference for compaction and shear tests. The 
Standard Normal Proctor compaction curves of the 
tested soils are shown in Figure 2. The geotechnical 

properties of the tested soils are summarized in Table 
2. The measured grain size characteristics and physi-
cal properties are used to establish the soils classifi-
cation according to American Association of State 
Highway and Transportation Officials (AASHTO) 
Standards.  
 

 
 
Figure 2. Normal Proctor compaction curves of tested soils. 

Table 2. Geotechnical soil properties. 

 K 
Mixture 
S50K50 

Mixture 
S75K25 

Grain size characteristics    
D10 (µm) 1.1 1.5 2.5 
Dmax (µm) 160 500 500 

  Coefficient of curvature 1.2 0.70 0.48 

  Coefficient of uniformity 5.1 9.56 46.26 

Physical properties    
Liquid limit (%) 55.0 29.9 23.1 

Plastocity Index (%) 25.0 12.62 7.57 

Methylene Blue Value 
(g/100g) 

1.56 0.74 0.43 

Specific gravity 
2.62 2.61 2.63 

Standard compaction tests    
w SPO (%) 28.2 16.0 12.4 
γd SPO (kN/m3) 

14.70 18.01 18.73 

AASHTO Classification 
(ASTM D2487-85) 

A-6 A-6 A-4 

2.3 Experimental programme 

2.3.1 Soil preparation procedure 
Unconsolidated soils were oven-dried at 40°C during 
48 hr, prior to mixing to form the mixtures S50K50 
and S75K25. Homogenised dry soils were wetted us-
ing tap water up to wSPO and 0.75 wSPO. Prepared soils 
are put into sealed bags for at least 24 hr for hydric 
homogenization.  

2.3.2 Shear tests 
Shear characteristics of tested soils are measured to 
deduce the cohesion (adherence) and the friction an-
gle of soil. The shear characteristics of tested soils are 



determined using the Direct Shear Test (DST) accord-
ing to French Standard NF P 94-071. Shear tests are 
carried out on statically compacted cylindrical speci-
mens of 60 mm in diameter and 35 mm in height. The 
specimens are compacted to the SPO dry unit weight 
γdSPO at wSPO of each tested soil. All tests were carried 
out using a Standard DST apparatus under three nor-
mal loads of 1.08 KN, 2.16 KN and 3.14 KN, corre-
sponding to three usual roller compaction engines 
(Dynapac CA1300D, XS-Series Road roller XS122, 
and BOMAG BW 219 PDH-4, respectively). Each 
shear test series is duplicated. A total of 12 shear tests 
was carried out in this study. 

2.3.3 Roller compaction 
Prior to traffic cycles, specimens of 500*180*50 mm3 
are prepared by compaction in the laboratory using a 
laboratory roller compactor. The laboratory roller 
compactor allows applying continuous stress tensor 
rotation on the soil similar to that observed in the 
field. Compaction effort used for the study corre-
sponds to Bomag BW 219 PDH-4. This value is equal 
to 10.50 KN. Eight compacted specimens were made 
for the present study.   

2.3.4 Degradation test 
Traffic tests are performed to assess the potential of 
erosion of the compacted soil by means of the Labor-
atory Traffic Simulator (LTS) shown in Figure 3. The 
LTS is composed of a solid base, on which the speci-
men is kept and a pneumatic tire inflated at 6*105 Pa. 
Both base and tire are related to a command table. The 
latter allows to adjust the number of cycles, the wheel 
velocity and the vertical weight i.e. traffic pressure. 
In this study, the number of cycles is fixed at 10 000 
cycles, which corresponds to the daily number of cy-
cles for an unpaved road. The wheel frequency is ad-
justed at 1 Hz, i.e. 3.6 km/h, which corresponds to the 
maximum velocity that the device can provide. The 
applied vertical effort is equal to 3.2*105 kPa. This 
value corresponds to the weight of an empty dumper.  

 
 
Figure 3. Scheme of Laboratory Traffic Simulator (LTS). 

After adjusting the wheel velocity, the vertical pres-
sure and number of cycles, the compacted specimen 
is subjected to a traffic cycles.  

At the end of the test, several parameters are meas-
ured:  

- The eroded mass collected at the soil surface 
by means of soft manual brush. A special care 
is taken to avoid an additional damage at the 
soil surface;  

- The grain size distribution of the eroded soil, 
was measured using a laser granulometer Mal-
vern Mastersizer 3000; 

- The Pore Size Distribution (PSD) of the soil 
submitted to traffic cycles, sampled at the core 
of the specimens. PSD measurements are done 
using a Mercury Intrusion Porosimetry (MIP) 
method by a Micromeritics AutoPore IV-9500 
porosimeter.  

