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Introduction. Dynamic vulnerability type buildings are protected by neural network over the elevator 

renovation.  Such a neural network guarantees 100% protection of people and animals in existing buildings with 

elevator devices during a hurricane wind or an earthquake of arbitrary magnitude, arbitrary duration and spectral 

composition of seismic signals. 
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Резюме. Сградите от тип динамична уязвимост са защитени от невронна мрежа при 
обновяването на асансьора.  Такава невронна мрежа гарантира 100% защита на хора и животни в 
съществуващи сгради с асансьорни устройства по време на ураганен вятър или земетресение с 
произволен магнитуд, произволна продължителност и спектрален състав на сеизмичните сигнали. 
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Population, Households, Housing of Bulgaria.(https://census2021.bg/) according to census 2011. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. Population of Bulgaria  
 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

 Fig. 2. Population, Households, Housing of Bulgaria. 
(https://census2021.bg/) 

 
 Seismic and wind infrastructure vulnerability. About 95% of the Earth's population lives in 
high-rise apartment buildings. According to Signal Processing theory [3] three type of buildings are 
described in the report. Buildings up to 3 stories are high frequency and rigid. They are slightly 
affected by seismic signals, which are of low frequency. In case of an earthquake, the evacuation 
takes seconds. Buildings between 3 and 16 floors are strongly affected by seismic signals, because in 
this frequency range they enter into resonance with the spectral characteristics of seismic signals. 
Buildings over 16 stories are low-frequency and hardly resonate with seismic signals. These buildings 
are strongly affected by hurricane winds, because these are the spectral characteristics of hurricanes.  
Another very important dynamic characteristic of dynamic inputs is the duration of signals. According 
to the mechanics of destruction, short-term dynamic signals of less than 20 seconds, for example, can 
hardly enter into resonance and lead to serious disturbances of massive buildings. Buildings between 
3 and 16 floors are considered seismically vulnerable. Almost all such buildings are equipped with 
elevators. This enables them to be combined into a neural network. Existing elevator devices 
represent no less than 70 percent of the cost of such a national neural network. 
 

https://census2021.bg/
https://census2021.bg/
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 Contemporary anti seismic engineering monitoring for real time processing of building 
dynamical behavior. Contemporary anti seismic engineering monitoring for real time processing of 
building dynamical behavior is developed in this report [1–24]. Proposed national neuron network can 
be used in addition for seismic engineering monitoring by elevator devices improvement. Velocity 
sensors, mounted in elevator shaft have negligible low price and they elaborated in a real time 
frequency analyses of seismic signals in the reminded building as an addition digital result of the 
system.  The amplitude frequency transfer function is important engineering data for the building 
response under seismic and wind dynamical loadings. This data is elaborated of each computer of the 
building under investigation. In the network all several million results of elevator devices are taking into 
account in real time for seismic or wind dynamical loadings for the seconds. 
 
 Active and passive wind and earthquake protection systems. These systems are the main 
part of the proposed national neural network for wind and earthquake protection based on the 
renovation of the existing elevator devices.  The active control system mounted in reinforced concrete 
elevator shaft is presented in the Fig. 3 A. The passive control system is presented in the same  
Fig. 3 B.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 

 
Fig. 3. Active and passive control systems – seismic, wind and fire protection of building and facilities.  

A) Active control system B) Passive control system 

 
Structural Modal Analysis. On the Fig. 4 and Fig. 5 are given the Structural Modal Analysis 

for the Example building. 
Early warning systems [8, 9]. All known seismic early warning systems (SEWS) are based 

on the basic physical property of seismic wave propagation. Equation :  is the fundamental 

link on which kinematic SEWS functions. Here Vp is the velocity of the longitudinal P wave, Vs 
respectively of the transverse wave in [km/s]. These velocities differ from the velocities of oscillation of 
the media through which the seismic waves travel. The oscillating speeds of the particles are much 
smaller. The relation between the velocities of the waves always exists in the rigid ideal body and is an 
immanent property of any perfectly elastic medium. P-waves have compression/extension motions of 
solid layer particles and travel parallel to the wave propagation ray. 
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                Fig. 4. Example building                                                Fig. 5. Eigenmodes and Eigenperiods. 
Calculated by SAP 2000 [12] and MatLab [13]                        Calculated by SAP 2000 [12] and MatLab [13]   

 
These waves are the fastest and have the highest speed in the wave packet – between 6 and 

8 km/s. P-wave amplitudes are often the lowest in the entire phase packet of any seismic wave 
emitted by the seismic source and have less destructive potential. S-waves – have several times 
larger amplitudes, a much smaller speed in the wave packet 1-2 km/s but a much greater destructive 
potential due to the movement of the particles of the medium, perpendicular to the propagation of the 
wave beam. S-waves do not propagate through liquids. Here, SEWS is used as network startup. 
 

