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Statement of the problem. The influence of soil humidity on residual deformations and the effect
of soil density on the intensity of capillary water saturation in the laboratory is studied. The hu-
midity and residual deformation in the soil of the roadbed is measured on sections of highways
with different coefficients of compaction.

Results. The results of soil tests with varying humidity on the dynamic test device are presented.
The investigation of soils with a varying density for intensive capillary water saturation was car-
ried out. The analysis of the measurements of humidity and residual deformation in the soil of the
roadbed with varying compaction coefficients was carried out.

Conclusions. As a result of the study of the influence of soil moisture on the accumulation of re-
sidual deformations under the influence of dynamic loads, it was found that the total value of re-
sidual deformations and the intensity of its accumulation in soil samples significantly depend on the
humidity. The analysis of the obtained data on the intensity of capillary water saturation showed that
change in the humidity of cohesive soils depends significantly on the soil compaction coefficient.
Thus, there is a need to increase the coefficient of compaction on the sections of the road with a high

likelihood of excessive humidity of subgrade soil throughout the calculated period.
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Introduction. One of the essential problems facing this country’s road industry is rutting

caused by residual (plastic) deformations in construction layers of pavements and the ope-

rating layers of the subgrade in particular [3, 6—38, 13, 19].
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One of the most important characteristics of subgrades is that crucial for design solutions and
operation of pavements is the density of the subgrade of the operating layer (1.5 m from the
top of the pavement). Therefore it is of primary importance to improve the compaction of
subgrades and methods of enhancing the density [1, 5, 9, 11, 13]. The complexity of the prob-
lem in question is that there should be such operating conditions of the subgrade that would
allow high construction compaction coefficients to be maintained or be reduced to a minimum
during the life cycle.

One of the major factors contributing to the strength and deformation characteristics of sub-
grades is temperature and humidity mode. Change in the humidity level first of all impacts
their load-bearing capacities that are specified at the designing stage. High humidity levels
similar to those at the fluidity boundary could be most severe. This leads to a sharp decrease
in its strength and deformation characteristics and much lower resistance to dynamic impact
of vehicles [4, 10, 20—23]. All things considered, the staff of the Don State Technical Uni-
versity conducted a series of studies of the effect of humidity and density of subgrades on re-
sidual deformations under dynamic transport loads. The tests were carried out on a specially
developed dynamic test tool [15, 17, 18] (Fig. 1). In this tool the maximum acceptable defor-

mations for subgrades are 4.5 mm [14].

Fig. 1. General view of the dynamic test tool:

1 is a hydraulic grip; 2 are springs; 3 is a thermostat chamber; 4 are indicators; 5 are facing elements

1. Methods of subgrade testing on the dynamic test tool and the results. The study of
the resistance of different types of subgrades to actual dynamic loads and climatic factors is
carried out as follows: designing subgrade samples, preparing them for testing, dynamic

load tests [12].
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The tests were performed on samples of loamy and clayey soils. During the preliminary la-
boratory tests the physical and mechanical indices were determined in order to identify the
dependence of rheological properties of soils and their residual deformations.

Using the example in Fig. 2 there are the graphs of the dynamic loads tests of the loamy soil
samples with the plasticity number /, = 13 with different humidity from 0.53 to 0.84 Wt ob-

tained following the water saturation with the compaction coefficients 0.98.
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Fig. 2. Graph of residual deformations of the loamy soil depending on the soil humidity

Fig. 3 shows the graphs of the dynamic load tests of the clayey soil samples with the plasticity
number /, = 18 with the humidity varying from 0.53 to 0.75 Wt obtained following the water

saturation with the compaction coefficient 0.98.
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Fig. 3. Graph of residual deformations of the loamy soil depending on the soil humidity
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The analysis of the results of the laboratory tests in Fig. 2 indicates that the residual defor-
mations in the soil samples are considerably dependent on the humidity. If the residual de-
formations in the samples of the loamy soil with the compaction coefficient K¢y, = 0.98 and
the humidity 0.55 Wt is 1.08 mm, this same index for the same soil with the humidity 0.7 Wt
is 2.83 mm. As the humidity of the soil goes up to 0,8 Wr, the residual deformations in the
investigated samples reaches 4.52 mm. At the humidity of 0.8 Wt the residual deformations
in the soil under discussion are over the acceptable limit.

A similar analysis of the results was performed for the loamy soils. The residual deformations
in the loamy soil samples with the compaction coefficients K.omp = 0.98 and humidity 0.55 Wt
is 1.22 mm while the same index for the same soil over the acceptable limit is 3.45 mm.
As the soil humidity goes up to 0.7 Wr, the residual deformations in the samples of the inves-
tigated soil goes up to 5.22 mm. At the humidity 0.7 Wt the residual deformations in the
samples of the investigated soil are over the acceptable limit.

2. Capillary water saturation tests of the soils. In order to study the influence of the soil
density on the capillary water saturation, a series of laboratory experiments using a capillary
water saturation tool was conducted in compliance with the GOST (I'OCT) 23558-94
“Crushed-stone gravel sandy soils treated with non-organic binders for road and airfield
construction”. The tests were carried out on the samples of loamy and clayey soils with the
plasticity number 13 and 18 respectively with the compaction coefficient ranging from
0.98 to 1.04.

