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Abstract: The article provides a definition of an earthquake and the causes of its occurrence,
describes the types of seismic waves, which are divided into longitudinal and transverse.
Three seismic intensity scales are compared, namely the modified Mercalli seismic scale, the
2017 seismic intensity scale, and the Japanese seismic scale. The following is a review of the
negative impacts of earthquakes on the building, damage to various buildings in different
countries as a result of an earthquake, the occurrence of such phenomena as landslides, soil
liquefaction and rupture of the earth's crust, also as a result of an earthquake. The negative
impact of earthquakes on the psyche and behavior of people, which causes panic, fear and
seismophobia in humans, is considered. Further, it is proposed to use seismic isolation of
buildings to reduce the negative impacts of earthquakes on people and buildings, using the
example of the Great Mosque of Aleppo in Syria, which is an architectural monument and is
included in the UNESCO World Heritage List. The description of the seismicity of the
territory of Syria and the city of Aleppo is given, the High Damping Rubber Bearings
(HDRB) proposed for use for seismic isolation of the mosque building are described.
Formulas are given for calculating various parameters of such HDRB for their subsequent
correct selection, depending on the forces acting on the building structures of the building. At
the end, conclusions are drawn.
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Teopemuuecxue U IKcnepumenmaiibHble uccieo08anus

Ycuiienne 0e30aCHOCTH NAMSTHUKOB APXUTEKTYPbl CHPUM ¢ IOMOIIbI0 TEXHOJIOT il
CelCMOU30/ISIINH C 1eJIbI0 CHUKEHHUSI HETaTUBHOI0 BO3/1€iiCTBUS 3eMJIeTPSICEHN I Ha
MCUXHKY JIIOei

Anbapeou 3.A.
'®I'BOY BO «IleTepOyprekuii rocy1apcTBEHHBINH YHUBEPCUTET IIyTel COOOIIEH s
Nwmmeparopa Anekcanapa I». Cankr-IlerepOypr, Poccuiickas @enepanmst

AHHOTanus: B crarbe naercs ompeneneHue 3eMIIETPSICEHUs U IPUYMH €r0 BO3HUKHOBEHMUS,
ONMCHIBAIOTCS TUIIBI CEMCMUYECKUX BOJIH, KOTOPBIE JEIATCS Ha IPOAOJIbHBIE U MTOIEPEUHbIE.
CpaBHUBAIOTCS TPU LIKAIbl CEMCMMYECKON MHTEHCHUBHOCTU, 2 UMEHHO MOAM(PHUIIMPOBAHHASL
ceficMuueckas mkana Mepkamy, mkana ceiicMuueckod uHTeHcuBHOocTH 2017 roma u
AMOHCKass  ceiicMuyeckas mkana. [lpuBonurcs 0030p HEraTUBHOTO — BO3JEHCTBUS
3eMJIETPSICEHUN Ha 3/1aHus, MOBPEXKJIEHUS pa3IMYHbIX 3JaHUN B pasHbBIX CTpaHax B
pe3yibTaTe 3eMIIETPSICEHUM, BO3HUKHOBEHMS TaKUX SIBJICHHUM, KaK OIOJ3HHU, Pa3KUKECHUE
IIOYBBl M pa3pblB 3€MHOM KOpPBI, TAKXKE B pE3yJbTare 3eMieTpsceHul. PaccmorpeHo
HEraTUBHOE BIIMSAHHUE 3€MJICTPSICEHUI HA NICUXUKY U MOBEICHUE JIIOEH, KOTOPOE BbI3BIBAET Y
JTIONCH  TaHWKy, cTpax ®  ceiicModoburo. Jlamee mpesaraetcsi  MCIOJIB30BaTh
CEHCMOMBOJIALMIO 3JaHUN JUIsl YMEHBIICHUS] HEraTUBHOTO BO3JIECUCTBUS 3€MIIETPSCEHUN Ha
JIOJIeN U 37aHus, UCTONB3ys npumep Benukoit meuetn Anenmno B Cupuu, KOTOpas sSIBISETCS
MaMATHUKOM apXUTEKTYpbl U BKItOUeHa B cnucok Becemupnoro nacnenus FOHECKO. Jlano
OonMcaHue celcMUYHOCTH  Tepputopuum Cupum U ropoja  AJenmno, OMHCAHbI
pe3nHOMEeTaJUIMYeCKUe omnopbl Bbicokoro nemmdupoanus (HDRB), mpennmaraemsie mmns
UCIOJIb30BaHUs Ui CEHCMOM30AIUM 31aHus MedeTu. [lpuBenensl Gopmynsl Ay pacuera
pa3nuuHbiXx mapameTpoB Takux HDRB ans ux mocienmyromiero npaBWIBHOTO BbIOOpa B
3aBUCUMOCTH OT CUJI, AEUCTBYIOLINX HA CTPOUTEIbHBIE KOHCTPYKLIUU 3JaHUS.

