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Анотація. Розрахункові моделі ґрунтової основи суттєво впливають на напружений стан фундаментів
і надземних конструкцій. У технічній і нормативній літературі відсутні дані про ступінь впливу розра�
хункових моделей грунтової основи на напружений стан фундаментних і надземних конструкцій. У
даній статті розглядаються основні моделі ґрунтової основи, вплив кількісних характеристик цих моде�
лей на внутрішні зусилля у фундаментних плитах і несучих конструкціях каркасних будинків на плит�
них фундаментах, а також наведені результати теоретичного дослідження кінцево�елементної моделі
будівлі на базі професійного програмного комплексу Ліра. Розглядаються наступні варіанти кінцево�
елементної моделі будівлі: 1) з постійним коефіцієнтом жорсткості, 2) зі змінним коефіцієнтом жорст�
кості, 3) з узагальненим коефіцієнтом жорсткості професора Клепікова. Для даних моделей порівнюва�
лися: величина вертикальних зусиль у колонах, значення переміщень по осі Z, згинальні моменти у
фундаментній плиті, проведено зіставлення результатів і дано рекомендації з вибору розрахункової
моделі грунтової основи.

Ключові слова: розрахункова модель грунтової основи, модель Вінклера, модель узагальненого
коефіцієнта жорсткості основи Клепікова, модель лінійно деформованого півпростору.
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Аннотация. Расчетные модели грунтового основания существенно влияют на напряженное состояние
фундаментов и надземных конструкций. В технической и нормативной литературе отсутствуют дан�
ные о степени влияния расчетных моделей грунтового основания на напряженное состояние фунда�
ментных и надземных конструкций. В данной статье рассматриваются основные модели грунтового
основания, влияние количественных характеристик этих моделей на внутренние усилия в фундамент�
ных плитах и несущих конструкциях каркасных зданий на плитных фундаментах, а также приведены
результаты теоретического исследования конечно�элементной модели здания на базе профессиональ�
ного программного комплекса Лира. Рассматриваются следующие варианты конечно�элементной модели
здания: 1) с постоянным коэффициентом жесткости, 2) с переменным коэффициентом жесткости, 3) с
обобщенным коэффициентом жесткости профессора Клепикова. Для данных моделей сравнивались:
величина вертикальных усилий в колоннах, значения перемещений по оси Z, изгибающие моменты в
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фундаментной плите, проведено сопоставление результатов и даны рекомендации по выбору расчет�
ной модели грунтового основания.

Ключевые слова: расчетная модель грунтового основания, модель Винклера, модель обобщенного
коэффициента жесткости основания Клепикова, модель линейно  деформированного
полупространства.
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Abstract. Ground design models significantly affect on the strain�stress distributions of  foundations and
superstructures, however, technical and regulatory literature degree of impact of this influence is not
enough. The paper consider the basic ground design models, impact of the quantitative characteristics of
ground design models for internal force in base slabs and bearing structures of frame buildings on slab
foundation, and also quoted result of theoretical investigation on the basis of professional software package
Lira. In the paper considered the following ground design models: 1) model, which is characterized by
constant stiffness, 2) model, which is characterized by a variable stiffness, 3) model, which is characterized
by generalized stiffness of professor Klepikov. In these models were compared: the value of vertical forces in
the columns, the values of displacements along the axis Z, the bending moments in a plate foundation, and
was giving a comparison of the results and recommendations of the selection of ground design model.

Keywords: ground design model, the Winkler model, the model of generalized stiffness professor
Klepikova, linearly deformed half�space model.

Introduction

The calculation and design of the reliable and eco�
nomical building structures with due regard for their
interaction with soil is an important problem of
modern civil engineering. The problem of founda�
tion calculation is the one of the most difficult prob�
lems of structural mechanics because of undeter�
mined physical properties of the soil under the foun�
dation. It is common knowledge that any soils un�
der the load subside and become deformed. Howev�
er, permanent deformation is always observed after
removing of load.

Construction over the deformed grounds has a
wide�spread occurrence. It can be various structures
with beam, frame, plate of pile foundations, engi�
neering constructions, reservoirs, sluices, docks,
dams etc. The operational integrity of the structures
foundation depends more on the reliability of the
designs. The design of the structures is generally

performed with allowance for deformability of foun�
dation in linear statement. However, the straight
line theory solves new problems nowadays. The main
object of the strength and deformability calculation
is estimation of the theoretical description of the
building and foundation interaction. The purpose is
to determine the strain�stress distribution of the
«ground – foundation – construction» system in all
range of loads and attacks. This makes it possible to
use more fully properties of soils and carcass and
performs reliable engineering calculations.

The theory is setting three main problems. The
first problem includes decision of the ground design
model. The second one is preference of the design
model of construction, which interacts with the
ground. The third problem is associated with meth�
ods of solutions of contact problem. When solving
the contact problems, we use parameters, which
characterize rigidness of the ground in the area of
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contact with the structures. Stiffer modulus or stiff�
er function of the ground is accepted as such param�
eters.

