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Abstract: The introduction of Eurocode in Kazakhstan allows for the application of modern tech-
nological innovations and the elimination of technical barriers for the realization of international
projects. It is significant to study the international standards and design requirements provided in
Eurocode. This study presents a comparative analysis of Kazakhstani and European approaches for
the geotechnical design of foundations and provides the design methods in the considered codes
of practice. Three different types of foundations (i.e., raft, pile, and piled raft foundations) were
designed following SP RK 5.01-102-2013—Foundations of buildings and structures, SP RK 5.01-103-
2013—Pile foundations, and Eurocode 7: Geotechnical design for the Nur-Sultan soil profile. For all
three types of foundations, the calculated results of bearing resistance and elastic settlement showed
the conservativeness of Eurocode over SNiP-based Kazakhstani building regulations, as the values of
bearing resistance and elastic settlement adhering to Kazakhstani code exceeded the Eurocode values.
The difference between the obtained results can be explained by the application of higher values
of partial safety factors by Eurocode 7. Sensitivity analysis of the bearing resistance on foundation
parameters (i.e., raft foundation width and pile length) for the Kazakhstani and European approaches
was performed to support the conclusions of the study.

Keywords: raft foundation; pile foundation; piled raft foundation; bearing resistance; elastic settle-
ment; SNiP; SP RK; Eurocode 7

1. Introduction

The construction industry in Kazakhstan represents one of the most significant sectors
in the country’s economy. Progress in the construction field implies better living standards,
as well as the safety of the population [1]. The construction industry determines the direc-
tion of economic development of a great number of adjacent industries in Kazakhstan [2].
Therefore, it is important to understand the significance of building regulations that play a
determinative role in the development of a modern country.

A rapid urbanization rate and growth of the construction sector cause the development
of construction materials, as well as design technologies. Local designers and engineers
used to apply the Kazakhstani technical regulations that consider only traditional design
methods and materials [3]. These building regulations were developed based on SNiP code
by complementing and providing more details to the design requirements. The traditional
SNiP approach, with proven efficiency and reliability, has been applied in Kazakhstan
since Soviet times, for approximately 25-30 years [4]. The main drawback of the national
code of practice is the impossibility of the application of new design technologies and
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materials, slowing down the development of the construction industry [3]. However,
Kazakhstan still uses the former building regulations as this code of practice considers
national circumstances and the privacy of the country.

A considerable part in the solution to this problem is the harmonization of the existing
building regulations with Eurocode [1]. Kazakhstan has been in the process of reforming
the system of technical regulations in the construction field since 2010. Considering the ex-
perience of developed countries, Kazakhstan pursued the idea of integration into the world
economic system via the harmonization of codes and design processes. In accordance with
the national “100 steps” plan, Eurocode was introduced into the territory of Kazakhstan
in 2011 [5]. This reform involves a gradual transition to the national standard SN RK EN,
which is identical to Eurocode [6]. Since 2014, Eurocode has been applied in parallel with
the existing design code in Kazakhstan [7]. Figure 1 demonstrates the transition of some
Commonwealth of Independent States (CIS) countries, including Kazakhstan, to Eurocode.
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Figure 1. Distribution of design codes around the world (modified from [8]).

Eurocode (EC) represents a flexible and progressive European technical standard
used for the design of all types of buildings and structures and different combinations
of loads with the application of all types of construction materials. The European Union
(EU) decided to create a common European regulatory system for the construction field in
1975 [9]. The aim was to eliminate technical obstacles to international cooperation and to
create a unified EU system for design and construction works. All EU member-countries
apply EC considering their respective national features, such as climatic, seismic, geological,
and economic particularities. EC is being constantly updated in compliance with the newest
technological achievements, results of scientific research, and innovations [5].

The government supports the idea of the integration of the Kazakhstani construction
industry into the European regulatory system for the realization of large-scale, expensive
projects in Kazakhstan [10]. The harmonization of national building regulations with EC
(1) contributes to a considerable inflow of foreign investments by solving bureaucratic
problems and eliminating administrative barriers, (2) stimulates scientific and technical
collaboration between local and European specialists, and (3) allows the application of
the same design methods and rules. In addition, the application of EC in Kazakhstan
increases the competitiveness of local construction companies, designers, and manufac-
turers of construction materials on the international level by tightening the discipline,
reducing the construction time, and allowing the application of innovative materials and
technologies [7].

