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ROAD SUBGRADE DEFORMATIONS ANALYZING 
 

Monitoring of 23 Ukraine regions revealed that major part of abnormal subgrade 
deformations have highway embankments higher 21 m. According to the monitoring results, a 
comparison histogram of malformed embankment amount to their total value was drawn. The 
main causes of road subgrade deformations are analyzed. 
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АНАЛІЗ ПРИЧИН ДЕФОРМАЦІЙ ЗЕМЛЯНОГО ПОЛОТНА 
 

Моніторингом 23 областей України було встановлено, що переважну частину 
наднормативних деформацій на автомобільних дорогах складають насипи висотою 
понад 21 м. За результатами моніторингу побудовано гістограму порівняння кількості 
деформованих насипів до їх загального числа. Проаналізовано основні причини 
деформацій, які виникають в земляному полотні автомобільних доріг. 

Ключові слова: дорожній насип, деформація земляного полотна, тривала 
міцність. 

 
Monitoring of 23 Ukraine regions established majority of abnormal deformations 

(52,2%) recorded in highway embankments higher 21 m. The average percentage of these 
embankments deformations – 31,1%. The main type of abnormal deformations (70%) − 
washouts slopes of embankments, earth-bank and road shoulder breaks [1]. Figure 1а shows a 
typical case of soil liquefaction. Based on current knowledge, the suspected causes are rain or 
wind and grain redistribution within soil due to high local hydraulic gradients. 70% of 
incidents occurred during the months of January to March, that is at low temperatures and 
with soil frost [2]. Figure 1b describes longitudinal cracks near the edge of pavement. 
Reason – tensile stresses induced by flexion of the pavement during settlements caused by the 
dry season leads to the development of longitudinal cracks. During the dry season there is a 
drop off in moisture content of the soil in the shoulders of the pavement structure. The 
consequence of this reduction in moisture is a settlement in the shoulders that does not take 
place in the centre of the pavement where the moisture of the soil remains stable thorough the 
year [3 – 5].  

Embankment subsidence caused by soils consolidation from which it was erected is 
wide-spread (Fig. 2, c). Subsidence appears when soils was compacted insufficiently. The 
reason may be the difference in the filtration rates of soils and through the blocks of ice and 
snow in an array of frozen soil [3, 4]. Soil settlement (Fig. 2, d) takes place due to the 
insufficient strength and high deformability of base on which the embankment is arranged [5]. 
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These deformations do not cover all destruction cases. Thus typical slopes damages, 
ablations that occur due to atmospheric precipitation, periodic soil freezing and defrostation, 
insufficient slopes strengthening, reloading of soils, violations of drainage. When upper soil 
layer was defrosting, the embankment contains a significant water amount. Its moisture may 
exceeds the liquid limit, and soil slows down by slope [3 – 5]. 
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Figure 1 – Road subgrade deformations [6]: 

a – flow liquefaction; 
b – longitudinal cracks near the edge of pavement 

c – soil settlement 
d – embankment subsidence 

 

The chart in Figure 2 shows the number of malformed embankment amount to their 
total value. The vertical Y-axis illustrates number of embankments; the horizontal X-axis 
presents embankment height in five ranges (6 – 10 m, 10 – 12 m, 12 – 15 m, 15 – 20 m, and 
more than 21 m). 

 

 
Fig. 2 Comparison of malformed embankments to their total amount 
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That’s why one of significant problems of highway embankment erection is their long-
term strength ensuring, when during normative operational time the values of soil mechanical 
characteristics, obtained after compaction, have been saved [5]. 

 
References 

1. Р В.2.3–218–02070915–757:2009. Рекомендації з підвищення стійкості високих 
насипів автомобільних доріг [Електронний ресурс] – К.: Укравтодор, 2009. – 
30 с. Режим доступу: http: // www.budstandart.ua. – Назва з екрану. – Дата 
звернення: 20.04.2018. 

2. Kudla W. Flow-liquefaction of mine dumps during rising of groundwater-table in 
Eastern Germany - reasons and model-tests / W. Kudla, S. Szczyrba1, T. Rosenzweig // 
Proc. of the 16th Europ. Conf. on Soil Mechanics and Geotechnical Engineering. – 
Edinburgh, 2015. – P. 1585 – 1590. 

3. Simic D. Seasonal ground movements of swelling clay subgrades / D. Simic // Proc. of 
the 16th Europ. Conf. on Soil Mechanics and Geotechnical Engineering. – Edinburgh, 
2015. – P. 2305 – 2309. 

4. Tateyama K. Working Group on the Earth Structure for Road, Railway and Airport 
(WG2) / K. Tateyama // Geotechnical Pavement Research in Japan II – Final Report. – 
Tokio, 2013. – P. 110 – 132. 

5. Литвиненко Т.В. Ущільнення ґрунтів дорожнього насипу за умови забезпечення їх 
тривалої міцності: дис. на здобуття наук. ступеня канд. техн. наук: 05.22.11 / 
Т.В. Литвиненко. – Київ: НАУ, 2016. – 107 с. 

6. Road embankment deformations pictures. [Electronic resource]. Mode of access: 
https://www.google.com/search?q=Road+embankment+deformations&hl=ru&source=
lnms&tbm=isch&sa=X&ved=0ahUKEwj5wpLfg9raAhXJKFAKHfzoBAIQ_AUICigB&
biw=1024&bih=500. – Title from screen. – Date of Access: 20.04.2018. 

  


