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Adaptation of Eurocode «Geotechnics-7» in the Building Norms
of the Republic of Kazakhstan

Abstract. The introduction of Building Norms in construction in Republic of Kazakhstan taking
into consideration principles of Eurocode «Geotechnics-7" in 2015-20 predetermines necessity
of revision and clarification of provision of building codes and national standards for the design
ground foundations. Building norms of foundation design developed nearly 40 years ago for
the vast territory of the USSR taken without considering the behavior of soil conditions on
the territory of Kazakhstan. The following article represents results obtained from foundation
bearing capacity analysis carried out by international and Kazakhstani researchers. Evaluation
of soil bearing capacity, that are used in USA and Europe, are based on Terzaghi-Prandl solution
and that of Meyerhof. The solutions considered in this article based on premise of stiff wedge
propagation under foundation base made of compacted soil. Advancing of following wedge further
down impacts on surrounding soil and pushes it to ultimate state. The design of basements and
foundations in Kazakhstan is planning to shift to Eurocode “Geotechnics-7”, in that case, approach
of foreign researches will be used. In studies, conducted by the authors, there is an analysis of
the differences between the regulations and principles of design in Eurocode. When determining
the bearing capacity according to Eurocode «Geotechnics - 7», calculation is based on bearing
capacity, and then is validated by the strain. In Kazakhstan’s building norms, the procedure
requires first calculation of the strains, and only in certain cases, bearing capacity check
takes place. Comparing methods to determine the limit pressure to the soil, we note that our
requlatory documents used solutions of limit equilibrium theory, suggesting that the entire soil
under the foundation is in the process of plastic flow. The paper presents comparative calculations
of bearing capacity of shallow and pile foundations for engineering-geological conditions of the
site for the city of Karaganda. Results of geological engineering survey analysis represent that the
foundation soil in many design parameters are different. In recent years, the government has
set a problem for building committee to adapt existing regulations to the basic principles of
basement and foundations design of Eurocode «Geotechnics-7». Thus, to shift to the main aspects
of international norms, it is necessary to adapt basic principles of basement and foundation
design. Taking into account particular geological conditions on the vast territory of Kazakhstan,
design characteristics of foundation soils needs to adapt as well.

Keywords: norms, construction, foundation, settlement, groundwater, soil, pile.

DOI: https://doi.org/10.32523/2616-68-36-2020-132-3-48-55

Introduction. Large-scale construction, especially in the West (the Tengiz field oil and gas),
Central Kazakhstan (Astana), as well as highways (Astana - Almaty and West Kazakhstan — China)
requires qualitatively new approach to the survey and design of industrial and civil buildings
due to intensive impact of anthropogenic factors on the foundation soils. Central and Western
Kazakhstan, composed of alluvial soils, are represented by loam, sandy loam, sands, silts, clays,
which in most cases are water-saturated. In the process of exploration and exploitation of these
territories, moreover, they will inevitably be affected: natural (the rise of the Caspian Sea level,
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rivers Ural, Ishim, Nura) and artificial (accidental leakage from water-carrying communications,
the unregulated dumping of domestic waste water, watering green spaces, etc.). Currently, it can
be stated that all cities of Kazakhstan are impounded by groundwater, particularly the cities of
Astana, Atyrau, Karaganda, Pavlodar, Shymkent, Kyzyl-Orda. Soils of Quaternary age differ by
diversity and variability in time of the physic-mechanical properties due to hydration (i.e. increasing
humidity). The formation or change in time and space of the stress-strain state of saturated grounds
primarily affects the stability and durability of the construction. The sustainability and strength of the
ground foundations of buildings and structures in general, first of all, is possible only under condition
of geotechnical monitoring and technical support at all stages of design, construction and operation.
Geotechnical monitoring is universally accepted in international practice and unified European
norms (EUROCODE «Geotechnics-7») divide all construction problems into three geotechnical
categories. The third most difficult one is, in particular, construction on weak water-saturated soils.
Unfortunately, in the period of large-scale construction of buildings and structures on the territory
of Western and Central Kazakhstan, the issues of geotechnical monitoring and technical support
are not available. Geotechnical monitoring in this context is evaluation and forecast of the state
regional geosystems. That being said, geosystem includes direct questions concerning geomechanics
and geotechnics.

