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Prevention method of soil freezing during pile driving in winter

Abstract. One of the common challenges of driving piles in winter is frozen soil. The
depth of frozen soil reaches two meters in Northern and Central Kazakhstan that made
it difficult to build the pile foundations in cold months. In order to prevent the pile
distraction, the places of pile installation are usually drilled by drilling machines
which takes time and additional cost for preparatory works. In this paper we proposed
a new method of preventing the soil from freezing by using an antifreeze reagent. The
reagent can also be used to thaw the frozen ground which allows the construction
works in winter months. During the static load test, the piles driven into the soil that
had been applied with antifreeze reagent have shown more accurate bearing capacity
data. The scientific and experimental studies have established that the antifreeze
reagent reduces the compressibility of frozen soil.
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Introduction

Pile driving in winter has its obstacles as the ions of water get crystalized during the long time
of sub-zero temperatures making the soil thick and frozen. One of the widely adopted methods of
driving piles in winter in Kazakhstan is drilling the frozen depth of pile places. Usually, frozen depth
gets to two meters below the ground level. There are many challenges when placing the piles in cold
weather. For example, due to the frozen ground, the number of impacts exceeds the requirements for
driving the pile. Consequently, due to a lot of hard-driving, concrete piles can develop horizontal
cracks. Usually, the head of concrete piles is vulnerable to impacts. The head of a pile usually gets
deformed or damaged by the high blow counts. These issues also lead to the penetration of water into
the structure of concrete piles. Moreover, when the soil is thick and frozen, piles can be driven out of
their accepted location which is not acceptable for pile foundations

It is important to know the methods of foundation piling one needs in cold weather conditions,
which might affect not only the structure of pre-cast- concrete piles but also the whole foundation
itself.

Figure 1. Seasonal frost depth across Kazakhstan
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The proposed antifreeze reagent can serve as thermal insulation for the soil when the temperature
drops below freezing in the winter months. Moreover, it can provide an ideal condition to drive the piles
on the construction site without waiting for the springtime. In order to run the project on schedule, and
antifreeze reagent can offer significant advantages in wintertime.

It is important to note that antifreeze reagent can also help to make fewer disturbances to the
surrounding area since the ground is unfrozen and does not require any major excavation. Pile foundations
can be easily placed in winter without additional and extra costly operations.

There are a lot of studies that investigated the effects of seasonally frozen soils on pile foundations.
Authors of research suggest replacing the soil with frost stable material or preventing the soil from freezing
since the lenses of ice develop forces in soil ground that affect all parts of the foundation. Pile driving in
frozen soil can produce harmful frost actions [1].

The authors of a study [2] point out the problems of seasonal freezing ground on piles of solar power
generation. The authors proposed a new approach of rehabilitation to address frost effects on piles as the
ground may rise in cold weather which leads to the upward displacement of piles.

Research by Sarsembayeva [3] has shown the effect of de-icing chemicals on seasonal freezing of
highway subsoil. The authors stated that removal of snow from road payments (pavements?) by spreading
chemical de-icing reagents decreases the freezing point if the water in soils is made to be able to migrate.

The authors of a study [4] proposed a new technological solution that increases the efficiency of pile
driving into seasonally frozen soils. The idea is to install a thermal vibrolider on the head of a pile hummer
which decreases the density of frozen soil and allows the pile to drive into the frozen soil without drilling
or other extra preparatory works.

A new type of pile filed with porous material was suggested by Li and Xu [5]. The authors claimed that
this new type of pile decreases the gradient of soil temperature fluctuations. However, the disadvantage of
such a solution is that the manufacture of such piles will be very costly. Also, there might be some
difficulties in ensuring the quality of the backfill when the piles are driven into the ground.

The authors [6] have done research on the effects of frozen soil characteristics on the bearing capacity
and settlement of the pile foundation. In the article, the authors have presented results of static load tests
on model concrete piles (how long?) that have been driven into frozen soils with 10 cm freezing depth
below the ground at a different temperatures -5C, - 20C.

Sri Sritharan et al. [7] investigated the effects of seasonal freezing of soil on lateral load response of
bridge column-foundation, and its interaction and implications with soil. The authors have demonstrated
two outdoor column foundation system test examinations during summer and winter at ambient
temperatures of 23°C and -10°C, respectively, and have observed significant changes in the column and
foundation due to drastic changes in the properties of soil caused by seasonal freezing. The authors noted
that the design of pile foundations in seismic areas does not consider the seasonally freezing soil effects.

Another study [8] on modeling the response of cyclically loaded bridge columns into unfrozen and
seasonally frozen ground has shown a comparison analysis of soil in warm and cold conditions. The
experimental data presented the influence of temperature difference of soil on effective stiffness, maximum
moment, moment location, shear demand, and length of the plastic region.

