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Abstract. Information is provided on a new regulatory system in the field of designing soil foundations in housing
construction in Kazakhstan. The main goal is to show the difference between the old and new regulatory systems. The
main conclusions from the regulations for the design of the soil base in the area of the influence of freezing-thaw-
ing on the stability of soil bases and foundations are presented. For the study, methods of analytical comparison of
the new harmonized standards SP RK EN (Harmonized Eurocodes) with the old previous SNiPs standards were used.
According to the new internalized standards, the risk of frost heaving can be assessed according to the classification
characteristics of the soil or laboratory tests of test specimens in their natural state. The authors give in the work
formulas for determining the stability of foundations with tangential and normative heaving, the depth of freezing of
soil foundations. According to the analysis and research carried out, the regulatory prerequisites for determining frost
heave soils were determined.
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Introduction

Harmonization of the Eurocode standards with
regional standards was begun from 2012 in Ka-
zakhstan. The development of the new regulatory
standards was maintained mainly during 2012 and
2016. The implementation and usage in construction
the old and new regulatory system was used equal-
ly from 2016 to 2020. Such normative documents as
the State standard (hereinafter referred to as GOST)
remained unchanged, while Building Codes and
Regulations (hereinafter referred to as SNiP) were re-
placed by new standards. Therefore, it is important to
conduct research in this area to determine the chang-
es that will occur during the introduction of new reg-
ulatory documents in the field of construction. In all
honesty, it is important to take it into account, when
designing soil ground for frost hazard and their in-
teraction with foundations. This is especially true
when designing shallow depth foundations. The fol-
lowing new normative documents are available in
the proposed area: SN RK 5.01-02-2013 Foundations
of buildings and structures [1]; SN RK 5.01-01-2013
Earthworks, grounds and foundations [2]; SN RK
1.02-02-2016 Engineering survey for construction.

Seismic microzoning [3]; SP RK 5.01-102-2013 Foun-

dations of buildings and structures [4]; NTP 7-01.4
Geotechnical Design [5].

According to the new regulatory documents in-
troduced in construction, which are harmonized with
the Eurocodes and introduced from 2020, there are
big changes in design of construction. According to
the standard [6] the following factor is included in
the geotechnical design as impacts: 1) swelling and
shrinkage caused by changes in vegetation cover, cli-
mate or humidity; 2) temperature effects, including
freezing; ice loads. According to the same standard,
for geotechnical design, a typical detailed description
of design situations should include: the consequences
of freezing; general suitability of the structure's foun-
dation for overall stability and displacement of the
foundation. Also, when determining the design sit-
uation and limit states, the following factors should
be taken into account: — environmental influences
(seasonal changes in temperature and moisture) [6].
There is also a separate chapter «Determination of
susceptibility to freezing (sensitivity to frost)» where
the risk of heaving of soils and classification, prereq-
uisites for laboratory tests are assessed.

Before the introduction of harmonized standards
with Eurocodes, SNiP (Construction Normatives and



Rules) [7] was actively used in Kazakhstan. Foun-
dations of buildings and structures where there is a
separate chapter called «Features of designing the
foundations of structures erected on heaving soils».
According to this standard, forces in structures
caused by climatic temperature effects when calcu-
lating deformations should not be taken into account
if the distance between temperature-shrinkage joints
does not exceed the values specified in the SNiP for
the design of the corresponding structure [7]. The
depth of the foundation should be taken taking into
account the depth of seasonal freezing. The depth of
the outer foundation is assigned regardless of the cal-
culated freezing depth, if: the foundations are based
on fine sands under the conditions that they do not
have heaving properties and deformation of the base
soils during freezing and thawing do not violate the
operational suitability of the structure, or special
technical measures are provided to exclude freezing
of soils [8]. Findings section is presented with the ob-
tained findings, graphs or tables, important findings
are expressed, a possible explanation, comparison or
generalization with other studies can be made.

Materials and Methods

This article provides methods for the analytical
comparison of the harmonized new standards with
the old previous standards in the field of the influ-
ence of freezing-thawing on the stability of soil foun-
dations. In particular, SNiPs [1-4] were widely used
earlier in the design of soil bases and foundations,
while at the moment these standards have been com-
pletely replaced by the SP RK EN (Harmonized Eu-
rocodes). In the area of influence of freezing-thawing
of soil bases [7].