Almazov [11] described the importance of comparative analysis of national and
European standards and familiarization of local specialists with the European approach
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and its application in national practice. The major difference between the considered codes
of practice lies in the different mechanisms of economic management and freedom in their
application. EC applies the creative approach and provides the requirements for the result
of the construction work, whereas the Kazakhstani building regulation provides strict
directions in terms of design requirements. That is why the Kazakhstani approach prevents
constructors from selecting the most appropriate design solution and introducing new
construction technologies [12].

A direct transition from the Kazakhstani building regulations to EC in Kazakhstan
is impossible, as the local construction industry is focused on the application of national
regulations. The introduction of the European approach must be performed based on a
complex programmed approach that gradually considers the particularities of Kazakhstan.
The territory of Kazakhstan is distinguished by large variety in nature and climate, which
are significantly different from the European ones. The main difficulty in the application of
EC in Kazakhstan is the need to consider the specifics of the territory of Kazakhstan and
the development of the National Annex (NA) with nationally determined parameters for
the application of the European approach.

Raft and pile foundations are two common foundation types for the realization of
geotechnical projects in Kazakhstan. Because the rapid urbanization rate in the country
requires geotechnical engineers to overcome technical and economic questions associated
with the implementation of large-scale construction projects, piled raft foundations are an
alternative solution for the support of high-rise buildings, which would be constructed
in the near future [13]. The objective of this paper is to (1) perform a comparative anal-
ysis of the European and Kazakhstani approaches for the design of raft, pile, and piled
raft foundations; (2) identify the differences in the design procedures and the obtained
results; and (3) promote familiarization of local specialists with EC. The transition from the
Kazakhstani building regulations to Eurocode represents a complex and gradual process
demanding a high level of qualification of designers and civil engineers. Thus, the study
of the differences between the Kazakhstani and European approaches is crucial for the
development of the country’s construction industry.

2. Design Problem and Ground Conditions

The following design problem in Nur-Sultan, Kazakhstan, is presented to demonstrate
the differences between the Kazakhstani and European approaches. The design problem is
used for calculating the bearing resistance and elastic settlement of three different types of
foundations (plain slab raft, pile, and piled raft foundations), shown in Figure 2.
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(a) Raft foundation (b) Pile foundation (c) Piled raft foundation

Figure 2. Idealized soil profile and designed foundations.
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The soil profile (Figure 2) and engineering properties (Table 1) for loam, which is
widely distributed in Nur-Sultan, were used to design the foundations. The groundwater
level (G.W.T.) was assumed to be located at a 2 m depth from the surface level [14].
A comparative analysis of the considered design codes was performed for a raft foundation
with length 20 m and width 10 m, a concrete driven square pile foundation with cross-
sectional area 300 mm x 300 mm and length 6 m, and a piled raft foundation representing
the combination of the first two foundations. The piles were driven by hydraulic and diesel
hammers. The standard structure situation was simulated so that the load ratio of variable
to permanent load was 0.25 (Live Load = 0.25xDead Load). For design simplicity, load
eccentricity was neglected.

Table 1. Soil engineering properties in Nur-Sultan city.

Soil Type Loam Note
Water content (w), % 19.10
Effective friction angle, (¢’), ° 22.00
Modulus of deformation (E), MPa 7.00
Liquid limit (LL), % 30.00
Plastic limit (PL), % 18.00

Obtained from Alibekova and Zhussupbekov [14]

Plasticity index (PI), % 12.00

Liquidity index (LI) 0.09

Unit weight (y), kN/m3 19.42

Saturated unit weight (ysat), KN/ m?) 20.10

Effective cohesion (c’), kPa 15.00
Undrained shear strength (c,), kPa 118.00 Determined as the average value of Cangir and Dipova [15],

Schofield and Wroth [16], Wroth and Wood [17]

3. Review of the Design Codes
3.1. Pile Foundation Design

The design procedure for a single pile adhering to the Kazakhstani approach is
provided in SP RK 5.01-103-2013—Pile foundations [18]. The bearing resistance of a single
driven pile is calculated as a summation of soil resistances under the pile base and on
the shaft surface, referring to Equation (1). The parameters for Equation (1) are explained
in Table 2.