The loamy soil samples with the optimal humidity W,,, = 17.1 % with the compaction coeffi-
cients 0.98, 1.01 and 1.04 were exposed to capillary water saturation at the same time and un-
der the same conditions. Water saturation of the samples was conducted through a wet sand
layer using the capillary water saturation.

The vessel was filled with water till it reached a certain level (the water level was maintained
throughout the experiment). There was also a frame with a lattice bottom with filter paper put
on it prior to the experiment. A layer of fine homogeneous sand was poured over the filter pa-
per and after a day following the saturation the soil samples were introduced. After certain
periods of time they were weighed. As an example, Fig. 4—5 shows the results of the exper-
imental studies.

Similar studies were performed for the clayey soil with the optimal humidity Wopt = 18,03 %
and the compaction coefficients: 0.98; 1.01 and 1.04. As an example, Fig. 6—7 shows the re-

sults of the experimental studies of the clayey soil.
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Fig. 4. Changes in the humidity of the loamy soil samples of varying density
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Fig. 5. Humidity of the loamy soil samples with varying density following the water saturation
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Fig. 6. Change in the humidity of the clayey soil samples with varying density
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Fig. 7. Humidity of the loamy soil samples with varying density following the water saturation

The samples of both types were exposed to capillary water saturation with the humidity that
corresponded with the optimal one. It should be noted that the experiment involving an in-
crease in the humidity of the loamy soil was performed with the original humidity of 17.1 %
of the optimal one till it had been saturated and the humidity of the samples had stopped ris-
ing. The compaction coefficient was found to have a significant effect on the rate of capillary
water saturation, i.e. for the samples with the compaction coefficient Kj; = 0.98 at the time of
the saturation the humidity was 28.6 % (0.89 Wr), for the samples with K, = 1.01 —25.39 %
(0.79 W), for the samples K, = 1.04 is 23.55 % (0.74 Wr).

During the capillary water saturation of the clayey soils the humidity was rising starting with
18 % of the optimal one till they had been saturated and the humidity of the samples had
stopped rising. For the clayey soil samples at the time of the saturation the humidity for vari-
ous compaction coefficients was 25.74 % (0.78 W) for 0.98, 23.76 % (0.72 Wr) for 1.01,
22.11 % (0.67 W) for 1.04.

The residual deformation of the loamy soil samples at Kj, = 0.98 and the humidity 0.8 Wt and
more was over the acceptable level.

According to the results of the studies, the loamy soil sample gained the humidity 0.89 Wr at
K, =0.98. Hence as the humidity of the subgrade soil reaches 0.8 Wt and more, the compac-
tion coefficient of the subgrade soil should be increased. The compaction coefficient of 1.01
and more prevents the soil humidity from reaching 0.8 Wr.

The residual deformation of the clayey soil samples at Kj, = 0.98 and the humidity 0.7 Wt and
more was over the acceptable level. According to the results of the studies, the clayey soil

sample gained the humidity 0.78 Wt at K, = 0.98. Hence as the humidity of the subgrade soil
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reaches 0.7 Wt and more, the compaction coefficient of the subgrade soil should be conside-
rably increased. The compaction coefficient of 1.04 and more prevents the soil humidity from
reaching 0.7 Wr.

3. Measurements of the humidity and deformation of the soils in real road conditions. In
order to identify the humidity and density of the soil as the residual deformations are increas-
ing, studies in real road conditions were also performed. Humidity and residual deformation
gauges were installed in the operating layer of the subgrade of a road under construction in
the Tver region. Fine sand was used for constructing the subgrade [2, 16].

In two areas with the gauges the compaction coefficients of the subgrade soil were 0.99 and

1.03 respectively. The results for the humidity measured using the gauges are in Fig. 8.
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Fig. 8. Measurements of the humidity of the subgrade soil in the areas with varying compaction coefficients:

—_— — K;,=0.99; - K;,=1.03

According to the results of the studies, the subgrade soil with Kj=0.99 throughout
the calculation period gained 13.5 % of the humidity and that with K= 1.03 gained 10 % of
the humidity.

The measurements of the residual deformations in the subgrade soil from 12.04.2018
to 10.01.2019 were the following: the area with K;,=0.99 was 0.7 mm; the area with
K, =1.03 was 0.2 mm.
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Conclusions. As a result of the studies of the effect of the soil humidity on the residual de-
formations under the dynamic transport load impact, the total number of residual defor-
mations and their intensity was found to be considerably dependent on the humidity.

The analysis of the data on the intensity of the capillary water saturation showed that changes in
the humidity of binding soils considerably depend on the compaction coefficient (density) of
soil, 1. e. the higher is the compaction coefficient, the less prone it is to capillary water saturation.
The tests in real road conditions showed that the higher the density of soil was, the less hu-
midity and deformation it gained respectively.

Therefore it is necessary that the compaction coefficient should be increased in highway areas

with a high likelihood of excessive humidity of subgrade soils throughout the calculated period.
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