ILLUSTRATIVE EXAMPLE - SEWS - TRANSPORT CASCADE "SHIPKA" 
 

Seismic Outbreaks                                                                                  Table 1   
                                                                                                

N Seismic Outbreaks Coordinates φ[N] Coordinates λ[N] Depth 
[km] 

1 Sofia 230 20’ 00’’ 420 40’ 00’’ 10 

2 Kresna 230 10’ 00’’ 410 50’ 00’’ 10 

3 Plovdiv 250 00’ 00’’ 420 10’ 00’’ 10 

4 Gorna Oriahovica 250 50’ 00’’ 430 10’ 00’’ 10 

5 Shabla 280 30’ 00’’ 430 30’ 00’’ 10 

 Seismic Outbreaks                                                                                                                          

 

 
 

Fig. 6. Seismic outbreaks towards a future early warning system at transport stunt "Shipka" 
 

                        Seismic Outbreaks                                                                                                     Table 2 
 

N Seismic Outbreaks Distance [km] Tp [s] Ts [s Ts [s]- Tp 

[s] 

1 Gorna Oriahovica 70 13.6 20.8 7.2 

2 Plovdiv 90 18.4 31.3 12.9 

3 Sofia 180 30.0 51.8 21.8 

4 Kresna 210 33.8 68.7 24.9 

5 Shabla 276 42.0 53.0 31.0 

6 Vranchea 380 55.5 99.8 44.3 
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 An example of a technical solution for using the neural network of inertial motors for damping 
dynamic impacts from an earthquake or wind. Only an idealized example of a technical solution is 
presented here. The actual application requires a detailed engineering design for each specific 
building in the network according to the BDS and other normative acts. 
 

 
 
Fig. 7. Location of the inertial motors for the first and second modes of vibration (Fig. 2) for the example building 

of Figure 1. Compensating the earthquake (wind) dynamic effects with inertial motors in the higher modes 
(greater than 1) is associated with significant technical difficulties, affecting the final result insignificantly  

(less than 10%). It is recommended to offset only the first form. 

 
 Conclusions. Three type of building with elevator devices are described in the report. 
Buildings up to 3 floors are very rigid and high frequency type. They have not necessity of dynamical 
protection. by neural networks. Buildings between 3 to 16 floors are of dynamic vulnerability type.  
They are of seismic vulnerability type. Buildings over 16 floors are of wind dynamical type. Dynamic 
vulnerability type buildings are protected by neural network over the elevator renovation.  Such a 
neural network guarantees 100% protection of people and animals in existing buildings with elevator 
devices during a hurricane wind or an earthquake of arbitrary magnitude, arbitrary duration and 
spectral composition of seismic signals. The system with passive control is also protected against fire. 
An addition result of the report is proposed contemporary anti seismic engineering monitoring for real 
time processing of building dynamical behavior. The cost of contemporary anti seismic engineering 
monitoring system is negligibly small. The main cost of the proposed neural network is not high 
because the elevator devices in the existing buildings are already built and functioning. The neural 
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network is switched on through an early warning system [8, 9].  The active inertial motors are powered 
by electricity and diesel generators simultaneously. 
 
 Acknowledgments. The authors express their heartfelt gratitude to: Corresponding Member 
of BAS Professor SDrSci. Venelin Zhivkov, Professor SDrSci. Nikolay Minchev, Professor SDrSci. Dr. 
Simeon Panev, Professor SDrSci. Kamen Ishtev, Professor SDrSci. Garo Mardirossyan for the 
invaluable help in the development of this report. Special acknowledgments for financial support by 
GPS Control EAD. 
 
 References: 
 

1. Ph. Philipoff, (1987), Modeling of soil-structure interaction systems under seismic loadings, Ph. D Dissertation, 

Institute of Mechanics-BAS, Sofia, Bulgaria, 1987 (in Bulgarian). 

2. Ph. Philipoff, (1990), Analysis and modeling of civil engineering structures under seismic loadings by the 

dynamic condensation method,  Postdoc MSc. Dissertation, TU-Sofia, Bulgaria, 1990 (in Bulgarian). 

