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Continual model and dynamic calculation of
buildings under seismic impacts
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Institute of Mechanics and Seismic Stability of Structures of the Academy of Sciences of the
Republic of Uzbekistan, 31 Durmon yuli str., Tashkent 100125, Uzbekistan
Abstract. Continuum plate model in the form of a cantilever anisotropic
plate developed in the framework of the bimoment theory of plates
describing seismic oscillations of buildings is proposed in this paper as a
dynamic model of a building. Formulas for the reduced moduli of
elasticity, shear and density of the plate model of a building are given.
Longitudinal oscillations of a building are studied using the continuum
plate and box-like models of the building with Finite Element Model.
Numerical results are obtained in the form of graphs, followed by their
analysis.

1 Introduction
Studies in the theory of structures showed that in strength calculation, the study of dynamic
behavior and assessment of the stress-strain state of various structures, taking into account
physical and geometrical nonlinearity, viscoelastic and anisotropic properties of the
material, as well as inhomogeneous structural features under the influence of external
impacts are important.
The effect of earthquakes of various intensities and frequency on the seismic resistance
of a wooden building was considered in [1]. Evaluation of seismic resistance was made on
the basis of experimental and design-theoretical calculations. Based on the obtained
experimental data, a design-theoretical assessment of the frame building was performed on
simple and complex models under the effect of earthquakes of various intensities and
frequency content.
Structurally-nonlinear problems with one-way connections are often encountered in
calculation of various types of structures and buildings. Problems considering the friction
on the contact and under dynamic action of load present certain difficulties. The study in
[2] is devoted to the construction of computational models and methods for solving
problems with non-ideal one-way connections under dynamic loading.
In [3-5], various dynamic problems were considered, devoted to the estimation and
prediction of dynamic behavior of various structures, taking into account physical and
geometrical nonlinearity, inhomogeneous structural features under multicomponent
kinematic effect.
*
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In [6] the solution to the problem of optimizing the projects of industrial buildings
designed in seismically hazardous areas was considered. Economic efficiency was taken as
an optimality criterion, depending on certain variable parameters adopted at the design
stage.
In [7], the problem of evaluating the impact of wall panel fractures when estimating
large-panel structures strength was solved. The forces exceeding the permissible values in
structural elements were calculated
The model of a box-like structure of a building is improved in [8,9] taking into account
forces and moments in the contact zones of beam and plate elements interaction. The
equations of motion of the box-like elements, the boundary conditions in the box base and
the contact conditions between the box elements are given; the graphs of plates and beams
displacements are constructed. The problem of forced oscillations of a building of spatial
box type is considered in the paper; it composes of rectangular panels and interacting
beams under dynamic effect set by base displacement according to a sinusoidal law. The
finite difference method was used in the problem solution. Numerical results of stresses,
displacements in the hazard areas of the box-like building are obtained.
The studies in [10,11] are devoted to the development of the methods for dynamic
spatial calculation of a structure based on the finite difference method in the framework of
the bimoment theory, which takes into account the spatial stress-strain state.
Solutions to the problem of transverse and longitudinal vibrations of buildings and
structures were obtained using a plate model developed in the framework of the bimoment
theory of plates [12,13].
There are numerous articles and monographs devoted to the development of the theory
of seismic resistance of a building. Various methods for calculating buildings and structures
for seismic actions have been developed, taking into account important factors, such as
seismic loading, soil conditions of terrain and structural features of buildings [10]. Note that
the analysis of the consequences of strong earthquakes has shown the shortcomings of
existing methods of calculating buildings and structures for seismic resistance. One of the
most common design schemes of the building is a multi-mass elastic cantilever rod.
Oscillations of a spatial construction are reduced to the consideration of oscillations of a
plane system consisting of several concentrated masses connected by certain rigidities.
Many researchers, criticizing the cantilever design of buildings, recognize the need to move
to improved calculation schemes that are more adequate to real structures.

