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Abstract: This paper presents a comparative analysis of the performance of raft and piled raft 

foundations using the case study of a 29-storey building designed for the seismically hazardous area of 

Grozny. The investigation is based on numerical modelling of the interaction within the “structure–

foundation–multilayered soil” system taking into account the actual geotechnical conditions and 

dynamic properties of soil. Seismic loading is considered as a stationary random process. The analysis 

investigates the distribution of resonant frequencies of the system, the spectral density of the random 

acceleration function of the system, and its dynamic amplification factor. Frequency characteristics of 

the building were obtained using the LIRA-SOFT software package. The evaluation of the dynamic 

amplification factor was carried out by solving a stochastic problem of wave propagation in a 

multilayered medium. 

The results demonstrate that the piled raft foundation reduces the dynamic response of the building. 

Despite its higher cost, the use of such a foundation is justified in the conditions of increased seismic 

hazard and weak soils. The obtained findings allow us to recommend a piled raft foundation as the 

preferred structural solution for high-rise buildings under engineering-geological and seismic 

conditions similar to those of Grozny. 
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1. INTRODUCTION 

The current RF Construction Regulations (SP 14.13330.2018) recommend that foundations 

of tall earthquake-resistant buildings on non-rocky soils should be executed as pile, piled raft, 

or solid slab raft foundations. In engineering practice, the most common solutions are raft 

foundations and piled raft foundations. The former ensure high overall spatial stiffness, while 

the latter provide efficient transfer of loads to deeper dense soil layers. However, no unified 

approach has yet been developed for selecting the optimal foundation type in seismically 

hazardous areas. 

A number of researchers emphasize the cost-effectiveness of raft foundations, noting their 

sufficient bearing capacity even for high-rise buildings. For instance, study [1] presents the 

analysis results for a 21-storey reinforced concrete frame building located on soils composed 

of a sand–silt–clay mixture with satisfactory bearing capacity. The building is designed in 

Seismic Zone III (Lucknow, India). It was established that the raft foundation carried higher 

loads as compared to isolated, strip, or combined foundations, while being significantly less 

expensive than the pile foundation. 

At the same time, other studies highlight the insufficient punching shear resistance of raft 

foundations under seismic load [2]. For a 20-storey reinforced concrete frame building, the 

performance of three foundation types – raft, pile, and piled raft ones – was analyzed at 

various values of soil bearing capacity, pile thickness, diameter, and length. Based on the 

combined criteria of settlement, punching shear resistance, and soil stresses, the piled raft 

foundation was recognized as safe, whereas the raft and pile foundations failed to meet at 

least one of the verification requirements. 

The choice of foundation should be based on site-specific geotechnical conditions and the 

level of seismic risk. Pile foundations are advisable where upper soil layers are weak or 

susceptible to liquefaction, but they require careful consideration of kinematic and inertial 

effects, especially in stratified soils. 

Research [3] shows that a piled raft foundation can reduce settlements by up to 51% and 

decrease pressure on soft soils by 32–67% as compared to other foundation types, thus 

ensuring higher seismic resistance. The authors stress the necessity of integrated modelling of 

the “structure–foundation–soil” system for a correct assessment of dynamic response, since 

separate modelling does not reflect the actual interaction and may lead to erroneous 

engineering decisions. This conclusion is supported by several other works [4–8]. 

Research [9] indicates that a raft foundation can be effective if the soil base is preliminarily 

improved using deep soil-cement stabilization. A comparative analysis of earthquake 

resistance of a 9-storey reinforced concrete frame building at a design seismicity of 8 points 

showed that horizontal displacements were 29.6 mm on a pile foundation and 24.3 mm on a 

raft foundation with improved soil. 

Numerical 3D modelling of a 15-storey reinforced concrete frame building with four 

foundation alternatives (rigidly fixed soil, shallow foundation, piled raft, and pile foundation 

with floating piles) in soft homogeneous soil [10,11], as well as a 12-metre high four-storey 

frame structure with three foundation alternatives (natural soil, floating piles, and end-bearing 

piles) in soils consisting of three engineering-geological elements [12] demonstrated that 

natural soil properties and foundation type significantly affect the seismic response of 

buildings, altering the dynamic characteristics of the “structure–foundation–soil” system. 