Fig =vc(YerRA +u)_vfih) 1)

Table 2. Description of parameters in SP RK 5.01-103-2013—Pile foundations.

Notation Description Value Notes
Ye Partial factor on operational conditions 0.7 Taken from Table 8 of SP RK 5.01-103-2013
. . . . Taken from Table 1 of SP RK 5.01-103-2013
R Design resistance of soil under the pile base (kPa) 6000 (Figure S1 in the Supplementary Data)
A Cross-sectional area of pile base, m? 0.05 -
u Outer perimeter of pile shaft, m 1.2 -
. . . . . Taken from Table 2 of SP RK 5.01-103-2013
f; Design resistance of ith soil layer on the pile shaft (kPa) To be calculated (Figure S2 in the Supplementary Data)
h; Thickness of ith soil layer in contact with pile shaft, m To be calculated -
Partial factor on operational conditions of soil under
YR . 1
the pile base
Taken from Table 3 (SP RK 5.01-103-2013)
Ve Partial factor on operational conditions of soil on the surface 1
&

of pile shaft
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Table 3. Partial factors for geotechnical Ultimate Limit States.
YG Yo
Design Approach Yo Yo' Yb Y

§n PP Unfav. Fav. Unfav. Fav. ¢ ¢ °

DA1-1 1.35 1.0 1.5 0 1.0 1.0 1.0 1.0

DA1-2 1.0 1.0 1.3 0 1.25 1.25 1.0 1.0

DA2 1.35 1.0 1.5 0 1.0 1.0 1.1 1.1

DA3 1.0 1.0 1.3 0 1.25 1.25 1.0 1.0

According to SP RK 5.01-103-2013—Pile foundations, a single-pile design should

satisfy the following condition:
F
N< 4 @)
Yk
where N is the design load applied on the pile (kN); F4 is the design bearing resistance of
the pile (kN); and v is the reliability coefficient.
The elastic settlement of a single pile is determined in accordance with Annex G of SP
RK 5.01-103-2013—Pile foundations using the following equation:

N

Gl ®)

S =
where N is the vertical load applied on the pile (MN); G is the shear modulus of soil (MPa);
lis the pile length (m); and {3 is a dimensionless coefficient.

The procedure for the design of a pile foundation is outlined in Section 7 of Eu-
rocode 7 [19]. The design resistance of a pile foundation is determined using the follow-
ing equation:

Rpx R
Req = bk | Rok )

Yb Vs

where Ry, and Rg are the characteristic values of base and shaft resistance, respectively
(kN); vp and vy, are partial factors of base and shaft resistance, respectively, for driven piles,
provided in Table 3.
The characteristic values of base and shaft resistance can be obtained using the follow-
ing equations:
Rpx = Abqb;k ®)

Rs;k = ZAS}iqs;i;k (6)
where q;,; and qg;, are the characteristic values of unit base and shaft resistance, respec-
tively (kN/ m?); Ay, is the pile base area (m?); and Ag, is the pile shaft area in the ith soil
layer (m?).

The limit state analysis adhering to Eurocode 7 requires the following condition to

be satisfied:
Va <Ry )

where V4 is the vertical load acting on the foundation (kN) and Ry is the design bearing
resistance (kIN).

Eurocode 7 provides different design approaches (DA1-1, DA1-2, DA2, and DA3) for
the design of buildings and structures indicated in the National Annexes. The distribution
of design approaches in EU countries for the design of pile foundations is summarized
in Figure 3. The selection of design approaches by the countries is explained by their
construction traditions and experience [20]. The combinations of partial factors on actions
(A), material properties (M), and resistances (R) for all design approaches are given in
Table 4. DA1 and DAS3 are based on the Material Strength Design (MSD) method and
apply partial factors on actions and material strength parameters either simultaneously or
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separately. However, DA2 applies partial factors on actions and resistance simultaneously.
This approach represents a method similar to Load and Resistance Factor Design (LRFD),
widely applied by American codes of practice [21].
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Figure 3. Design approaches in EU countries for pile foundations (modified from [8]).