In particular, according to the old regulatory
system, there is a 1979 «Guide for the design of soil
ground and foundations on heaving soils» [9], which
provides the main provisions for the design of foun-
dations. Formulas are given for determining the sta-
bility of foundations with tangential and normative
heaving, the depth of freezing of soil foundations.
Also, in the same document measures are given to re-

Determination of soil classification by frost heaving
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duce frost heaving on foundations: engineering and
reclamation measures, construction and construction
measures, thermal insulation measures, measures
during operation.

In addition, there are «Recommendations for ac-
counting and prevention of deformations and forces
of frost heaving of soils» in 1986 [10], which indicate
analytical-empirical ways of calculating and predict-
ing frost heaving of soil bases (Table). In particular,
the influence of design factors such as granulometric,
mineralogical and chemical composition on the frost
heaving of soils. The assignment of the initial data for
short-term and long-term forecast of frost heaving
of soils, calculations of the characteristics of heaving
of soils (calculation of the characteristics of heaving
of water-saturated and incomplete water-saturated
soils), calculation of frost-hazardous foundations
and foundations erected on them according to limit
states, measures to eliminate or reduce frost heaving
of soils are also given.

Results and Discussion

The frost susceptibility properties of ground
bases are important for the design of foundations
for buildings and structures. The recommendations
provide important characteristics for determining the
frost heave properties of soil foundations [10]. One of
the important characteristics is the frost heave of soil
ground, which is determined differently depending
on the type of soil and the presence of load on the
subsoil. Therefore, the following formulas for deter-
mining frost heave are available.

b= (2= 05610 P 0

where: p; — dry density, p, — water density, ¢, — ex-
cessive ice deposition, d; — freezing depth, &, — the
compressibility factor of the thawed soil and the ex-
ternal load, P, — external load.

For clay soils which w > w,, (where w,, — frost
heave moisture:

_ Ps— Da
Wyr — 092 DePa + Oogwu (Zw)7 (2)

TRRL (U.K.) JGS (Japan) CRREL (U.S.) GOST (C.1.S)
Judgment Frost Frost Judgment Frost |Judgment Frost Judgment Relative frost
heave | heave rate heave rate heave rate heave deformation
ratio (%) | (mm/hr) (mm/hr) (mm/hr) of the soil sample
Negligible frost| Less Less than Low Less than | Negligible | Less than Non- £, <0,01
susceptibility | than 12 0.375 0.1 0.021 heaving
(NFS) Very low |0.021-0.042
Possible frost | Over 12 | Over 0.375| Medium 0.1-0.3 Medium | 0.042-0.083 Low 0,01 <¢€,<0,04
SUSC(ePthS';""tV Medium |0.083-0.167| Medium | 0,04< ¢, < 0,07
High Over 0.3 High |0.167-0.333| High 0,07 <€;<0,10
Very high | Over 0.333 | Very high 0,10< €
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where (p; = 0).

hf = p;—?{009[wpl — Wy (T;w) ] + l.Ongi'pﬁW)} - (4)
St (P(gvpi))y

where p; = 0.
For clay soils which w < w,,:

h;= %df Ly = Sy (P.a), )
where (p; = 0).

d;
hy = %df V10 [0.09B,: + 1w, — Wi — 8 (Pos) ], (6)

where p; = 0.

The value of ground frost heave and its deter-
mination has also been well described in the work
of L.N. Nevzorov. According to it, the frost heave
should be determined taking into account the migra-
tion of water during freezing. It can be determined by
the following formula:

ly
hy = hy+ b = 0.09 (10, + ww)%z +1.09 [ qudt, (7)
0

where: h; — frost heave due to water initially contained
in the pores, hy; — frost heave due to ice migration,
Da
D
umetric moisture, z — frost depth, ¢, — intensity of
moisture inflow to the frost front.
The above formula can also be written in another
form by using the SP segregation potential in the de-
sign of structures:

— conversion factor from mass moisture to vol-

hf = 0,09 (. + wu,)%z +1.09SP t-grad T, (8)
where: grad T to simplify the calculations, the entire
frozen soil layer is calculated instead of the frost rim.

The ground surface elevation during freezing can

also be determined by the simplified formula:
hf =& fhd/, (9)

where &, — frost deformation.

