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Experimental investigations of model pile in freezing and 
thawing of soil ground

Abstract. This paper includes the short report about static load test of concrete piles (cross – 
section 4×4 cm and length of 60 cm) in seasonally freezing soil. Based on theoretical methods was 
calculated the ultimate load-carrying capacity of a pile by a simple equation as the sum of the load 
carried at the pile point plus the to frictional resistance (skin friction). There are several methods 
for the determination of the bearing capacity factors. In this paper use Meyerhof’s method, 
which includes the calculation of ultimate point bearing capacity of a pile in sand and reaches 
a maximum value at an embed demonstration and also was calculated the ultimate frictional 
resistance in sand. Based on the values obtained was calculated the allowable pile load. According 
to Kazakhstan Standard, a safety factor (FS) of SLT is 1.2. In conclusion was presented analysis 
results of estimation of the bearing capacity of pile foundations in seasonally freezing soil ground.
Key words: sand, clay, pile, bearing capacity, soil.

DOI: https://doi.org/10.32523/2616-68-36-2020-132-3-56-61

Introduction. Precast concrete pile foundations are widely applied in freezing and non-freezing 
soil ground to provide more stability in all regions of Kazakhstan. Construction of New civil and 
industrial facilities in seasonally frozen soils is problematical condition. There are many factors 
influence for bearing capacity deep foundations for construction site: estimation of frost heaving 
amount of swelling surface of soil, strength and deformation characteristics of foundation soil, 
these soil shave high ice content, ground thermal regime, nature of foundation soils (if the soil), 
times (month, days, hours, sec.). The lower the freezing temperature of the soil, the stronger the soil 
becomes. Buildings should provide strength, stability, reliability, durability and safety when build 
frost-susceptible soils. In winter, there are many foundations which are used in seasonally freezing 
soil. One of the strongest, are pile foundations.

The territory of Kazakhstan is considered as a seasonal frozen that is thawed in the spring and 
frozen in winter. The influence of fines of the frost susceptibility of subgrade soils were established 
by laboratory freezing tests simulating closely the thermal conditions in the field. During the winter 
season, the climate is heavily influenced by the cold and dry continental high pressure, the temperature 
of January is -5°C in south part and -30°C on average in north part of area. The geotechnical structure 
damaged chilly weather generate the frost heaving by freeing the moisture of soil. In the freezing soil 
the ice lenses increase the freeze portion of soil by absorbing the ground water with capillary action. 
However, the capillary characteristics differ from the sort of soil on the state of freezing condition. 
Laboratory model test results for determining the ultimate bearing capacity of surface pile supported 
by freezing and unfreezing layer are presented. The tests were conducted in two type of soil marine 
clay and sand. The average moisture content of the clay was varied, yielding varying undrained 
shear strength. Laboratory tests were conducted to determine the critical non-dimensional values 
for the depth and width of the freezing and unfreezing layers, and also the location to the bottom of 
the foundation to mobilized the maximum possible bearing capacity ratio. Based on the laboratory 
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model tests the maximum depth of pile foundation to maximum bearing capacity ratio has been 
determined. The observation of the load-settlement settlement behavior at ultimate load has also been 
made. Bearing capacity ratio sat various level so settlement are discussed. Based on the experimental 
results presented in these tests has been developed to estimate the ultimate bearing capacity of a pile 
foundation supported by freezing and non-freezing soil.

Background. There have been many paper son research bearing capacity pile foundation in 
seasonally freezing soil. The following researches compared and analyzed use pile foundations in 
frozen soil. Weaver and Morgenstern (1981) show that for piles in frozen soils, the load carried by 
end bearing is negligible. For example, for a 0.2-m diameter pile that is 25 m long installed in ice, the 
fraction of load supported in end bearing at -1°C is 0.5% and at-10°C is 0.65 percent of the total load.

Similarly, end bearing supported 1.1 percent of the total load if this pile was installed in frozen 
Ottawa sand. Therefore, for all practical purposes, piles, installed in frozen soils can be treated as 
friction piles unless they are bearing on ice-free rock or dense, ice-free sand and gravel [1-4].