2 Statement of the problem
To describe the motion of the plate model of a building, introduce a Cartesian coordinate
system with variables x1 , x2 and z . The origin is located in the lower left corner of the
median surface. We direct the axes OX1 and OX2 along the length and height, and the axis
OZ - along the thickness (the width of the building) of a plate model. Assume that seismic
motion of soil occurs in the direction of the axis OX (the length of the building).
In [10], formulas for the reduced density and moduli of elasticity and shear of a plate
model of the building are obtained. Mechanical and physical characteristics of the building
are defined under the assumption that the building consists of numerous boxes (rooms) with
volumes determined by the formula:
𝑉𝑉𝑏𝑏𝑏𝑏𝑏𝑏 = 𝑑𝑑1 𝑑𝑑2 𝑑𝑑3 , 𝑉𝑉0 = 2 (

𝑑𝑑1 𝑑𝑑2 𝐻𝐻3
2

+

𝑑𝑑1 𝑑𝑑3 𝐻𝐻2
2

+

𝑑𝑑2 𝑑𝑑3 𝐻𝐻1
2

where d1 , d 2 - are the dimensions of the building box in plan,
box,

2

),

d3 -

(1)
the height of the
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V0 - is the sum of the volumes of bearing and room partitions and floors, H 1 , H 2 - is
the thickness of bearing and room partitions, H 3 - is the thickness of the floor.

Remaining reduced elastic characteristics and densities of the building are determined
by the formulas:
(bd)
(bd)
(bd)
𝐸𝐸1 = 𝜉𝜉11 𝐸𝐸0 , 𝐸𝐸2 = 𝜉𝜉22 𝐸𝐸0 , 𝐸𝐸3 = 𝜉𝜉33 𝐸𝐸0 ,
(bd)
(bd)
(bd)
𝐺𝐺12 = 𝜉𝜉12 𝐸𝐸0 , 𝐺𝐺13 = 𝜉𝜉13 𝐸𝐸0 , 𝐺𝐺23 = 𝜉𝜉23 𝐸𝐸0 , 𝜌𝜌bd = 𝜌𝜌0 𝜉𝜉0 .
(2)
where E0 - is the modulus of elasticity of building material
The values of the coefficients

11 ,  22 , 33 , 12 , 13 ,  23 ,  0

E0 , G0

building cell (room) are defined as functions of two spatial variables,

for each

- are the

moduli of elasticity and shear of the strongest bearing panel of the building. Reduced
modulus of elasticity of a building is determined by the formula
 11 =

h fpl *
S
V
S 11
S
S
h
,  22 = 22 ,  33 = 33 E 0 ,  12 = 11 ,  13 =
 ,  23 = 2 ,  0= 0 ,
S 01
S 02
S 03
S 01
b1
b
V box

(3)

where S 01 , S 02 , S 03 – are the cross-sectional areas of the building in three

coordinate planes of one floor of the building; S11 , S 22 , S 33 - are the total areas of cross
sections of the plates in the coordinate planes, forming one floor of the building;  - is a
coefficient characterizing the voids in the cross-section of the floor plate[10].
Note that the above volumes and areas are determined, depending on the dimensions of
plates, rooms and the building itself, as follows:
𝑆𝑆01 = 𝑏𝑏1 𝐻𝐻, 𝑆𝑆02 = 𝑎𝑎𝑎𝑎, 𝑆𝑆03 = 𝑎𝑎𝑏𝑏1 , 𝑆𝑆11 = 2𝑏𝑏1 ℎ1 + 𝑏𝑏1 ℎ2 + 𝐻𝐻ℎfpl ,
𝑆𝑆22 = 2𝑎𝑎ℎ1 + 𝑎𝑎ℎ2 + 2𝐻𝐻ℎ1 + (𝑘𝑘 − 2)𝐻𝐻ℎ2 , 𝑆𝑆33 = 2𝑏𝑏1 ℎ1 + 𝑎𝑎ℎ2 + (𝑘𝑘 − 2)𝑏𝑏1 ℎ2 .
(4)
*

The values of coefficients

11 ,  22 ,  33 , 12 , 13 ,  23 are

determined for each

cell (room) of the building. In general, these coefficients are variables and are the functions
of two spatial coordinates, which should be determined for the building in question from
multiple numerical theoretical experiments and existing experimental data.
Longitudinal, tangential forces and bimoments are determined with respect to the
following nine unknown kinematic functions:
(+)
(−)
𝑢𝑢𝑘𝑘 + 𝑢𝑢𝑘𝑘
1 ℎ
1 ℎ
, 𝜓𝜓̄𝑘𝑘 =
∫ 𝑢𝑢𝑘𝑘 𝑑𝑑𝑑𝑑, 𝛽𝛽̄𝑘𝑘 = 3 ∫ 𝑢𝑢𝑘𝑘 𝑧𝑧 2 𝑑𝑑𝑑𝑑, (𝑘𝑘 = 1,2),
𝑢𝑢̄ 𝑘𝑘 =
2
2ℎ −ℎ
2ℎ −ℎ
(+)

