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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. 
 

Keywords: humidity, soil, residual strain, density, dynamic test tool. 

 

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––8, 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 Iр = 13 with different humidity from 0.53 to 0.84 Wт ob-

tained following the water saturation with the compaction coefficients 0.98. 

 

 
 

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 Iр = 18 with the humidity varying from 0.53 to 0.75 Wт obtained following the water 

saturation with the compaction coefficient 0.98. 

 

 

 
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 Кcomp = 0.98 and 

the humidity 0.55 Wт is 1.08 mm, this same index for the same soil with the humidity 0.7 Wт 

is 2.83 mm. As the humidity of the soil goes up to 0,8 Wт, the residual deformations in the 

investigated samples reaches 4.52 mm. At the humidity of 0.8 Wт 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 Кcomp = 0.98 and humidity 0.55 Wт 

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 Wт, the residual deformations in the samples of the inves-

tigated soil goes up to 5.22 mm. At the humidity 0.7 Wт 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 (ГОСТ) 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 Wоpt = 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 

 

 

 

Fig. 5. Humidity of the loamy soil samples with varying density following the water saturation 

 

 
 

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 Кh = 0.98 at the time of 

the saturation the humidity was 28.6 % (0.89 Wт), for the samples with Кh = 1.01 – 25.39 % 

(0.79 Wт), for the samples Кh = 1.04 is 23.55 % (0.74 Wт). 

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 Wт) for 0.98, 23.76 % (0.72 Wт) for 1.01, 

22.11 % (0.67 Wт) for 1.04. 

The residual deformation of the loamy soil samples at Кh = 0.98 and the humidity 0.8 Wт and 

more was over the acceptable level.  

According to the results of the studies, the loamy soil sample gained the humidity 0.89 Wт at 

Кh = 0.98. Hence as the humidity of the subgrade soil reaches 0.8 Wт 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 Wт.  

The residual deformation of the clayey soil samples at Кh = 0.98 and the humidity 0.7 Wт and 

more was over the acceptable level. According to the results of the studies, the clayey soil 

sample gained the humidity 0.78 Wт at Кh = 0.98. Hence as the humidity of the subgrade soil 
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reaches 0.7 Wт 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 Wт.  

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.  

 

 

 
Fig. 8. Measurements of the humidity of the subgrade soil in the areas with varying compaction coefficients: 

 – Кh = 0.99;  – Кh = 1.03 

 

According to the results of the studies, the subgrade soil with Кh = 0.99 throughout  

the calculation period gained 13.5 % of the humidity and that with Кh = 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 Кh = 0.99 was 0.7 mm; the area with 

Кh = 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, i. 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. 

 

References 

 
1. Babkov V. F., Bezruk V. M. Osnovy gruntovedeniya i mekhaniki gruntov [Fundamentals of soil science and 

soil mechanics]. Moscow, Vysshaya shkola Publ., 1986. 239 p. 

2. Berliner M. A. Izmereniya vlazhnosti. Izd-e 2-e, pererab. i dop. [Humidity measurement. 2nd edition, revised 

and expanded]. Moscow, Energiya Publ., 1973. 400 p. 

3. Vasil'ev A. P., Yakovlev Yu. M., Kaganzon M. S., Pashkin V. K. Metodicheskie ukazaniya po raschetu 

nezhestkikh dorozhnykh odezhd [Methodical instructions on calculation of non-rigid road clothes]. Moscow, Ir-

kutsk, MADI (TU) –– IRDUTs Publ., 1998. 55 p. 

4. Efimenko V. N., Efimenko S. V., Berdnikov A. D. Naznachenie raschetnoi vlazhnosti glinistykh gruntov 

zemlyanogo polotna dlya proektirovaniya dorozhnykh odezhd na territorii Zapadnoi Sibiri [Purpose of the calcu-

lated moisture content of clay soils of the roadbed for the design of pavement in Western Siberia]. Vestnik 

Tomskogo gosudarstvennogo arkhitekturno-stroitel'nogo universiteta, 2012, no. 1, pp. 160––169. 

5. Zhustareva E. V. Vliyanie plotnosti svyaznogo grunta v rabochem sloe zemlyanogo polotna na ostatochnye 

deformatsii nezhestkikh dorozhnykh odezhd. Avtoref. diss. kand. tekhn. nauk [Influence of cohesive soil density 

in the working layer of the roadbed on the residual deformation of non-rigid pavement. Cand. eng. sci. diss.]. 

Moscow, 2000. 20 p. 

6. Iliopolov S. K., Seleznev M. G., Uglova E. V. Neobkhodimo razrabotat' novye kriterii rascheta i kon-

struirovaniya dorozhnykh odezhd [It is necessary to develop new criteria for the calculation and design of pave-

ment]. Nauka i tekhnika v dorozhnoi otrasli, 2000, no. 3, pp. 13––15. 

7. Iliopolov S. K. Razrabotka osnov kompleksnogo ucheta dinamicheskikh vozdeistvii dlya rascheta i kon-

struirovaniya dorozhnykh odezhd. Avtoref. diss. kand. tekhn. nauk [Development of the basics of complex  

accounting of dynamic effects for the calculation and design of road pavement. Cand. eng. sci. diss.]. Mos-

cow, 1999. 35 p. 

