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NUMERICAL ANALYSIS OF ANTISEISMIC SLIDING BELT 
PERFORMANCE 

Oleg V. Mkrtychev, Salima R. Mingazova
 ��
�����������������������
�
����������
����������������������, Moscow, RUSSIA 

Abstract: One of the effective methods for ensuring seismic resistance of buildings and structures located in 
seismic-prone areas is the use of an active seismic protection system. The most common at present is an active 
seismic protection system based on seismic isolation. Seismic isolations in the form of rubber-metal (RMB) and 
pendulum sliding bearings (PSB) have gained great popularity in our country and abroad. Also known seismic 
isolation in the form of a sliding belt at the foundation level. Unlike RMB and PSB, the sliding belt is easier to 
manufacture, install, maintain, however, it is less studied and there are still a lack of sufficient design justifica-
tions. In this study, the effectiveness of a seismic isolating sliding belt at the foundation level with PTFE plates 
was investigated: a methodology for calculating a building with seismic isolating sliding belt at the foundation 
level using the direct dynamic method was developed; studies were conducted on the influence of the friction 
coefficient of the friction minimization component on the effectiveness of the anti-seismic sliding belt using the 
example of a 9-story monolithic reinforced concrete building under one-component seismic excitation. As a re-
sult of the calculations, graphs of relative displacements and accelerations, stress intensity, also pictures with 
displacement isofields, stress intensity and deformations were obtained. The analysis of the obtained results 
shows that the most effective component for friction minimization is the use of PTFE plates. 

Keywords: active seismic protection, seismic isolation, sliding belt, PTFE, direct dynamic method 

|b§¢¡~~Â¨
k~k¢be
v££¡mfbz~{§fb
hkÇ{fÂ

k~fb§¡¨§�b|¡§m{È{
§m{¢¤eÄÅ¡È{
l{Ä§k 

�.�. ���&;
���
�.�. �����(��� 
 !"#$%!&'%()�#**&+,$-!.+&'*/#)�0$*/$-*/#)�1$*2,!3*.-+%%()�*.3$#.+&'%()�2%#-+3*#.+.��́ ��¾��°�	, »����Ô 

k��
����i�
��L«¬�«��¸¶¶�°
«�L®³�¬�
������µ��¯�­�L«¨���X�¬��
�X°��
«���	L«X�«����Q©²�L«X, Q	�#
¯���²�LL®³� �� ��X�¬��¯	�L®³� Q	X�L	³, ¨��¨�
�¨� «�¯��
���	L«�� �«�
�¬®� 	°
«�L�X� ��X�¬��	ª«
®��
Á	«µ�����Q	�¯Q��
Q	L�LL®¬���L	�
�¨ª����Q�¬¨�¨��¨�
�¨��«�
�¬	�	°
«�L�X���X�¬��	º«
®����L��	LL	¨�
L	� ��X�¬�«���¨·««�� õ��
º©±� ¯�¯©�¨QL��

� �� L	º�X� �
Q	L�� «� �	�Q©µ�²�¬� ¯��©­«�«� ��X�¬�«���¨·««� ��
�«���Q��«L�¬�
	��«­��°«³� �»¾���«�¬	¨
L«°��®³��°��
�¨ª«³� �¯�Q� �¾��)��Ê	°²��«����
L	� ��X�¬�«��#
�¨·«¨����«����°��
�¨ª�´��¯�¨�	���©Q��L��¶©L�	¬�L
	�����
�«­«���
�»¾��«�¾�����°��
�¨ª«X�¯�¨��¨��¨#
�
�¨�µ�����¯Q��
®¬���«�´�
����L««����©�
	L��°������µ��©²«�	L««����L	°���L	�¬	���«�©­�L	�«���¨��	LL�X�
�«�
�¬®���X�¬��	ª«
®�����«³�¯�Q��
�©
�
�©±
���L��µ³��«¬�¬��µ¹�¬��Q	�­�
L®���µ��L��	L«¨. ���	L#
L�X�Q	µ�
��¯Q����«���
 «�������	L«� ¸¶¶�°
«�L��
«�Q	µ�
®���X�¬�«���«Q©±ª�´���°��
�¨ª�´��¯�¨�	���
©Q��L��¶©L�	¬�L
	���¶
�Q�¯�	�
��®¬«�¯�	�
«L	¬«:�Q	�Q	µ�
	L	�¬�
��«°	�Q	�­�
	���	L«¨�����X�¬�«��#
�«Q©±ª«¬��°��
�¨ª«¬�¯�¨��¬���©Q��L��¶©L�	¬�L
	�¯Q¨¬®¬��«L	¬«­��°«¬�¬�
���¬$�¯Q�����L®�«����#
���	L«¨���«¨L«¨�°�¸¶¶«·«�L
	�
Q�L«¨ °�¬¯�L�L
	�¬«L«¬«�	·««�
Q�L«¨ L	�¸¶¶�°
«�L��

�	L
«��X�¬«#
­��°�´�� �°��
�¨ª�´�� ¯�¨�	� L	� ¯Q«¬�Q�� �-
«¸
	²L�´�� ¬�L��«
L�´�� ²�����µ�
�LL�´�� ��	L«¨� ¯Q«� ��L�#
°�¬¯�L�L
L�¬���X�¬«­��°�¬������X�
�««����Q��©�

	
��¯Q�����LL®³�Q	�­�
���µ®�«�¯��©­�L®�´Q	¶«°«�
�
L��«
��
L®³�¯�Q�¬�ª�L«X�«�©�°�Q�L«X��«L
�L�«�L��
«�L	¯Q¨²�L«X��	�
	°²��°	Q
«L®���«��¯��¨¬«�¯�#
Q�¬�ª�L«X��«L
�L�«�L��
«�L	¯Q¨²�L«X�«���¶�Q¬	·«X���L	�«��¯��©­�LL®³�Q��©�

	
���¯�°	�®�	�
��­
��
L	«µ�����¸¶¶�°
«�L®¬���°	­��
���°�¬¯�L�L
	 ¬«L«¬«�	·««�
Q�L«¨�¨��¨�
�¨�¯Q«¬�L�L«��¶
�Q�¯�	�
�#
�®³�¯�	�
«L. 

m�x��j�� ��
j�� 	°
«�L	¨���X�¬��	ª«
	����X�¬�«���¨·«¨���°��
�¨ª«X�¯�¨���¶
�Q�¯�	�
� 
¯Q¨¬�X��«L	¬«­��°«X�¬�
�� 

International Journal for Computational Civil and Structural Engineering, 19(2) 161–171(2023)

DOI:10.22337/2587-9618-2023-19-2-161-171



162 International Journal for Computational Civil and Structural Engineering

INTRODUCTION 
 
The catastrophic consequences of earthquakes 
are well known. Approximately 25% of the ter-
ritory of the Russian Federation is located in 
earthquake-prone areas, where there is a proba-
bility of earthquakes with intensity up to 9 
points on the MSK-64 scale. In this regard, en-
suring the seismic resistance of buildings and 
structures erected in earthquake-prone areas is 
one of the urgent and practically important 
problems in construction. 
At present, to ensure seismic resistance of build-
ings and structures, various systems of active 
seismic protection are used (with switch-off ties 
[1], systems of gravity type, systems with dy-
namic vibration dampers, with suspended sup-
ports, pendular sliding supports (PSS), rubber-
metal supports (RMS) [2, 3, 4], with a sliding 
belt device in the foundation level). In our coun-
try and abroad, seismic protection in the form of 
RMS is most widely used. However, this type of 
active seismic protection has a number of disad-
vantages: high cost, complexity of installation 
and maintenance. 
Seismic protection in the form of a seismic-
isolating sliding belt at the foundation level is 
also known. However, this type of seismic pro-
tection is less popular, compared to RMS, since 
it is poorly investigated and currently it lacks 
the necessary calculation justifications in its en-
tirety. 
Development and research of active seismic 
protection were engaged by many domestic and 
foreign scientists. The problem of seismic re-
sistance of buildings and constructions was ad-
dressed in the studies of Eisenberg [1, 5], Plev-
kov and Malganov [6], Djinchvelashvili and 
Mkrtichev [7], Uzdin [8], Kelly [9], Kani [10] 
and other researchers. The studies of Chud-
netzov and Soldatov [11], Kuznetsov and Chen 
Xiatin [12] are dedicated to seismic protection 
through a seismic-isolating sliding belt. The ef-
fectiveness of this type of seismic protection has 
been demonstrated. 
Despite the fact that seismic isolation as a slid-
ing belt at the foundation level is quite well 

