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Vapour transfer in the freezing soils — physical phenomena
of the frost heave

Abstract: Study of the hydraulic conductivity in the freezing soils and the
frost heave mechanism started as far as in the 30’s of the last century and even
earlier. However explanation of frost heave mechanism with hydraulic conductivity
is fundamentally wrong approach which leads to the complication in the
calculations and the predictions of frost heave. The presented work explains the
detailed description of the moisture migration in a gas phase within the freezing
porous media and gives the mathematical modelling based on the phase transitions
of moister as water—gas—water-ice. The proposed method is based on the
thermodynamically and phases equilibrium and allows to determine the speed of
the mass transfer in the freezing media. The calculations were shown in an example
of the experimental testing data. The obtained results admit the strong relationship
of the frost heave and air void volume. They also emphasize the impact of soil
density, void ratio and moisture content on the amount of built ice in the freezing
zone of the soil.

Key words: frost heave, vapour transfer, freezing soils, clay soils, mass
transfer.

DOI: https://doi.org/10.32523/2220-685X-2020-57-2-10-23

Introduction

The frost heave induced by the ice lenses grow in the freezing
soil was confirmed by almost every study conducted in the
experimental tests. However the mechanism of frost heave has got
several theoretical explanation ways.

The theory based on hydraulic conductivity in the soils and
moisture movement toward the freezing front was experimentally
treated by Hoekstra, (1966).

The strong supporters of the capillary theory were Miller (1972),
Penner (1967), Everett (1961) Williams (1968), Penner (1977) and
others.
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O’Neill and Miller (1870), developed a rigid ice model of frost
heave where he loaded the wire with weights and let it to travel through
the ice block O'Neill, (1983).

The method based on the hydraulic conductivity with
relationship to the thermodynamical equilibrium between ice and water
it was widely presented by the scientists of the former Soviet Union,
Europe. U.S. and Canada like Loch and Kay (1978), Ershov and others.
The Clausius —Clayperon equation was used to simulate the coupled
flow of heat and moisture in a liquid phase towards the freezing front.

Gryogeologists of the later generation like Michalowski and Zhu
(2006) used a porosity function in his micromechanical model to
simulate the ice grow during the frost heave. Cheverev (1998), Othman
and Benson (1993), Othman and others (1997) based their calculations
for the hydraulic conductivity on the Darcy’s law and coefficient of
hydraulic conductivity.

An international work of Xu ef al. (1997), where the well-known
scientists from the main Geocryology institutions from China, Japan
and Russia presented their model for predict the unfrozen, i.e. moveable
water content in the freezing soils. Notable, that this work was also
based on the hydraulic conductivity of the unfrozen water in the
freezing media.

The work of Simonsen, Janoo and Isacsson (1997), Erik
Simonsen and others (1997), Shoop and Bigl (1997) and some other
scientists gave a detailed description for the FROSTTB model,
developed by the U.S. Army Cold Regions Research and Engineering
Laboratory, aimed to predict a temperature and a moisture changes.
Their study was focused on the coupled mass and heat transfer model,
based again on the hydraulic conductivity, porosity and Darcy’s law to
explain the moisture migration.

The recent studies of Zhang et al, (2015) reaffirm the
intensification and complication of the hydraulic conductivity theory,
supplemented with coupled heat and porous function as the main reason
for the frost heave phenomena in a freezing media.

Research statement

Specificity if frost heave formation in the cohesive soils confirms
the position that there is no hydraulic conductivity in the freezing
media. And the application of Darcy’s law in the frozen or semi-frozen
zone is incorrect.
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1. Firstly because to express the hydraulic conductivity we need
a sufficient hydraulic coefficient with the continuously flow of water
and the cross section of the flux.

Notable that frost heave obviously happens in the soils of low
permeability, like clay or silt.

The cross section dimensions of porous and the channels are so
tiny, that the surface tension many times exceeds the negative pressure
of the frozen side, which is cryosuction.

2. Secondly, the moisture in the frozen zone doesn’t have any
properties of the free water anymore. Because the pore water is frozen
to ice, its properties are close to the solid phase now.

3. Lastly the frost heave happens in non-saturated soils and it’s
definitely not because of the hydraulic conductivity there because the
air bubbles theoretically should prevent the flow in such a small porous.

Therefore hydraulic conductivity can’t take a place in the
freezing soils media.

How the moister is collected in the frozen soils?

According to Gibbs theory any substance has got solid, liquid and
gas phases with the equilibrium boundaries between them. Such phases
for moisture might be ice-water-vapour (fig.1).
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Figure 1: Phase diagram for a single substance system according to G. Gibbs
phase equilibrium
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According to Gibbs equation for a single substance for 2 or more
phase,
Gibbs Phase Rule:

f=e-p+2

where: f— Intensive Degrees of freedom or variable. Number of
intensive variables that can be changed independently without
disturbing the number of phases in equilibrium;

p — number of phases like gas, homogeneous liquid phases,
homogeneous solid phases;

¢ — number of components, which is equal to the minimum
number of independent constituents.