Table 4. Design approaches and combinations.

Design Approach Combination
DA1-1 Al”"+”M1“+”R1
DA1-2 A2"+” M2 “+” R1

DA2 Al“+” M1 “+” R2
DA3 A2"+”" M2 “+” R3

The value of the design vertical load acting on the foundation is determined in
accordance with Equation (8):

Vg = v * (Wek + Gi) + vo*Qx 8

where Gy and Qj are the characteristic permanent and variable loads, respectively (kN);
Wy is the foundation self-weight (kN); v and v are the partial factors on permanent
and variable loads, respectively, provided in Table 3.

When adhering to the European approach, the elastic settlement of a single pile can
be determined based on elastic theory using Equation (9) [22]:

P

=3 ©)

S

where P is the load acting on the foundation (kN); d is the pile diameter (m); Es is the
Young’s modulus of the soil (MPa); and I, is the pile displacement influence factor.
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3.2. Raft Foundation Design

The Kazakhstani approach for the determination of the bearing resistance and elas-
tic settlement of a raft foundation is outlined in SP RK 5.01-102-2013—Foundations of
buildings and structures [23]. The bearing resistance of a raft foundation adhering to the

Kazakhstani approach can be calculated using the equation below, the parameters for
which are explained in Table 5.

R= % [Mykzbyn +Mqdry'nn + (Mq — 1)dpy'ir + Mecr] (19

Table 5. Description of parameters in SP RK 5.01-102-2013—Foundations of buildings and structures.

Notation Description Value Notes
v 1.25 i
< Partial factors on operational conditions _— Taken according to Table 4 of SP RK
Yo 1 5.01-102-2013
. . - Depends on the method of determination of
k Dimensionless coefficient 1 . -
strength characteristics of soil (¢ and c)
Dimensionless coefficients representing a
My function of friglonai i\;\glfe,iﬁgitlinilnatlon, and 0.61 Taken according to Table 5 of SP RK
shape ot the o © 5.01-102-2013 (Figure S3 in the
Mq 3.44 Supplementary Data)
M, 6.04
. . .. Atb <10m, k; is takentobe 1; atb > 10 m,

k; Dimensionless coefficient 1 k, — %O 402 (here, zg — 8 m)

b Width of the foundation base (m) 10 -

Average design values of the specific weight of 19.42 )

Yo soil under the foundation base (kN/m?) ’

/ Average design values of the specific weight of 19.42 .
Yo soil above the foundation base (kN /m?) ’

c Design value of the specific cohesion of soil 15 )

1 below the foundation base (kPa)

dp Depth of the foundation (m) 1.5 -
dp Depth of the basement (m) 0 -

The elastic settlement of a raft foundation adhering to the Kazakhstani approach is
determined in accordance with Equation (11):

B pbkc ki — ki,1
5= Y E (11)

where p is the average pressure under the foundation base (kPa); b is the width of the
foundation (m); k¢, ki, and k; are dimensionless coefficients; and E; is the modulus of
deformation of the soil (kPa).

The European approach for the calculation of the design resistance of a raft foundation

for a long-term design situation is outlined in Annex D of Eurocode 7 [19]. The bearing
resistance of a raft foundation adhering to the European approach can be calculated using
Equation (12), the parameters for which are explained in Table 6.

1
R/A/ — C/NCbCSCiC _|_ q,Nqquqlq —I— E'Y/B,N,yb-ySyi'y (12)
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Table 6. Description of parameters in Eurocode 7.