Where

displacement

u ,

̄ = 𝑢𝑢3
𝑊𝑊

(−)

−𝑢𝑢3
2

, 𝑟𝑟̄ =

ℎ
1
∫ 𝑢𝑢 𝑧𝑧 𝑑𝑑𝑑𝑑, 𝛾𝛾̄
2ℎ2 −ℎ 3

=

ℎ
1
∫ 𝑢𝑢 𝑧𝑧 3
2ℎ4 −ℎ 3

𝑑𝑑𝑑𝑑.

u1 ( x1 , x2 , z, t ), u 2 ( x1 , x 2 , z, t ), u3 ( x1 , x2 , z, t ) − is
of

the

building

points

caused

by

building

(5)

the

relative

deformation;

u , (i = 1,3) - are the displacements of points on the faces of the plate
z = −h and z = +h . Function r expresses an average value of normal displacements of
( −)
i

(+)
i

the plate model of the building; W - is a half-difference of normal displacements of two
outer layers of the plate model; functions u1 and u 2 - are the half-sums of longitudinal
displacements, representing the displacements of the outer layers of the plate model of the
building along horizontal and vertical directions.

3
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E11 , E12 ,..., E33 ,

Let’s introduce the elastic constants of Hooke's law

which

determine the components of the stress tensor via strain tensor’s components for threedimensional cases [13].
The equations of longitudinal oscillations of a thick plate [11-13], built with internal
forces and bimoments within the framework of the spatial theory of elasticity, are taken as
the equation of motion of a building under seismic action directed along the longitudinal
direction, and are written in the following form
𝜕𝜕𝑁𝑁11
𝜕𝜕𝑇𝑇11
𝜕𝜕𝑥𝑥1

+

𝜕𝜕𝑇𝑇12
𝜕𝜕𝑥𝑥2

𝜕𝜕𝑝𝑝̄ 13
𝜕𝜕𝑥𝑥1

𝜕𝜕𝑥𝑥1

+

𝜕𝜕𝑁𝑁
𝜕𝜕𝑁𝑁
− 𝜌𝜌𝜌𝜌𝜓𝜓̄̈1 = 𝜌𝜌𝜌𝜌𝑈𝑈̈0 , 21 + 22 = 𝜌𝜌𝜌𝜌𝜓𝜓̄̈2 ,

𝜕𝜕𝑁𝑁12
𝜕𝜕𝑥𝑥2

𝜕𝜕𝑥𝑥1

(6)

𝜕𝜕𝑥𝑥2

1
𝜕𝜕𝑇𝑇
𝜕𝜕𝑇𝑇
− 4𝑝𝑝̄13 − 𝜌𝜌𝜌𝜌𝛽𝛽̄1̈ = 𝜌𝜌𝜌𝜌𝑈𝑈̈0 , 12 + 22 − 4𝑝𝑝̄23 = 𝜌𝜌𝜌𝜌𝛽𝛽̄2̈ ,

+

𝜕𝜕𝑝𝑝̄ 23

−

𝜕𝜕𝑥𝑥2

2𝑝𝑝̄ 33
𝐻𝐻

3

𝜕𝜕𝑥𝑥1

(7)

𝜕𝜕𝑥𝑥2

𝜕𝜕𝜏𝜏̄
𝜕𝜕𝜏𝜏̄
6𝜏𝜏̄
= 𝜌𝜌𝑟𝑟̄̈ , 13 + 23 − 33 = 𝜌𝜌𝛾𝛾̄̈ .
𝜕𝜕𝑥𝑥1

𝜕𝜕𝑥𝑥2

(8)

𝐻𝐻

The equations of motion for determining the displacements of external longitudinal
walls, obtained by meeting the boundary conditions on the faces of the plate z = −h and
z = +h using the method of displacements expansion into the Maclaurin infinite power
series, are constructed in [12,13] in the form:
̄ = 1 (21𝛾𝛾̄ − 7𝑟𝑟̄ ) −
𝑊𝑊
2

1

30

𝐻𝐻 (

𝐸𝐸31 𝜕𝜕𝑢𝑢̄ 1
𝐸𝐸33 𝜕𝜕𝑥𝑥1

+

𝐸𝐸32 𝜕𝜕𝑢𝑢̄ 2
𝐸𝐸33 𝜕𝜕𝑥𝑥2

(9)