About the effect of temperature on a freeze strength of frozen soils presented by authors [4]. 
Allowable pile load capacity (Qv) all can then be calculated by using a safety factor of 2. After, (Qv) 
all has been estimated based on a freeze bond strength, a design based on time-dependent settlement 
(creep) has to be carried out to ensure that piled is placement under structural load are tolerable [4].

When a frozen soil is subjected to deviatory stress, it develop stress concentration on the ice 
component between soil particles. Similar stress concentration on the ice may develop due to hydro 
static pressures. These would result in pressure melting of ice in frozen soils causing an increase in 
the amount of un frozen water with pressure. It has been reported [1] that pressure melting due to 
the application of hydro static or deviatory stresses result in water flows to region of lower stresses 
where it freezes again. This movement of water under stress results in breaking of structural and ice-
cementation bonds.This is a time depended process and may result in strength reduction of the soil 4.

The ultimate capacity of piles in permafrost can therefore be assessed by consideration of ad freeze 
strength along the pile shaft. The contribution of end bearing in most situations is small and can be 
neglected, which is on the safe side. End bearing should only be considered when a dense, non-frost-
susceptible ice-free stratum is encountered below the pile [2-3].

Calculation of Ultimate Point Load. Meyerhof’s method: The point bearing capacity of a pile in 
sand generally increases with the depth of embedment in the bearing stratum to the width of pile 
ratio (Lb/D) and reaches a maximum value a tan embedment ratio of Lb/D=(Lb/D) cr. The variation 
of (Lb/D) cr with the soil friction angle is shown in Figure. Based on the given variation of (Lb/D)cr, 
has recommended the following procedure for estimation of the point bearing capacity of a pile in 
granular soil [2].  

Description of the experiments. Three series of experiments were carried out in conditions of 
the geotechnical laboratory: the first series–analysis of the stability of the pile and the interaction 
of the soil base with the pile on thawing conditions 18°C; second and third series–determining the 
stability of  the pile and the interaction of the soil base with the pile in the freezing soil - 5°C, -10°C. 
The experiments were conducted in a test chamber. The  size of model pile foundation length is 
60 cm, across section 4×4 cm. Model pile foundation consist is 4 reinforced. The base of the model 
foundation was made rough by cementing a thin layer of sand to it with epoxy glue. On the top of 
the foundation, a hole was made to ensure that the applied centric load during the tests remained 
vertical. The foundation model is shown in(Figure1).

 

Figure 1. The model of pile foundation

A.Zh. Zhussupbekov, E.Ch.Shin, Zh. Shakhmov, G.Tleulenova
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Figure2 shows the thermocouple. Thermocouple is a thermoelectric device for measuring 
temperature consisting of wire connected at two points between soils in chamber each depth of 1cm, 
2cm, 5cm, 10cm, 18cm, 19cm and a laptop.

 

Figure 2. Thermocouple

Thermocouple T type was used to check the soil in chamber each of which is with the depth of 
1cm, 2 cm, 5 cm, 10 cm, 18 cm, 19 cm. LVDT was for checking displacement of freezing soil on the 
laptop each time (Figure 2).

 

Figure 3. Static load tests for pile foundation in seasonally freezing soil

The aim was to study the bearing capacity of pile foundations in seasonally freezing soil. In Figure 
3 has demonstrated SLT for model pile foundation in seasonally freezing soil.

Carried out following series of tests:
1.	 SLT for model pile foundation under temperature+18°C.
2.	 SLT for model pile foundation under temperature -5°C.
3.	 SLT for model pile foundation under temperature -10°C.
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To reach soil conditions -5°C, -10°C, the chamber was set in the freezing room and to check 
temperature of each second.

Load Transfer Mechanism. The load transfer mechanism from a pile to the soil is highly 
complicated. Maximum frictional resistance along the pile shaft will be fully mobilized when the 
relative is placed  between the soil and the pile is about 5 - 10 mm irrespective of pile size and length 
L. However, the maximum point resistance Q2=Qp will not be mobilized until the pile tip has gone 
through a movement of about 10-25% of the pile width (or diameter). (Braja M. Das Principles of 
Foundation, 1984).

B×0.1=S
S=4 mm

Results and Discussion. Table1 shows the results of data of bearing capacity pile foundation in 
seasonally freezing soil.