Notation Description Value Notes
B’ Effective width of the foundation (m) 10 -
L Effective length of the foundation (m) 20 -
A Design effectiye areazl of the 200 A —B L
foundation (m*)
d Design effective cohesion (kPa) To be calculated -
Design effective overburden pressure at
q the level of the foundation 19.42 q =7 *d
base (kN/m?)
Design effective weight density of soil
/ -
Y below the foundation level (kN/m?) To be calculated
N, Ng =e™n e’ tan? (5 + ¢')
N. Bearing resistance factors To be calculated N, = (N q- 1) cot ¢’
Ny Ny =2(Ng — 1) tan ¢’
bg bg = (1 — atan ¢)?
c Inclination factors To be calculated b, =bg — (1— bq) /(Nctan ¢’)
by by = (1 — atan ¢)?
Sq sq = 1+ sin ¢’ for a square shape
s Shape factors To be calculated Sc = (squ — 1) / (Nq. — 1) for a rectangular, square, or
circular shape
Sy Equal to 0.7 for a square shape
ic ic =iq — 1(1 —ig) /(N tan )
. . _ H m
'q 19 = {1 T VHAT d cot (p’]
ination f f the =1 I
Inclination actors of the oad caused by To be calculated iy = [ - m]
horizontal load H where:
iy m=mg = [2+ (B"/L)]/[1 + (B’/L’)] where H acts in the
direction of B;
m=mg =[2+ (L'/B)]/[1 + (L'/B’)] where H acts in the
direction of L;
o Inclination of the foundation base to 0 )

the horizontal

Eurocode 7 applies the adjusted elasticity method for the determination of the elastic
settlement of a raft foundation in accordance with Equation (13):

s = pBf/En (13)

where p is the net bearing pressure linearly distributed on the foundation base (kPa); f is
the settlement coefficient; and Ep, is the design modulus of deformation of the soil (kPa).

When adhering to EC 7, the values of partial factors on permanent and variable loads
from Table 3 for different design approaches are considered for the calculation of the
vertical load action on the raft foundation.

3.3. Piled Raft Foundation Design

A piled raft foundation is a composite construction that has recently been widely
applied around the world, especially for the construction of multistory buildings/high-rise
buildings, in order to (1) increase the load capacity, (2) decrease the foundation settlement,
and (3) reduce the construction cost.
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The bearing resistance of a piled raft foundation is calculated using the formula below,
where the total geotechnical resistance is equal to the summation of the resistance of the
raft, Riaf, and the resistance of the piles, Rpje, ; [24].

Riot = Z Rpile, i + Rraft (14)

The Kazakhstani approach determines the elastic settlement of a piled raft foundation
using Equation (15):
P

=i+ % (15)

where 7y is the safety factor, equal to 1.2; P is the load applied on the foundation (kN);
and K is the total piled raft foundation stiffness (kN/m), equal to the summation of the
stiffness of all piles and the stiffness of the raft.

When adhering to the European approach, the elastic settlement of a piled raft foun-
dation is determined by the following equation [25]:

P

s=—
Kpr

(16)

where P is the load applied on the piled raft foundation (kN) and Kpg is the stiffness of the
piled raft foundation (kN/m).
The stiffness of a piled raft foundation is determined in accordance with Equation (17):

Kpg + (1 — 20p)Kg
1- o‘%p(I?TRc)

where Kpgr, Kpg, and Ky are the stiffness of the piled raft, pile group, and raft, respectively
(kN/m); ayp is the interaction factor of the raft with the pile.

Kpr = (17)

4. Results and Discussion

The performed comparative analysis of the Kazakhstani and European approaches
shows the similarities and differences between the applied methods for the geotechnical
design of raft, pile, and piled raft foundations. It was performed by determining the
over-design factor (ODF), representing the degree of safety of the designed foundations.
The following condition must be satisfied:

ODF = Ra >1 (18)
Eq
where Ry is the design resistance (kN) and Eq is the design effect of actions (kN).

The values of vertical load acting on the raft and pile foundations were calculated
based on the assumption that the ODF for the Kazakhstani approach was equal to unity
(Table 7). Considering the standard structure design and the assumed relationship between
the permanent and variable loads (Live Load = 0.25%Dead Load), the vertical load acting
on raft and pile foundations adhering to the European approach was identified.

Table 7. Loads applied on the designed foundations.