),

1
(10)
(21 k − 3 k ) − 1 H W + 1 Hq k (k = 1,2) .
4
20 x k 20 Gk 3
Expressions of longitudinal and tangential forces are written in the form:
̄
̄
̄
̄
𝜕𝜕𝜓𝜓
𝜕𝜕𝜓𝜓
𝜕𝜕𝜓𝜓
𝜕𝜕𝜓𝜓
̄,
̄,
𝑁𝑁11 = 𝐸𝐸11 𝐻𝐻 1 + 𝐸𝐸12 𝐻𝐻 2 + 2𝐸𝐸13 𝑊𝑊
𝑁𝑁22 = 𝐸𝐸12 𝐻𝐻 1 + 𝐸𝐸22 𝐻𝐻 2 + 2𝐸𝐸23 𝑊𝑊
uk =

𝜕𝜕𝑥𝑥1

𝜕𝜕𝑥𝑥2

𝑁𝑁12 = 𝑁𝑁21 = 𝐺𝐺12 (𝐻𝐻

̄1
𝜕𝜕𝜓𝜓
𝜕𝜕𝑥𝑥2

+ 𝐻𝐻

𝜕𝜕𝑥𝑥1
̄2
𝜕𝜕𝜓𝜓
𝜕𝜕𝑥𝑥1

𝜕𝜕𝑥𝑥2

).

Expressions of longitudinal and tangential bimoments have the form:
𝑇𝑇11 = 𝐻𝐻 (𝐸𝐸11

𝜕𝜕𝛽𝛽̄1
𝜕𝜕𝑥𝑥1

+ 𝐸𝐸12

𝜕𝜕𝛽𝛽̄2
𝜕𝜕𝑥𝑥2

+ 𝐸𝐸13

̄ −4𝑟𝑟̄
2𝑊𝑊
𝐻𝐻

), 𝑇𝑇22 = 𝐻𝐻 (𝐸𝐸12

𝑇𝑇12 = 𝑇𝑇21 = 𝐻𝐻𝐺𝐺12 (

𝜕𝜕𝛽𝛽̄1
𝜕𝜕𝑥𝑥2

+

𝜕𝜕𝛽𝛽̄2
𝜕𝜕𝑥𝑥1

)

𝜕𝜕𝛽𝛽̄1
𝜕𝜕𝑥𝑥1

Bimomentsare expressed in the form
𝜕𝜕𝑢𝑢̄
𝜕𝜕𝑢𝑢̄
∗ 𝜕𝜕𝑢𝑢̄ 1
∗ 𝜕𝜕𝑢𝑢̄ 2
+ 𝐸𝐸12
,
𝜎𝜎̄12 = 𝐺𝐺12 ( 1 + 2),
𝜎𝜎̄11 = 𝐸𝐸11
𝜕𝜕𝑥𝑥1

𝜕𝜕𝑥𝑥2

𝜕𝜕𝑥𝑥2

Intensities of transverse and normal bimoments

have the form:
𝑝𝑝̄𝑘𝑘3 = 𝐺𝐺𝑘𝑘3 (

𝜕𝜕𝑥𝑥1

+ 𝐸𝐸22

𝜕𝜕𝛽𝛽̄2
𝜕𝜕𝑥𝑥2

∗
𝜎𝜎̄22 = 𝐸𝐸12

+ 𝐸𝐸23

𝜕𝜕𝑢𝑢̄ 1
𝜕𝜕𝑥𝑥1

p13 , p 23 ,  13 ,  23

̄ −4𝑟𝑟̄
2𝑊𝑊
𝐻𝐻

∗
+ 𝐸𝐸22

и

𝜕𝜕𝑢𝑢̄ 2
𝜕𝜕𝑥𝑥2

̄1
𝜕𝜕𝜓𝜓
𝜕𝜕𝑥𝑥1

+ 𝐸𝐸32

̄2
𝜕𝜕𝜓𝜓
𝜕𝜕𝑥𝑥2

Intensities of bimoments  11 ,
*

+ 𝐸𝐸33

̄
2𝑊𝑊
𝐻𝐻

, 𝜏𝜏̄33 = 𝐸𝐸31

𝜕𝜕𝛽𝛽̄1
𝜕𝜕𝑥𝑥1

+ 𝐸𝐸32

𝜕𝜕𝛽𝛽̄2
𝜕𝜕𝑥𝑥2

+ 𝐸𝐸33

 22* , ~11* , ~22* are expressed as:

4

̄ −4𝑟𝑟̄
2𝑊𝑊
𝐻𝐻

.