Let’s consider the unfrozen part of the soils: the moisture
contained in the pores stay in a liquid and a gas phases, whereat the
volume of vapour my be found by thermodinamically equillibrium with
volume of water. In a porous soil media the equilibrium of water and
vapor phases establishes in cause of stable temperature 7" and constant
pressure P and is described as:

QWater(pa D = 6lvapor(ps T)

In 2 phase single component system with like water-vapour or
ice-water we get a condition with / degree of freedom.

f=c—p+2=1-2+2=1

Assuming that the pressure is constant p..s;. Then any change of
temperature in that case leads to the volume change of both phases in
order to equilibrate the system after a certain period of time. For
example we have a determined liguid-vapour realtionship on the
segment of temperature from 0 C till its critical value. In that cause
Gibbs equation will be:

f=c—p+1=1-2+1=0.

At the tempeture below 0 C the vapour may directly turn to ice
and vice verca depending on the concentration.
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In cause of unidirectional freezing the temperature pfthe one side
of the sample is turming to negative while the other side may stay warm.
In the freezing part of the soil the liquid phase is turning to ice. The
exceeded volume saturated vapour starts to condensate to water and
afterwards turns to ice. So we get an instable system of segragated ice
and reduced pressure of vapor, which is compararatively below the
vapor pressure in the positive temperature area. The formed pore
pressure gradient induce the water mass transfer in a gas phase towards
the freezing area. And by fact the greate the temperature drop, which
leads to the partial pressure difference, and the higher the porosity
cofficient e of the given soil sample, the more intensive moisture mass
transfer it induce.

The vapour mass transport might be also defined by convection
phenomena in a gas media.

The volume of vapour in the stable system is found by the
difference of voids and water volumes and corresponds to the
coefficient of porosity e.

The vapour pressure might be found by Clausius—Clapeyron
equation, which expresses the relationship of pressure p from the
temperature 7 for a single substance system formed by 2 phases.

For ice — water transition:

a_ L s

AT~ T-AV AV’

where: L - i1s a specific latent heat;

T - the temperature;
AV - is the specific volume change of the phase transition;

As - 1s the specific entropy change of the phase transition.

The integral by pressure and temperature difference of this
equation will be:
L

_ L
P2 =p1+ v lnT1,

ﬂ _AHvapor i_i
In (Pz ~ R (T1 Tz)'

The mass of vapour might be found by the volume of the
saturated vapour. According to the thermodynamically equilibrium for
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a single substance system the vapour pressure in the closed system
depends on the temperature 7" and pressure P.

_ WPsyTV
Myapour = RT °

where: ¢ — molar mass of vapour and equal to 18.01528(33)
g/mol;

Py, — saturated vapor pressure corresponding to temperature, at
20 °C Ps=2.34 kPa;

R — Universal gas constant, 8,314 4598(48) J/(mol-K);

T — temperature in Kelvins.

Experimental setting

In the experimental part of research the freezing and thawing
cycles were conducted for 9 soil columns with simultaneous supplying
with de-ionized water from the basement. The 50 cm height soil
samples of sandy clay were synthetically prepared with sharp sand 50%
and kaolinite clay 50% by dry mass. The soil was evenly compacted
into the insulated cylindrical molds with /0 cm diameter. The dry
density of the soil in the columns varied from /.37 to 1.78 g/cm’. The
initial moisture content consistent /7.3% of de-ionized water. The
slow-freezing technic was used here to simulate the natural conditions
of freezing as much as possible (Reference to the previous papers).
Temperature, mass transfer and frost heaving was monitored during the
test.

Results and discussion

The results and parameters are presented in the table /. Here at
the “before the test” condition the initial setting parameters were
presented. And as “after the test”, the data collected after two freeze-
thaw cycle at 636 hours was applied.

The test was running for approximately 600h and included 2
freeze-thaw cycles.

The period of time between 494k and 518h was considered for
the mass transfer calculation during the second freezing cycles of the
soils.
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Table 1: Soil sample parameters before and after the freeze-thaw cycles with de-
ionized water supply

Weight of soil, | Bulk density moists Dry density
Co ¢ g ’ p, g/lem? content per Bulk densizy Void ratio e
lumn column W, % Pary, glem
Before | After | Before | After | Before | After | Before | After | Before | After
test test test test test test test test test test
#1 | 5463 | 5988 | 1.380 | 1.506 | 17.3 |25.01 | 1.177 | 1.205 | 1.223 | 1.170
#2 | 6012 | 6559 | 1.519 | 1.652 | 17.3 | 2523 | 1.295 | 1.320 | 1.020 | 0.982
#3 | 6236 | 6956 | 1.575 | 1.753 | 17.3 |27.39 | 1.343 | 1376 | 0.947 | 0.900
#4 | 7452 | 7964 | 1.883 [ 1.992 | 17.3 |23.78 | 1.605 | 1.609 | 0.629 | 0.625
#5 | 7057 | 7622 | 1.783 | 1914 | 17.3 |2535| 1.520 | 1.527 | 0.721 | 0.713
#6 | 6813 | 7068 | 1.721 [ 1.780 | 17.3 |29.07 | 1.467 | 1.379 | 0.782 | 0.896
#7 | 7662 | 8230 | 1.936 |2.035| 17.3 |24.50 | 1.650 | 1.634 | 0.585 | 0.600
#8 | 8332 | 8612 | 2.105 |2.122 | 17.3 |20.70 | 1.794 | 1.758 | 0.457 | 0.488
#9 | 8355 | 8544 | 2.111 |2.124 | 173 |20.85 | 1.799 | 1.757 | 0453 | 0.488

In the table 2 there are presented the results of the calculations
for the column #/.