The main factors leading to changes in properties of Foundation soils.

The main factors leading to water saturation of soil bases are primarily industrial (technical and
technological) and climate (infiltration of atmospheric precipitation).

Technical factors associated with intensive construction in the Western Kazakhstan and Astana,
have led to changes in the hydrogeological conditions of vast territories. As a result, natural regime
and balance of groundwater are broken. Furthermore, flooding and raising groundwater levels took
place. The construction and operation of buildings, especially high-rise buildings (over 16 stories)
break existing water balance of the area, the groundwater regime, thus leading to the deterioration of
hydrogeological conditions.

Technological factors are determined by the functioning of cities. The city is a complex multi-
functional system, where geological and hydrogeological conditions within its territory are
characterized by high variability in time and space. The main task in urban planning is the creation
of a geological model that takes into account the change of the geological environment (stress-
strain state of saturated soil grounds) and anthropogenic factors. The development of this model
will require extensive and reliable information for a long time (years, decades) and a study of
hydrogeological conditions in the city. However, in Kazakhstan, at this stage, the solution of this
question is problematic and practically impossible. Factors affecting the hydrogeological conditions
of the territory of the cities are divided into two groups: deterministic (backwater of groundwater
from the reservoirs, losses from different channels, etc.) and accidental (leakage from utility networks,
impaired drainage of surface runoff, etc.). If the first group can be taken into account during the
design and subsequent construction, the second group is taken into account with undetermined
probability or not even considered. For example, when coal mines were closed in Karaganda, to fill
the voids, mines were flooded with water. However, no programs for prevention or prediction of the
consequence of impounding twenty mines were conducted. Thus, the prediction of flooding in urban
areas by groundwater is currently superficial, sometimes is just a formality. As an example, figure
1.4 shows the data (Zhakulin 2015), depicting annual schedule of fluctuation of groundwater level
in bore holes that are installed in the yard of a large Shopping Mall (in Kazakhstan). The greatest
rise of groundwater level occurs in the summer, when precipitation is not enough. Apparently,
changes in rise of groundwater level are associated with a lot of leakage from the utility networks
in the summer. Additionally, according to the figure 1.5, it is shown the results of measuring the
groundwater level in two bore holes in the city for 16 years. The rise of ground water amounted to 9
m with the filtration coefficient of 0.55 m/year, and at bore 2 — 5 m with a filtration rate of 0.3 m/year.
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If one conducts constant monitoring of the hydrogeological conditions of the territory in the city
and has experimental results of measurements of groundwater levels, it is possible to predict time
changes in the stress-strain state of saturated grounds in order to avoid unacceptable deformations
of foundations of buildings constructions or accidents. (Zhakulin 2015) Climatic factors, primarily
on the territory of Kazakhstan, are determined by long winters with a capacity of snowpack thickness
greater than one meter and depth of soil freezing up to 3.0 m, and short and not rainy summer. These
climatic conditions represent the following: Foundation soil within one calendar year is working in
dynamic mode «freezing — thawing — water saturation».
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Figure 1. Graph of the fluctuations of groundwater during the year in Pavlodar ( Kazakhstan)
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Figure 3. Graph of the annual fluctuations of groundwater in bore hole 2 in
Karaganda (Kazakhstan)

Discussion and results of calculation of bearing capacity. The code of practice based on
deformational design approach, and only in specific cases, bearing capacity evaluated. Comparing
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methods of limiting soil pressure identification we want to note. According to local regulations,
solution of Gersevanov-Puzyrevsky with usage of limit equilibrium theory implemented. It assumes
that soil under foundation is in the plastic flow stage (Tsytovich 1983, Sokolovski 1960, Tschebotarioff
1973 and Ukhov 2002). Foundation design calculation of bearing capacity based on BN RK 5.01-
01(2002), BN RK 5.01-03 (2002).

For comparison and design analysis of foundation bearing capacity, shallow foundation taken
as an example. Foundation width is b=1.5m, depth is d=2.0m. Soil characteristics ¢p1=
21, C1=12kPa,coefficients Nc=16 Nq=7.9 Nvy=6.0(BNRK) Nc= 15.4Nq=7.6 Ny=6.8(EN), Soil under the
foundation took total load F=170 kPa. Soil is uniform loamy clay; ground water level is at depth of
4.55m. There is no any tilt or rotation of foundation against the base. The calculations against the
Eurocode(1997) and BN RK(2002) carried out and tabulated (Table 1).

