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According to current concepts, the construction of multi-storey and high-rise buildings is quite topical. Increasing
the number of storeys and building density provokes an increase in loads and forces on the structural elements of the
building, as well as on the soil base. It is necessary to take into account the mechanical characteristics of the soils
underlying multi-storey buildings to improve the design models of objects when determining the forces and
deformations in their elements. A vital indicator in monitoring the structural characteristics of buildings is global
stiffness. Natural frequencies determined by modal analysis are used to detect its change. The purpose of this study is a
numerical analysis of the effect of changes in the parameters of the soil base on the natural frequencies and values of
vibrations of multi-storey reinforced concrete frame buildings using software systems. In this study, four variants of
design models with rigidly fixed foundations and elastic foundations with different types of soils were developed. In the
models with elastic foundations, stable soils were used, such as sandy, moderately stable, represented by loams and
sandy loams, and weak soils containing a layer of peat. The building scheme was developed using the SCAD software
package with the application of the finite element method. Taking into account that 90% of the territory of Ukraine is
located in complex engineering and geological conditions, the use of the finite element method allows to effectively
solve complex problems of interaction of heterogeneous elements, including in a nonlinear approach. As a result, it was
found that the type of soil foundation affects the change in the natural vibration frequencies of a building. In the model
with a rigidly fixed foundation, the frequencies are the highest, and the eigenvalues of oscillations are the lowest. A
point that should be mentioned is that in the variants with an elastic foundation, the lowest frequencies are observed in
the model on weak soils, and the highest values are typical for sandy foundation soils.

Keywords: multi-storey reinforced concrete buildings, soil base, finite element method, numerical modeling, modal
analysis, natural frequencies.

Introduction. According to current trends, the construction of multi-storey and high-rise
buildings is quite topical. In accordance with this statement, the density of buildings, the level
of transportation networks and the volume of underground construction are increasing. This
provokes an increasing of loads and forces on the structural elements of the building, as well as
on the ground. At the same time, the development of deformations in the building's foundation
can become critical or even lead to structural failure.

To increase the accuracy of the calculation of the stress-strain state of a building, it is
important to take into account the reactions of the foundation that affect the redistribution of
forces in the load-bearing structures. For this purpose, it is necessary to consider the
characteristics of soils at the base of multi-storey buildings to improve the calculation of object
models when determining forces and deformations in their elements [1].

An important indicator in monitoring the structural characteristics of buildings and the state
of structures is global stiffness. Natural frequencies are most often used to determine its change
[2]. This parameter is determined by the operational modal analysis from the influence of
environmental factors [3, 4].

Studies [3, 5] emphasize that one of the most important factors of influence is the interaction
of soil with the building. The works pay attention to the interaction of low- and medium-rise
buildings with the wall structural system and the foundation. The authors have found that the
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greatest dynamic effects are observed for the cases of bases consisting of weak soils. In such
cases, the natural frequencies of the building are reduced compared to the model with a rigidly
fixed foundation. Buildings with a wall structural system are the basis of the old housing fund.
Currently, the construction industry is designing buildings with a frame structural system. Thus,
it is important to conduct research on soil-building interaction at the design stage of modern
frame buildings. The effect of the interaction between the soil base and the building allows for a
more complete consideration of the indicators of influence on the safety of the structure [6].
Therefore, such studies are very topical.

The purpose of this study is to assess the influence of soil foundation parameters on the
natural frequencies and values of vibrations of multi-storey reinforced concrete frame buildings
using software packages.

Data for numerical modeling.The building model is a full framed. The spatial stiffness is
provided by rigidly attached girders to columns and two stiffening cores. The foundation of the
building is slab. The building's dimensions in plan are 18x58 m, with a floor height of 4.2 m.
The building has 5 floors and 1 ground floor. The city of Dnipro (Ukraine) is taken as the
construction area.