The choise of foundation remains to be a critical issue in earthquake-resistant construction, 

particularly under complex geotechnical conditions. Analysis of seismic free-surface response 

during the propagation of a shear wave through randomly heterogeneous layered soils shows 

a significant deviation from the idealized homogeneous model [13]. Stochastic heterogeneity 
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increases damping and shifts the frequency response of the soil base – toward lower 

frequencies for homogeneous models, and toward higher frequencies with amplified response 

for randomly layered soils, especially in the presence of soft interlayers [14, 15]. 

As shown in [16, 17], reliable modelling of soil–structure interaction requires considering 

spatial heterogeneity, uncertainty of soil parameters, and nonlinear soil behavior under 

seismic excitation. The critical parameters include shear modulus and internal damping ratio. 

The dynamic response of a structure is primarily governed by resonant phenomena induced 

by seismic wave propagation and depends on the correlation of stiffnesses of the 

heterogeneous soil base, the foundation, and the superstructure, as well as on the frequency 

content and duration of the earthquake [18, 19]. Resonant characteristics of the “structure–

foundation–soil” system are strongly affected by the sequence and thickness of soil layers 

with different wave properties and by the statistical variability of their parameters [20]. Stress 

state in the foundation soil, including contact pressures beneath the foundation, should also be 

taken into account. 

The objective of this study is to perform a comparative analysis of the dynamic response of 

the “structure–foundation–layered soil” system and the stress state of the soil for two 

foundation types designed for one and the same building in Grozny. Using the model of a 

horizontally layered medium, the resonant characteristics of the system are determined, 

including amplitude-frequency responce, spectral densities of accelerations of the system, and 

dynamic amplification factors. The comparison results provide conclusions regarding the 

rational application of the above foundation types with respect to soil–structure joint work 

under seismic load. 
 

2. METHODS AND MATERIALS 

 

Analytical model of the “structure–layered soil” system 

The analytical model of the “structure–layered soil” system with an arbitrary number of 

layers is shown in Fig. 1. 
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Fig. 1. Analytical model of the “structure–layered soil” system. 

 

The bedrock is considered as a homogeneous, isotropic, elastic half-space [20]. The surface soil 

layer is represented as a heterogeneous stratified medium. The structure is modelled as a shear 

member replaced by an equivalent layer with reduced characteristics and is considered as the upper 

(zero) layer of the multilayer system. 

Each layer is characterized by its own physical and mechanical parameters: density 
i , shear 

modulus 
iG , damping decrement 

i , shear wave velocity 
siV , and thickness iH . 

The seismic impact is defined as a plane vertically propagating transverse shear wave ( )f t  

originating in the bedrock. The adopted model enables analysis of the joint wavefield in the structure 

and the layered soil, providing an assessment of resonant phenomena within the system. 

The seismic acceleration function of the soil base ( )f t  is assumed to be a stationary one with zero 

mathematical expextation and spectral density ( )fS  . 

The probabilistic problem of vibration of the multilayered system subjected to random seismic load 

is solved through the method of spectral canonical representations. 

The function ( )f t  is expressed as: 

( ) ki t

kk
f t Q e


   ,                               (1) 

 

where 
1 2, ,..., kQ Q Q  are uncorrelated random variables. Their variances form the spectrum of the 

input stationary random function, 

ki t
e


 are deterministic input coordinate functions. 

When the process represented by expansion (1) passes through a linear system, the relation 

between the input and output processes is described by: 
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LF f  .             (2) 

 

Then the output random process can also be expressed as: 

 

( ) ( ) ki t

k kk
F t Q h i e

       (3) 

 

where ( ) ( ) ki t

k kt h i e
   are deterministic output coordinate functions determined by solving the 

equation: 

ki t

kL e
   ,              (4) 

 

( )kh i  is the frequency characteristic of the system. 