Table 1.
Bearing capacity shallow foundation
Method Soil resistance Rd Bearing capacity Ed FOS
BNRK 249 229 1.35
EN 233 170 1.25

shall be taken as { = 0.2 in case of aforementioned stabilization criteria.

Su, mt - is maximum allowable foundation settlement value of the designed building or structure,
and is vary depending on type of designed building or structure:

Su, mt - 8 cm in case of industrial and civil buildings and constructions with a reinforced concrete
frame. (Figure 1. Pile settlement under jacking load.)

Results of calculated soil resistances under pile foot and around the shaft, bearing capacity of
piles, various analytical and field tests in consideration with safety factors given in the Table 2.

Result analysis of foundation bearing capacity design based on shallow foundation example reveal
several differences as interaction, bearing capacity identification formulas, coefficients (Meyerhof
1953, Hansen 1970, Hirayama 1988, Braja 1994, Craig 1992 and Tomlinson 2001).

Building Norm of RK 5.01-03(2002) suggests two ways of pile tasting for bearing capacity
determination: static and dynamic methods. Dynamic method is confined in bearing capacity
evaluation in pile-driving resistance. Static method uses settlement-loading graph to find ultimate
loading which creates 20% of ultimate building settlement.
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Figure 4. Pile settlement graph.

The ultimate loadings divided by a safety factor equal to 1.2 or 1.4. Ultimate pile resistance in
international standards apart the static method determine using a dynamic driving formula and
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the results of wave equation solutions. In static method, the settlement-loading schedule provides
ultimate resistance of piles, causing settlement equal to 10% of pile toe diameter, EN Eurocode 7
(1997). The ultimate resistance of piles divided by a safety factor of 3.0 According to international
standards for the jacking of driven piles, the critical limit is determined by the resistance-loading
curve that has the continuous curvature. In this case, the criterion for «destruction» is taking the
settlement of pile head, equal to 10% of pile toe diameter. Then, as of Building Norm of RK 5.01-
03 (2002) take the condition that ultimate value for settlement of the tested pile is determined by
following equation: S= C Su, mt where, C - conversion factor from the average value of foundation
settlement or the structure Su,mt to the tested settlement by SACLT. According to the requirements
conversion factor

Table 2.
Bearing capacity piles.
Bottom Soil Lateral Soil Total Soil Bearing

Method resistance qbk | resistance qsk | resistance Rc;d FOS capacity Ed
(kN) (kN) (kN) (kN)
BN RK 387 521 908 1.4 648
EU 33.21 442.8 476 1.4 340
ST BNRK - - 1098 1.2 784
ST EU - - 1210 1.4 864
DT BNRK - - 849 1.4 606
CPT 241 582 823 1.25 658

Summary and Conclusions. The transition to the main provisions of international standards
requires the adaptation of the principles of design of bases and foundations, taking into account features
of engineering-geological conditions of territory of Kazakhstan. In result of complex engineering-
geological surveys, areas of Central Kazakhstan and their subsequent generalizations, found
that majority foundations of buildings and  structures are of continentasedimentary
unconsolidated Quaternary rocks origin. These geotechnical investigations and laboratory testing
results show that the soils have relatively high density and low void ratios. The laboratory studies
confirm an increase in water content of soils and the transition from a semi-solid to a low-plasticity
consistency.

Proceedings of the Second Geo-Institute-Kazakhstan Geotechnical Society Joint Workshop,
Orlando, New York, March 5-11, 2018 Following formulas for bearing capacity evaluation according
to Building Norms of Republic Kazakhstan and Eurocode represent differences between two
approaches during design proceedings selection and problem identification. International standards
use Terzaghi, Prandl and Meyerkhoff solutions, however, Kazakhstan BN apply Gersevanov,
Sokolovskii and Berezantsev approaches. Shallow foundation design analysis shows that bearing
capacity values and factors of safety close enough. Therefore, shift to Eurocode principals of design
requires some kind of correction.