In case of determined mass and the moisture content in the certain
period of freezing time it is possible to define the void ratio and the
volumetric data of each phase in the soil data (Table 2a).

The temperature distribution by the column height was
monitored hourly by the thermocouples inserted into the soil sample
during the unidirectional freezing from the top surface of the column.

Table 2a: Mass transfer in the column #1, between 494 and 518 hours of the
second freeze cycle

g g E

'B' L 8 —

[5] E; — Q g‘

2 |3 |3 E g7 | L
PN S YL ST I I T N

S g v S = 2 iy 8 g Sy G4 v B I3 _3 -3 3
BE 1R 13T (L8| felt |E |G g5 | ¢ |8, | ¢

8 3 o« g oal © © o = P g8 =,
A E P |Bsg |AA|EB|8 |3 p 2% |2% | 8 S 8
Ocm | 7854 | 1188.55 | 1513 | 27.06 | 1.191 | 93542 | 25313 | 357.71 | 42768 | 1.196 | 17456
Sem | 7854 | 1188.55 | 1513 | 2534 | 1.207 | 94826 | 24029 | 36262 | 42278 | 1.166 | 18249
15ecm | 7854 | 1188.55 | 1513 | 2029 | 1.258 | 988.07 | 20048 | 377.85 | 40755 | 1.079 | 207.07
25cm | 7854 | 118855 | 1513 | 2320 | 1.228 | 964.73 | 22382 | 36892 | 41648 | 1.129 | 192.66
35cm | 7854 | 118855 | 1.513 | 30.05 | 1.164 | 91392 | 27463 | 34949 | 43591 | 1.247 | 161.27
45cm | 8247 | 124798 | 1441 | 2760 | 1.186 | 978.04 | 26994 | 37401 | 450.66 | 1.205 | 180.72
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According to the registered temperature at 494 and 5 /8 hours and
the corresponding saturated vapour pressure the mass of the water in
the gaseous condition was determined.

Table 2b: Continuation of mass transfer calculations

Temperature at 494 h
Saturated vapour pressure.
P, Pa
mass of vapour at 494h. g
m=p1rV-P,/(R-T-100%)
Density of the saturated
vapour at 494h g/cm?
Temperature
at 518 h. °C
Saturated vapour pressure.
P, Pa
Mass of vapour
at 518 hours. g
The heat in 24 hours
Nt=m-C-AT.J
Vapour speed
v=4-N/(C-p-m-d*AT).
cmper 24 h
Speed of the vapour
m/hour
build of ice mass between
494/518h per hour. g/hour

35}
—
~
-
o
o

3.47-10% | 0.1387 | 944.58 | 0.394

—
=)
)
0
)
w
o
o
W

-10.44 | 277.17| 3.99-10* | 2.29-10¢

'\)
©
o
—
=)

S

-4.4 440.69| 6.48-10* | 3.55-10° | -6.00 | 391.25 | 5.79-10* | 0.1845 | 888.92 | 0.370

-3.33 | 475.45| 7.90-10¢ | 3.82:10¢ | -4.99 | 422.00 | 7.06-10* | 0.2250 | 857.55 | 0.357 | 3.52-10°

-1.38 | 553.3| 85-10¢ |[441-10¢|-320 | 48348 7.4810¢ | 02720 | 879.58 | 0366 | 4.26-10

-0.54 | 588.43| 7.54-10* | 4.68-10¢ | -1.04 | 567.00 | 7.28-10* | 0.0696 | 922.61 | 0.384 | 1.09-10

0.24 622.69| 8.92:10% | 4.93-10¢ | -0.16 | 604.78 | 8.67-10* | 0.0649 | 91045 | 0379 | 1.02-10¢

For example the mass of vapor at 5 cm depth and -4.4 °C
temperature might be defined by Clausius—Clapeyron equation:

_ WPy tV 0.018-440.69182.49-107°
Mvapour =~ p 7 = T 83144598 - (273 — 4.4)
= 6.

482-10""kg or 6.482-107* g,

where: ¢ — molar mass of vapour and equal to 18.01528(33)
g/mol;

P, — saturated vapor pressure corresponding to -4.4 °C
temperature is P,=0.44069 kPa;

V — volume of air, cm?;

R — Universal gas constant, 8,314 4598(48) J/(mol-K);

T — temperature in Kelvins.

The heat transfer at the same point between 4944 and 518h period
of the test might be found as:

IIpobremvr unsicenepnoil epaguxu u Problems of engineering and
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N-t=m-C-AT =5789-10*-2-((273 — 6.0) — (273 — 4.4))+
(6.482-107* — 5.789-107*)(2.3 - 10° + 335 - 10%)
" 1000

= 0.1845 ],

where: 7 — period of time between 494h and 518 h, t=24 hours;

m — mass of vapour according to the temperature at 4944 and
518h, g;

C — specific heat for vapour C=2 kJ/(kg'K);

AT — temperature change, K.