known and has practical applications, the issues 
regarding the development of adequate mathe-
matical models and corresponding calculation 
methods remain unstudied so far. 
The objective of the study is to assess the effi-
ciency of application of the seismic isolating 
sliding belt at the foundation level with fluoro-
plastic plates to increase the seismic resistance 
of the building under the action of heavy earth-
quakes using the time-history dynamic method. 
In order to achieve the preset objective, the fol-
lowing tasks were accomplished: 
1. The existing mathematical models describing 
the actual performance of the seismic isolating 
sliding belt at the foundation level were ana-
lyzed; 
2. The existing methods of calculation of build-
ing structures for the action of seismic loads 
have been analyzed; 
3. The method of calculation of simple and 
complex systems with seismic-isolating sliding 
belt using time-history dynamical method has 
been developed; 
4. Calculation scheme of the system "building-
seismic isolation-foundation" describing its ac-
tual operation under seismic load is simulated; 
5. The analysis of the obtained results is per-
formed. 
 
 
METHODS 
 
To ensure the seismic resistance of buildings 
and structures erected in earthquake-prone are-
as, various methods of seismic protection are 
used: passive (traditional) and active. Currently, 
passive methods of seismic protection are the 
main in the construction practice. The use of the 
traditional approach to ensuring seismic re-
sistance implies an increase in sections and an 
increase in the load-bearing elements. This leads 
to an increase in the mass of the structure and, 
as a consequence, an increase in inertial seismic 
forces. It is advisable in many cases to use ac-
tive methods of seismic protection, e.g. seismic 
isolation and seismic shaking. Let's consider in 
more detail the principle of seismic isolation. 
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Figure 1. Deformed scheme of an uninsulated 

building under seismic action 
 

 
Figure 2. Deformed scheme of an isolated 

building under seismic action 
 
The reduction of seismic impacts on buildings 
and structures is achieved through the introduc-
tion of special structural elements - seismic iso-
lators (Fig. 1, 2), because of which the structure 
becomes more pliable. And this leads to in-
crease of displacements in the upper part of the 
structure. Consequently, acceleration of concen-
trated masses, as well as seismic inertial forces 
are decreased [13]. 
Let's consider an example of seismic protection 
system with a sliding belt device (Fig.3). 
The basis for the operation of seismic isolation 
in the form of a sliding belt at the foundation 
level is the sliding device, which includes fric-
tion minimization components and components 
for limiting large horizontal displacements. 
There are various materials used as a friction 
minimization component: elastic coating 
graphite, stainless steel, fluoroplastic plates 
(PTFE), etc. When the total inertial force ex-
ceeds a certain value in the support elements 
of the seismic isolation device, slippage oc-
curs. This leads to a decrease in the accelera-
tion peaks in the system. 
 

