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ABSTRACT: The integrity of roadbed is important to resist sustained load which transmitted by the traffic on the pavement surface. 
Soil ground can significantly influence integrity of roadbed in the seasonal freezing climate of Kazakhstan by high frost susceptibility 
degree. The proper determination magnitude of frost penetration depth of cold freezing temperature during the winter season are 
necessary for design and construction pavement. The monitoring system installed to pavement of highway in Kazakhstan for 
determination freezing penetration depth. Also comparison of analytical, monitoring results of frost penetration depth determination is 
given in article. Analysis of results of frost penetration depth monitoring system at ground conditions of Astana is important for 
understanding behavior of soils at winter time. 

RÉSUMÉ : L'intégrité de la plate-forme est important de résister à la charge soutenue qui a transmis par le trafic sur la surface de la 
chaussée. sol du sol peut influencer de manière significative l'intégrité de la plate-forme dans le climat de gel saisonnier du Kazakhstan 
par une forte gel degré de sensibilité. L'ampleur de la détermination appropriée de gel profondeur de la température glaciale de 
pénétration au cours de la saison d'hiver sont nécessaires pour la conception et la construction trottoir. Le système de surveillance installé 
sur la chaussée de la route au Kazakhstan pour la détermination de congélation profondeur de pénétration. Aussi la comparaison des 
résultats d'analyse, de surveillance de gel détermination de la profondeur de pénétration est donnée dans l'article. Analyse des résultats du 
système de surveillance de la profondeur de pénétration du gel dans des conditions de terrain d'Astana est important pour la 
compréhension du comportement des sols à l'heure d'hiver.
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1  INTRODUCTION.  

The deformation of underground structures of buildings is a 
main geotechnical problem in seasonal freezing soil ground of 
Kazakhstan (Zhussupbekov, Zhunisov and Shakhmov 2011). So, 
according to freezing-thawing of soil ground there is important 
to predict frost heaving, freezing force parameters or features. 
There are tangent frost heaving, vertical frost heaving, 
horizontal frost heaving which influence underground structures 
and could deform those structures. Frost heaving of soil directly 
depend on moisture content, type, chemical composition of soil. 
Especially, soil has high frost susceptibility if their pores are 
fulfilled with water. 

Hydrodynamical forces of frost heaving tend to move up 
foundation with surrounding soil. If statical relegation links 
between soil and foundation will be less than weight of 
foundation and structures, so after that, begin to slip a frozen 
soil layer with lateral surface of foundation. The resistance to 
these slippage in frozen soil and foundation define tangent 
forces of frost heaving. There is a regelation of soil with lateral 
surface of underground structure during the freezing of soil 
ground by depth.  

 
2  INFLUENCE OF FROST HEAVING TO RETAINING 

WALLS. 

2 .1  Frost heaving principles 

Frost-heaving is probably the most troublesome practical 
consequence of soil freezing. Earlier researches of frost-heaving 
like done by Bescow shows that the cause of frost-heaving is 
the formation of ice-lenses in the soil and that a thin water layer 
must exist between soil particles and ice so that the ice-lens 
may be segregated from the soils (Beskow 1935). It once was 
assumed that the frost damage is caused by expansion of water 

upon freezing, but this 9 percent volume expansion is not 
sufficient to explain frost heave measured in soil ground. A 
close investigation of the soil involved in frost heaving 
experiments reveal a series of layers of pure ice separating soil 
layers. The cumulative thickness of the ice layers represents the 
total amount of frost heave, which can lift and crack building 
floors and foundations and pavements. Capillary suction is also 
a valid mechanism of frost susceptibility during freezing 
process. 

There are three necessary conditions for frost heaving: frost 
susceptible soil, freezing temperatures, and the presence of 
water. The frost-susceptibility of a soil depends on the amount 
of fines passing the no. 200 (0.074 mm) sieve. In particular, 
Casagrande (1931) found that he could index the frost-
susceptibility of the soil as a function of the material finer than 
0.02 mm. He found soils having more than 3% of material finer 
than the 0.02 mm size appear to be highly frost-susceptible. In 
addition to having a frost-susceptible soil, freezing temperatures 
and a near-by source of water are also required for frost heave 
to occur (Zhussupbekov et al. 2012). 

Freezing of soil ground causing frost heaving could provide 
vertical uplifting of foundation one or two stores buildings and 
structures. Also heterogeneity of soil, difference of freezing 
depth and pressure under foundation usually show uneven 
uplifting of foundation which lead to collapsing of building. 
Even placing of the foundation sole lower than freezing depth 
of the region isn’t keeping safety of the building because also 
important to take into account tangent frost heaving. Soil could 
freeze with walls of the foundation and uplift it by tangent force 
of frost heaving. Tangent force of frost heaving can provide 
rupture of low loading reinforced concrete piles with a wire 
disruption. 

Seasonal freezing of soil usually is irregular in road or 
pavement. It is due to the heterogeneity of the soil ground 
composition and moisture content, influence of the 
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 communication, culverts, underground crossings along the 
pavement. In a transverse direction main reason of irregular 
frost heaving is accumulation of snow at the roadside. Irregular 
frost heaving leads to formation cracks on surface of pavement. 
A great danger represents freeze heaving for vertical structures, 
interacting with the soil, retaining walls, the walls of the 
unheated cellars, underground crossings, wells and others. 