If the random function is represented in the canonical expansion form (1), its transformations 

reduce to the transformation of deterministic input coordinate functions (4). 

The spectral density of the output random function ( )F t  is determined as (5): 

 
2

( ) ( ) ( )F k fS h i S     .                 (5) 

 

Its variance is given by (6): 

 

0
( ) ( )F fD x S d 



    .            (6) 

 

Based on these probabilistic characteristics of the system (5,6), the dynamic amplification factor is 

computed as an integral indicator of the amplification of seismic response at the output (3) as 

compared to the impact at the input (1). Within the adopted model, it is determined as the ratio of the 

standard deviations of accelerations of the output and input random functions: 

 

1

( )
( ) F

Fn

D x
x

D




   .                                    (7) 

 

Vibrations of the multilayered medium with damping under harmonic load of the form 
i te

 are 

described by the system of equations (8): 

 

1 1( ) ( )

1( , ) ,
i i

i i i i

x x
i t i t

v i c x v i c x

i i i i i iF t U e e D e e x x H
 


      

     

           ,      (8) 

 

where 0,1,..., 1i n   
and by the boundary conditions: 

 

0 1
0

( , )
0

F x t
G

x





, at 0 0x 

,     
 

1 1 1( ) , ( , )i t iwt i t

n n nU t e F x t e D e 

      , at 
n nx H

,    
 

 

where iU  and iD  are the amplitudes of incident and transmitted waves in the layer, respectively; 

1 2i i ic c i c   ,  0,1,...,i n  is the complex wave number. 
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The amplitudes 
0 1 0( ),..., ( ), ( ),..., ( )n nU U D D   

 are determined by solving the system of 

linear equations AX B  for each frequency value  . 

After transformations, the equations of the stationary state of the system are obtained: 

0 0 10 0 20 0 0 10 0 20 0
0 0 0 0

1 2 1

( ( ) ) ( ( ) ) ( ( ) ) ( ( ) )

0 0 0 0

( ( ) ) ( ( ) ) ( ( ) )

( , ) ( ) ( )

...

( , ) ( ) ( )
n n n n n n n n n

n n n n

i x H с x с x i x с x с x
v v v v

i x H с x с x i x с x
v v v v

n n n n

F x U e e D e e

F x U e e D e e

   
   

   
  

  

  

               

              

     

     
2( ( ) )

1 1 1 1( , ) ( ,0) 1 ( ) 1

n nс x

n n n nF x F D



  



      
.

(9) 

 

The amplitude-frequency responce (AFR) of the “structure – soil” system is computed by the 

formula (10) 

 

1

( , )
( , )

( ,0)

i

n

F x
h x

F








,

          (10) 

 

where 
0 10,..., ; ...i i i nx H H H H H      

( , )F x  is the amplitude of vibrations of the entire package of layers, 

1( , )nF x
 is the wave amplitude at the “surface layer – bedrock” boundary. 

To compute the resonant frequencies, spectral densities, variances, dynamic amplification factors, 

as well as the design accelerograms for each layer and the system as a whole, the software tool 

developed by the authors is used [21]. 

3. RESULTS AND DISCUSSION 

Characteristics of the Case Study Building 

The object of investigation is a 29-storey building within a complex of multi-storey residential 

buildings with integrated non-residential premises and an underground parking facility, located in 

Grozny. The plan of a typical floor (12th to 20th) is shown in Fig. 2. 
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Fig. 2. Typical floor plan (12th to 20th floor). 

 

The building parameters: 

total wall area – 9807 m
2
; storey height - 3.1 m; slab thickness – 0.2 m; density of reinforced 

concrete walls and floor slabs – 2.5 t/m
3
; elastic modulus of reinforced concrete walls and floor slabs – 

3·10
6
 t/m

2
; Poisson’s ratio – 0.2. 

Total number of storeys (including the underground ones) – 32. 