Table 1. – Calculation and comparative results of data of bearing capacity 
pile foundation in seasonally freezing soil

№ Temperature, FS Bearing capacity, kN Allowablebearing capacity, Qall, kN
1 18 1.2 103 86
2 -5 1.2 123 103
3 -10 1.2 183 153

According to Kazakhstan Standard, a safety factor (FS) of SLT is 1.2.
Figure 4 shows three curve plots obtained calculated allowable pile capacity.
The strength of frozen soils depends on ground temperature, stress level, soil type and the 

duration of test time. In general, the strength of these soils decreases with time and increases as 
soil temperatures decrease. Further more, these soils also exhibit creep phenomena under constant 
deviatory stress. Based on the studies of load-deformation behavior of frozen soils under different 
confining pressure sand temperatures it has been shown [4-6] and other investigators that shear 
strength and load deformation behavior of frozen soils is significantly influenced by time and the 
ground thermal regime. Depth of seasonal freezing soil ground is10 cm.

 

 

Figure 4. The comparing curves of piles dependences of settlement S from the loading P

Summary and Conclusions. Based on the results of the calculation of reinforced precast concrete 
piles, it is established that the settlement and bearing capacity are significantly affected by the soil 
temperature. Three curves show that the bearing capacity of the pile is higher by 15-20% a tag round 
temperature of-10C than a temperature of -5°C with the same settlement.
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Топырақты топырағын мұздату және еріту кезінде 
модельдік қадаларды эксперименттік зерттеу

Аңдатпа. Бұл жұмыс маусымдық мұздатылған топырақтағы статикалық жүктемеге бетон қадаларын 
(қимасы 4×4 см және ұзындығы 60 см) сынау туралы қысқаша есепті қамтиды. Теориялық әдістердің 
негізінде қадалардың шекті көтергіштігі қарапайым теңдеу бойынша қадалар нүктесінде және үйкеліс 
кедергісіне (тері үйкелісіне) берілетін жүктеменің қосындысы ретінде есептелді. Өткізу қабілеттілігінің 
коэффициенттерін анықтаудың бірнеше әдістері бар. Бұл жұмыста Мейерхоф әдісі қолданылады, ол 
құмдағы қаданың максималды нүктелік көтергіштігін есептеуді қамтиды және тығыздау кезінде макси-
малды мәнге жетеді, сонымен қатар, құмдағы үйкелістің шекті кедергісі есептелді. Алынған мәндердің 
негізінде қадаға рұқсат етілген жүктеме есептелді. Қазақстандық стандартқа сәйкес СЛТ беріктік қоры-
ның коэффициенті (ФС) 1,2-ні құрайды. Қорытындылай келе, топырақтың маусымдық қатып қалған то-
пырақтарындағы қадалық іргетастардың көтергіштік қабілетін бағалауды талдау нәтижелері көрсетті.

Түйін сөздер: құм, саз, қадалар, жүк көтергіштігі, топырақ.

А.Ж. Жусупбеков1, Е.Ч. Шин2, Ж. Шахмов1, Г. Тлеуленова1
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Экспериментальные исследования модельной сваи 
при промерзании и оттаивании грунтового грунта

Аннотация. Данная работа включает в себя краткий отчет об испытаниях бетонных свай (сечение 
4×4 см и длина 60 см) на статическую нагрузку в сезонно промерзающем грунте. На основе теоретиче-
ских методов была рассчитана предельная несущая способность сваи по простому уравнению как сум-

Experimental investigations of model pile in freezing...
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ма нагрузки, переносимой в точке сваи плюс к сопротивлению трению (кожному трению). Существует 
несколько методов определения коэффициентов несущей способности. В данной работе используется 
метод Мейерхофа, который включает расчет предельной точечной несущей способности сваи в песке 
и достигает максимального значения при заделке, а также было рассчитано предельное сопротивление 
трению в песке. На основании полученных значений была рассчитана допустимая нагрузка на сваю. Со-
гласно казахстанскому стандарту, коэффициент запаса прочности (ФС) СЛТ составляет 1,2. В заключение 
были представлены результаты анализа оценки несущей способности свайных фундаментов в сезонно 
промерзающих грунтах грунта.

Ключевые слова: песок, глина, свая, несущая способность, грунт.
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