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Hazards regarding to freezing-thawing and freezing index

Abstract: Frozen process of the soil ground of the foundation of construction sand buildings is
the challenging task in general construction. There are a lot of factors which influence to the freezing
soil process such as properties of soil, climatic conditions, underground water location and so on.
This paper present sone factor such as climatic data, especially freezing index. Many graphs give
importantinformationand source of design regarding to freezing problem. The freezing index can be
used to determine the depth of freezing. This can be used primarily in determining the depth of
freezing, segregational potential of ice formation in the soil, etc. Moreover, an important role in the
construction is determining the optimal foundation depth, which can be determined by the freezing
index.]

Keywords: freezing soil ground, freezing index, frost heaving.
DOI: https://doi.org/10.32523/2616-7263-2018-125-4-51-55

Introduction. The impact of freezing-thawing is highly acting to soil ground of constructions in
cold regions. Especially, it is visible and cause to unbalanced uplifting and settling of foundations
because of frost heaving, cracks and variable deformations.

Ground freezing and thawing are impossible to imagine without water. It is water presence in
the percentage content on the soil composition that causes frost heaving of the soil. The negative
temperature during the freezing process also plays an important role as well as the granulometric
composition of the soils[1,2].
Frost heaving process and hazards of construction. Surface attraction of the water in

inverse proportion to the temperature, so that freezing and the movement of the freezing front will
increase the force of attraction vertically upward to the absorption of capillary water. Thus, freezing
in autumn and winter is the cause of high humidity in the soil foundations for road structures and
other buildings, while in the summer heating and thawing of the soil reduces the bearing capacity of
the soil of buildings and structures. The sudden and sharp influence of temperature on the properties
of soils occurs when water is frozen, since the surface attraction (surface kinetic energy) of ice is
very high, and the pore pressure is very low. Capillary water and water vapor that migrate to the
freezing zone form ice crystals and lenses, as well as ice layers[3,4].

Frost heaving (or a frost heave) is an upwards swelling of soil during freezing conditions caused
by an increasing presence of ice as it grows towards the surface, upwards from the depth in the soil
where freezing temperatures have penetrated into the soil (the freezing front or freezing boundary).
Ice growth requires a water supply that delivers water to the freezing front via capillary action in
certain soils. The weight of overlying soil restrains vertical growth of the ice and can promote the
formation of lens-shaped areas of ice within the soil. Yet the force of one or more growing ice lenses
is sufficient to lift a layer of soil, as much as 1 foot (0.30 metres) or more. The soil through which
water passes to feed the formation of ice lenses must be sufficiently porous to allow capillary action,
yet not so porous as to break capillary continuity. Such soil is referred to as "frost susceptible".
The growth of ice lenses continually consumes the rising water at the freezing front. Differential
frost heaving can crack road surfaces—contributing to springtime pothole formation—and damage
building foundations. Especially, the problem with pothole in Kazakhstan is also big issue with frost
heaving and thawing problems[5,6].

As we could see from figures above frost heaving and thawing is the reason of many collapsing of
construction, especially in the pavement and road engineering.
Freezing index and its changing analysis
One of the most important thing for evaluate freezing process and its influence to soil ground of

constructions is freezing index. So, therefore it is presented freezing index by table and graph of
climatic data from 2001 to 2017.
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Figure 1 – Frost-thawing problem related hazardous situation in road on ChingizAytmatov str. in Astana

Figure 2 – Another example of deformation regarding to frost heaving and thawing

Temperature regimes of upper part of the Earth core firstly determined by athmospheric condi-
tions. Particularly, seasonally frost depth is the function of air temperature and length of winter.
There is meaning such as Freezing index which has in engineering practice. It is a sum of absolute
calculated negative temperature amount on the time:

F =
∑
|Ti|∆ti

The unit of Freezing index usually expressed by Celcium degree-hour ( o C·h) or Celcium degree-
day ( o C·d). Annual freezing index is found by summary of averagde monthly freezing index and
marks like F .

The average winter temperature is found by Tw = −F/tw .
Also it is Thawing index which determined vica versa to Freezing index by next equation by

summary of positive temperature multiplaied to time:U =
∑
|Ti|∆ti

Annual average temperature is determined by next general equation:

Tm = (U − F )/365
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Table 1 – Freezing index variation from 2001 to 2017.