p33 ,  33

𝜕𝜕𝑟𝑟̄
2(𝑢𝑢̄ 𝑘𝑘 − 𝜓𝜓̄𝑘𝑘 )
𝜕𝜕𝛾𝛾̄
2(𝑢𝑢̄ 𝑘𝑘 − 3𝛽𝛽̄𝑘𝑘 )
+
) , 𝜏𝜏̄𝑘𝑘3 = 𝐺𝐺𝑘𝑘3 (
+
) , (𝑘𝑘 = 1,2)
𝐻𝐻
𝐻𝐻
𝜕𝜕𝑥𝑥𝑘𝑘
𝜕𝜕𝑥𝑥𝑘𝑘

𝑝𝑝̄33 = 𝐸𝐸31

),

.
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∗
𝜎𝜎̄11
= −𝐸𝐸11 𝐻𝐻

̄
𝜕𝜕2 𝑊𝑊
𝜕𝜕𝑥𝑥12

− 𝐸𝐸12 𝐻𝐻

̄
𝜕𝜕2 𝑊𝑊
𝜕𝜕𝑥𝑥22
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𝑅𝑅̄

+ 𝐸𝐸13 ,
𝐻𝐻

∗
𝜎𝜎̄22
= −𝐸𝐸12 𝐻𝐻

̄
𝜕𝜕2 𝑊𝑊
𝜕𝜕𝑥𝑥12

− 𝐸𝐸22 𝐻𝐻

̄
𝜕𝜕2 𝑊𝑊
𝜕𝜕𝑥𝑥22

+

𝐸𝐸23 ,
𝐻𝐻
̄ + 6𝑟𝑟̄ − 15𝛾𝛾̄ ).
Where 𝑅𝑅̄ = 420(𝑊𝑊
The system of differential equations of motion (6) - (10) constitutes a joint system of

seven equations with respect to nine unknown functions

r,  , W

 1 ,  2 , 1 ,  2 , u1 , u 2 ,

.

Let us write down the boundary conditions for the problem of bending and shear
vibrations of buildings. Suppose that the foundation points move according to a given law
u0 (t ) , and the lower part of the building moves horizontally with the foundation. From

kinematic considerations it follows that the displacements will be written in the form:

𝑢𝑢(𝑥𝑥1 , 0, 𝑧𝑧, 𝑡𝑡) = 𝑢𝑢0 (𝑡𝑡), 𝜗𝜗(𝑥𝑥1 , 0, 𝑧𝑧, 𝑡𝑡) = 0, 𝑤𝑤(𝑥𝑥1 , 0, 𝑧𝑧, 𝑡𝑡) = 0.
From kinematic conditions it follows that in the foundation of the building the following
boundary conditions must be fulfilled:

 1 = 0,  2 = 0, 1 = 0,  2 = 0, r = 0,  = 0, u1 = 0, u 2 = 0, W = 0

On the free side faces of the building the conditions of zero force factors are fulfilled:

N11 = 0, N12 = 0, T11 = 0, T12 = 0,  11 = 0,

 12 = 0, p13 = 0,  13 = 0,  11* = 0 .

On the free top faces of the building the conditions of zero force factors are fulfilled:

N12 = 0, N 22 = 0, T12 = 0, T22 = 0,  12 = 0,

*
 22 = 0, p 23 = 0,  23 = 0,  22
= 0.

The problem is solved by the Finite Differences Method . To approximate the first

derivatives, the central difference schemes are taken.

3 Method of the solution
The problem is solved by the finite difference method. To approximate the first derivatives,
the central difference schemes is taken.
To substantiate the expressions obtained with continuous model of calculation, consider
a specific problem with the use of necessary physical and mechanical characteristics of a
box-like model. Calculation of the box-like models has been carried out by the FEM, the
main point of which is the replacement of a real system (a multi-story box-like building)
with a discrete model of rectangular plane elements (walls and floors) connected at the
nodal points and satisfying the equilibrium conditions of the converging system of forces at
each node.
Mechanical characteristics and geometry of the rooms panels are accepted as follows:
kg
bending bearing panels have a modulus of elasticity 𝐸𝐸 = 20000М𝑃𝑃а; density𝜌𝜌 = 2700 3 ;
𝑚𝑚
Poisson's ratio 𝜈𝜈 = 0.3. For the panel working on shear, the following mechanical
kg
characteristics are adopted: modulus of elasticity 𝐸𝐸 = 7500МPа, density𝜌𝜌 = 1200 3 ;
𝑚𝑚
Poisson's ratio 𝜈𝜈 = 0.3.
Results of calculations of forced oscillations of a building within the framework of a
thick plate model with the following dimensions of the floor slab of the building are:
h1 = 0.25 m, h2 = 0.25 m, hfpl = 0.2 m, a1 = 7.5 m, b1 = 3 m, a = 30 m, H = 11 m.