Applied Load Raft Foundation Pile Foundation
Permanent load (kN) 60,500 240
Variable load (kN) 15,100 60

Figure 4 shows the ODF values for the Kazakhstani and European approaches to raft
and pile foundations. For the Kazakhstani approach, the ODF was assumed to be equal to
unity, whereas the ODF for the European approach was greater by 6% to 38% for both raft
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Over-design factor

and pile foundations. The difference in the ODF results is attributed to the application of
partial safety factors on permanent and variable loads for the determination of the design
resistance in the different design approaches (i.e., DA1-1, DA1-2, DA2, and DA3) of EC 7.

il

2 4

Over-design factor
—_ 93
e

(=1
W

liln

DA SP RK DAI-1 DA1-2 DA SP RK
Design Approach Design Approach
(@) (b)

Figure 4. Over-design factors of the (a) raft foundation and (b) pile foundation.

The obtained values of vertical load applied on the designed foundations allowed for
the calculation of both the bearing resistance and elastic settlement of raft and pile founda-
tions for SP RK and EC 7. First, the design bearing resistance of the raft foundation was
defined by Equations (10) and (12), adhering to the Kazakhstani and European approaches,
respectively. As the design problem involves the consideration of cohesive soil, the Kaza-
khstani approach determines the bearing resistance based on mainly the liquidity index
(Figures S1 and S2), whereas the European approach calculates it by considering primarily
the undrained shear strength of the soil. A comparison of the design approaches shows that
both of the equations apply dimensionless coefficients considering the effective cohesion,
overburden pressure, and unit weight of soil for the design of a raft foundation (i.e., M,
Mg, and M for SP RK and N b sy iy, Ngbgsqiq, and Ncbescic for EC 7). The Kazakhstani
and European approaches calculate the bearing resistance of a pile foundation by summing
the design resistances of the soil under the pile base and on the pile shaft, as indicated in
Equations (1) and (4). However, SP RK applies the partial factors on operational conditions
under the pile base and on the surface of the pile shaft (i.e., Y. and v) and EC 7 uses
the partial factors on the base and shaft resistances (i.e., v}, and ;) when calculating the
pile foundation bearing resistance. The Kazakhstani approach applies a reduction factor
when calculating the bearing resistance of a pile foundation, as provided in Equation (2).
By contrast, the European approach directly calculates the factored geotechnical resistance
of the pile foundation by using the factored strength parameters.

Second, the elastic settlement of the raft foundation was determined by Equations (11)
and (13). Raft foundation settlement is calculated by the application of the adjusted
elasticity theory in EC 7, whereas SP RK applies the linearly deformable layer method.
However, both of the methods consider a settlement coefficient, which depends on the
foundation dimensions. Comparing the methods for the determination of the elastic
settlement of a pile foundation, the Kazakhstani approach involves the shear modulus,
as in Equation (3), whereas the European approach applies the elasticity modulus, as in
Equation (9).

Comparisons of the calculated results of the bearing resistance and elastic settlement
of raft and pile foundations adhering to the Kazakhstani approach and European approach
are provided in Figures 5 and 6, respectively. The obtained results show that the EC 7 results
exceeded the values from the Kazakhstani approach for both raft and pile foundations.
The European approach resulted in 1.2 to 2.2 times and 1.15 to 1.5 times higher values of
bearing resistance for raft and pile foundations, respectively. Moreover, the performed
comparative analysis revealed that EC 7 values exceeded SP RK values of elastic settlement
by 2.0 to 3.8 times and 1.7 to 2.3 times for raft and pile foundations, respectively.
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Figure 5. Bearing resistance values of the (a) raft foundation and (b) pile foundation.
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Figure 6. Elastic settlement values of the (a) raft foundation and (b) pile foundation.

The higher values of vertical load applied on the raft and pile foundations in the
European approach contributed to the higher results for both bearing resistance and elastic
settlement. The applied values of partial safety factors differ for the European and Kaza-
khstani codes, mainly because of the differences in climatic and geological features. EC 7
applies higher values of partial factors of safety in the design of buildings and structures
that allow higher results to be obtained than by adhering to the Kazakhstani regulation.