KiarwueBbie ci1oBa: CeiCMUYHOCTh, 3€MIIETPSICEHHE, CEMCMOCTOMKOCTh, CUCTEMA H3OJSLINHU
ocHoBaHus, Benukas medets Anenmno B Cupuu, yiiep0, naHuka, apXUTEeKTypHbIE TaMSITHUKH,
CTPOUTCIIbHBIC KOHCTPYKIWH.

Jis uutupoBanusi: Anpapebu 3.A. YcuneHue 06€30MacHOCTH MaMSATHUKOB apXHUTEKTYpPbI
Cupuu ¢ TOMOIIBIO TEXHOJOIMH CEHCMOM3OJSALUN C IIeNbI0 CHI)KEHUS HEraTUBHOIO
BO3JICHCTBUS 3eMIIETpsICeHU Ha ncuxuky moaed // CelcMOCTOMKOE CTpPOUTENbCTBO.
besonacHocTh coopykenuit. 2022. Ne4. C.58-80,

DOI: 10.37153/2618-9283-2022-4-58-80

Introduction

Panic, fear are a natural and protective reaction of people to danger during cataclysms,
natural disasters and earthquakes. An earthquake causes all the above reactions in people and
is also the cause of many destructions in buildings and structures and all infrastructure in the
area where they occur.

To reduce fear and panic among people, and to save buildings and structures from
damage or destruction as a result of earthquakes, it is advisable to perform their seismic
isolation as one of the possible and effective ways to reduce seismic impacts on the building
structures of buildings and structures, and on people in them, which leads to the preservation
of their life and health.
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Earthquakes are subterranean shocks and vibrations of the Earth's surface, caused by
natural causes, mainly tectonic processes, or artificial processes such as explosions, filling
reservoirs, collapse of underground mine workings, etc. [1-6].

Every year on the globe there is over 300 thousand earthquakes, as a result of which
dies about 10 thousand people.

The following processes cause seismic phenomena (earthquakes):

e tectonic, occurring in connection with tectonic movements of the earth's crust;

e volcanic (volcanic eruptions);

e denudation associated with karst ramparts, mountain collapses, bomb explosions in the
ground, as well as with dynamic influences during production leadership of various
works.

Tectonic movements of the earth's crust occur mainly slowly and are hardly noticeable
within a person's life. Such slow displacements are called crane displacements. However, over
many millions of years, displacements measured in hundreds and thousands of kilometers
accumulate.

Volcanic and denudation processes are local in nature, while tectonic processes often cover
vast territories.

Earthquake sources are the hypocenter and epicenter. Hypocenters are usually located
at a depth of 10-700 km. The place above the focus of an earthquake on the surface of the
earth is called the epicenter. Elastic oscillations of the earth's crust propagate in the form of
waves from the hypocenter in all directions. These vibrations are of two types: P and S-waves
propagating in deep rocks and surface acoustic L- and R-waves (figure 1 - 5).

The velocity of propagation of P-waves (compression waves) is 1.7 times greater than
the velocity of S-waves (shear waves), so they are the first to be recorded by seismic stations.

The speed of longitudinal P-waves (compression waves) is equal to the speed of sound
in the corresponding rock. If the wave frequencies are greater than 15 Hz, they are perceived
by us as an underground rumble and rumble. Secondary transverse seismic waves S-waves
(shear waves) cause oscillations of rock particles perpendicular to the direction of wave
propagation. The third type of elastic waves is called long or surface seismic waves. It is this
third type that causes the most severe destruction [1-2].
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Figure 1 — Scheme of the propagation of seismic waves in the earth's crust and on the surface
of the earth: 1-longitudinal seismic waves; 2 — transverse seismic waves; 3 — surface seismic
waves; 4 — earthquake epicenter; 5 — earthquake hypocenter.

Pucynok 1 — Cxema pacnpocTpaHeHHsI CEICMUYECKUX BOJIH B 3¢MHOI KOpE U Ha
MIOBEPXHOCTHU 3eMJIU: | —IpOI0IbHBIE CEUCMUYECKUE BOJIHBI; 2 — IIONEPEYHbIE CECMUYECKUE
BOJIHBI; 3 — IOBEPXHOCTHBIE CEHCMUYECKHE BOJIHBI; 4 — SIUUEHTP 3EMIIETPIACEHUS; 5 —
TUIOLIEHTP 3€MJIETPSICEHHUS.
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Figure 2 — Body and surface seismic waves:
a — Body Primary (compression) waves; b — Body Secondary (shear) waves;
¢ — Surface Love waves; d — Surface Rayleigh waves.