2.3-10° and 335 - 103 J - latent heat for condensation and freezing
of I kg of water accordingly.

The mass of the passing vapour is equal to density of vapour to it
volume. Here the volume of the gas passing through the cross section
is expressed by the speed of vapour to the period of time.

m=p-V=p-v-7-8S.

So, the vapour speed is found by following expression:

NT N _ 0.1844
.C-AT ~  md? - 10-6-1824% 5 (6.0—
mCAT - p I cpr 3551076-0=2:(6.0-4.4)

v= = 888.918 — = 0.37 m/h.
24h

The mass of ice built per hour at 5 cm depth is determined as a
difference of vapour mass between 494 and 578 hours over 24 hours:

M pour—Myssour _ 6.482:1077-5.789-1077
T 24h

Mice = =2.89-10"% g/h.

In this way, according to the phase equilibrium and
thermodynamically relationship, assuming that all vapour in the pores
is fully saturated, it is possible to calculate the heat and mass transfer in
the freezing media.

However the mass transfer in the dense soils like in the soil
sample at column #7 reduced to hundred times comparing to the loose
soil sample in column #/ (Table 3a and 3b). Though, the speed of the
vapour towards the freezing top remained the same. This is due to the
reduced void ratio and small size of the cross section of the air voids
channels.
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Table 3a: Mass transfer in the column #7, between 494 and 518 hours of the
second freeze cycle

% 5 5 § = :::e; o} on o —',:5
o U H - (o) o P "‘:.' ", -
THENFEREEIE EIE R T I R
|G 8 98 | M = 28| & 3 g Eu| 8 4 ARE
g2 © - © 22| o=| 8 o e 25| 22 v § y g
g K= o m -z o= | 8 o o 270 | .20 2 g °
b E e gl s5| < . n R = & 2
s |8 | B Al EE| e | & g B B |5 |®
A8 | 2 - 5|8 |3 2 ¥ -
S o 4
0cm 887.5 | 14915 | 1.681 | 52.20 [ 1.104 |980.0 | 511.6 [374.76 | 512.74 | 1.368 | 1.19
5cm 8247 | 14915 | 1.809 | 37.80 | 1.313 [1082.4 | 409.1 (41392 | 41075 | 0992 | 1.60
15em | 777.5 | 1491.5 | 1.918 | 24.75 | 1.538 |1195.6 | 295.9 |457.22 | 320.33 | 0.701 | 24.41
25cm | 777.5 | 14915 | 1.918 | 24.22 | 1.544 [1200.7 | 290.8 [459.17 | 318.37 | 0.693 | 27.56
35em | 777.5 | 14915 | 1.918 | 23.32 | 1.556 [1209.5 | 282.1 |462.52 | 315.02 | 0.681 | 32.97
45cm | 769.7 | 14915 | 1.938 [ 21.71 | 1.592 12255 | 266.1 [468.64 | 301.05 | 0.642 | 35.00
Table 3b — Continuation of mass transfer calculations

- H o

‘o J I~
o _—_—<’: é §J i o @ p o § _g
3 | 88|32 |23 |= | &5 |E E- | 3428 |&@
< & g| 8F 7 " SR gy gogl T w 2
v | Fel B | BE |5 | Pal | g a9 | G g2 | £
g2 Tl &% |28 | o |Be |8 g0 gof S | 8
g EE|l e~ Z3 | B 2 | & % g gudea | ya
g, Bilwr g g g 2t |2 2L K I -3
= T 2| °w A5 by] c & ‘ 0 > C ] 5 2
g 2B 5 =" v - lf 4 T 8 - N
: - N g L& |23

gz = = b= S =
-10.58/274.112.69-106 [2.26-10 | -12.11] 242.48 | 2.39-10° | 0.0008 | 1082.4 | 0451 | 1.23-10°%
-6.75 |369.59|4.82-10% [3.01-10 | -8.06 | 333.90 | 4.37-10° | 0.0012 | 935.35 | 0.390 | 1.85-10°¢
427 |446.28(8.78-10% [3.60-10% | -5.46 | 407.94 | 8.06-10° | 0.0192 | 915.32 | 0.381 | 2.99-107
2.95 [492.44|1.09-10* [3.95-10% | -4.13 | 450.91 | 1.00-10* | 0.0234 | 905.95 | 0.377 | 3.64-107
-1.21 |560.15/1.47-10* [4.46-10% | -2.37 | 514.34 | 1.36-10* | 0.0307 | 893.38 | 0.372 | 4.77-107
-0.16 |604.77]1.68-10 |4.80-10 | -0.26 | 600.46 | 1.67-10% | 0.0036 | 900.91 | 0.375 | 4.73-10°%

In this way, the frost heave depends on the freezing rate, moisture
content and density of the soils. According to Iushkov and Sergeev, the
greatest values of the frost heave were achieved when the freezing rate
in the unidirectional freezing test of the soil samples compiled 2-3
cm/day. This 1s support the statement that vapour transfer requires some
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time for phase transformations within the temperature zones but also
the significant pore pressure gradient to enable the moisture transfer in
a gaseous condition. To achieve the greater pore pressure gradient the
critical role takes an increased void ratio and a moisture content, which
should be the sufficiently below the saturation Wj,, of the soils to enable
the formation of the water-saturated vapour.