The values of bearing resistance of the piled raft foundation were obtained as the
combination of the resistances of the raft and pile foundations and resulted in 93,000 kN
for both the Kazakhstani and European approaches. The raft element of the piled raft
foundation ensures additional bearing resistance at the ultimate limit state. The obtained
value of bearing resistance allowed for calculating the values of elastic settlement for the
piled raft foundation. The calculation of the elastic settlement of a piled raft foundation is
performed by the application of the stiffness method for both the Kazakhstani and Euro-
pean approaches. The stiffness method considers the stiffness of the piled raft foundation
in SP RK (i.e., K¢) and EC 7 (i.e., KpRr), as indicated in Equations (15) and (16), respectively.
The Kazakhstani and European approaches provided 15 cm and 26 cm of elastic settle-
ment, respectively, for the piled raft foundation. The pile group element of the piled raft
foundation contributes to the reduction in the elastic settlement. Based on the obtained
results, it can be concluded that EC 7 provides a more conservative design for piled raft
foundations than SP RK.

In order to investigate the effect of different widths of raft foundations and different
lengths of pile foundations, the results of sensitivity analysis are provided. Figures 7 and 8
show the bearing resistance for the Kazakhstani and European approaches with respect
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to different widths (2-20 m) of the raft foundation and different lengths (3-15 m) of the
pile foundation, respectively. They show that DA1-2 and DA3 produce the same results of
bearing resistance for raft and pile foundations due to the application of the same values of
partial factors. In Figure 7, the results of raft foundation bearing resistance when adhering
to DA1-1, DA1-2 and DA3, and DA2 of EC 7 with respect to SP RK values were 1.7 to 2.9,
1.0 to 1.5, and 1.2 to 2.1 times higher, respectively, for different widths of the designed
raft foundation. Also, in Figure 8, the bearing resistance with regard to pile foundation
length revealed differences of 1.3 to 1.4, 1.0 to 1.1, and 1.2 to 1.3 times for DA1-1 and DA3,
DAI1-2, and DA2, respectively, compared to SP RK values. The more conservative results
of the European approach provide the possibility to design and construct buildings and
structures with guaranteed serviceability and durability and high-quality construction.
It was also demonstrated that Eurocode provides a higher level of safety and durability of
buildings when compared to the Kazakhstani national regulations [7].
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Figure 7. Bearing resistance of raft foundations of varying widths.
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Figure 8. Bearing resistance of pile foundations of varying lengths.

5. Summary and Conclusions

In Kazakhstan, the transition from the current design code (SP RK) to Eurocode
represents the easiest way to increase the rate and quality of construction works. The in-
troduction of Eurocode in Kazakhstan allows for the elimination of technical barriers in
international collaboration and the creation of a unified base for design and construction
works. Moreover, the results of code harmonization can benefit scientific collaboration by
establishing identical design methods, as well as common requirements for construction.

The harmonization of Kazakhstani building regulations with Eurocode requires the
translation of the design code to the country’s language, the performance of comparative
analysis for the design of buildings and structures, and development of the National Annex
(NA). The climatic, seismic, geological, and geographical features of Kazakhstan must be
considered in the development of the NA. In addition, the transition process requires time
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to avoid misunderstanding of the applied design principles. In this study, the procedure
for the design of raft, pile, and piled raft foundations adhering to Kazakhstani building
regulations and Eurocode 7 is provided.

A comparative analysis of the considered design codes was performed based on
the design example of Nur-Sultan city. Through this comparison, it was found that EC
7 provides general guidance, and further details are decided in accordance with NA,
which would be more adaptable to different conditions as compared to SP RK. The design
of raft, pile, and piled raft foundations showed that the obtained values of the bearing
resistance, elastic settlement, and over-design factor adhering to the European approach
exceeded the values from the Kazakhstani approach. The differences in these results
were obtained due to the application of higher values of partial safety factors under EC
7. The ODF results adhering to the European approach were greater by 6% to 38% for
both raft and pile foundations as compared to the results adhering to the Kazakhstani
approach. It can be concluded that Eurocode 7 provides more conservative results—
and, thus, a higher safety level—than Kazakhstani building regulations. The performed
sensitivity analysis of raft foundation width and pile foundation length for the bearing
capacity also supported the conclusions regarding the conservativeness of the considered
design codes. The conservativeness of the European approach is explained by the fact
that EC 7 synthesizes the design traditions and construction practices of various European
countries, so the integration process led to a more conservative and detailed geotechnical
design approach than that in Kazakhstan. Further studies comparing the Kazakhstani and
European approaches for geotechnical design are required to enhance the obtained results.
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