Taking into account that the distances between structural elements of the building (floor slabs, 

load-bearing walls, partitions) are significantly smaller than the seismic wavelength, the structure can 

be considered as a continuous medium. 

The building is modelled as a shear member with equivalent parameters, the values of which are 

given in Table 1. 

Table 1. Design parameters of the building. 

Floor area, m
2 

Fundamental 

frequency, 

ω, rad/s 

Height  

bh , m 

Weighted average 

density  

b , g/cm
3
 

Shear wave 

velocity  

SbV , m/s 

95882 3.19 107 0.39 217.5 

 

The key parameter for reducing the real building to a shear member model (layer 0) is the 

fundamental frequency of its free shear vibrations. This frequency is determined at the design stage 

using software tools or approximate methods [22]. In this investigation, the natural vibration 

frequencies of the building are obtained using the LIRA-SOFT software package. 

The equivalent velocity of shear wave propagation in the building is calculated by the formula (11):  

2 b
Sb

h
V





 
                     (11) 
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Characteristics of the Layered Soil Base 

To illustrate the geotechnical conditions of the construction site, figure 3 shows a representative 

cross-section derived from boreholes No. 24-27. This section reflects typical soil stratigraphy in the 

area under consideration and is used as an example for the modelling of “structure–multilayered soil 

mass” interaction in this investigation. Within the 30-metre depth of geo-lithological section, 10 

engineering-geological elements (EGE) are identified (Table 2). 

 

Table 2. Engineering–geological elements (EGE) of construction site. 

 
EGE Layer Description according to the nomenclature 

(RF National State Standard GOST 25100-2020) 

Seismic cate-

gory of soil 

1 1 Stiff heavy silty loam, slightly collapsible, non-swelling, non-saline, 

mineral 

II 

2 2 Fine sand, medium saturation, medium density, heterogeneous, non-

saline, mineral 

III 

3 3 Pebble gravel soil with up to 30% of semi-solid loamy aggregate, 

medium saturation, heterogeneous, moderately weathered, medium 

strength, non-saline, mineral 

II 

4 4,7 Pebble gravel soil with up to 30% of soft-plastic loamy aggregate, 

saturated, heterogeneous, moderately weathered, medium strength, 

mineral 

II 

5 5,10 Heavy soft-plastic silty loam, non-collapsible, non-swelling, mineral III 

6 6 Fine saturated sand, medium density, heterogeneous, mineral III 

7 8 Plastic sandy loam, non-collapsible, non-swelling, mineral III 

8 9 Gravelly soil with up to 40% of soft-plastic loamy aggregate, saturated, 

heterogeneous, moderately weathered, medium strength, mineral 

II 
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Fig. 3. Engineering–geological cross-section of the site. 

 

Seismicity of the site is 7.99 points on the MSK-64 scale, with maximum acceleration values of 

0.223 g for the horizontal component and 0.133 g for the vertical component. At the foundation pit 

bottom, seismicity is assessed at 8.0 points, with maximum acceleration values of 0.223 g for the 

horizontal component and 0.133 g for the vertical component. According to the field surveying of 

engineering–geological conditions, the construction site soils belong to categories II and III by seismic 

properties. The design soil mass is classified as category III. 

From borehole and geophysical survey data, soil layer thicknesses and lithology as well as the 

weighted average wave velocities were determined (Fig. 4). 
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Fig. 4. Velocity profile. 

 

The design parameters of the layered soil medium are given in Table 3. 

 

Table 3. Parameters of layers of the geological profile. 

 

Layer Lithology ,iH m ,H m ,pV m/s ,SV m/s ,i g/cm
3
 

1 EGE-2 1.2 1.2 420.0 230.0 1.79 

2 EGE-3+4+5+6 8.9 10.1 910.0 490.0 2.10 

3 EGE-4+8+5+9+10 19.9 30.0 2170.0 680.0 2.08 

 

The following designations are used in the table: iH  – layer thickness, H  – depth of the layer 

location, pV  – compressional wave velocity in the layer, 
SV  – shear wave velocity in the layer, ,i  – 

layer density. 