Conclusion

1. Mass transfer in the freezing media can’t be determined with
Darcy’s Law or hydraulic conductivity relationship, due to the absence
of the continuous liquid flow.

2. Mass transfer in the unidirectional freezing soils depends on
its density, moisture content and air voids ratio. The equation of the
state in the freezing media is described by the phase equilibrium
according to Gibbs phase rule (Ref).

3. The frost heave in the unsaturated soils prevail the frost heave
in the fully saturated soils. This is explained by the fact that the mass
transfer of the moisture 1s implemented via fully saturated vapour in a
gas condition.

4. Assuming that the vapour inside the soil is in the saturated
condition it 1s possible to calculate mass of vapour by the Clausius-
Clapeyron equation corresponding to the temperature and moisture-
density relationship.

5. According to the thermodynamically equilibrium the heat
transfer is found as a mass of vapour referred to the specific heat and
the temperature change at a certain interval of time.

6. Travel speed of the saturated vapour is found by the latent
energy stands out in the certain interval of time to the vapour mass
corresponding to the temperature change and specific heat.

The determined speed of vapour appeared the same for the loose
and dense soils with a varied porosity coefficient. Though the mass of
ice build in the varied soil sample differed according to the cross section
sizes of the pore channels. So the mass transfer in the for loose soils
with dry density /.2 g/cm? was 100 times greater comparing to the dense
soils with dry density /.4-1.5 g/cm?.
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L3 J1. H I'vmunes am. Eypaszus ynmmuix ynusepcumemi, Hyp-Cynman, Kazaxcman
’Bpynenoiy Jlonoon Yuueepcumemi, Jlonoon, ¥noi6pumanus

TonbipakTarbl OyIbIH KO3FAJIBICHI — MY3/1aH ICiIHY KYObLJIBICHIHBIH
(pu3uKaIBIK Herisi

AHHOTaMA: My3IaThUIFaH TOMBIPAKTAPAAFhl BUIFANl OTKI3TIIITITT MEH
as3/laH iCiHy KYOBLIBICHI 3€pTTEY OTKECH FACHIPJLIH 30-IIbl KbUITAPBIHIA JKOHE
oJlaH epTepek OactanraH. TOMBIPaKTHIH My3/aM KaTy JKOHE asi3/]aH iCiHy MpoleciH
TUAPOIMHAMUKA 3aHIapbIMEH HET13/Iey - KAJIBINTACKaH KaTe Tocul. OHmai ecentey
TOCUIIEpAEp My3JaH KaTy KOHE TOMBIPAKTBIH MY3JaH ICIHY HOTHXKEIEpiH
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Ooypkayaa Heri3ci3 aybITKyJapra okeneli. YCBIHBUIFAH KYMBIC MY3/1aTaThiH
TOIBIPAKTHIH KEYEeKTi OpTa/arbl Ta3 (pa3achlHAAFbl bUIFAIABIH OPBIH aybICTHIPYBIH
SFHA MUTPALUSACHIH TOJBIK CUIATTAIl TYCIHAIPEl KOHE BUIFAJABIH Cy-ra3-Cy-My3
(azanblk  aybICyJapblHa HETI3ZEIreH MaTeMaTUKalbIK MOJENbAl  YChIHAJBL.
Y ChIHBUIFaH 9/IiC TEPMOAMHAMUKAIIBIK JKOHE (pa3aliblK Tere-TeHIIKKEe HeTi3eNTeH
KOHE TOTIBIPAKTHI MY3/1aTy Ke3iHae Oy KO3FaJIbICBIHBIH JKbIJIIaM/IBIFBIH aHBIKTAYFa
MYMKiHIIK Oepeni. EcenTeynep SKCIEpUMEHTTIK TeCTUIEy MANIMETTEpiHIH
MbIcalIbIHIa KepeeTinreH. [LIbIKkaH HOTHKeIep TONBIPAKTHIH asi3/jaH iCiHy MEH aya
KEYEKTUIITiHIH apachlH/a Tikenel Oaianbic 00JIaTHIHBIH MOMBIHAAN A COHBIMEH
KaTap INBIKKAH HOTIKEJEP TOMBIPAK THIFBI3ABIFBI, OHIAFBl  KEYEKTUIIK
K03 uLmeHTi KoHE OacTanmKbl TONBIPAK BUIFAJIBIFBI as3/laH KAaTKAH TOIBIPAK
IIIHJET] TY3UINeH My3 JIMH3aJ1ap MOJIIIePIHe dCePiH TUTI3ETIHIH IOJSIIC/II.

Kiar ce3mep: TonbIpakThiH as3[aH iCiHyl, TOMBIPAKTarbl Oy ©TKI3TIIITIrI,
MY3JaTBUIFaH TOMBIPAKTAp, Ca3/(bl TOTBIPAKTAp, MACCa OTKI3TIMITITI.