It is also very important to consider the eleva-
tion of the foundation, not only the frost heave of
the ground during freezing. Foundation uplift can
be noted as &y, accordingly, we can use the following
formula to determine the elevation:

hys = hymj (1 o ) (10)
where n — a degree value of 1,5 for construction in
flat, wet areas, 1 — in excessively humid lowland ar-
eas; /3 — coefficient taking into account the impact of
the pillow, for strip foundations with low pillows

(h, < 0,8 b) can be accepte d S =1.

For strip foundations:

2k.d;0.
P = b// —, (11)
where k, — ration of the working condition of the
foundation (Figure); o, — resistance to movement of
frozen ground relative to the foundation.
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Ratio value of k, for strip foundation width b

Regarding to new standards, it is given a lot of
recommendations and instructions for frozen soil
grounds in construction. New testing methods also
introduced by usage of the new standards. Also, it
helps to internationalize designing of building and
structures on frozen soil grounds. But it is need to
keep of next regulatory documents, such as «Guide
for the design of foundations and foundations on
heaving soils» and «Recommendations for account-
ing and prevention of deformations and forces of
frost heaving of soils». These standards helps to more
detailed calculation and design of frozen soil ground.
Because it helps to find frozen soil ground parame-
ters, as like frost heaving, icing of soil sample, tem-
perature of freezing and so on.

According to the new normative document [1].
Soil investigation and testing there is a chapter De-
termination of frost susceptibility where ways of de-
termining the frost susceptibility of soils are given. In
particular, it is mentioned that the frost susceptibility
of soils plays an important role in the design of foun-
dations placed over the frost front. The frost heaving
risk can be estimated according to the properties of
the soil classification (particle size distribution, cap-
illary lift height and/or fine-grained content) or by
laboratory tests of test samples in the natural state
as well as overmolded, overpressed or reconstructed
soil samples.

According to the above-mentioned standard
there are the following requirements for frost heave
testing:



- if the assessment of frost susceptibility based on
the classification properties of the soil does not indi-
cate that there is no risk of frost heaving, a laboratory
frost heave test must be performed. Examples of soil
types that indicate the need for laboratory testing in
addition to correlation with classification properties
include organic, peat, saline, artificial and coarse-
grained soils with a wide range of grain sizes;

- to determine freezing susceptibility of soils in
their natural state, natural samples must be tested,
and in the case of bulk soils, frost heave tests must
be conducted on precompacted and then molded or
remolded test pieces

- the laboratory frost heave test are freeze frost
heave tests. If the risk of weakening on thawing is to
be tested, the load-bearing capacity (shear strength)
of the soil must be tested after the specimen has been
thawed by the Californian method. A compacted or
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reconstructed specimen shall be subjected to one or
more freeze-thaw cycles before testing.

Conclusions

According to the analysis and research carried
out, the regulatory prerequisites for determining
frost heave soils were determined. Therefore, the fol-
lowing main conclusions were drawn:

1. The new normative documents mention labo-
ratory tests of sample soils in more detail and even
specify what the requirements should be in it, while
the old normative documents in the form of SNiPs
only mention it insignificantly.

2. Despite the abolition of SNiPs, it is necessary to
keep or reissue normative documents such as «Rec-
ommendations» and «Guidelines», where ways of
determining frost heave of soils by analytical means
using formulas are given.
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Typ#foiH yii KypblnbiCbIHOAFbI KAMYObl eCKepe ombipbir, Monbipak HezizdepiH #obanay canacbIHbIH
HOpMamuemik-KYKbIKmblK epexkwenikmepi
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AHOamna. KazakcmaHOarbl myprbiH YU KypblabicblHOG monsipak HezizoepiH xobanay. Hezizei makcam-6ypbiHFbl #aHe
WaHa pemmey xylenepiHiH alisipmawelnsiFelH kKepcemy. My3zdamy-epimyOiH, monsipaK Hezizdepi meH Ipeemacmap-
OblH MypaKmMblbiFbIHA 3Cepi CanaceiHOAFbl MONbIPAK HE2i3iH #0banay epexenepiHeH Hezi32i Myx#bipbIMOap Keamipin-
2eH. 3epmmey xcypeizy ywiH SP RK EN (Harmonized Eurocodes) ylinecmipinzeH saHa cmaHOapmmapeiH KHxE-HiH
bypbiHFbI ecki cmaHOapmmapbsiMeH aHAAUMUKAALIK casasicmelpy adicmepi Koa0aHeln0bl. MaHa cmaHdapmmapra
calikec, aa30blH nalioa 60ay KayniH MOneIpaKmMeblH ¥ikmesay cunammamanapseiHa Hemece mabufu Kylidezi CbIHAK Y-
2inepiHiH 3epmxaHasnsiK cbiHaKMapsiHa calikec baranayra 601a0bl. ABMOPAAP HyMbICMa MAH2EHYUAAObI HIHE HOP-
mamusmi Hezi30epOiH MypaKmeblsabiFbiH, MOMbIPAK Hez2i30epiHiK Kamy mepeHOi2iH AHbIKMAyFa apHAAFaH ¢opmyna-
naposbl Kenmipedi. ypaizinezeH manday waHe 3epmmey Hamuxcenepi 6olibIHWa MonsIpaKkmMoliH aA3Fa Me3imoinieiH
aHbIKMayOblH HOPMAMUBMIK AAFbILIAPMMAPLI KepCcemineeH.