PucyHnok 2 — OGbeMHbIE U TOBEPXHOCTHBIE CECMUYECKUE BOJTHBI:
a — [lepBuuHbIe BOJHBI Tena (cxxartus); 0 — Bropuunblie BoJHBI Tena (CABHUra);

6 — IloBepxHOcTHBIE BOJIHBI JIsiBa; 2 — [IoBepXHOCTHBIE BOJIHBI Pases.
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Figure 3 -Movement of Body (P- and S-) waves and Surface (L- and R-) waves of
earthquake.

Pucynoxk 3 — JIsuxenue o0beMHubIX (P- 1 S-) BonH u noBepxHocTHBIX (L- 1 R-) BonH
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Figure 4 — An example of seismic P- and S-waves on seismograph readings.

Pucynok 4 — Ilpumep ceiicmuyeckux P- u S-BosiH Ha nokazanusx ceiicMorpada.
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Figure 5 — Seismic map of the world as of 1999.

Pucynok 5 — CelicMuueckasi KapTa Mupa 1o coctosiHuio Ha 1999 ron.

The intensity of an earthquake can be estimated by the size of cracks in the soil, by the
behavior of people in buildings and by the reaction of structures, that is, by the degree of
damage to structures. There are several seismic scales in the world. Japan uses the JIMA 7-
point seismic scale, Europe uses the 12-point European Macroseismic Scale (EMS-98), USA
use the 12-point Modified Mercalli scale (MM), and Russia uses the 12-point Seismic
Intensity Scale-17 (SHSI-17). When it is necessary to convert the intensity in one scale to the
intensity in another scale, you can use table 1, which compares the three seismic scales (JMA,
MM and SHSI-17). For example, if an earthquake with an intensity of 3 points on the SHSI-
17 scale occurred, then on the MM scale this earthquake will also be estimated at 3 points,
and on the JMA scale - already at 1.8 points [5, 7].
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Table 1 — Comparison of the main seismic scales.

Tabnuna 1 — CpaBHEHHE OCHOBHBIX CEMCMHUYECKUX IIKAIL.

Modified Seismic Intensity Japan Meteorological Effects
Mercalli Scale-17 Agency seismic on people
intensity scale | (SHSI-17), in points intensity scale
(MM), in points (JMA), in points
0.6 ~1.0 ~0.0 ~ Imperceptible to most
people
~ Perceptible to some
N - people in the upper
L9 ~2,0 ~L1 stories of multi-story
buildings
~ Perceptible to most
3,0 =~3,0 ~1,8 people indoors.
Awakens light sleepers
4.0 ~4.0 = Perceptible to
. ’ everyone indoors.
3,6 ~5,0 Frightens some people
6,4 ~6,0 ~ Frightens most
people. Some seek
~6,5 ~4,0 escape. Awakens most
sleepers
~ Most people try to
escape from danger by
=7,0 ~4,3 running outside. Some
people find it difficult
to move
~Many people are
~3.0 considerably frightened
’ and find it difficult to
move
~9.0 ~ Difficult to keep
’ standing
~ Impossible to stand,
~10,0 cannot move without
crawling
~11,0 =~ Thrown off by the
20 shaking and impossible

to move at will.

Impact of earthquakes on buildings and structures

The study of the consequences of earthquakes showed that buildings of various
designs in case of exceeding the calculated seismic impacts, they can receive various
damages. In frame buildings, the frame nodes are predominantly destroyed. Severe damage is
especially received by the bases of the uprights and the joints of the crossbars with the
uprights of the frame, if the dimensions of the latter are insufficient and if they do not have
reinforcements in the form of haunches. In large-block and large-panel buildings, there are
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cases of mutual displacement of panels, opening of vertical joints, deflection of panels, and
even their collapse [6, 8-12]. It should be noted that earthquakes also cause the formation of
various vertical, diagonal and cruciform cracks in the masonry, and in some cases lead to the
complete destruction of buildings or structures (figures 6-12).

Figure 6 — Damaged house on the island of Crete in Greece as a result of the Arkalochori
earthquake in 2021.