A.C. Capcembaena!, I1.E. Kommns?, XK.C. Cnambexopa®

 Eepasutickuil HayuoHanbHull yHusepcumem um. JI.H.I'ymunesa, -Cynman,
L3E JLH.I} Hyp-C
Kaszaxcman
2Jlonoouckuii Ynusepcumem Bpynens, Jlonoown, Benuxobpumanus

IIaponepeHoc B npoMep3a0IUUX IPYHTAX - (pU3HYECKAsT OCHOBA
SIBJICHUSI MOPO3HOI'0 Iy4YeHMSI

AHHoOTanusi: V3ydeHue BiaromepeHoca B MPOMEpP3alolIMX TPYyHTax, a
Takke PeHOMEHa MOPO3HOTO IMyYCHHs Ha9aJloch e B 30-X rojiax mpormioro Beka
U Jaxe panpiie. OgHako 00BsICHEHHE MEXaHW3Ma MOPO3HOTO MyUYeHHUsl 3aKOHAMHU
FHHpOCTaTI/IKI/I nu FI/II[pOI[I/IHaMI/IKI/I ABJIAACTCA B KOpHe HeBepHI)IM IIoaxoJ0M,
KOTOPBIA MPUBOJIUT K YCIOKHEHHIO PAacyeTOB M MPOTHO30B MOPO3HOTO MyUYEHHUS.
[IpencraBnennass paboTa ngaeT MOAPOOHOE OMUCAHWE MUTPAIlMM BJard B
MapoooOpPa3HOM COCTOSHUU TPU TMPOMEP3aHUH B TMOPHUCTON TPYHTOBOU Cpene.
Takxe ObUTO BBITOJIHEHO MAaTEeMAaTHYECKOE MOCIHPOBAHKE (PA30BBIX MEPEXOIOB
BJIATY «BOJa — Map — Boja-neay. [lpemmaraempiii MeTo 1 000CHOBAH TEPMOIMHAMHU-
YECKUMU 3aKOHAMH U (pa30BBIM PAaBHOBECUEM U TO3BOJISET OMPEEISITh CKOPOCTh
MaccollepeHoca B MPOMEP3arIIUX IpyHTaX. B cTarbe ObUTM MPHUBEACHBI pacueThl
Ha anMepe JTAaHHBIX HOJ'Iy‘-ICHHI)IX B XO0I€ 3KCHepI/IMCHTaJ'II)HI>IX HCHBITaHHﬁ.
[TomydeHHBbIe pe3yNbTaThl TMOKA3aIH MPSMYI0 B3aHMMOCBS3b MEXKIY BEIHUUHON
MOPO3HOTO My4YeHUs 1 00bEMOM MyCTOT B IIpoMep3atoiieM rpyHTe. [lomyuennsie
pe3yNbTaThl TaKKe MOMYEPKHUBAIOT BIMSHHUE TUIOTHOCTH TMOYBHI, KO3 (duUIlneHTa
MyCTOTHOCTH W BJIIAKHOCTH Ha KOJHMYECTBO JbJa OOpPa30BAaHHOTO B 30HE
poMep3aHus TPYHTOB.

KiroueBble ci10Ba: MOpPO3HOE Iy4eHHUE, Ta3000MEH MpU MPOMEpP3aHuH,
IIPOMEp3arolue TPYHTBI, TIMHUCTHIE TPYHTBI, MacCONIEPEHOC.
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MAKAJIAJIAPFA KOUBLJIATBIH TAJIAIITAP

JKaunbl epeskenep

o FeUIbIMH -TIeIaroruKabIK XKypHanasH Kypsuitaiinsics! JLH. 'ymuses at. Eypasust yITTbIK YHHBEPCUTETI.

o )KypHanablH MakcaTbl — KOJIAHOAQIbl TE€OMETPUSl JKOHE HHXKEHEpIiK rpaduka, AuU3aliH, CIYJIET, KYPBUIBIC XOHE
TEXHHMKaHBIH 0acKa CalajapbHBIH, COHBIMEH KaTap TEXHHKAIBIK JKOHE TI'yMaHMTAapiblK OimiM Oepy OoiibIHIIA jkaHa
uzesIapabl, FBUIBIM MeH Kocibm OiriM OepyaiH IIenminMereH MoceleNepiH, jKaHa MalbIHOANFaH JKAaHAIBIKTAp MeEH
3epTTeyNepAl MaMaHapFa KEeTKi3y.