Synthesized accelerograms of heavy earthquakes recommended by the Schmidt Institute of Physics 

of the Earth of the Russian Academy of Sciences were used for mathematical modelling of strong-

motion soil responses (access at http://seismorus/ru). Three-component accelerograms (for horizontal 

X and Y components, and for vertical Z component) corresponding to soils of seismic category III 

were applied. 

Numerical modeling of soil response to heavy earthquakes was performed using the NERA 

software, which implements a modified SHAKE-91 algorithm to analyze response spectra of various 

types of soil. 

Fig. 5 shows the design accelerograms at free soil surface, and Fig. 6 presents the envelope of 

dynamic amplification factors. 

 

 
 

Fig. 5. Design accelerograms for the horizontal X-component at free soil surface. 
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Fig. 6. Diagram of dynamic amplification factor (envelope) compared to the reference values for soils 

of seismic category III according to the RF Construction Regulations SP 14.13330.2018. 

 

Using the authors’ software [21], the dynamic amplification factor was determined for a three-layer 

soil profile of the construction site with weighted average wave velocities (Fig. 7). Each layer was 

assigned its physical-mechanical characteristics: density, shear modulus, shear wave velocity, 

damping decrement, and thickness (Table 4). 

 

 
 

Fig. 7. Analytical model of the soil base. 

 

Table 4. Design parameters of soil layers at the construction site. 

 
Soil layers 

according to the 

geological profile 

Thickness of layer 

iH , m 

Shear wave 

velocity SiV , m/s 

Density of layer 

,i g/cm
3
 

 

Damping 

decrement 

i  

Layer 1 1.2 230 1.79 0.8 

Layer 2 8.9 490 2.1 0.8 

Layer 3 19.9 680 2.08 0.8 
 

The resonant frequency spectrum of the multilayer system includes the natural frequencies of all 

the constituent layers. It is worth noting that within the system, these frequencies differ from the 

natural frequencies of the layers when they are considered as individual homogeneous media. 

According to the analysis results, the predominant vibration period of the three-layer soil system 

under consideration is 
1 0.163T  s. It coincides with the first vibration period of the third layer taken 

as an element of the system. That is, the resonant period at the construction site under analysis in the 

range of [0,10 s] is determined by the physical and mechanical characteristics of the third layer. 

Accordingly, the first resonant frequency is 
1 38.6  s

-1
. 

The graph of the dynamic amplification factor for the 30-metre deep soil section is shown in Fig. 8. 
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Fig. 8. Dynamic amplification factor graph. 

 

The dynamic amplification factor at free surface is 2.82  , and it is 3.05   according to field 

seismological measurements. The discrepancy amounts to 7.5%. 

At the same time, when the response from the structure is not taken into account, the parameters of 

seismic load at the free surface of the soil base do not allow an objective picture of resonant 

phenomena in the “structure – soil” system. The resonant frequency spectrum of the system also 

depends on the chosen type of foundation. 

Subsequently, using the software [21], we perform an assessment of the building’s dynamic 

characteristics for two foundation types – a raft foundation and a piled raft foundation — taking into 

account the interaction with the heterogeneous layered soil base. 

Calculation of the Dynamic Characteristics of the Building on a Raft Foundation 

Fig. 9 shows the analytical dynamic model of the building on a raft foundation. The embedment 

depth of the foundation is 8.4 m. The raft slab is considered as a perfectly rigid body with 

homogeneous physical–mechanical properties. The shear wave velocity in the raft slab is determined 

as: 

2236ф

G
V


  m/s ,         (12) 

where: 

G  – shear modulus,   – density of concrete. 

 

 
 

Fig. 9. Model of the “structure–raft slab–layered soil” system. 



Строительные материалы и изделия/Construction Materials and Products. 2026. 9 (1) 

  
 

13 

The design parameters of the layers of the “structure–raft slab–soil” system are given in Table 5. 