Four variants of calculation models were developed for this study. The first model variant
assumes a rigidly fixed foundation, and all other variants assume an elastic foundation. In
variants 2-4, three soil types are used, which differ in their composition and strength of soil
layers [5]. Thus, the second variant presents the most stable soil, the third - moderately stable,
and the fourth - weak.

The building scheme was developed using the SCAD software package with the application
of the finite element method. This method is the main one in the field of structural mechanics
for calculating building structures [7]. The building's finite element type is quadrilateral, the
number of design elements is 64345, and the number of nodes is 51671. Rigid inserts were used
to ensure the correctness of the building model and calculation. A general view of the design
scheme is shown in Fig. 1.

Fig. 1. Design scheme of the building using the finite element method

Different soil types were used to analyze 2-4 model variants. The soil bases were created
using the Cross program and then used in the SCAD program. The Cross program is required to
determine changes in the bedding coefficient under the foundation slab. This is done based on
geological survey data, the building area, including its dimensions, well positions and
characteristics.

The size of the predominant grain fraction, the content of dusty clay particles, the rolling of
the grains and the presence of surface films on them are important for the dynamic stability of
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the bases [8]. The dynamic stability of soils is also affected by their compatibility [9]. For
sands, its increase provokes a decrease in dynamic stability.

The parameters of the soil layers were selected based on research data [5]. In the second
variant of the scheme, the soils are sandy and are considered the most stable (Table 1). In the
third variant, the soil base is moderately stable and is represented by loams and sandy loams
(Table 2). In the fourth version of the model, the third type of soil base is presented, which is
weak and has a peat layer (Table 3).

Table 1
Characteristics of the soil type 1 [5]
Specific Weight Modulus Ordinate
. - of Poisson’s | Thickness, from
Soil Description ¥, KN/ kLS?t’»* Elasticity, | Ratio v n Ground
m MN/m’ Level, m
Sand, closelygraded 17.0 19.0 30.0 0.30 0.80 0.80
Sand 19.0 21.0 30.0 0.30 2.50 3.30
Dusty sand 18.0 20.3 18.0 0.30 3.50 6.80
Sand, gravelly sand 18.0 20.0 20.0 0.30 7.20 14.0
Table 2
Characteristics of the soil type 2 [5]
Specific Weight Modulus Ordinate
. - of Poisson’s | Thickness, from
Soil Description Y, kN/m’ kLs/at’} Elasticity, | Ratiov m Ground
m MN/m’ Level, m
Sand, closely graded 17.0 19.0 30.0 0.30 0.80 0.80
Sand 19.0 21.0 30.0 0.30 2.50 3.30
Clay, low plasticity 19.0 19.5 2.50 0.42 3.50 6.80
Sand-clay mixture 18.0 19.0 10.0 0.35 7.20 14.0
Table 3
Characteristics of the soil type 3 [5]
Specific Weight Modulus Ordinate
. . of Poisson’s | Thickness, from
Soil Description 7, KN/’ k}I:IsZ; \ Elasticity, | Ratiov m Ground
MN/m’ Level, m
Sand, closely graded 17.0 19.0 30.0 0.30 0.80 0.80
Sand 19.0 21.0 30.0 0.30 2.50 3.30
Peat 10.40 10.40 1.0 0.40 0.30 3.60
Dusty sand 18.0 20.3 18.0 0.30 3.20 6.80
Sand, gravelly sand 18.0 20.0 20.0 0.30 7.20 14.0

The elements of a frame building are affected by various types of loads. Loads differ in their

origin, nature, place of application, change in space, time and intensity of impact, and other
parameters. Thus, for a more accurate calculation of building structures, it is necessary to take
into account the correct design combinations of various impacts. In the full calculation of the
models, constant, long-term and short-term loads were considered [10].

The modal analysis of 10 forms of natural vibrations of each of the scheme variants was also
performed. The number of forms was determined based on the percentage of collected effective
modal masses in accordance with the requirements of DBN B.1.1-12:2006 [11].
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The multifrontal method in the SCAD software package was used to calculate buildings.
This method is based on Gaussian exclusion and involves the parallel arrangement and
elimination of already collected equations. Thus, element by element is added to the stiffness
matrix of the system instead of its complete collection in an explicit form. The equations are
ordered using heuristic algorithms, which involves the creation of several fronts [12].