o XypHanna FRUIBIMIApABIH, MAaruCTPaHTTapJbIH, JOKTOPAHTTAP/bIH, OHAIPICHIIIEPAIH MOoHEe MyFaliMAepIiH OachIHKBI
CHITATTAFbl )KOHE FBUIBIMU-TOKIPUOEIIK MaHBI3bI 0ap FHUIBIMH 3€PTTEYNEPiHIH HOTHKENEPi MEH KETICTIKTePiH jKapbIKKa
wsFapy. MyHzia HHXSHEPITIK jKOHE KOMITBIOTEpIIiK rpaduka, AH3aiiH, CoyJIeT, KYPBUIbIC KOHE 6acKa TEXHUKAIIBIK FUIBIMAAP,
cabak Oepy omicTeMeci, xac FaIbIMAAPABIH 3epTTEyJiepi, MaruCTPaHTTap/bIH, JOKTOPAHTTAPABIH 3epTTEeyIepiHiH KOKeH-
KecTi mpobiieMasapbl GaFbITHIHAAFBI LIOJTY, TPOOIEMAIBIK XKIHE MIKip Tajdac TyIbIPAThIH MaKaajap, TeXHUKAJIBIK O1TiM Oepy
npobGiiemManapsl GOMBIHIIA FRUIBIMH CEMHUHAPIIAPIBIH MaTepUaIIaphl JKapusUTaHabl.

o XKypHanga makajgaHbl )KapbIKKa LIBFApy MYMKIHAIT Typajbl HICHIM Makajara jKa3bUIFaH TOYeJCi3 FalbIMIapAbIH €Ki
miKipi (pereHsus) oHe peJaKIys alKachlHbIH Oip MYIIECiHiH YCHIHBIMBI HeTi3iHe KaOblIgaHa bl

o XKapusinay Tii— Ka3akiia, OpbICIIA KOHE aFbLILIBIHIIIA.

o Mep3imMainiri — XbUIbIHA 4 peT.

o Ecenke ayraniksl KOHBUIFaH HOMIpI skoHe Mep3imi - Ne 10761-11.03.2010.

o KP MoneHueT jxoHe akmapaT MUHHUCTPIIriHIH AKIapar xoHe MypararTap KoMurerinae kaifta TipkelreH Kyouaik HOMIpi
skoHe Mep3imi Ne 14168 — XK — 18.02.2014.

REQUIREMENTS TO ARTICLES
General provisions

o The founder of the academic journal is the Eurasian National University L.N. Gumilyov.

e The purpose of the academic journal is to bring new ideas, problem questions of science and professional education, new
research and development of a wide range of specialists in applied Geometry and Engineering Graphics, Design, Architecture,
Construction and other engineering industries, as well as the scope of technical and humanitarian education.

o The journal highlights the results and achievements of research scientists, graduate students, doctoral students, teachers
and industrialists having priority or scientific and practical significance. It publishes research articles: review, problem,
discussion on topical issues of research in the following areas: Engineering and Computer Graphics, Design, Architecture,
Construction and other technical sciences, pedagogy, teaching and research of young scientists, graduate students, doctoral
students, as well as materials science workshops; problems of technical education, etc.

o A member of the editorial board shall make the conclusion about the possibility of the publication of articles in the journal
based on two independent scientists review and recommendation.

o Publication language - Kazakh, Russian and English.

e Periodicity - four issues per year.

e Number and date of registration of the primary - Ne10761 - 11.03.2010.

e Number and date of registration in the Committee of Information and Archives of the Ministry of Culture of the RK
information number 14168 - ZH - g 18/02/2014.

TPEBOBAHMUS K CTATbSAM
Oo01uue MoJI0KEeHU

e YupeaureneM Hay4HO-NEIArorn4yeckoro »ypHana sBisercss EBpasuiickuii HallMOHANbHBI YHUBEPCUTET HMEHH
JLH.I'ymunesa.

e llenp KypHama — JOHECTH HOBBIE UM, IPOOIEMHBIE BONPOCHI HAyKH H NPO(ecCHOHAILHOTO 0Opa3oBaHMs, HOBBLIE
Ppa3pabOTKH M KCCIIeI0BAHNS IIIPOKOTO KPyTa CIIENHAIICTOB T10 TPUKJIIAHON FeOMETPUN 1 HHKEHEPHOH rpauKu, T3aiHy,
apXHUTEKTYype, CTPOUTENBCTBE U JIPYTHX OTPACIeil TEXHUKH, a TakxkKe chepbl TEXHHIECKOTO W TyMaHHTapHOTO 00pa3oBaHMsI.
e B xypHane OCBeIIAIOTCS Pe3yNbTaThl M JOCTIDKEHMS HAay4HBIX HCCIICJOBAHMI YYeHBIX, MarHCTPAHTOB, JOKTOPAHTOB,
IPOU3BOJICTBEHHUKOB U IIPENoiaBaTeNeil, HIMEIOIIIX IPUOPUTETHBIN XapaKTep UIIH HayYHO-TIpaKTHUecKoe 3HaueHue. B nem
IMyOIUKYIOTCSI Hay4HBIE CTaThbU: 0030pHbIE, IPOOIEeMHBIE, THCKYCCHOHHBIE 110 aKTyalbHBIM IpobiieMaM HCIeOBaHUIl IO
CIIETyONMM HAIPABIICHUAM: WHXEHEPHOH M KOMIBIOTEPHOW rpaduke, JU3aiiHy, apXUTEKType, CTPOMTENBCTBE U JAPYyTHE
TeXHUYECKHE HAayKH, [IeJarOruKe MPeroJ0BaHs, HCCIEA0BAHUS MOJIOBIX YUCHBIX, MATHCTPAHTOB, JOKTOPAHTOB, a TAKKE
MaTepHalbl HayIHBIX CeMHHAPOB; IPOOIeM TeXHUIECKOro 00pa30BaHuUs U T. .