 

Table 5. Design parameters of the “structure – raft slab– soil” system. 

 
Layers of the 

system 

Thickness of layer 

Нi, m 

Shear wave velocity 

SiV , m/s 

Density of layer 

,i g/cm
3 

Building 107 217.5 0.39 

Raft slab 1.6 2236 2.5 

Soil layer 20 680 2.08 

 

The fundamental frequency of the spectral density of soil seismic acceleration ( )fS   is equal to 

13,0  s
-1

. 

As a result of the numerical modelling, the following values of the dynamic amplification factor are 

obtained: 6.29h   at the roof level of the building, 
0 1.05   at the bottom of the raft slab 

foundation, and the relative dynamic amplification factor is 5.24   (Fig. 10). 

 

 
 

Fig. 10. Distribution of the relative dynamic amplification factor along the building height for the raft 

foundation case. 

 

Calculation of the Dynamic Characteristics of the Building on a Piled Raft Foundation 

Fig. 11 shows the analytical dynamic model of the building on a piled raft foundation. For 

modelling the dynamic interaction of the “structure–soil” system, it is represented as a layered 

medium, where each layer corresponds to a particular structural element or soil parcel: 

- Layer 0 corresponds to the superstructure of the building; 

- Layer 1 represents the slab of the raft pile cap considered as a continuous rigid medium; 

- Layer 2 models a part of the pile field up to the height dh , above which, according to the RF 

Construction Regulations SP 24.13330, the joint work of piles and surrounding soil is not taken into 

account; 

- Layer 3 represents the pile–soil mass where the joint work of piles and soil occurs, with side 

resistance and material interaction taken into account; 

- Layer 4 is the soil mass; 

- Layer 5 is the soil layer conventionally assumed as bedrock. 
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Fig. 11. Model of “structure – piled raft foundation – layered soil” system. 

 

The wave velocity in the slab of the raft pile cap is determined according to formula (12): 

2236рV   m/s. 

According to the RF Construction Regulations SP 24.13330, the height dh  is calculated as (13): 

 

1 3

2
1 1 1

( )

( ( ) )
d

p

H M
h

b tg c





  


 



  


   

,

        (13) 

 

where 1 2 3, ,    are dimensionless coefficients equal to 1.2; 1.2 and 0 for rigidly fixed pile 

embedment into a low raft pile cap, 0.4506  m
-1

 is deformation coefficient, 1.445pb  m is 

conditional pile width, 
1 16о   is the design value of the internal friction angle of soil, 

1 17c   kPa is 

the design value of specific soil cohesion. 

Since in Layer 2 (corresponding to height dh ) the pile field does not form a continuous medium, 

an approximate model is applied for the analysis of dynamic characteristics in this zone. The pile field 

is reduced to an equivalent homogeneous cantilever bar with averaged stiffness and mass parameters 

(Fig. 12) reflecting the overall behavior of all the piles within the considered zone. The fundamental 

frequency of the equivalent cantilever bar with rigid fixed support is determined, and the equivalent 

wave velocity in the layer is calculated according to formula (4). 



Строительные материалы и изделия/Construction Materials and Products. 2026. 9 (1) 

  
 

15 

 
 

Fig. 12. Scheme of the pile field reduction to a cantilever bar. 

 

The cross-section of the equivalent bar obtained from the reduction of the pile field within Layer 2 

corresponds to the pile arrangement plan and is shown in Fig. 13. 

 

 
 

Fig. 13. Cross-section of the equivalent bar. 

 

The fundamental frequency of the equivalent bar is calculated using the classical Euler–Bernoulli 

theory for flexural vibrations (14): 

 
2

1 2

1.875 EI

L



             (14) 

 

where: 

L is bar length; I is axial moment of inertia of the bar; A    is specific bar mass; 1.875 is 

characteristic root for the fundamental frequency of vibration. 

For the section shown in figure 14, 6516.177I   m
4
. 