Pucynoxk 6 — [ToBpexxaeHHslit 1oM Ha octpoBe Kput B I'perinu B pe3ynbTaTe 3eMIIETPSICEHUS B
Apxkanoxopu B 2021 rony.
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Figure 7 — Damaged old masonry building built in 1875, during the earthquake in South
Napa, California, in 2014.

Pucynok 7 — Kamennoe 31anue, nocTpoeHHoe B 1875 roy v oBpexI€HHOE BO BPEMs
semierpsicenus B FOxxnoit Hane, Kamudopaus, B 2014 roxy.

Figure 8 — Damaged Benedictine Hall turret at Saint Gregory University in Shawnee,
Oklahoma USA, in the 2011 earthquake.
Pucynok 8 —bamnsa benenukrtunckoro 3ana Yuusepcurera Cesiroro I'peropu B Illonu, mrat
Oxknaxoma, CIIIA, moBpexaeHHas Bo Bpems 3emierpsicenus 2011 roxa.
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Figure 9 — Partially collapsed old Inmaculada Concepcion church built in 1841, after the 2020
earthquake on the island of Guayanilla, Puerto Rico.

Pucynok 9 — Yactuuno paspyuienHas nociue 3emuerpsicernust 2020 rosia Ha ocTpoBe
I'yasuunss, [lyspro-Puxo nepkoss Mamakynana Koncenceon, nocrpoennas B 1841 rony.

Figure 10 — Collapsed building as a result of the 2017 earthquake in Mexico City, Mexico.

Pucynok 10 — 3ganue, oOpymmBiieecs B pe3ynbrate 3emiuerpsicenus 2017 rona B Mexuko,
Mekxkcuka.
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Figure 11 — Damaged Greek Orthodox church on the island of Crete in Greece as a
result of the Arkalochori earthquake in 2021.

Pucynok 11 —I'peueckas npaBocnaBHas 1iepkoBb Ha octpose Kpurt B I'perun,
IIOBPEXKICHHAS B pe3yJIbTare 3emierpsceHus B Apkaitoxopu B 2021 rony.

Figure 12 — Damaged dome of Catholic temple “Sanctuary of Our Lady of the Angels”
as a result of the 2017 earthquake in Mexico City, Mexico.

Pucynok 12 — Kynon katonmnueckoro xpama “Castimmie boromarepu AHrenos”,
MOBPEXKACHHBIN B pe3ynbrare 3emiuetpsicenus 2017 roga B Mexuko, Mekcuka.
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Strong earthquakes closer to the epicenter leave many traces, such as screes of loose
soil, landslides and cracks on the surface of the earth (figures 13-15).

Figure 13 — Liquefaction of sand base as a result of a longitudinal seismic wave in Kobe,
Japan.

Pucynok 13 — PazxukeHne necuaHoro rpyHTa B pe3yJbTaTe MPOoJI0JIbHON ceHCMUYECKON
BoJIHEI B KoOe, SImonus.
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Figure 14 — Landslides and slope buckling under residential buildings from the 1994
Northridge, California, USA earthquake.

Pucynok 14 — Onosi3Hu ¥ oteps yCTOMUUBOCTH CKIIOHA TIOJT KUJIBIMU 3/IaHUSIMU B
pesynbTare 3emuerpscenus B Hoprpumke, Kanmupopnaus, CILIA B 1994 r.

Figure 15 — Rupture of the earth's crust due to a series of earthquakes (along Garlock Fault) in
Ridgecrest, California, USA in 2019.

Pucynox 15 — Pa3pbIB 3eMHOI KOpBI B pe3yJibTaTe CEpUH 3eMJIETPSICEHUH (BIOJb pa3ioMa
I"apnox) B Pumxkpecre, Kanudopnaus, CILA, B 2019 roxy.
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The impact of earthquakes on people and their psyche

As stated at the beginning of this article an earthquake is a dangerous natural disaster
for living beings, in particular for people, which occurs suddenly. Despite its short impact on
a building or people, often no more than 30 seconds, its devastating consequences are much
worse than the consequences of other natural disasters [9-10].

The construction of earthquake-resistant structures of buildings and structures can
protect people from the destructive effects of strong earthquakes, but cannot protect them
from severe mental trauma resulting from the impact of strong earthquakes when they are in
buildings.

An analysis of the behavior and reactions of people in buildings during an earthquake
showed that in with strong earthquakes of 7 points and higher, people panic, which poses a
certain risk to their lives in such situations.

International seismic scales such as MSK-64[5], the Mercalli scale [6], the new SHSI-
17 scale [7] indicate the natural reaction of people who are in buildings during an earthquake.
They use people's reactions, such as fear, panic and anxiety, as a yardstick for assessing the
intensity of earthquakes. The Mercalli Scale indicates that there is a sense of general terror
and flight from home for people who are in a building during a magnitude 7 earthquake.