® 3aKiIIOueHHEe O BO3MOXKHOCTH ITyONHMKAaIlMM CTaTell B JKypHaie BBIHOCHTCS Ha OCHOBAHMH 2 PEICH3MH HE3aBHCHMBIX
YUYCHBIX M PEKOMEHIAINH OJHOTO U3 WICHOB PEAKOIUICIUH XKypHAa.

o SI3BIK MyOIMKANNH— Ka3aXCKUH, PyCCKHI U aHTITHHCKHIL.

o [lepuoau4HoOCTb — 4 HOMEpPA B IO,

e Homep u nata nepBu4HON nmoctaHoBKU Ha yueT - Ne 10761-11.03.2010 r.

e Homep u nata nepepeructpaiuu B Komurere nHpopManyu u apxuBoB MuHucTEepCTBa KyAbTYpbl HHGopMarmu PK Ne
14168 — XK —18.02.2014 1.
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MaxkaJjiaHbIH KYPbUIBIMBI

o FTOXP (FBUIBIMU-TEXHUKANBIK aKOApaTThIH MEMJICKETapajblK PYOPHUKATOPBI) — COJ JKaK
JKOFapFbI OYPHIIIBIHIIA.

e ABTOp (- Tap) Typaibl aKapaT — aTbI-KOHi TOJBIK, FEUTBIMH aTaFbl, FEUIBIMHE IOPEXKECi, JTaya3bIMEbI,
JKYMBIC OpHBI (MEKEMEHIH HeMece YHBIMHBIH aTaybl); eNIiH aTaybl (KaKbIH JKOHE aJIbIC IIeTeNIeri
aBTOpJIAp YIIiH), e-mail.

e MakayiaHbIH aTaysbl.

o JKapusnaHaThIH MaKaJaHbIH aHIATIACKI MEMJICKETTIK, OPBIC OHE aFbUIIIBIH TUIACpiHIE 00Ty
Kepek. AHIaTHaHbIH KeyieMi 5-6 ceitnem Hemece 500 Oacma Oenrinepi (MotiH 1/3 6er).

o Kint ce3nepi 10 ce3zaeH acnay Kepek.

e MakanaHblH MOTIHIIK Oeiri. MakallaHbIH MOTIHIHIC KOPCETLTyl THIC: MOCENEHIH TYXKBIPBIMEI;
MOCEJICHIH 3epTTeYJICpiH Tauaay; 3epTTCyIiH MaKCaThl MCH MIHICTTEPi; MaTEePUAIbl TAHBICTHIPY
JKOHE FBUIBIMU 3€PTTEYJIep HOTHXKENIEPiH TY)KBIPBIMIAY; KOPBITHIH/IBICHI.

¢ Konnmausutrad ofeOunerT.

Structure of the article

¢ IRSTI (interstate rubricator of scientific and technical information) — placed in the upper left
corner.

¢ Information about authors - full name, title, academic degree, position, place of work (name of
institution or organization); name of the country (for foreign authors), e-mail.

o Article title

e Abstract published in Kazakh, Russian and English languages. The volume of abstract is 5-6
sentences or 500 words (1/3 page of text).

e Keywords are not more than ten words.

o The text of the article should be reported: formulation of the problem, the analysis of the research
problem, the goal and objectives, the presentation of material and the study received research results
conclusions.

e References.

CTpykTypa cTaThbu

e MPHTU (MexrocynapcTBEHHBIH pyOpHUKATOpP HAayYHO-TEXHUYECKOW WHPOPMALUU) — B JICBOM
BEPXHEM YTIIy.

e Cpeznenust 06 aBTope (aBTopax) — PHO noaHOCTHIO, yUeHOE 3BaHHE, YUEHasl CTETEHb, IOKHOCTB,
MecTo paboTHl (HAaMMEHOBaHHME YUPEXJICHHS WM OPTraHW3aliM); HaMMEHOBaHWE CTpaHbl (Ui
aBTOPOB OJIKHETO U AaJbHET0 3apyOexbs), e-mail.

e Ha3paHue cratbu.

e AHHOTaIM ITyOIMKyeMOH CTaThH Ha TOCYIapCTBEHHOM, PYCCKOM M aHTTIUHCKOM si3bIKax. O0bpeM
aHHOTanuu 5-6 nmpeanoxxenny wim 500 meyaTHbIX 3HaKoB (1/3 cTpaHmIla TEKCTA).

¢ Kirouessle cnosa He 6oiiee 10 ci1oB.

e TexcToBasi 4acTh CTaThH. B TEKCTE CTaThU JOJDKHBI OTPAXKaThCS: MMOCTAHOBKA 3a/1a4M; aHAJIM3
WCCIIeI0BaHMs ITPOOJIEMBI; LIeJIb U 3aJauyl UCCIIEI0BaHNH; N3JI0KEHHE MaTepruasia 1 000CHOBaHHMS
HOJYYEHHBIX Pe3yJIbTATOB UCCIIEOBAHUS; BBIBOBL.

e lcriosib30BaHHast JINTEPATYPA.
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