3 RESULTS AND DISCUSSIONS 

3.1 Shear strength results 

Figure 4 shows typical shear stress – normal stress 
curves for the studied soils. Mechanical properties 
such as cohesion and friction angle are also men-
tioned in Figure 4.    

 
 
Figure 4. Results of direct shear tests of studied soils.  

Results show that the shear stress measured for 
S75K25 is higher than that of S50K50 under high 
stresses, whereas S75K25 presents a lower value of 
cohesion compared to the pure kaolin clay (169.4 
kPa) prepared under the same condition. This can be 
explained by the low clay fraction in the soil com-
pared to the S50K50 mixture. However, the friction 
angle of S75K25 is higher than that of S50K50 and 
the pure kaolin clay (13.8°) due to the sand fraction 
in the mixture. All the results are in good agreement 
with the literature. 



3.2 Influence of traffic cycles on soil surface 
degradation 

3.2.1 Eroded masses collected at the soil surface 
Figure 5 shows the masses of eroded soil collected at 
the surface of compacted specimens after 10 000 traf-
fic cycles. Test results correspond to I’, II and III 
compaction configurations.  

Note that, for practical reasons, the traffic cycles 
for the specimens prepared in the configuration I were 
stopped after 100 cycles. In fact, the high soil humid-
ity generates an important settlement of the soil under 
traffic cycles. The eroded masses could not be meas-
ured for this configuration.  
  From Figure 5, it can be observed that the studied 
soils have a lower degradation potential in configura-
tion II, compared to the other configurations. How-
ever, important surface degradation is observed for 
configurations I’ and III. For S50K50, the soil surface 
degradation potential is higher for configuration I’ 
compared to configuration III, while for S75K25, the 
soil surface is slightly more degradable for configura-
tion III compared to configuration I’. 
 At the same hydric state and dry unit weight, for 
configurations I’ and II, prepared on different paths, 
the soils have a high degradation potential for config-
uration I’ compared to configuration II. The drying 
process for I’ seems to increase the soil degradation 
potential at the surface. However, the low degradation 
observed in configuration II is linked to the over-
compaction of the soil at this point. 

 

 
Figure 5. Influence of traffic cycles on compacted soil surface 
degradation. 

    
The effect of compactness is well underlined. The 
eroded mass for configuration III is 2 to 4 times 
higher than for configuration II. The over-compaction 
of the soil for configuration II allows a better soil den-
sification, and therefore improves the stability at the 
surface. 

The soil surface behaviour under traffic cycles is 
intimately related to the soil type. The soil surface 
degradation of S75K25 is 7, 8 and 13 times greater 
than for S50K50 for III, I’ and II configurations, re-

spectively. Degradation is proportional to the granu-
lar fraction in the soil (i.e. disproportional to soil co-
hesion) due to the friction potential of the soil (Fig. 
4). Soils with a large fine fraction are less susceptible 
to degradation because the fine fraction imparts cohe-
sion to the soil as seen in the previous section (Fig. 
4), which decreases degradation potential of the soil.   

3.2.2 Grain size distributions 
The grain size distributions of the eroded soil are 
compared with those of unconsolidated and dry soil 
noted as “intact”. The comparison results are shown 
in Figures 6(a) and 6(b) for S50K50 and S75K25, re-
spectively.   

 

 

 
Figure 6. Influence of traffic cycles on grain size distribution of 

soil (a) S50K50, (b) S75K25.  

 
The grain size distributions of the eroded soil show 
that the traffic cycles generate aggregate of soil parti-
cles coarser than in the intact soil for all tested con-
figurations. This phenomenon can be related to the 
detachment of soil aggregates formed after moisten-
ing and merged during compaction. Scanning Elec-
tronic Microscopy observations of eroded soil, shown 
in Figure 7, confirm these statements. Figure 7 shows 
that the eroded soil collected from the surface is com-
posed by soil aggregates of different sizes. The sand 
grains covered by the clay particles, and/or only by 
clay particles form these aggregates.  



It may also be noted that the size of the eroded ag-
gregates at I’ is relatively close to that of the eroded 
aggregates at II, and smaller size, close to the intact 
soil is observed for the specimen compacted at III.  

 

 
 
Figure 7. SEM observations of eroded soil at the surface speci-
mens compacted at configuration ‘III’ (a) S50K50, (b) S75K25. 