3. A.D. Poularikas, (2000), The Handbook of Formulas and Tables for Signal Processing, CRC Press LLC, 

Springer Verlag, Boca Raton FL, New York, 2000, (in English). 

4. Philipoff Ph., Ph.Michaylov, (2007), „BELENE Nuclear Power Plant Numerical and Experimental Bedrock, 

Layers and Surface Signals“, J. Applied Mathematical Modeling, Elsevier, Volume 31, Issue 9, 

September 2007, Pages 1889–1898   (in English).  

5. Philipoff, Ph., Michaylov, Ph., "BELENE" Nuclear Power Plat: umerical and experimetal free field signls // 
Siberia J. um. Math / Sib. Branch of Russ. Acad.of Sci. - Novosibirsk, 2007.- Vol. 10, N 1.-P. 105–122., 
{Digital signals are published: Experimental Bedrock Digital Signal Down (μ/s), Experimental Surface 
Digital Signal Up (μ/s), Theoretical Surface Digital Signal Theor (μ/s).}, (in English). 

6. Ph.Philipoff, V.Tchobanov, M.Grammatikopoulos, Ph.Michaylov, (2009),  „One Infinite Boundary Soil-Structure 

Interaction Mathematical Model“, Siberian Journal of Numerical Mathematics, RAN - Seberian branch of 

Russian academy of sciences, (Сибирский журнал вычислительной математики, РАН Сиб.отд-ние 

Новосибирск), Том 12,  №2,  pp. 221–230 (in Russian). 

7. Jivkov, Venelin, Philip Philipoff, Anastas Ivanov, Mario Muñoz, Galerida Raikova, Mikhail Tatur, Philip 

Michaylov, (2013), Spectral properties of quadruple symmetric real functions. Applied Mathematics and 

Computation 221 (2013) pp. 344–350, (in English). 

8. Yamuna Kalurachchi, Maurizio Indirli, Boyko Ranguelov, Francesco Romagnoli, (2014).  The ANDROID Case 
Study; Venice and its Territory: Existing Mitigation Options and Challenges for the Future, Procedia 
Economics and Finance 18 (2014) 815 – 824  © 2014 Published by Elsevier B.V. doi: 10.1016/S2212-
5671(14)01007-7. Proc. 4th Int. Conf. on Building Resilience, Building Resilience 2014, 8-10 September 
2014, Salford Quays, United Kingdom, (in English).  

9. Parushev, I., B. Ranguelov,  T. Iliev, E. Spasov., (2015). Kinematic modeling of idealized system for early 
registration and warning in case of an earthquake., Proc. 7th BgGS National  Conf. With I. 
Partic."GEOPHYSICS 2015". pp. 1–8. (on CD)  

10. Venkatanathan, N., Ph.Philipoff, S.Madhumitha, (2015), Outgoing Longwave Radiation Anomaly Prior to the 

Big Earthquakes: A Study on the September 2015, Chile Earthquake, New Concepts in Global Tectonics 

Journal, V. 3, No. 3, September 2015. www.ncgt.org, (in English). 

11. Jivkov, Venelin, Philip Philipoff, (2016), Quadruple Symmetric Real Signals Spectral Even and Odd 

Decomposition, Building Materials and Structures, UDK: 624.9.042.7, 699.841,  

doi: 10.5937/grmk1603003M, N3 2016, (in English). 

12. Natarajan, V., Philipoff, P., Sreedharan, V., Venkatachalapathy, H., (2016), Observation of Pre-

EarthquakeThermal Signatures usingGeostationary Satellites: Implications for Earthquake Forecasting, 
SPIE,Journal of Applied Remote Sensing,10(4), 046004 (2016),doi: 10.1117/1.JRS.10.046004.Oct–Dec 
2016, Vol. 10(4), Page from 046004-1 to  046004-13, (in English). 

13. Jivkov V, Natarajan V, Paneva A, Philipoff, P., (2017) Forecasting of Strong Earthquakes M>6 According to 
Energy Approach. J Earth Sci Clim Change, impact factor = 1,16, 15 Dec 2018, 8: 433. 
doi:10.4172/2157-7617.1000433, (in English). 

14. Venkatanathan Natarajan, Philip Philipoff, (2018), Observation of surface and atmospheric parameters using 
‘‘NOAA 18’’ satellite: a study on earthquakesof Sumatra and Nicobar Is regions for the year 2014 (M > 
6.0), Springer Science+Business Media B.V., part of Springer Nature 2018, Received: 7 May 2015 / 
Accepted: 22 February 2018, (in English). 