Analysis of results. As a result of calculating the modal analysis of the building, the natural
frequencies and values of oscillations for 10 modes were obtained. Consequently, graphs of
eigenvalues and frequencies of natural modes were drawn for each of the model variants
(Figs. 2, 3).
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Fig. 2. Graph of eigenvalues of natural oscillation forms Fig. 3. Graph of frequencies of natural oscillation forms

The eigenvalues of the oscillation forms increase with decreasing stability of the soil base, as
shown in Figure 2.In the case of a rigidly fixed foundation, the eigenvalues are the lowest
compared to those of an elastic foundation. Meanwhile, Figure 3 shows that the values of the
frequencies decrease with decreasing soil stability. In the case of a fixed foundation, the
frequencies are the highest in all modes. Comparing the frequencies in the variants with an
elastic base, it is possible to distinguish higher values in soil type 1, which is represented by
sandy soils. Accordingly, the lowest frequencies are typical for the last model variant with soil
type 3.

Based on the graphs, there is an obvious increase in the frequency values between the third
and fourth modes. This is due to a change in the form of movement between the modes. In the
first and second forms, the motion is translational, and in the third, it is torsional. Such a strong
difference in the values in the fourth mode is explained by the torsional multidirectional
movement of the building.

Conclusion. From the results obtained from this study, it can be concluded that the soil base
affects the change in the natural frequencies of the building. The effect of soil-building
interaction is an important factor in the modal analysis of a building. In the model with a rigidly
fixed foundation, the frequencies are the highest and the natural vibration values are the lowest.
It should also be noted that in the variants with an elastic foundation, the lowest frequencies are
observed in the model on weak soils (soil type 3), and the highest - on sandy soils (soil type 1).
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Kosposa B.O., Bonkosa B.€.
AHAJII3 BILUIMBY PI3HUX THIIIB IPYHTIB HA BJIACHI YACTOTH BATIATOIMOBEPXOBUX
3AJII30OBETOHHUX BYAIBEJIb