I II III XI XII year F, freezing index oC·day
-14.1 -14.8 -1.9 -2.0 -12.4 2001 1354.8
-6.3 -5.6 0.9 -2.5 -17.8 2002 978.9
-13.6 -15.1 -9.3 -6.9 -9.5 2003 1634,2
-14.8 -9.6 -7.5 -1.4 -12.8 2004 1398,9
-14.3 -19.1 -3.2 -2.3 -10.5 2005 1471,8
-23.0 -10.7 -1.6 -3.2 -7.0 2006 1375,2
-8.5 -10.9 -9.0 -4.4 -12.9 2007 1379,6
-21.5 -13.6 0.2 -0.9 -11.4 2008 1427,7
-13.5 -16.0 -4.5 -4.0 -14.0 2009 1560
-19.4 -20.0 -6.7 0.2 -12.6 2010 1759.7
-18.5 -13.6 -7.4 -8.8 -15.0 2011 1912.7
-16 -18.5 -3 -5 -19 2012 1846
-11.5 -11 -2 -2 -7.5 2013 1019
-15 -16.5 -2 -7 -9.5 2014 1493,5
-14.5 -8.5 -4.5 -5 -4.5 2015 1116,5
-12.5 -5.5 -1.5 -9.5 -9.5 2016 1167,5
-10 -12 -4.5 0 -18.5 2017 1359

There are several conclusions, if F>U growth of frozen soil by each year occuring and begin to
creation permanent frozen layers which is not melting totally even in summer time. But if F<U
its mean that seasonally frozen soil occuring in this region and frozen layer totally melted during
summer time.

Foreign specialists also find freezing index depend on construction type which could be found one
time in 5, 10, 20, 50 and 100 year. There are marked F 5 , F 10 , F 20 , F 50 and F 100 and determined
by statistical processing of data.

Figure 3 – Freezing index variations of Akmola region from 2001 to 2017

The graphs of the above shows minimal freezing index in 2002 and 2013, while it is increasing
from 2006 to 2011 and from 2015 to present year. The trend is visually presented by cycle in 10
years which is minimal and after some increasing and decreasing with permanent increasing into the
10 years.
Conclusion.The results of the monitoring and calculation of freezing index shows some two

cycles in the last 10 years. The 1st cycle as increasing of freezing index from 2004 to 2011, 2nd
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cycle of increasing begin from 2015 to present years. Despite this, further research, further in-depth
analysis of the results and determination of the immediate properties of freezing soils are needed.
In particular, it was possible to make further calculations to determine the depth of freezing in the
Akmola region.

References
1 Zhussupbekov A., Shakhmov Zh., Shin E.C. and Krasnikov S. Challenges for transportation geotechnics in extreme

climates of Kazakhstan and Korea / / Advances in Transportation Geotechnics II: CRC Press TaylorFrancis Group
- 2nd International Conference on Transportation Geotechnics, Hokkaido, Japan, 2012. Hokkaido, 2012. -P. 655-660.

2 Zhussupbekov A., Utepov Ye., Shakhmov Zh., Ling H. Model testing of piles in a centrifuge for prediction of their
in-situ performance / / Journal Soil Mechanics and Foundation Engineering -2013. -V. 50.№3. -P. 92-96.

3 Shakhmov Zh., Zhussupbekov A. Frost susceptibility of soil and in-situ monitoring of frost depth in construction
/ / The 15th Asian Regional Conference on Soil Mechanics and Geotechnical Engineering. Fukuoka. Japan. 2015.
-Fukuoka. 2015. -P.558.

4 Zhussupbekov A., Shakhmov Zh. Experimental investigations of freezing soils at ground conditions of Astana,
Kazakhstan / / Sciences in Cold and Arid Regions - 2015. -V. 7, №4. -P. 399-406.

5 Zhussupbekov A., Shakhmov Zh., Tleulenova G. Geotechnical problems on freezing ground soil and experimental
investigation in Kazakhstan / / Sciences in Cold and Arid Regions-2017. -V. 9, №3.-P. 331-334.