15. Живков, Венелин, Симеон Панев, Филип Филипов, (2020), Разпространение на вълни в ограничени и 

неограничени пространства (Wave propagation in limited and unlimited spaces), “СОФТТРАДЕ“,  

ISBN 978-954-334-341-9, (in Bulgarian).  

16. Филипов, Филип, (2022), Структурен подход за решаване на някои вълнови гранини задачи (Structural 

Approach for Solving Some Boundary Condition Problems), Проект на дисертация за получаване на 

научната степен доктор на науките, Деловодство ТУ–София, Вх. N 2100-188/13 Юли 2023, (in 

Bulgarian). 

17. Karapetkov, Stanimir, (2023), Mathematical Modelling and Computer Simulation of the Vehicles, Mechanics of 
Mashines, 128, Year XXXI, No 2, ISSN 0861-9727, pp. 26–33, (in Bulgarian) 

 

http://www.ncgt.org/


230 
 

18. Живков, Венелин, Симеон Панев, Филип Филипов, (2023), ИЗ ДЕБРИТЕ НА МЕХАНИКАТА, (Through 
the bowels of mechanics), Mechanics of Mashines, 127,Year XXXI,No 1,ISSN 0861-9727, pp. 3–31, (in 
Bulgarian) 

19. Даниела Арнаудова, вестник Марица Пловдив, брой 78, сряда 8 февруари 2023, Високоякостна 
стомана прави строежите непокладими, (2023), (in Bulgarian)Даниела Арнаудова, вестник Марица 
Пловдив, брой 87, сряда 10  октомври  2023, 

              https://www.marica.bg/imoti/inovaciq-senzori-v-asansyorite-shte-alarmirat-pri-zemetresenie 
              https://www.marica.bg/imoti/arh-venelin-kondov-antiseizmichnite-sistemi-trqbva-da-badat-vklyucheni-v-

programata-za-sanirane 
20.  https://www.168chasa.bg/article/13720667 

21. Karapetkov, Stanimir, Ivan Demerdzhiev, Kamen Ishtev, Philip Philipoff, Venkatanathan Natarajan, Mario 
Muñoz, Mehmet Salih Bayraktutan, Elka Radeva, Petya Minkova, Daniela Arnaudova, Simeon Panev, 
Blagovest Panev, Venelin Kondov, Diana Bankova, Dimo Dimov, (2023), Neural Network for Risk 
Management in Natural Disasters, Transport Crashes and Industrial Accidents, Proceedings of 
Knowledge, Science, Innovation, Technology Conference, Veliko Turnovo, April, 2023, p 563, Научна 
конференция „Знание, наука, технолоии, иновации” 2023, ISSN 2815-3472 (Print), ISSN 2815-3480 
(CD), (in English). 

22. Karapetkov, Stanimir, Ivan Demerdzhiev, Kamen Ishtev, Philip Philipoff, Venkatanathan Natarajan, Mario 

Muñoz, Mehmet Salih Bayraktutan, Elka Radeva, Petya Minkova, Daniela Arnaudova, Simeon Panev, 

Blagovest Panev, Venelin Kondov, Diana Bankova, Dimo Dimov, (2023), Zero Mass Buildings, 

Proceedings of Knowledge, Science, Innovation, Technology Conference, Veliko Turnovo, April, 2023, p 

571, Научна конференция „Знание, наука, технолоии, иновации” 2023, ISSN 2815-3472 (Print),  

ISSN 2815-3480 (CD), (in English). 

23. Кондов, Венелин, Диана Банкова,(2023), Управление на сеизмичния риск, (Seismic Risk Management), 
Дни на механиката. Варна,2023,  ISSN 0861-9727, (in Bulgarian) 

24. SEISMIC, WIND AND FIRE PROTECTION OF BUILDINGS AND FACILITIES THROUGH RENOVATION OF 
EXISTING ELEVATOR DEVICES, Input number № ВХ-4786/27.09.2024, Patent Office of Republic of 
Bulgaria. 

 

https://www.marica.bg/imoti/inovaciq-senzori-v-asansyorite-shte-alarmirat-pri-zemetresenie
https://www.marica.bg/imoti/arh-venelin-kondov-antiseizmichnite-sistemi-trqbva-da-badat-vklyucheni-v-programata-za-sanirane
https://www.marica.bg/imoti/arh-venelin-kondov-antiseizmichnite-sistemi-trqbva-da-badat-vklyucheni-v-programata-za-sanirane
https://www.168chasa.bg/article/13720667