Shift to the main provisions of international standards requires the adaptation of the basements
and foundations design, taking into account features of engineering- geological soil conditions in
Kazakhstan

Design resistances of soil under the pile toe and around the shaft selected from BN of RK tables
and based on the types and state of the soil. International standards’ approach based on physical
and mechanical properties of a soil and following formulas evaluation. Analytical study of calculation
methods for the bearing capacity of piles represent that there is a difference in between the formulas
and approaches. Analytical method for determining the bearing capacity of piles perform almost
doubled difference in results.
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According to the results of static tests of piles, bearing capacity varies also almost in two times due
to the safety factor, which sometimes accepted by international standards as 3.0.Bearing capacity
analysis points that the results of static probing and dynamic tests of piles are nearly identical.
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Kasakcran Pecniy6amKachIHBIH KyphLabic HOpMadapbiHjaa «[eoTexnnka-7» EypokoabsiH Oeiimaey

Anpaartma. Kasakcran PecrrybamkacsiHAa KYPBIABICKA KYPBIABIC HOpMadapblH eHrizy 2015-20 >kplagapsr
«l'eotexnnka-7» EypoKoAbIHBIH KaFiJaTTaphIH eCKepe OTHIPHII, TOIbIpaK ipreracrapbit sKobadayra apHaAFaH
KYPBLABIC HOpMaJapbl MeH YATTHIK CTaHAAPTTapAbIH epekelepiH KailTa Kapay >KoHe HaKTbhlday Ka’kKeTTiAiriH
ankprHAaAeL. 40 >xpra OypsiH KCPO-HBIH KeH ayMarbl VIIIIH 93ip/AeHreH ipreractapAbl >ko0aaayAblH KYPBLABIC
HopMaaapsl Kaszakcran ayMarbIHAaFBI TOIIBIpAK, JKaFlaiidapbIHBIH TOPTIOiH eckepycis KaObladaabl. bya maka-
JAaja XaAbIKapaAblK JKoHe KadaKCTaHABIK 3epTTeylilep KYprisTeH ipretacrapAblH KOTepPTilITiK KadiaeTiH Taa-
Aay HoTypKeAepi ycoiHbLAraH. AKII nen Eypomaga K044aHbIAATBIH TONBIPAKTHIH KOTEpPrilTirin Oaraaay Tep-
naru-Ilpanaas mentimi Mmen Meitepxod mremnrimine Herizgearen. Ocbl MaKadaJa KapacThIPhLAFaH IIemIiMaep
