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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 4x4 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 4x4 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(Figurel).

Figure 1. The model of pile foundation
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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

lcm, 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).

Bx0.1=S
S=4 mm

Results and Discussion. Tablel 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

No Temperature, ES 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.

Load, (kN)

T T T '
120 140 160

—=— Pile 1, GL=18°C
—e— Pile 2, GL=-5"C
—a— Pile 3, GL=-10°C

-1

Settlement, (mm)
& N
1 1

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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2Wnuxon Yammork Yrueepcumemi, Mruxon, Onmycmix Kopest

TomnbIpaKkThl TONBIPAFBIH MY3J4aTy XX9He epiTy Ke3iHae
MOJeabaiK KajalapAabl 9KCIIEPMMEHTTIK 3epTTey

Anaatma. by >KyMbIc MayChIMABIK MY3AaTbLAFaH TOIIBIPaKTaFbl CTaTUKAaABIK SKyKTeMere OeTOH KaJalapbIH
(xmMacer 4x4 cM >koHe Y3BIHABIFEI 60 CM) ChIHAy Typaabl KbICKaIlla ecelTi KaMTHABL TeopusAAbIK aaicTepain
HeTi3iHAe KadadapAbIH IIeKTi KeTeprillTiri KapamaibIM TeHaey OOJbIHINa Kajalap HYKTeciHAe SKoHe YIiKeaic
KeJepriciHe (tepi yiikeaiciHe) OepiaeTiH >KyKTeMeHiH KOCBIHABICH peTiHAe ecenteasi. OTKizy Kabiaerriairinig
koo PUITMEeHTTepiH aHBIKTayAblH OipHele ajicrepi Oap. bya sxymeicta Metiepxod agici K0a4aHbLAaABI, 04
KYMAAarbl KaJaHblH MaKCHMMaAAbl HyKTeAiK KOTeprilllTiriH ecerTeyAi KaMTUABI JKoHe THIFbI3Jay Ke3iHae MaKCu-
MaaAAbl MOHIe >KeTe/i, COHBIMeH KaTap, KYMJAaFrbl YIIKeAiCTiH IIeKTi Keaeprici eceniTeaai. AAbIHFaH MaHAepAiH
HeTi3iHAe KajaFa pyKcarT eTiAreH >KykTeMme ecenteadi. Kasakcranarik crangaptka carikec C/T OepikTik KOpPHI-
HbIH Ko Puinenti (PC) 1,2-Hi kypariabl. KOpLITBIHABLAAI KeAe, TOIBIPaKThIH MayChIMABIK KaTHIII KaAFaH TO-
IIBIpaKTapbIHAAFBI KaJaAbIK ipreTactapAblH KOTePrilTiK KabiseTiH Oarasaybl Taaday HITUKeAepi KOpCeTTi.

Tyiiin ce3aep: KyM, ca3, Kajaaap, YK KOTepTIillITiri, TOIbIpakK.

A.K. XKycynoekos', E.U. IlIun?, 2K. Illaxmos', I'. Taeyaenosa'
'Eepasuiickuii nayuonarvroui yrusepcumem M. . H. T'ymuresa, Hyp-Cyaman, Kasaxcman
Unuxoncruti Hayuonarvviil ynusepcumem, Muuxon, FOxnas Kopes

DKcrepuMeHTaabHBIE VICCAeA0BaHNSI MOAEeAbHOM CBan
Opu OpOMep3aHNy ¥ OTTaMBaHUI TPYHTOBOIO IPyHTa

AnnoTanmus. JaHHas padoTa BKAIOYaeT B cebs KpaTKMII OT4eT 00 MCIBITaHMAX OETOHHBIX CBall (ceyeHue
4x4 cm 1 gamna 60 cM) Ha CTaTMYeCKYIO HAarpy3Ky B Ce30HHO IpoMepaaioieM rpyHre. Ha ocHose Teopernye-
CKIX MeTOA0B Oblaa paccumMTaHa IpejeAbHas Hecylasl ClIOCOOHOCTb CBal 10 IIPOCTOMY yPaBHEHUIO KaK CyM-
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A.Zh. Zhussupbekov, E.Ch.Shin, Zh. Shakhmov, G.Tleulenova

Ma HarpysKu, IepeHOCUMOlI B TOUKe CBaM MAIOC K COITPOTUBAEHUIO TPeHUIO (KOKHOMY TpeHuio). CyiectsyeT
HEeCKOABKO MeTOJAO0B OllpejeaeHNs Koo PUITNeHTOB HecyIeil criocoOHocTu. B JaHHOM paboTe mMcmoansyercs
MeToZ Meriepxoda, KOTOPBII BKAIOYaeT pacyeT IIpeAeAbHOV TOYeUHOI HecyIllell CIIOCOOHOCTHU CBall B ITeCKe
U AOCTUTaeT MaKCUMaAbHOTO 3HaueHus IIpU 3aJeaKe, a TakKe ObLA0 paccdMTaHO IIpeJeAbHOe COIIPOTUBAeHNe
TpeHuIo B necke. Ha ocHOBaHNMM [TOAyJeHHBIX 3HaYeHNniT Oblaa paccdMTaHa AOIyCTUMAasl Harpyska Ha csaio. Co-
r1acHO Ka3axCTaHCKOMY cTaHAapTy, Koadduument 3armaca npounoctn (PC) CAT cocrasaser 1,2. B sakaiouenne
ObLAM TTpeACTaBAeHbl Pe3yAbTaThl aHaAM3a OIEHKHU HeCyIIeil ClTOCOOHOCTH CBalfHBIX (PYyHAAMEHTOB B CE30HHO
IIpOMepP3aloLIUX IPYHTaxX TPyHTa.
Karouesbie caoBa: 1ecok, ramHa, csasi, HecyIas ClioCOOHOCTD, TPYHT.
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