6 Zhussupbekov A., Shakhmov Zh., Lukpanov R., Tleulenova G. Frost depth monitoring of pavement and evaluation
of frost susceptibility at soil ground of Kazakhstan / / 19th International Conference on Soil Mechanics and
Geotechnical Engineering, Seoul, Republic of Korea, 2017. -P. 1455-1458.
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Тоңдану индексi және тоңдану-жiбуге байланысты туындайтын қауiптер

Аннотация: Құрылыс ғимараттарының және ғимараттардың топырақ қабатының тоңдануы - жалпы құрылыста
күрделi мәселе. Топырақтың қасиеттерi, климаттық жағдайлар, жер асты суларының орналасуы және т.б. топырақтың
қатуына әсер ететiн көптеген факторлар бар. Бұл мақалада климаттық деректер, әсiресе тоңдану индексi сияқты
факторлар келтiрiлген. Кестелер мен графиектертоңдану мәселеге қатысты есептеуге маңызды ақпаратты және жобалау
көзiн бередi. Тоңдану индексi топырақтың қату тереңдiгiн анықтауда қолданылуы мүмкiн. Бiрiншiден бұл тоңдану
тереңдiгiн анықтауда , сонымен қатар мұздың сегергациялық потенциалының шамасын анықтауда қолданылады. Одан
әрi құрылыста маңызды рольд iргетастың ықтималды орналасу тереңдiгiн анықтау болып саналады, оны тоңдану индексi
бойынша да табуға болады.

Түйiн сөздер: топырақтың қату температурасы, тоңдану индексi, тоңдану қопсуы.

Ж.А.Шахмов, Г.Т. Тлеуленова, И.С.Икапова

Евразийский национальный университет им Л.Н. Гумилева, Астана, Казахстан

Опасности, связанные с замораживанием-оттаиванием, и индекс промерзания

Аннотация: Промерзание грунтового основания фундамента зданий и сооружений является сложной задачей в
общем строительстве. На процесс промерзания грунтов влияет множество факторов, таких как свойства грунтов,
климатические условия, местоположение подземных вод и т. е.д. В этой статье представлен один фактор, такой как
климатические данные, в особенности, индекс промерзания. Многие графики дают важную информацию и источник
проектирования относительно проблемы промерзания. Индекс промерзания может быть использована для определения
глубины промерзания, в первую очередь, при определени глубины промерзания, сегрегационного потенциала образования
льда в тольше грунтов и т.д. Важную роль в строительстве также играет определение оптимального заложения глубины
фундаментов, которое может быть определено за счет индекса промерзания.

Ключевые слова: температура промерзания, индекс промерзания, морозное пучение.
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бередi.

4. Мақаланың көлемi 18 беттен аспауға тиiс (6 беттен бастап).
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Численное дифференцирование функций в контексте Компьютерного

(вычислительного) поперечника
Аннотация: В рамках компьютерного (вычислительного) поперечника полностью
решена задача приближенного дифференцирования функций, принадлежащих классам
Соболева по неточной информации, полученной от произвольного конечного множества
тригонометрических коэффициентов Фурье-Лебега дифференцируемой функции... [100-200
слов].
Ключевые слова приближенное дифференцирование, восстановление по неточной

информации, предельная погрешность, компьютерный (вычислительный) поперечник. [6-8
слов/словосочетаний].

Введение

Текст введения...
Авторам не следует использовать нестандартные пакеты LaTeX (используйте их лишь в

случае крайней необходимости)

Заголовок секции

1.1 Заголовок подсекции
Окружения.

Теорема 1. ...

Лемма 1. ...

Предложение 1. ...

Определение 1. ...

Следствие 1. ...

Замечание 1. ...

Теорема 2 (Темиргалиев Н. [2]). Текст теоремы.

Д о к а з а т е л ь с т в о. Текст доказательства.

2. Формулы, таблицы, рисунки

δN (εN ;DN )Y ≡ δN (εN ;T ;F ;DN )Y ≡ inf
(l(N),ϕN)∈DN
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))
Y
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)
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Таблицы, рисунки необходимо располагать после упоминания. С каждой иллюстрацией должна
следовать надпись.
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Таблица 2 – Название таблицы

Простые Не простые
2, 3, 5, 7, 11, 13, 17, 19, 23, 29 4, 6, 8, 9, 10, 12, 14

Рисунок 4 – Название рисунка
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Компьютерлiк (есептеуiш) диаметр мәнмәтiнiнде функцияларды сандық дифференциалдау

Аннотация: Компьютерлiк (есептеуiш) диаметр мәнмәтiнiнде Соболев класында жататын функцияларды олардың
тригонометриялық Фурье-Лебег коэффициенттерiнiң ақырлы жиынынан алынған дәл емес ақпарат бойынша жуықтау
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