Kinm ce30ep: EypoKoO, monbipaK Hezizdepi, mornbipaKkmelH as30bl #(UHAAYbIH 6010bIpMay, 2e0MexXHUKAsbIK #obasay,
cmaHAapm, monsipaKkmel My30amy-epimy.
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HopmamueHo-npasoebie ocobeHHocmu 06aacmu NPOeKMupo8aHus 2pyHMOo8bIX OCHO8AHULI ¢ yyuemom
MPOMepP3aHUs 8 HUAUWHOM Cmpoumensbcmee
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AHHOomayus. lpedcmasneHa UHPOPMAYUA 0 HOBOU HOPMAMUBHOU cucmeme 8 cghepe NPOEKMUPOBAHUSA 2PYHMOBbLIX
OCHOBAHUL 8 XUAUWHOM cmpoumesnscmee 8 KazaxcmaHe. OCHOBHAA yesb — MOKA3ams omsauque npexcHel u Hosoli
cucmem peaynuposaHus. lpusedeHbl 0CHOBHbIE 8b1800bI U3 pe2aameHmo8 MpPoeKmMupo8aHuUs 2pyHMo8o20 OCHOBAHUS
8 06s10CMU 8AUAHUA NPOMEP3AHUA-OMMAUBAHUS HA ycmol4ueocmb 2pyHMOo8biX 0OCHOBAHUl U pyHOameHmos. [ns
npogedeHus ucciedo8aHus bbiau UCnon6308aHbI MEMOObI AHAAUMUYECKO20 CPABHEHUSA 20PMOHU3UPOBAHHbIX HOBbIX
cmaHoapmos SP RK EN (Harmonized Eurocodes) co cmapeimu npedeidyuumu cmaHoapmamu CHull. CoenacHo Ho8bIM
CMaHOapPMam, PUCK MOPO3HO20 MyYeHUS MOXHO OUeHUMb 8 COOMBeMmcmaeuU C KAACCUPUKAYUOHHbIMU Xapakmepu-
CMUKAMU 2pYHMA Uau 1a60pamopHbIMU UCTIbIMAHUAMU MeCcmosbix 06pa3y0e 8 ecmecmeeHHOM COCMoAHUU. ABmopebi
npusodsam 8 pabome ghopMybl 045 onpedesneHus ycmolyusocmu yHOAMeHMOo8 ¢ MAH2eHYUAAbHbIM U HOPMamue-
HbIM ry4YeHueMm, 2ay6uHbl MPoMep3aHUs 2pYHMOoebIx 0CHO8aHUl. 1o peayabmamam nposedeHHO20 AHAAU3d U ucciedo-
8aHUL YKA3aHbI HOPMamueHble nMpednocblaku 0415 onpedesneHuUs Mopo30cmolKocmu 2pyHmMos.

Knroueesle cnoea: E6pokod, 2pyHMosble 0CHOBAHUS, npedomepawjeHue Mopo3HO20 My4YeHUs 2pyHmMos, 2eomexHuye-
CKOe nMpoekmuposaHue, cmaHdapm, 3aMopPaXU8aHUEe-0mmausaHue 2pyHmd.
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