3a cy4acHMMM TEHJEHLIMH OYAiBHULTBO 0araToONOBEPXOBMX Ta BUCOTHUX OY/iBENIb € JIOBOJII aKTYyaJbHUM.
30UIbIICHHS TOBEPXOBOCTI Ta IIIIBHOCTI 3a0yI0BU NMPOBOKY€ 30UIBIICHHS HAaBaHTa)KEHb Ta 3yCHJIb Ha KOHCTPYKTHBHI
eJleMeHTH OyJliBJli, a TAKOXK Ha IPYHTOBY OCHOBY. € HEOOXiZHUM ypaxXyBaHHsS MEXaHIYHMX XapaKTEPUCTHK IPYHTIB, 110
JIeXaTh B OCHOBI OaraTornoBepxoBHUX OyIiBeib I BAOCKOHAJICHHS PO3PAXYHKOBHX MOJIeNIel 00’ €KTIiB NpU BU3HAUCHHI
3ycwib 1 gedopmaniid B iXHiX eneMeHTax. BakiIMBUM INMOKa3HMKOM Y MOHITOPUHTY CTPYKTYPHHUX XapaKTEPHUCTHUK
OyniBelb € rinodaibHa XKOPCTKICTh. [l BU3HAYEHHS 11 3MiHM BUKOPUCTOBYIOTHCS BJIACHI YAaCTOTH, 1110 BU3HAYAIOTHCS 32
JIONOMOrOI0 MOJIAJIBHOTO aHallizy. MeETol IaHOro JOCHI/UKEHHS € YUCENbHMH aHali3 BIUIMBY 3MiHM INapaMerpiB
I'PYHTOBOI OCHOBH Ha BJIACHI YaCTOTH Ta 3HAYEHHS KOJIMBaHb 0araToroBEPXOBHX 3ali300€TOHHUX KapKacHUX OyaiBelb
3 BUKOPHCTaHHSM NPOrPaMHUX KOMILIEKCIB. Y JaHOMY AOCIIUKEHHI pO3po0JIEHO YOTHPU BapiaHTH PO3paxyHKOBUX
Mojeneil 3 KOPCTKO 3aKpilUICHOI0 OCHOBOIO Ta INPYXKHUMHM OCHOBAMH i3 PI3HUMHU THIIAMH IPYHTIB. Y MOAeEAX 3
MPYKHOI0 OCHOBOIO 3aCTOCOBAHO 3 THUIM I'PYHTOBHMX OCHOB: CTiHKi I'DyHTH, a caMe MillaHi, MOMIpHO CTiiiKi, 110
MIPEJICTABJICH] CYrJIMHKaMU Ta CYIICKOM, Ta CJIa0Ki I'PyHTH, IO MICTATh y CBOeMy ckiaii map topdy. Cxemy Oyaisii
po3pobIieHO 3a J1OMOMOrorw nporpamHoro komiuiekcy SCAD i3 3acTOCYBaHHSM METOJY CKIHYEHHHMX EJIEMEHTIB.
Bpaxosyroun, mo 90 % Tteputopii YKpaiHH PO3MIILIEHO y CKIAQJAHUX IHXEHEPHO-TEOJIOTIYHUX YMOBAX, 3aCTOCYBAaHHS
METOJy KIHLIEBHX €JIEMEHTIB J103BOJIsi€ €pEeKTUBHO PO3B’A3yBaTH CKIJIAJHI 3a/adi B3aeMOJIl PI3HOPIAHUX CJIEMEHTIB Y
TOMY YMCIi i B HENiHIHHOMY migxomi. Y pe3yibTaTi BCTAHOBJIEHO, IO THII I'PyHTOBOI OCHOBHM BIUIMBA€ Ha 3MiHY
BJIACHUX YACTOT KOJMBaHb OyMiBiIi. Y MOJei i3 )KOPCTKO 3aKPilIeHUM (yHJaMEHTOM YacTOTH € HaHBUIIMMH, a BIACHI
3HAYCHHS KOJIMBaHb HAWHWKYMMHU. TakoX CIIiJl 3a3HAYUTH, 1[0 y BapiaHTaX 3 NPYXKHOI OCHOBOIO HAWHIKYI 4acTOTH
CIOCTEPIraroThCs y MOZEII Ha CIIA0KMX I'PYHTAX, a HAMBHUILI 3HAYEHHS XapaKTepHi IS MIIIaHUX IPYHTIB OCHOB.

KarouoBi cioBa: GaraTornoBepxoBi 3ai1i300€TOHHI OyaiBii, I'PyHTOBAa OCHOBA, METOJ] CKIHYEHHHMX EJICMEHTIB,
4HCelIbHE MOJICITIOBAHHS, MOJAJIbHUI aHaIi3, BIIACH] YAaCTOTH.

Kovrova V.O., Volkova V.E.
ANALYSIS OF THE INFLUENCE OF DIFFERENT SOIL TYPES ON THE NATURAL FREQUENCIES OF
MULTI-STOREY REINFORCED CONCRETE BUILDINGS