The fundamental frequency of the bar is 
1 70.73   Hz, or 444.23 s

-1
. 

The third layer – the pile–soil mass – is considered as a continuous medium with reduced 

characteristics, the parameters of which are summarized below: 

Pile cross-sectional area – 269.14 m
2 
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Soil area – 1010.86 m
2
 

Elastic modulus of piles – 3*10
6
 t/m

2
 

Shear modulus of piles – 1.25*10
6
 t/m

2
 

Shear modulus of soil – 0.962*10
6
 t/m

2
 

Shear modulus of pile–soil mass – 1.023*10
6
 t/m

2
 

The characteristics of all the layers are given in Table 6. 

 

Table 6. Design characteristics of the layers. 

 
Layers of the 

system 

Thickness of 

layer Нi, m 

Shear wave velocity 

SiV , m/s 

Density of layer 

,i g/cm
3 

Building 107 217.5 0.39 

Raft slab 1.6 2236 2.5 

Pile field 6.53 1846 0.53 

Pile–soil mass 6.47 2172.24 2.168 

Soil layer 7 680 2.08 

 

The values of the dynamic amplification factors are obtained at the building roof level 4.63h  , 

at the top surface of the slab of raft pile cap 
0 0.77  , and the relative dynamic amplification factor is 

3.86   (Fig. 14). 

 

 
 

Fig. 14. Distribution of the relative dynamic amplification factor along the building height for the case 

of piled foundation with raft pile cap. 

 

Thus, the dynamic amplification factor of the “structure–soil” system is 5.24 for the raft foundation 

case, whereas it is 3.86 for the piled raft foundation case. 

Values of dynamic amplification factors comparable to those obtained in this investigation were 

also reported in [23]. 

For the system with a raft foundation, the power spectral density ( )FS   of the output random 

acceleration function at the top of the raft slab has two maxima – at frequencies 
1 16.0  s

-1
 and 

2 52.0  s
-1

 in the range of fundamental frequencies of seismic impact [0,60] s⁻¹. The first one 

corresponds to the second natural flexural frequency of the building (14.2 s
-1

), the second one 

corresponds to the first vibration frequency of soil Layer 3. For the system with a piled raft foundation, 

the output spectral density at the top of the raft slab has one maximum at frequency 
1 13.8  s

-1
. In 

other words, seismic load of the building with a raft foundation is formed by the vibrations of both the 

building itself and the lowest soil layer. For the piled raft foundation case, the dynamic amplification 

factor is determined only by the resonant frequencies of the building. The stiffness of the pile cap slab, 

the pile field, and the pile–soil mass shifts the resonant frequency of soil Layer 3 toward higher values 

(
2 76.4  s

-1
), thereby reducing the influence of the soil on the vibrations of the entire system and 

consequently lowering seismic load on the building. 
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4. CONCLUSIONS 

This study presents a comprehensive numerical investigation of the “structure–foundation–soil” 

system for two types of foundations: a raft foundation and a piled raft foundation. The object of 

modelling is a 29-storey building under design for the seismically hazardous area of Grozny. 

The analysis of the system’s dynamic response showed that the use of a piled raft foundation leads 

to a reduction in the dynamic amplification factor as compared to a raft foundation. For a flexible 

building, the relative dynamic amplification factor was 5.24 for a raft foundation, whereas it was 3.86 

for a piled raft foundation. Similar patterns are observed for buildings of medium and high stiffness, 

where a reduction in dynamic response is also observed when a piled raft foundation is applied. It was 

established that with growing stiffness of the superstructure, the dynamic amplification factor 

decreases while the natural frequencies of the system increase, thus confirming a reduced sensitivity of 

the building to seismic impact. 

Given the geotechnical and seismic parameters of the project, the combined analysis of dynamic 

response and stress state of the soil base demonstrates that a piled raft foundation is the preferable 

solution. It provides a reduction in the system’s dynamic response, ensures the stability of the stress 

state in the foundation soil, and complies with safety requirements of construction regulations. 
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