3.3 Influence of traffic cycles on pore size 
distribution of soil  

The influence of traffic cycles on the soil microstruc-
ture of compacted soils was also analysed. Compari-
son was made between PSD measured with non-de-
graded (ND) and degraded (D) soils, for each 
configuration tested. PSD are plotted in Figures 8(a) 
and 8(b) for S50K50 and S75K25, respectively.  

S50K50 has a monomodal distribution at SPO con-
figurations with a micropore diameter of 0.1 µm, 
while a multimodal distribution is observed for the 
soils submitted to traffic cycles under configurations 
II and III. The size of the macro-pores is between 0.4 
µm and 1.6 µm.  

For S75K25, two sizes of macro-pores are under-
lined, one with a size of about 1 µm diameter for con-
figurations I-ND and I’-D, and the second with values 
between 9 µm and 13 µm for all configurations, ex-
cept I’-D. However, the size of the micropores re-
mains unchanged and equal to 0.1 µm whatever the 
tested configuration, for both studied soils. Based on 
these results, it can be concluded that the micropore 
size is developed during soil moistening and less im-
pacted by compaction.   

The influence of the compaction implementation is 
noticed by comparison between results obtained with 

configurations I, II and III, before traffic cycles. PSD 
results show large macro-pore sizes for configura-
tions II and III compared to I. Macro-pores intensity 
takes low values for I, near zero for S50K50, middle 
values for II and highest values for III. This phenom-
enon can be explained by the heterogeneous distribu-
tion of water in the soil during compaction. The avail-
ability of the water in the soil in configuration I results 
in a significant decrease in the macro-pores size. The 
mechanism can be explained, partly, as follows: the 
water, present in the soil plays the role of a lubricant, 
fills the voids between soil particles, bringing them 
closer, and sometimes merge all of them to form a 
plastic aggregate, that deforms under compaction ef-
fort. If the quantity of water is not sufficient to fill the 
void space, then, less aggregates are formed, and the 
modification of PSD is governed by compaction. The 
latter is observed in the case of configurations II and 
III.  

 

 

 
 
Figure 8. Influence of traffic cycles on pore size distribution of 
soil not degraded (ND) and degraded (D): (a) S50K50; (b) 
S75K25. 

The effect of traffic cycles on soil degradation can 
also be observed. Figure 8 shows that the cumulative 
effect of the traffic cycles leads to a decrease in 
macro-pores except for S75K25-I, where the high soil 
moisture occurs to generate an increase in macro-pore 
size. An open soil structure is observed after traffic.  



The combined effect of drying and traffic cycles is 
studied. PSD results demonstrate that the combina-
tion of compaction and traffic cycles (I) generate 
more reduction of the macro-pore size compared to 
the combination of compaction, drying and traffic cy-
cles (I’). Based on these findings, the effect of drying 
on the reduction of the macro-pore size is considered 
to be less significant. 

4 CONCLUSIONS 

The combined effect of traffic cycles and hydric state 
on the surface erosion of compacted soils is analysed 
in this study. Experiments involve soil surface ero-
sion and the change of the microstructure of soils un-
der different implementation configurations. Soil 
compaction and traffic cycles were carried out by 
means of a laboratory roller compactor, and a labora-
tory traffic simulator. The tests are performed on two 
different soils composed by mixtures of Speswhite 
kaolin clay and Hostun sand. 
Based on test results, the following conclusions can 
be noted:  

- Test results show that low eroded soil quantity 
is measured under implementation configura-
tion II compared to I and III. With similar hy-
dric state, the configuration I’ presents more 
eroded soil particles than the configuration II.  

- The quantity of eroded soil occurs to be pro-
portional to the coarse fraction in the soil. Soils 
with a large fine fraction seem to be less de-
gradable due to higher soil cohesion. The re-
sults are in good agreement with results of 
shear tests in terms of friction angle and cohe-
sion.    

- The grain size distributions of the eroded soil 
show that traffic cycles remove soil aggregates 
coarser than those of the intact soil. Grain size 
distribution of the eroded soil is in good agree-
ment with SEM observations.  

- The size of the macro-pores is significantly re-
duced by compaction and traffic cycles com-
pared to that obtained by a combination of 
compaction drying prior traffic cycles. Mi-
cropore size remains unchanged for all config-
uration tested.  

Based on the previous results, to reduce the erosion 
of unpaved road surface due to traffic, the compaction 
configuration corresponding to the configuration II 
appears to be the most convenient. However, the 
long-term behaviour of the soil compacted in this 
configuration, and the dust emission potential of the 
soil have yet to be investigated.  
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