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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 
regulatory 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.  

A.S. Zhakulin, A.A. Zhakulina,  S.A. Zhautikova, A.U. Yessentayev



50 № 3(132)/2020 Л.Н. Гумилев атындағы ЕҰУ Хабаршысы.Техникалық ғылымдар және технологиялар сериясы
ISSN: 2616-7263, eISSN: 2663-1261

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».

 

Figure 1. Graph of the fluctuations of groundwater during the year in Pavlodar ( Kazakhstan)

 

Figure 2. Graph of the annual fluctuations of groundwater during the year in bore hole 1 in 
Karaganda (Kazakhstan)

 

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 

Adaptation of Eurocode «Geotechnics-7» in the Building Norms...
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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 φ1= 
21, C1=12kPa,coefficients Nc=16 Nq=7.9 Nγ=6.0(BNRK) Nc= 15.4Nq=7.6 Nγ=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 ζ = 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.

 
  

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= ζ Su, mt where, ζ - 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.

Method
Bottom Soil 

resistance qbk 
(kN)

Lateral Soil 
resistance qsk 

(kN)

Total Soil 
resistance Rc;d   

(kN)
FOS

Bearing 
capacity Ed 

(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

СPT 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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Қазақстан Республикасының құрылыс нормаларында «Геотехника-7» Еурокодын бейімдеу

Аңдатпа. Қазақстан Республикасында құрылысқа құрылыс нормаларын енгізу 2015-20 жылдары 
«Геотехника-7» Еурокодының қағидаттарын ескере отырып, топырақ іргетастарын жобалауға арналған 
құрылыс нормалары мен ұлттық стандарттардың ережелерін қайта қарау және нақтылау қажеттілігін 
айқындайды. 40 жыл бұрын КСРО-ның кең аумағы үшін әзірленген іргетастарды жобалаудың құрылыс 
нормалары Қазақстан аумағындағы топырақ жағдайларының тәртібін ескерусіз қабылдады. Бұл мақа-
лада халықаралық және қазақстандық зерттеушілер жүргізген іргетастардың көтергіштік қабілетін тал-
дау нәтижелері ұсынылған. АҚШ пен Еуропада қолданылатын топырақтың көтергіштігін бағалау Тер-
цаги-Прандль шешімі мен Мейерхоф шешіміне негізделген. Осы мақалада қарастырылған шешімдер 
тығыздалған топырақ негізінің астындағы қатты сынаның таралуына байланысты. Келесі сынақты одан 
әрі жылжыту қоршаған топыраққа әсер етеді және оны шекті күйге итермелейді. Қазақстанда іргета-
стар мен іргетастарды жобалау «Геотехника-7» Еурокодына көшу жоспарлануда, бұл жағдайда шетел-
дік зерттеулер тәсілі пайдаланылатын болады. Авторлар жүргізген зерттеулерде Еурокодтағы жобалау 
ережелері мен принциптері арасындағы айырмашылықтарға талдау жасалады. «Геотехника-7» Еуро-
код бойынша көтергіш қабілетті анықтау есептеу көтергіш қабілеті негізінде жүргізіледі, содан кейін 
деформациямен тексеріледі. Қазақстандық құрылыс нормаларында рәсім, алдымен, деформацияны 
есептеуді талап етеді, тек белгілі бір жағдайларда ғана жүк көтергіштігін тексеру жүргізіледі. Жердегі 
шекті қысымды анықтау әдістерін салыстыра отырып, біздің Нормативтік құжаттарымызда іргетастың 
астындағы барлық топырақ пластикалық ағым процесінде болатындығын білдіретін шекті тепе-теңдік 
теориясының шешімдері қолданылатынын атап өтеміз. Жұмыста Қарағанды қаласы бойынша учаскенің 
инженерлік-геологиялық жағдайлары үшін таяз және қадалы іргетастардың көтергіштік қабілетінің 
салыстырмалы есептері ұсынылған. Инженерлік-геологиялық зерттеулерді талдау нәтижелері іргета-
стың топырақтары көптеген жобалық параметрлер бойынша әртүрлі екенін көрсетеді. Соңғы жылдары 
Үкімет құрылыс комитетінің алдына қолданыстағы нормативтік актілерді «Геотехника-7» Еурокодының 
іргетастары мен іргетастарын жобалаудың негізгі қағидаттарына бейімдеу міндетін қойды. Осылайша, 
халықаралық нормалардың негізгі аспектілеріне көшу үшін іргетастар мен іргетастарды жобалаудың 
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негізгі принциптерін бейімдеу қажет. Қазақстанның кең аумағындағы геологиялық жағдайлардың ерек-
шеліктерін ескере отырып, іргетас топырақтарының жобалық сипаттамаларын бейімдеу қажет.

Түйін сөздер: нормалар, құрылыс, іргетас, қоныс, жер асты сулары, топырақ, қадалар.
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Адаптация Еврокода  «Геотехника-7» в строительных нормах Республики Казахстан

Аннотация. Внедрение строительных норм в строительстве в Республике Казахстан с учетом прин-
ципов Еврокода «Геотехника-7» в 2015-20 годах предопределяет необходимость пересмотра и уточнения 
положений строительных норм и национальных стандартов на проектирование грунтовых фундамен-
тов. Строительные нормы проектирования фундаментов, разработанные почти 40 лет назад для обшир-
ной территории СССР, приняты без учета поведения грунтовых условий на территории Казахстана. В 
данной статье представлены результаты анализа несущей способности фундаментов, проведенного меж-
дународными и казахстанскими исследователями. Оценка несущей способности грунта, применяемая в 
США и Европе, основана на решении Терцаги-Прандля и решении Мейерхофа. Рассмотренные в дан-
ной статье решения основаны на предпосылке распространения жесткого клина под основанием фун-
дамента из уплотненного грунта. Продвижение следующего клина дальше вниз воздействует на окру-
жающую почву и толкает ее в предельное состояние. Проектирование фундаментов и фундаментов в 
Казахстане планируется перевести на еврокод «Геотехника-7», в этом случае будет использован подход 
зарубежных исследований. В исследованиях, проведенных авторами, проводится анализ различий меж-
ду регламентами и принципами проектирования в Еврокоде. При определении несущей способности 
по Еврокоду «Геотехника-7» расчет производится на основе несущей способности, а затем проверяется 
деформацией. В казахстанских строительных нормах процедура требует сначала расчета деформаций, 
и только в определенных случаях проводится проверка несущей способности. Сравнивая методы опре-
деления предельного давления на грунт, отметим, что в наших нормативных документах используются 
решения теории предельного равновесия, предполагающие, что весь грунт под фундаментом находится 
в процессе пластического течения. В работе представлены сравнительные расчеты несущей способности 
неглубоких и свайных фундаментов для инженерно-геологических условий участка по г. Караганде. Ре-
зультаты анализа инженерно-геологических изысканий свидетельствуют о том, что грунты фундамента 
по многим проектным параметрам различны. В последние годы правительство поставило перед стро-
ительным комитетом задачу адаптировать существующие нормативные акты к основным принципам 
проектирования фундаментов и фундаментов Еврокода «Геотехника-7». Таким образом, для перехода к 
основным аспектам международных норм необходимо адаптировать основные принципы проектирова-
ния фундаментов. Учитывая особенности геологических условий на обширной территории Казахстана, 
необходимо также адаптировать проектные характеристики грунтов фундамента.

Ключевые слова: нормы, строительство, фундамент, поселение, грунтовые воды, грунт, свая.
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