1.1 Sustainability

Considering the climate change impacts, it is important to support the sustainability of
environmental, social, and economic domains by reducing waste and using fewer resources during
the operations of constriction. Using reagents can be an innovative idea in building a sustainable
future by reducing carbon emissions and having a less negative impact on the environment.

Nowadays, energy use in the construction industry is still considered very high. All the heavy
machines that are used in construction still depend on fossil fuels.
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The number of green buildings and the move to achieve the green building certification is now
growing over the world. However, Kazakhstan is still not active in achieving such projects as the USA,
South Korea, Japan, and European countries. The term “green buildings” means a practice of building
structures and the processes of construction using natural resources that are not only environmentally
friendly but also support the quality of life by eliminating negative impacts on the environment.

2. Methods of field work and laboratory research of soils.

The purpose of the research is to see the thermal effect of the antifreeze reagent on soils in
negative temperatures in the laboratory and at the construction site during the winter.

In the laboratory of the LLP “KGS-Astana”, the mechanical properties of the used soil were
identified. The used soil was obtained from the construction site “Nur-Sultan Hospital” which is
located in the capital of Kazakhstan -Nur-Sultan city.

Figure 2. Testing the soil for bearing capacity.

Based on the field description of the soils and the results of laboratory tests, the soils were
divided into engineering-geological elements (IGE) in the stratigraphic sequence of their occurrence.
The followings are the elements of the soil:

IGE-1. Topsoil - tQiv

IGE-2. Loam - aQurv

IGE-3. Sandy loam - aQur.iv

IGE-4. Clay - aQu-m

IGE-5. Fine sand - aQu;

IGE-6. Sand of medium size - aQu-m
IGE-7. Coarse sand - aQuu;

IGE-8. Gravelly sand aQu.mt

IGE-9. Clay - Pg33

Each allocated engineering and geological element are given specific values of indicators of
physical and mechanical properties, given the movement and compression tests by laboratory
methods and the consolidation of dredging.

2.1 Experiment in the laboratory.
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In order to obtain comparative results, there have been three different boxes with soils. The
first box was filled up with soil without the de-icing chemical reagent, whereas in the second box at
the surface of the soil was sprayed the antifreeze regent. Both boxes were put into the refrigerator.
The third box was filled up with soil but kept at the room temperature. In order to see the effect of
the antifreeze reagent, the model piles were driven into three boxes.

The boxes were made from wood with dimensions of 150 (Ilength) x 70 mm (width) x 250 mm
(height). The model piles were made from plastic and printed with 3D Printer (Figure 4). The size of
piles was 10x10 mm (thickness) x 150 mm (length). The mass of each pile is 12 mg. The density of the
plastic is 1.38 g/cm?®. The piles were modeled from the piles with sizes of 40x40 (thickness) and 600 m
(length) in a ratio of 1:40.

Figure 3. Process of filling the box  Figure 4. Model piles made of plastic

The first step to test the antifreeze reagent was the calculation of its consumption. There was
a task to calculate the mass of antifreeze reagent needed to prevent soil freezing. In the winter months,
chemical additives are usually used to thaw the ice and snow on roads. The study of Kiyalbayev [9]
presented the equation for de-icing the roads by chemical reagents. Authors claimed that the main
characteristics for the calculation of antifreeze reagent are the density of soil, concentration of
antifreeze reagent, and frozen depth of the ground.

Based on his works and equation, the mass of antifreeze regent needed for soil has been
calculated. [may have to show the equation] Since the antifreeze reagent is used on top of the soil, the
characteristics of sandy loam have been taken into account.

In order to identify the concentration of the reagent, the soil was tested at the refrigerator at
different temperatures and concentrations. The results have been presented in Gibb’s diagram below
(Figure 5).
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Concentration of antifreeze reagent
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Figure 5. Gibbs diagram for antifreeze reagent
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The physical and mechanical properties of sandy loam are known from the geological investigation

and presented in Table 1.

Table 1.
unitofm | Limitvalues | Average
No Thenameofindicators easure ] (normative
ments | T | max. ) values
1 | Naturalhumidity % 6,25 8,0 6,74
2 | Consistency 0,28 0,81 0,60
3 | Soildensity g/cm? 1,60 2,01 1,79
4 | Densityofsoilparticles g/cm? 2,35 2,80 2,59
5 | Porositycoefficient shareun | 0,385 | 0,686 0,542
its
6 | Moisturedegree shareun | 0,256 0,440 0,326
its

According to the SNiP 23-01-99 (Building codes and regulations), the average temperature of the
coldest five days in Nur-Sultan city is -37C. Normative frozen ground depth is 205 cm according to
SP RK 2.04-01-2017. From the table, it was calculated the mass of water in 1m? of soil, which was equal
to 37 kg (is this for the water or soil? Your writing is for the soil). It is important to determine the depth

of the soil which should be prevented from freezing. In this experiment, the depth was calculated for