TBIFBI3AaAFaH TOIIBIPAK Heri3iHiH acTBIHAAFBI KaTThI CBIHAHBIH TapaAyblHa OaiiaaHbICTBL. Keaeci ChIHAKTBI O4aH
9pi KBIAKBITY KOPIIIaraH TOIIBIpaKKa acep eTeal >KoHe OHBI IIeKTi Kylre urepmeaerigi. Kasakcranaa iprera-
crap MeH ipretactapapnl >kobaaay «l'eorexnuka-7» EypokoabIHa KeIlly >KocIiapaaHy/a, Oya Karaalija merea-
AiK 3epTTeyaep Taciai MaligalaHblAaThIH 004aAbl. ABTOpAap KyprisreH seprreyaepae Eypokoararsl skobaaay
epexxesepi MeH IIpUMHLIMIITEPi apachblHAaFbl aliblpMalllblAbIKTapFa Taagay >Kacaaaanl. «['eorexnmka-7» Eypo-
KO/, OOJIbIHINIa KOTepriln KabiaeTTi aHBIKTay eceliTey KoTepriln kabideTi HerisziHge Kypriziaeai, cogaH KeitiH
dedopmansMen Tekcepideai. KasakcraHABIK KypBLABIC HOpMaJdapblHAA paciM, aadbiMeH, gedOpMaljVisHEI
ecernteyAi Tajal etedi, Tek Oeariai Oip >xargalidapga raHa >KYK KOTepTillITiriH Tekcepy Kyprisiaeai. Kepaeri
IIIeKTi KBICBIMABI aHBIKTay dAiCTepiH caABICTBIpa OTHIPHIIN, Oi3ain HopMaTmBTik Ky>KaTTaphIMbI3Aa ipreTacThiy
acTBIHAAFBI OapABIK TOIBIPAK I1AaCTUKaABIK aFbIM IIpolecinge 60AaTHIHABIFBIH 0ia4ipeTiH IIeKTi Tere-TeHAIK
TEeOPUSACLIHBIH IIeNTiMaepi KOA4aHbLAATHIHBIH aTall ereMis. JKymeicra Kaparanabr Kaaacs! OOMBIHIIIA YIacKeHIiH
MHKEHePAiK-Te0AOTUAABIK, JKaFjalidaphl YIIiH Tas3 >KoHe Kadaabl ipretacrapAblH KeTeprilTik KaOiseTiHiH
CaAbICTBIPMaAbl ecenTepi YChIHbIAFaH. VIH>KeHepaiK-reoA0IMsABIK 3epTTeyadepai Taljay HoTUKelepi ipreTa-
CTBIH TOIIBIPAKTaphl KOIITeTeH >K00aAblK IIapaMeTpaep OOIbIHINA 9pTypAi ekeHiH KepceTei. COHFBI JKbLA4aphI
YximeT KyphLABIC KOMUTETIHIH aaAblHa KOAJaHBICTaFbl HOPMATUBTIK aKkTidepai «['eorexnuka-7» EypOoKoABIHBIH
ipreracrapbl MeH ipretactapblH >KoDalayAblH HeTi3ri KarugaTTapblHa OeriiMaey MiHAeTiH Koiigpl. Ocblaaliina,
XaAbIKapaaAblK HOpMaJapAblH HerisTri acmexTidepiHe Kelly YIiH ipreracrap MeH ipreracrapAbl >KoOadayablH
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Herisri mpuHIMNITepiH OeftiMaey KaxkeT. KasakcTaHHBIH KeH ayMaFbIHAAFHI Te0A0TUAARBIK KaFaiiapAblH epek-
e AiKTepiH eckepe OTHIPHIIL, iprerac TombIpaKTapbhIHbIH KO0AABIK CUIIaTTaMalaphlH OelfliMaey KakeT.
Tyiiin ce3aep: HopMaap, KYPHIALIC, ipreTac, KOHBIC, JKep acThl CyAaphl, TOIILIPaK, Kajsaslap.