According to current concepts, the construction of multi-storey and high-rise buildings is quite topical. Increasing
the number of storeys and building density provokes an increase in loads and forces on the structural elements of the
building, as well as on the soil base. It is necessary to take into account the mechanical characteristics of the soils
underlying multi-storey buildings to improve the design models of objects when determining the forces and
deformations in their elements. A vital indicator in monitoring the structural characteristics of buildings is global
stiffness. Natural frequencies determined by modal analysis are used to detect its change. The purpose of this study is a
numerical analysis of the effect of changes in the parameters of the soil base on the natural frequencies and values of
vibrations of multi-storey reinforced concrete frame buildings using software systems. In this study, four variants of
design models with rigidly fixed foundations and elastic foundations with different types of soils were developed.In the
models with elastic foundations, stable soils were used, such as sandy, moderately stable, represented by loams and
sandy loams, and weak soils containing a layer of peat. The building scheme was developed using the SCAD software
package with the application of the finite element method. Taking into account that 90% of the territory of Ukraine is
located in complex engineering and geological conditions, the use of the finite element method allows to effectively
solve complex problems of interaction of heterogeneous elements, including in a nonlinear approach. As a result, it was
found that the type of soil foundation affects the change in the natural vibration frequencies of a building. In the model
with a rigidly fixed foundation, the frequencies are the highest, and the eigenvalues of oscillations are the lowest. A
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point that should be mentioned is that in the variants with an elastic foundation, the lowest frequencies are observed in
the model on weak soils, and the highest values are typical for sandy foundation soils.

Keywords: multi-storey reinforced concrete buildings, soil base, finite element method, numerical modelling,
modal analysis, natural frequencies.
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C.172-177.

YV cmammi posensinymo eusnavenHs sminu 2n06anbHoi scopcmrocmi Oyoieni 30 00NOMO2010 OYIHKU 3HAYEHb GIACHUX
4acmom 3 ypaxy8aHHsAM 6NIUEY DISHUX IPYHMOSUX OCHOB. Bukonano awnaniz eniugy napamempis ipynmosoi ocHosu Ha
61acHi yacmomu 3a1i300emoHHOI Kapkachoi 6yoieni. Y 0ocaioxcenti po3ensanymo 4 munu pospaxyHKosux mooenei i3
JHCOPCMKO 3AKPINNIEHOI0 OCHOBY MA NPYICHOIO OCHOB0I0 3 YPAXYBAHHAM CMIUKUX, NOMIDHO CMIUKUX MA CIAOKUX
tpynmie. I3 3aCcmMocyéaHHAM Memooy CKIHYEeHUX ejleMeHmi6 30iUCHeHO NOSHUll PO3PAXYHOK 6azamonosepxosoi
KapkacHoi 6y0ieni 3 NOOANLUWUM 6UKOHAHHAM MOOANbHO20 aHanizy. Bcmanoeneno mun rpynmoeoi ocHogu eéniusae Ha
3MIHY GIACHUX YACMOM KOAUSAHb GYOi6ni. Y MoOeni i3 HcopcmKo 3aKpinieHuM GYHOAMEHMOM YACMOMU € HAGUWUMU,
@ B1ACHI 3HAYEHHA KOIUSAHb HAUHUNCHUMU. Y 8APIAHMAX 3 NPYHCHOIO OCHOBOIO HAUHUNCHI YACIOMU CROCMEPI2AomMbCs
Y MoOeni Ha cIaOKUX IPyHMax, a Hateuwji 3Ha4en s XapakmepHi O NiWaHux IPYHMie OCHOS.

In. 3. Tab6x. 3. bi6mior. 12 Ha3B.
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Kovrova V.O., Volkova V.E. Analysis of the influence of different soil types on the natural frequencies of multi-
storey reinforced concrete buildings // Strength of Materials and Theory of Structures: Scientific-and-technical
collected articles — Kyiv: KNUBA, 2023. —Issue 110. - P. 172-177.

The paper considers the determination of changes in the global stiffness of a building by estimating the values of
natural frequencies taking into account the influence of different soil bases. An analysis of the influence of soil
foundation parameters on the natural frequencies of a reinforced concrete frame building is performed. The study
considers 4 types of design models with a rigidly fixed foundation and an elastic foundation, taking into account stable,
moderately stable, and weak soils. Using the finite element method, a complete calculation of a multi-storey frame
building was carried out, followed by a modal analysis. It was found that the type of soil foundation affects the change
in the natural vibration frequencies of the building. In the model with a rigidly fixed foundation, the frequencies are the
highest and the eigenvalues of oscillations are the lowest. In the variants with an elastic foundation, the lowest
frequencies are observed in the model on weak soils, and the highest values are characteristic of sandy foundation
soils.
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