10 em.
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The mass of the antifreeze reagent will be equated as below:

_ Canti.r. - M water

anti.r. 100% _C

m

Contir = 25% at tre temperature -30 C

- _25% %37 kg _
antir.— 100% — 254

m 12.3 kg

Locally for each pile with the size of 40x40, the mass of antifreeze reagent will be as follows:

0,4%0,4=0,16m?
12,3 kg «0,16 m*= 1,79 kg

22 Results of laboratory experiment

The first and third boxes were kept and monitored for 2 weeks in the freezing camera. The soil in
the first box was unfrozen. The reagent has prevented the soil from freezing. The plastic pile was
driven easily by the hammer in 13 hits (Figure 6).

Moreover, the piles were tested for static load in the freezing camera under different load
conditions and in constant loads (increasing in steps). The ruler was used to measure the settlements
of the pile. As for the loads, the dumbbells were used with different weights of 1 kg, 2 kg, 4kg, 5 kg, 6
kg, and 8 kg. The pile has started to settle from 4 kg for 0,1 mm, and at the first box results of the static
load, test can be seen in Figure 7.
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Figure 6.The results of pile driving in the settlement of pile in the first box
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(units, please)
Figure 7. The
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The second box which was kept at room temperature +18 C also was tested for a static load test.
The pile was fully driven in 8 hits by hammer (Figure 8). The pile under 8 kg was totally gone into

the soil (Figure 9).
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Figure 8.The results of pile driving in the
second box.(unit, please)

Figure 9. The settlement of pile in the second
box. (unit, please)
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The third box which has no antifreeze reagent on the surface was fully frozen. The pile could
not be driven after 100 hits and even after boring for 5 cm. The head of the plastic pile was damaged
by excessive hittings.

2.3 Experiments at the construction site.

For the construction site during testing, the soil was already frozen and the outdoor
temperature was -25 C. Freezing depth was -1.5 m. The chemical additives were applied locally in
places of two piles (Figure 10). As the ground was covered by snow, there had been a chance to see
other advantages of the chemical reagent. The places of piles where de-icing reagent was put had
been monitored for two weeks. The day later, it has been noticed that the snow was fully melted by
reagent. Also, there was a thawing effect from the reagent as the depth of unfrozen soil reached 3
cm.

Figure 10. Spreading the antifreeze reagent on top of snow
Figur 11. The pile installation on thawe
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After 14 days, the depth of thawed soil had reached 10 cm even if the outdoor temperature was -
27 -30 C (which one is the temperature?). It has been decided to drive one of the piles without drilling and
the second one into the already drilled hole. The differences in the installation were defined by the
number of blows of the hammer. The number of blows on a place where antifreeze reagent was applied
was 200 hits, while the pile on the drilled place was driven in 198 hits. Even if the method of driving those
two piles was different, the number of hits in the installation was almost similar that showed the
effectiveness and profitability of using antifreeze reagent.

Results and discussion

Based on the test results, the antifreeze reagent has shown its effectiveness in protecting the soil in
winter. The distinctive aspect of using the antifreeze reagent is the ability to protect the soil (from
freezing?) and the simplicity of the method. Many traditional methods are directed to thawing or drilling
the places of the piles. From an economic perspective, the method is cost-effective and environmentally
friendly. Implementation of the proposed method of protecting the soil provides the potential for high
productivity driving of reinforced concrete piles without the risk of their destruction. At the same time,
there is no need to use more powerful hammers for driving piles in frozen soils.

Moreover, based on the studies, the equation of calculating the mass of antifreeze reagent has
been created. Since the consumption of the reagent depends on the density and frozen depth of the soil,
it is possible of using less reagent in other regions of Kazakhstan where the winter is not as cold and
aggressive.

Conclusion

The experiment results have shown that protecting method of soil from freezing is possible and
cost-effective. During the process, it has been also found that the reagent is able to thaw the already frozen
ground which makes it a more competitive tool in dealing with frozen soil during pile foundation
construction. The main advantages of using reagent are its possibility of driving piles in wintertime
without boring and testing them for bearing capacity. Since the chemical reagents keep the soil unfrozen
even in cold weather it also decreases the compressibility of the soil. Consequently, there is no need for
special equipment with high power that might destroy the heads and the structure of the concrete piles.
Moreover, using this new method of preventing the soil from freezing decreases the blow counts, and
helps to avoid driving the piles out of their places.
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KricTa KagasapAnl OpHaTY YIIiH TOIIbIPAK KaTYBIHBIH aaAbIH-aay dAici