8. Iliopolov S. K., Seleznev M. G. Utochnennyi metod rascheta napryazhenno-deformirovannogo sostoyaniya 

sistemy "dorozhnaya odezhda –– grunt" [The refined method of calculation of the stress-strain state of the sys-

tem "road clothes –– soil"]. Rostov-on-don, Novaya kniga Publ., 1997. 142 p. 



Russian Journal of Building Construction and Architecture  

80 

9. Kanygina S. Yu. Prognozirovanie ostatochnykh deformatsii dorozhnykh odezhd nezhestkogo tipa na zemlya-

nom polotne iz glinistykh gruntov. Avtoref. diss. kand. tekhn. nauk [Prediction of residual deformations of road 

pavement of non-rigid type on the roadbed of clay soils. Cand. eng. sci. diss.]. Moscow, 1999. 20 p. 

10. Leonovich I. I., Vyrko N. P. Vodno-teplovoi rezhim zemlyanogo polotna [Water-heat regime of the roadbed]. 

Minsk, BNTU Publ., 2013. 332 p. 

11. Mavledinov Z. A. [Determination of the depth of the core of the soil of the roadbed]. Trudy MADI-TU 

"Problemy stroitel'stva i ekspluatatsii, avtomobil'nykh dorog" [Proc. of MADI-TU "Problems of construction 

and operation of roads"]. Moscow, 1998, pp. 45––47. 

12. Matua V. P., Chirva D. V., Mironchuk S. A. Ispytanie materialov [Material test]. Avtomobil'nye dorogi, 

2012, vol. 7 (968), pp. 86––89. 

13. Matua V. P. Issledovanie napryazhenno-deformirovannogo sostoyaniya dorozhnykh konstruktsii s uchetom ikh 

neuprugikh svoistv i prostranstvennogo nagruzheniya. Diss. d-ra tekh. nauk [Study of the stress-strain state of road 

structures taking into account their inelastic properties and spatial loading. Dr. eng. sci. diss.]. MADI, 2002. 484 p. 

14. Matua V. P., Chirva D. V., Isaev E. N. Metodika issledovaniya svyaznykh gruntov na nakoplenie ostatochnykh 

deformatsii [Method of investigation of cohesive soils on the accumulation of residual deformations]. Vestnik 

Tomskogo gosudarstvennogo arkhitekturno-stroitel'nogo universiteta, 2016, no. 3 (56), pp. 186––194. 

15. Matua V. P., Mironchuk S. A. Novoe laboratornoe oborudovanie i metodika provedeniya ispytanii dorozhno-

stroitel'nykh materialov pod vozdeistviem dinamicheskikh nagruzok [New laboratory equipment and methods of 

testing road-building materials under the influence of dynamic loads]. Nauka i tekhnika v dorozhnoi otrasli, 

2012, no. 4, pp. 16––18. 

16. Matua V. P., Mironchuk S. A., Isaev E. N. Primenenie datchika WaterScout dlya monitoringa vlazhnosti 

grunta zemlyanogo polotna [Application of the WaterScout sensor for monitoring the soil moisture of the road-

bed]. Vestnik Tomskogo gosudarstvennogo arkhitekturno-stroitel'nogo universiteta, 2017, no. 5, pp. 1921––99. 

17. Matua V. P., Mironchuk S. A., Nikulin Yu. Ya., Isaev E. N. Energoeffektivnoe oborudovanie dlya obes-

pecheniya kachestva asfal'tobetonov [Energy-efficient equipment for asphalt concrete quality assurance]. 

Nauchnoe obozrenie, 2014, no. 7, vol. 3, pp. 884––887. 

18. Matua V. P. e. a. Pribor dinamicheskikh ispytanii [Dynamic test device]. Patent RF, no. 2014137088, 2015.  

19. Chmshkyan A. V. Sovershenstvovanie metodov rascheta prosadochnykh deformatsii [Improvement of 

methods of calculation of subsidence deformations]. Inzhenernyi vestnik Dona, 2012, no. 4, vol. 2. Available at: 

ivdon.ru/ru/magazine/archive/n4p2y2012/1256. 

20. Masrouri F., Bicalho K. V., Kawai K. Laboratory hydraulic testing in unsaturated soils. Geotechnical and 

Geological Engineering, 2008, vol. 26, no. 6, pp. 691––704. 

21. Tuller M., Or D. Water Retention and Characteristic Curve. Encyclopedia of Soils in the Environment. Else-

vier Ltd., 2015, pp. 278—289. 

22. Parikh A. K., Mehta M. N., Pradhan V. H. Тranscendental Solution of Fokker-Planck Equation of Vertical 

Ground Water Recharge in Unsaturated Homogeneous Porous Media. International Journal of Engineering Re-

search and Applications, 2011, vol. 1, no. 4, pp. 1904—1911. 

23. Zhang J., Jiang Q., Zhang Y., Dai L., Wu H. Nondestructive Measurement of Water Content and Moisture 

Migration of Unsaturated Red Clays in South China. Advances in Materials Science and Engineering, 2015, 

no. 1, pp. 1––7. doi: 10.1155/2015/542538.  