 
Figure 3. Scheme of seismic isolating sliding belt: 
1) lower part of the building at foundation level 2) 

fluoroplastic plates 3) foundation 4) damper 
(coarse sand) 5) waterproofing 6) concrete layer 

 
In this study, the effect of the friction coefficient 
on the efficiency of the antiseismic sliding belt 
was investigated. The following materials were 
considered as friction minimization component: 
PTFE over PTFE (PTFE+PTFE) with friction co-
efficient 0.052; PTFE over steel (PTFE+Steel) 
with friction coefficient 0.07; steel over steel 
(Steel+Steel) with friction coefficient 0.15. 
Differential equations of motion of the system 
with a finite number of degrees of freedom in 
matrix form [14]: 
 

             (1) 
 
where u  is the unknown vector of nodal dis-
placements; 

vu �� is the nodal velocity vector; 
au ���  is the nodal acceleration vector; 

M  is the mass matrix; 
C  is the damping matrix; 
K  is the stiffness matrix; 

af  is the vector of applied loads. 
Solution of system (1) can be obtained by using 
explicit and implicit schemes of direct integra-
tion of motion equations. If methods implement-
ing implicit scheme of integration are used, ex-
pression (1) at a moment of time 1nt 
  can be 

represented in the form: 
 

a
t t t t t t t t
@ 
@ 
@ 
@
 
 �Mu Cu Ku f�� �      (2) 
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The difference approximation of the nodal ac-
celerations u�� , velocities u�  and displacements 
u  has the form: 
 

� �2
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where 	 and þ are the integration parameters. 
 
Using the explicit scheme of integration of the 
equation of motion of the system, obtain: 
 

a
t t t t
 
 �Mu Cu Ku f�� �             (6) 

 
Acceleration vector: 
 

� �1 intext
t t t

�� �a M f f                 (7) 

 

where ext
tf  is the external force vector; int

tf   is 

the internal force vector. 
 
Velocity and displacement vectors at the corre-
sponding step: 
 

/2 /2t t t t t t
@ �@� 
 @v v a            (8) 

/2 2
t t t

t t t t t
t t 
@


@ 
@
@ 
 @

� 
u u v     (9) 

 
The calculation was performed using an explicit 
integration scheme. 
The calculation model of a 9-story monolithic 
reinforced concrete building (Figures 4, 5) with 
seismic insulation on a rigid soil base was 
adopted as the object of study. 
The structural scheme of the building is cross-
wall. The spatial stiffness of the structure is en-
sured due to the combined work of the walls and 
stiffening cores with the discs of the monolithic 
slabs. Bearing elements of the structure are 
made of concrete of B25 class, and steel rein-

forcement of A500 class. The height of the typi-
cal floor of 3.0 m. The length of the building - 
24.7 m, width - 19.8 m, height - 30.9 m. The 
thickness of the walls and cores is 0.2m and 
0.25m; floor slabs is 0.22m. Beams of rectangu-
lar cross-section are 0.4x0.56m. 
 

 
Figure 4. Finite-element model of a building 

with seismic isolation: 1-Building; 
2 -contact surface (PTFE+PTFE/ PTFE+Steel/ 

Steel+Steel); 3- rigid soil base 
 
The calculation was performed using time-
history nonlinear dynamic method in a multi-
purpose finite-element software package LS-
DYNA. In the computational scheme, bar and 
spatial finite-element shells were used. 
 

 
Figure 5. Finite element model of the typical 

floor of the building 
 
The intensity of the earthquake is 9 on the 
MSK-34 scale. Figure 6 shows a one-
component accelerogram of the external seismic 
effect. 
 

1 

2 

3 
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Figure 6. Accelerogram (component X) 

 
The main results of the study are presented be-
low (Fig.7-13, Table 1). Based on the calcula-
tion results obtained, the analysis of building 
operation under seismic impact with seismic-
isolating sliding belt was performed using dif-
ferent types of friction minimization compo-
nents (fluoroplastic on fluoroplastic; fluoro-
plastic on steel; steel on steel). 
 

 
RESULTS 
 
The graphs of relative displacements (Fig.7, 9), 
stress intensity (Fig.8), as well as pictures with 
displacement iso-fields (Fig.10), stress intensity 
(Fig.11, 13) and strain intensity (Fig.12) are 
presented below. 
The main results of the study are given in Table 
1. Analysis of the results shows that using 
PTFE+PTFE as a friction minimization compo-
nent leads to 2 times lower relative movements 
of the whole building and 1.6 times lower rela-
tive accelerations, and to a considerable stress 
reduction in a certain wall element of the most 
loaded layer of the building. 
 