2 .2  Deformability of retaining wall 

Susceptibility of soil to frost heaving is called heaving and frost 
heaving soil sometime it’s called frost susceptibility. 

Frost heaving has deformability influence to foundations and 
underground walls. Freezing of soil ground on retaining walls is 
done vertically and horizontally. So therefore freezing for 
retaining walls is more complex comparing with typically 
foundations. 
 

Figure 1. Influence of frost heaving to retaining wall (slippage). 

 

Figure 2. Influence of frost heaving to retaining wall (overturning). 

 
According to pictures above its seen two type deformations 

of retaining walls by freezing process of soil. There are slippage 
and overturning which could happen with retaining wall during 
freezing in the cold season. 

 
3  SOIL GROUND PROPERTIES AND FREEZING 

EXPERIMENTS.  

It is important to know soil ground properties for defining 
freezing susceptibility, which is important for design and 
construction of the buildings. Frost susceptibility could be 
estimated roughly by freezing soil normatives according to soil 
properties (Zhussupbekov et al. 2013). 
The special mold which can eliminate the side friction between 
soil and wall is used in the laboratory freezing test. Prior to the 
laboratory freezing test, geotechnical properties of the soils are 
determined throw the basic tests (Shakhmov et al. 2015). The 
geotechnical properties of soil specimens are presented in Table 
1. 

 

Table 1. Properties of the soil specimens 

Soil number 

Description 

I 

CL

II 

SP 

III 

SM 

IV 

CL 

Specific 
gravity 

(Gs kN/m3) 

2.6
2 

 

2,63 

 

2,67 

 

2.63

 

Natural water 
content (wn,%) 

21 

 

N.P 

 

N.P 

 

27 

 

Particle size 
passed #200 (%) 

52 

 

19,6 

 

1,9 

 

86.1

 

Liquid limit 
(LL, %) 

27.
01 

 

N.P 

 

N.P 

 

42 

 

Plastic limit 
(PL, %) 

17.
75 

 

N.P 

 

N.P 

 

25 

 

Maximum 
dry unit weight 
(γdmax, kN/m3) 

1.7
9 

 

1,92 

 

1,93 

 

1.76

 

Optimum 
water content 
(wopt , %) 

15.
9 

 

11,5 

 

12,4 

 

18 

 

USCS CL SP SM CL 

 
The specimen is remolded and prepared in mold which is 

appropriate for freezing chamber. Only after saturation, they 
were putted in the freezing apparatus. 

General view of freezing chamber filled in with soil and 
freezing equipment is presented in Figure 3. 

 

 
Figure 3. Freezing camera 

 
The grain size distribution curves of the soils are presented 

in Figure 4. The first 24 hours is a conditioning period. Both the 
top and bottom plates are kept the temperature at 3 0C. The first 
freeze starts at the beginning of the second 24-hours period. The 
temperature of the top plate was lowered and hold it up at 3 0C. 
The temperature of the bottom plate was kept at 3 0C for 8 
hours according to ASTM D 5918-06. Another frost heaving 
testing methods is founded according to TRRL (Transport Road 
Research Laboratory) BS 812. 
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Figure 4. Grain size distribution curves of soil specimens 

 
4  RESULTS AND DISCUSSIONS.  

The experimental freezing tests were performed for 
understanding frost susceptibility of the soil and 
predetermination possible frost action to the structure. The frost 
heaving results of soil specimens after freezing test are 
presented in Figure 5. There are some curves which show frost 
different frost heaving resulted by freezing test (Zhussupbekov 
et al. 2016). 
 

 
Figure 5. The frost heaving amount of the soil specimens by TRRL 

Also freezing test according ASTM for comparison with 
TRRL testing provided by experiments throw freezing chamber. 
The results shows some differences and pasted below in Figure 
6. 

 
Figure 6. The frost heaving amount of soil specimens by ASTM 

 
There also presented results of frost heaving pressure below. 

 

 
Figure 7. The freezing pressure curves of soil specimens according 
TRRL 

 
The freezing pressure, heaving amount of soil specimens 

gives different results which show frost susceptibility of the soil 
specimens. According to the results TRRL frost susceptibility 
properties like frost heaving could reach more than 18 mm and 
heaving pressure 400 kPa. These results could damage roads 
and another light-weight constructions. 

 

- 1457 -



  Proceedings of the 19th International Conference on Soil Mechanics and Geotechnical Engineering, Seoul 2017 

 

 
Figure 7. The freezing pressure curves of soil specimens by ASTM 

 
5  CONCLUSIONS.  

Freezing experiments show high frost susceptibility criteria for 
silty-clay soil types. Heaving amount for silty-clay soil ranging 
from 8mm to approximately 20 mm. While heaving pressure 
ranging  from 1 to 4 kg/cm2. These results indicate sensibility 
of silty-clay soils to freezing process. Especially its important to 
consider frost susceptibility results during design of retaining 
wall. Also the results of freezing tests show dangerous data for 
retaining structures in condition of Kazakhstan. 
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