5

MATEC Web of Conferences 329, 04011 (2020)
ICMTMTE 2020

https://doi.org/10.1051/matecconf/202032904011

In all cases the effect is given by the acceleration of the foundation at amplitude
a0 = 0.1g , i.e. at unit amplitude, which corresponds to the intensity of the 7-point

earthquake

𝑈𝑈̈0 = 𝑎𝑎0 𝑐𝑐𝑐𝑐𝑐𝑐( 2𝜋𝜋𝜔𝜔0 𝑡𝑡).

The effect frequency is chosen equal to 0 = 9.5Hz . Such a high-frequency effect has a
period of T=0.1 s. The Gazli earthquake (1976) accelerogram had such predominant period.
So, it can be said that the considered effect is in a certain sense analogous in predominant
period to the Gazli earthquake (1976). The scheme of the building in question is shown in
Figure. 1.

Fig. 1. Scheme of the box-like model of a building.

4 Solution to the test problem
Results obtained with FEM and FDM for the box-like and the continuum plate model of a
building are shown in the form of graphs in Figures. 2.

a)

b)

c)
Fig. 2. Displacements of a two-story building, obtained at characteristic points, in m.
a)- are the characteristic points at the middle of the floor, b)are the characteristic points at the edge of
the floor, c) is the graph obtained with FEM.
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Figure 2 shows oscillations of characteristic points located at the level of building
floors. Solid line characterizes the points at the edge of the floor, and the dashed line - the
points at the center of the floor. Under given effects the oscillations of points on the right
and left edges of the floor merge.
Figures 2a and 2b show the displacements of the middle and edge points of the slab on
the basis of the plate continuum model of a two-story building and their values are
 1 = 0.0000374 m and 1 = 0.0000449 m , respectively. Fig. 2c shows the values of
displacements at the middle and edge points of the slab on the basis of the box-like model
with FEM of a two-story building and their values are Rmid = 0.0000430m and
Redg = 0.0000500 m , respectively.

Table 1 shows the maximum values of the generalized displacement and acceleration
 1 and 1 ,obtained under forced longitudinal vibrations of a two-story building at
extreme points in the upper levels of the first and second floors.
Table 1. Maximum values of displacements and accelerations of a two-story building under
longitudinal vibrations
Number of floors in the
building

 1 , 10–4 m

1 , m/s2

1
2

0.2878
0.4491

2.798
3.754

Calculations showed that under longitudinal vibrations of multi-story buildings, the
maximum values of normal stresses  11 and  22 are reached at the extreme points of the
lower part of the external load-bearing wall with coordinates x1=a, y1=0.
Figures 3 and 4 show graphs of changes in dimensionless time τ of normal stresses  11
and  22 in the external load-bearing wall of a two-story building.

Fig. 3. Graph of stress 𝜎𝜎11 over time of a twostory building under longitudinal vibrations.

Figure 4. Graph of stress 𝜎𝜎22 over time of a twostory building under longitudinal vibrations.

Figure 3 shows a graph of stress  11 variation over dimensionless time τ, according to
which the maximum stress value is set equal to  11 = 0.192 MPa.

Figure 4 shows a graph of the change in dimensionless time τ, of the normal stress  22
in the external load-bearing wall of the building at the extreme lower points. The maximum
value of normal stress is equal to  22 = 0.611 MPa.
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When comparing results based on plotted graphs for the box-like model with FEM and
the plate continuum model, it can be seen that the values of displacements do not differ
significantly.

5 Conclusions
Comparison of results based on the plotted graphs shows that the values of displacements
based on the box-like model with FEM are 10-13% less than the results based on the plate
continuum model.
In conclusion, it should be noted that on the basis of the bimoment theory of thick plates
a dynamic plate-like model of the building has been developed, reflecting its spatial strains.
Using the geometry of the building and its rooms, the reduced density, moduli of elasticity
and shear of the plate model have been determined. The plate model of the building due to
the choice of coefficients  22 ,  33 , 12 , 13 ,  23 , adequately reflects the laws of
displacements of the points of the building. So, the plate model is acceptable for
determining the displacement fields of a tall building during an earthquake and the dynamic
characteristics of a building.
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