 
Figure 7. Displacement of the upper point of the building with respect to the soil base along the X-

axis, [m] 
 

 
Figure 8. Stress intensity in the wall element (#160) of the 1st tier of the building, [Pa] 
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Figure 9. Displacement of the upper point of the 1st floor of the building with respect to the bottom 

of the building along the X axis, [m] 
 

 
�)     b)    c) 

Figure 10. Isopoles of displacements along the X-axis at the time t =8.8s:  
a) PTFE+PTFE; b) PTFE+Steel; c) Steel+Steel, [m] 

 

 
�)     b)    c) 

Figure 11. Isopoles of stress intensity at time t =10.15s: 
 a) PTFE+PTFE; b) PTFE+Steel; c) Steel+Steel, [Pa] 
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�)     ")    	) 

Figure 12. Isopoles of strain intensity at time t =10.15s:  
a) PTFE+PTFE; b) PTFE+Steel; c) Steel+Steel 

 

 
�)     ")    	) 

Figure 13. Isopoles of the stress intensity at time t = 10.15s  
1st tier of the building: a) PTFE+PTFE; b) PTFE+Steel; c) Steel+Steel, [Pa] 

 
Table 1. Main results of the study 

 PTFE+PTFE PTFE+Steel Steel+ Steel 
Relative displacement of the top of the 

building �ux.max, mm 
10.30 13.00 22.20 

Relative acceleration of the top of the 
building ax.max, m/s2 

1.99 2.36 3.20 

Stress in the wall element of the 1st floor 
of the building 
max, (N/m2)·107 

1.35 1.49 1.78 

 
 
CONCLUSIONS 
 
The study provides evidence that the most effec-
tive component of friction minimization in a 9-
story reinforced concrete monolithic building 
with seismic-insulating sliding belt at founda-
tion level under earthquake conditions is 

PTFE+PTFE. Using PTFE+PTFE as the friction 
minimization component leads to the highest 
displacement (sliding) of the building (Fig.10), 
which in turn is accompanied by the lowest rela-
tive displacements. According to relative dis-
placements diagram for the whole building 
(Fig.7) and the most loaded floor of the building 

Numerical Analysis of Antiseismic Sliding Belt Performance
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(Fig.9) it is evident that relative displacements 
under using PTFE+PTFE as friction minimiza-
tion component are twice less than displace-
ments under using Steel+Steel friction minimi-
zation component. The stress intensity diagram 
for the most loaded floor (Fig.8) and the 
isopoles of stress and strain intensity for the 
whole building and the most loaded floor 
(Figs.11-13) show that the least stresses and 
strains appear when sliding belt with PTFE 
plates is applied. 
Fluoroplastic has a number of advantages. Its 
performance can withstand temperatures from -
269 to +260°C. It does not absorb water, is 
chemically resistant to acids, alkalis and organic 
solvents, does not combust, is resistant to fungi 
and bacteria, does not age. The service life of 
the material exceeds 20 years, and is listed in 
the Guinness Book of Records as the most slip-
pery material. 
Research results show high efficiency of seis-
mic protection in the form of a sliding belt at the 
foundation level with fluoroplastic plates when 
providing seismic resistance of buildings and 
structures. This type of seismic isolation allows 
to reduce considerably seismic loads on the 
above-ground part of the building structures, to 
increase the reliability of their operation during 
earthquakes and to reduce the material capacity 
and construction cost estimates. Unlike the pop-
ular RMS, seismic protection in the form of a 
sliding belt at the foundation level does not re-
quire factory production and can be made di-
rectly at the construction site. The simplicity of 
installation and maintenance of this seismic pro-
tection system also belongs to the number of 
advantages. The proposed approach of ensuring 
the seismic resistance of buildings and struc-
tures is practically acceptable and does not re-
quire substantial expenditures for anti-seismic 
measures. 
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