A.C. XKakyanr', A.A. XKakyanna', C.A. )Kayruxosa', A.Y. EcenTaes’
'Kapazandunciuti mexnuueckuii ynusepcumem, Kapazanoda, Kasaxcman
?Espasuiicicuil nayuonarvroui yrusepcumem umenu A.H.Tymuresa, Hyp-Cyaman, Kasaxcman

Aganranmsa EBpokoga «['eoTexHmka-7» B cTponTeabHbIXx HOpMax Pecny6ankmu Kasaxcran

AnnoTanus. BuegpeHue cTponTeAbHBIX HOPM B cTpouTeabcTse B Pecriybanke Kazaxcran ¢ yueToM ImpuH-
uunos Espokoga «['eotexnuka-7» B 2015-20 rogax mpegonpeeaser HeOOXOAUMOCTD IIepecMOTpa U YTOYHEHNsI
ITOI0>KEeHNUT CTPOUTEABHBIX HOPM ¥ HaITMOHA/ABHBIX CTAaHAAPTOB Ha ITPOEKTHPOBaHIe IPYHTOBHIX (pyHJaMeH-
ToB. CTponTeAbHbIe HOPMBI ITPOeKTUPOBaHM: PYHAAMEHTOB, pa3paboTaHHbIe ouTu 40 AeT Hazaz A4 OOIIIp-
Hoit Teppuropun CCCP, npunaTh 6e3 yyeTa 1oBeaeHMs TPYHTOBBIX YCA0BUI Ha Tepputopun Kazaxcrana. B
AQHHOI1 CTaThe IpeACTaBAeHbl pe3yAbTaThl aHaAM3a HeCyIell CllocCOOHOCTU (PyHAAMEHTOB, ITPOBeeHHOTO MeX-
AYHapOJAHBIMU M Ka3aXCTaHCKUMU Mccaeaosateasmu. OlieHKa HecyIeil CltocOOHOCTH TPYHTa, IIpUMeHseMast B
CIHIA u Espomne, ocHoBaHa Ha pemteHun Tepnaru-Ilpanaas u pemennn Meitepxoda. PaccMoTrpenHsie B gaH-
HOJT CTaThe peIlleHNs] OCHOBAaHBI Ha ITPeAITOChIAKe pacIpOCTpaHeHM: JKeCTKOTO KAMHa 10/, OCHOBaHMeM (yH-
AaMeHTa U3 yILAOTHeHHOTO rpyHra. IIposukenne caelyioniero KAmHa gablie BHU3 BO3AEICTBYeT Ha OKpY-
>KaIOIIyIO ITOYBY M TOJAKaeT ee B IIpejeabHoe cocrostnue. ITpoekruposanne ¢pynsamenTos u GpyHAAMEHTOB B
Kaszaxcrane nmaanupyeTcs lepesecTu Ha eBpoko/, «l'eoTexHuka-7», B 9ToOM caydae OyAeT UCIOAb30BaH IOAX0A,
3apyOe>KHBIX CCAeA0BaHNIl. B nccaea0BaHmsAX, TPOBEEHHBIX aBTOpaMU, TPOBOAUTCS aHAANS Pa3AMINIL MeXK-
Ay peraamMeHTaMU U IMPUHIIMIIaMM ITpoeKTupoBanus B Espokoge. Ilpu onpesesenun HecyIrer CciocoOHOCTI
o EBpokogy «'eoTexHmka-7» pacueT MpoOU3BOANTCA Ha OCHOBE HeCyIIleil ClIOCOOHOCTH, a 3aTeM ITpOBepsIeTCs
Aedopmarineit. B kazaxcTaHCKIX CTPOUTEABHBIX HOpMaX IIpolleAypa TpebyeT cHadala pacdeTa gedpopMarinii,
U TOABKO B OIIPejeAeHHBIX cAydasx IIPOBOAMUTCS IIpoBepKa HecyIell criocobHoctu. CpasHuBast METOADI OIpe-
AeJeHns IpeAeAbHOTO AaBAEHIUs Ha TPYHT, OTMETUM, UTO B HAIlIMX HOPMAaTUBHBIX JOKYMEHTaX MCIOAb3YIOTCS
pelleHns TeOpuu IpeAeAbHOTO PaBHOBECHS, IIpeATioAaraonue, YTO Bech TPYHT 1104, pyHAaMeHTOM HaXOAMUTCS
B ITpoIlecce IAacTIIeCKOTo TeuyeHM:. B paboTe mpeacTaBaeHE cpaBHUTEABHBIE PacuyeThl HeCyIIell CioCOOHOCTI
HerayboKuX ¥ CBaifHBIX PYHAaMEHTOB 4451 MHKeHepHO-Te0A0TMIeCKUX yCAOBMI yJacTKa 110 T. Kaparange. Pe-
3yABTaTHl aHaAM3a MHKEeHEPHO-Te0A0TMIeCKIX M3BICKaHNUI CBI/ETeABCTBYIOT O TOM, UTO TPYHTH pyHJaMeHTa
I10 MHOTMM IIPOEKTHBIM IapaMeTpaM pa3AN4HEBL. B rocaejnue rogbl IpaBUTeABbCTBO IIOCTABIAO Iepe/, CTpO-
UTEAbHBIM KOMUTETOM 3ajauy ajanTUpOBaTh CYLIECTBYIOIIe HOPMaTUBHBIE aKThl K OCHOBHBIM IPMHIIUIIAM
npoekTuposanus GpyHaamMeHTOB 1 pyHAaMeHTOB EBpoxoga «['eoTexnnka-7». Takum oOpaszoM, 445 repexoa K
OCHOBHBIM acCTieKTaM MeKAyHapOAHBIX HOPM HeOOXOAMMO aJarTpOBaTh OCHOBHbIE IIPVMHIIAIIE ITPOEKTUPOBa-
HIS PYHAAMEHTOB. YUUTEIBas OCOOEHHOCTH Te010THIeCKUX YCAOBUI Ha obmmpHoi Tepputopun Kasaxcrana,
HeoOX0AUMO TakKe aJallTHPOBaTh IIPOEKTHBIE XapaKTePUCTUKI IPYHTOB (PyHAaMeHTa.

Karouesbie ca0Ba: HOPMBI, CTPOUTEABCTBO, PyHAAMEHT, IT0CeAeHIe, TPYHTOBbLIe BOALI, IPYHT, CBasl.
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