Angarma. Kpicta Kaga KaryablH KMBIHABIKTapBIHBIH Oipi — TOIBIPAKTHIH My3 OOABII KaAybl.
MysaaTslaran TonblpakThiH TepeHairi Coarycrik xxone Opraanik Kasakcranaa exi merpre Aeifin xxeteai,
Oya cybIK ailaapAa Kaja ipretactapblH caayAbl KubiHAaTagbl. KagasapabiH chIHYBIH 604ABIpMay YIIIiH,
9/eTTe My3 OOABINI KaAfaH KabaTblH Oyprblaay MalllMHadapbIMeH Oyprblaaniabl. bya aaliblHABIK
JKYMBICTaphl YaKBITTHI >KoHe KOCBIMIIIA aKIIaHbI KaxkeT eTeai. bya makasasa 6i3 antudpus peaktusin
KO//aHY apKbLAbI TOITBIPAKTHIH MY3 OOABII KaAybIHbIH alABIH aAyAbIH KaHa 94iciH ycbiHaMbI3. PearenTTi
MY3JaThLAFaH XXepJai epiTy YIIIiH Je nalijadaHyra 001aabl, 6y KYPBLABIC )KYMBICTapbIH KBIC aliAapblHAa
Kyprisyre MyMKiHAIK Oepeai. CTaTukaablK >KYKTeMeHi ChIHay Ke3iHAe aHTU(PU3 peaKTMBi KOCBLAFaH
TOIIBIPAKTa, KajalapAblH KOTeprilmTik KalizeTi adaipek KepceTTi. IBIABIMU >KoHe SKCIePUMEHTTIK
3epTTeyaep aHTU(PPU3 peaKTUBiHIH MYy3 TOIBIPAKTHIH CHIFBLAFBIIITLIFEIH TOMEHAeTeTiHiH aHbIKTa bl

Tyiiin ce3aep: My3TONBIpaK, KajaipreTacsl, Kajalap, CTaTMKaAbIK JKYKTeM ChIHaFbl, aHTu(ppu3
peaxTusi.
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LO0O «l'eomexruueckuii yermp», Cankm-Ilemepoype, Poccus
2Canxm-IlemepOypzckuil zocydapcmeerotii ApXUMeKmypHO-CPOUEeAbHbLI YHUsepcumen,
Canxm-ITemep0Oypz, Poccusi

Cr1oco0 npeaoTBpaleHns: IpOMep3aHNs TPYHTa B MecTax 3a0MBKI CBayi

Annorammsa. OgHa 13 9acTeIX TpoOAeM Ipu 3a0MBaHUM CBail 3IMOJI — DTO MepP3AbIi IPYHT.
I'ayouna mepsaoro rpynra B CesepHoMm u llenrpaarnom Kasaxcrane gocturaer AByX MeTPOB, 4TO
3aTpyAHseT CTPOUTEABCTBO CBalfHOTO PyHAaMeHTa B 3MMHUI nlepuo. Bo nsbexanne paspyenns csan
OOBIYHO Mep3Ablil CAOM TIpyHTa Oypurcs OypOBBIMM MalllMHaMl, 4YTO TpeOyeT BpeMeHu U
AOIIOAHNUTEABHBIX CPeACTB Ha I0ATOTOBUTeAbHble paboThl. B gaHHOIT paGoTe MBI IpejaaraeM HOBBIN
croco0 mpeAOoTBpallleHNs 3aMep3aHsI IIOYBHI C MCII0Ab30BaHIeM IIPOTMBOMOPO3HOTO peareHTa. PearenT
TaKkKe MOXKHO MCIIOAB30BaTh A4Sl OTTauMBaHMSA MEpP340r0 TIPyHTa, YTO II03BOAsAET IHPOBOAUTD
CTpouTeAbHble pabOTHI B 3MMHMe Mecslbl. Bo BpeMs mchbITaHus Ha CTaTUMYeCKYIO HarpysKy cBal,
3a0uThIe B TPYHT, 0OpabOTaHHBIN IPOTHBOMOPO3HBIN peareHToM, IoKa3aau 00aee TOUYHbIe AaHHbIe O MX
Hecymiel crocooHoctu. HayuyHbIMM M ®KcIlepyMeHTaAbHBIMIU MCCAEAOBAaHUAMMU YCTaHOBAEHO, 4YTO
IPOTHMBOMOPO3HEIN peareHT CHI>KaeT CKMMaeMOCTh MepP340Io TPYHTa.

KaroueBbie caoBa: Mep3Ablil TPYHT, cBaliHbI (PyHAAMEHT, CBau, MCIBITaHIe Ha CTaTUYeCcKyIOo
HarpysKy, IpOTUBOMOPO3HBIN peaKTUB.
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