The normative documents that are used [3] for
calculating of the interaction the «ground – foun�
dation – building» is recommended to form a di�
mensional design model system in which the base is
modeled as half a fragment of flat or spatial finite
element or as stiffness characteristics base contact
zone with the construction. At the same time, the
models used subgrade represent theoretical gener�
alization of experimental data on the patterns of
deformation under load the bases and are classified
according to the following criteria: accounting dis�
tribution properties of the base; accounting perma�
nent deformation; by type of force deformation re�
lationship.

The work objective is to establish the impact of
the quantitative characteristics of ground design
models for internal force in base slabs and bearing
structures of frame buildings on slab foundation.

Information actuality: Ground design models
significantly affect on the strain�stress distributions
of foundations and superstructures, however, tech�
nical and regulatory literature degree of impact of
this influence is not enough.

Main information

The integrated justifying calculations projects con�
struction, exploitation, reconstruction of facilities
has become impossible without the use of modern
computer programs. It should be remembered that
the calculations, the results of which will be made a

design decision should only be undertaken after a
series of preliminary calculations research nature,
which is taking after account the influence of fac�
tors in the mathematical modeling of the system.
The most important of these are problems of creat�
ing a geometric model, a finite element design mod�
els and the selection of the ground model.

The theoretical research methodology is based
on the numerical simulation of complex profession�
al software Lira and includes the following steps:
1) Select as object of research the multistory frame

building on slab foundation.
2) The elaboration the finite element model of the

frame building on slab foundation with loads of
basic combinations.

3) The assumption the stiffness ratio for the founda�
tion slab.

In this paper, the design model of the «ground –
foundation – building» was considered using three
computational models of soil stiffness characteriz�
ing base in the contact zone:

– model with variable stiffness. The parameters of
this model were calculated automatically by the
application «model soil», part of the software
package «Lira» (Fig. 3);

Figure 2. The effected finite element model of the buil�
ding.Figure 1. Base plate in the software package Lira.
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– the model of permanent stiffness, that was de�
signed by the formulas in manual calculation
and was assigned for all finite elements, which
are modeling foundation slab in the software
package «Lira»;

– the model of stiffness Klepikova the parame�
ters of which have been determined taking into
account the distribution capacity of the soil, as
well as the elastic and plastic component of pre�
cipitation base [5].

4) The calculation and analysis of the impact of the
considered ground design models for efforts and
displacement in the foundation slab and the
most loaded elements of the framework.

Conclusions

Based on the actual mechanical properties of soils,
it is appropriate, select the ground design model in
the form of some variety of continuum, used to solve
contact problems parameters characterizing the stiff�
ness of the ground in the contact area with the con�
struction. In the quality of these parameters are ac�
cepted the stiffness ratio of the ground or function
of stiffness of the ground.
1) Bending moments in a foundation slab in model

of permanent stiffness exceeds the values of the
bending moments at the foundation slab, char�

acterized by model of stiffness Klepikova at
19.30–23.15 %.
Bending moments in foundation slab with Mo�
del with variable stiffness lower than the bend�
ing moments at the base, characterized by mod�
el of stiffness Klepikova by 13.87–18.41 %.

2) The values of Z�axis for model of permanent
stiffness exceeds stiffness the values by model
of stiffness Klepikova at 7.15–8.95 %.
The values of Z�axis of model with variable
stiffness below heave at the foundation slab,
characterized by model of stiffness Klepikova
at 10.11–12.54 %.
In terms of reliability, the deflections in the gird�
ers do not exceed allowable «Deflections and
displacements» [7] (l/175) as a computational
model with a constant stiffness and in the calcu�
lation model with a variable coefficient stiffness.

3) The vertical forces in the columns prepared us�
ing the model with variable stiffness higher than
those obtained using the model of stiffness Kle�
pikova 1.12–1.78 %.
The vertical forces in the columns, using a mod�
el of permanent stiffness lower than the values
obtained using a model of stiffness Klepikova
at 0.89–1.45 %.

4) After the detailed study of the «Models of soil»
in Lira 9.6 it was found that the base of model

Figure 3. Calculation of model with variable stiffness using software complex «Lira».
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Vinklera does not correspond to its description
in the literature. In particular sediment is not
uniform for all the length of the structure, max�
imum draft in the center of the foundation slab,
the smallest at the edges.
Therefore, we can conclude that the calculation
of stiffness coefficients using the 2 (Winkler mo�
del) in the application «model soil» in Lira 9.6 is
not appropriate, and obtained by using this ap�
plication stiffness coefficients unreliable.

5) Completion of the analysis showed that for the
considered model in this paper frame building is
the most appropriate model stiffness Klepikova.
Application of the ground design model in the
form by model of stiffness Klepikova allows to
consider the deformations of a general nature that
extend beyond the loaded area and local defor�
mation, developing only directly under load. This
may take into account both linear and non�lin�
ear of the force deformation relationship.
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