There is such a thing as the so-called “crowd effect”, which means that with a large crowd of
people in the halls, when an earthquake occurs, their panic can multiply [13-14].

The author of the work [13] gives an example that when analyzing the mental state of
law enforcement personnel during the Spitak earthquake that occurred on the territory of the
Armenian SSR in 1988, medical scientists recorded seismophobia in all examined patients,
i.e. a feeling of fear of repeated shocks. The severity and severity of fear was inversely
proportional to the mental stability of a person. Seismophobia was the cause of panic among
the personnel who arrived for reinforcement, which led to the loss of efficiency of the above
staff [13-16, 17-21].

Building structures and their influence on people's reaction to earthquakes and
optimization of people's evacuation time.

Building structures during earthquakes have a strong influence on people's behavior.
The vibration parameters of building structures differ on different floors [13-17].
In works [14-17] it was pointed out and justified that the reaction of people during an
earthquake should be assessed only on the first floor of the building [18], since the higher the
floor, the greater the intensity of the earthquake. If the earthquake strength on the first floor is
7 points, then on the second floor and above it will be 8 points.
If we compare the reaction of people in buildings and in open areas, the authors [13-16]
conclude that people in buildings experience a seismic effect by almost 1 point more than
those in open areas.
During strong earthquakes, people have a natural reaction to the threat and the desire to leave
the building and go to a safe open space. The set of rules for construction in seismic areas
dictates to the designer the time for evacuating people from the building [4, 17] and this
means that the reaction of people is predetermined even when designing an earthquake-
resistant building.
Clause 3.4 of the Code of Practice for Building in Seismic Areas [4] requires that escape
routes pass through a long series of intermediate spaces such as corridors, lobbies, stairwells,
etc. Because of this rule, escape routes in earthquake-resistant buildings where there are halls ,
for example, cinemas, theaters, mosques, etc., are long. The time required for the evacuation
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of people from the auditoriums (t additional) according to fire regulations varies from 1.5 to 4.5
minutes [13].

An important role in the duration of the evacuation of people is played by the number
of floors in the building [13]. The higher the floor, the more time citizens need to evacuate the
building. In public buildings, the time for the evacuation of citizens from the upper floors to

the lower ones along the staircase is determined by the formula 1:
L
teale == 1
calc V ( )

where: L is the length of the path (evacuation) along the flight of stairs, V is the speed of
people in m/min.

Engineering seismological classification of the degree of human reaction (E) during an
earthquake can be found in the work of scientists from the Institute of Physics of the Earth
named after. O. Yu. Schmidt [13, 19]:

e (E =0) - there are no reactions at all: a person does not notice anything, does not feel
anything, does not react to anything;

e (E =1) - the presence of weak sensations: a person experiences a barely noticeable
bewilderment, behavior does not change, in the case of sleep, he wakes up calmly, but
does not thirty understands and is unaware of the reason;

e (E = 2) - the presence of a strong sensation (anxiety): a person can pay attention,
clearly feels, is able to estimate the duration, direction, and some phases of oscillation,
in case of sleep - wakes up feeling that he was awakened,

e (E =3) - fright: a person is frightened, but retains the ability to assess the duration,
direction, and some phases of oscillations, tends to leave the building;

e (E =4) - astrong fright: a person in this case is very frightened, shows a desire to run
out of the building, and runs out;

e (E =5) - panic: a person falls into a state of panic, screams in hysterics, may lose
balance, may jump out of a window;

e (E = 6) - the strongest panic: a person cannot stand on his own without support, he
reacts very badly to everything that surrounds him;

e (E =7) - complete shutdown: in this case, the person falls into a state of stupor and
loses consciousness.

Earthquakes that occur in the same construction area with the same soil conditions
form a different level of seismic effects in the structures of buildings and constructions with
different design solutions. The highest level of seismic impact is formed in buildings and
constructions, in which the value of the period of the fundamental tone of vibrations coincides
with the value of the period of soil vibrations. And vice versa, the seismic impact will be
minimal in the structures of buildings and constructions, in which the period of the
fundamental tone of vibrations differs significantly from the period of soil vibrations.

Therefore, in order to reduce seismic effects on people, on the building structures of
buildings and constructions, it is advisable to use seismic isolation, which allows you to
change the dynamic scheme of the object and thereby reduce seismic effects in it and their
negative nature on people and building structures.

Significance of architectural monuments of cultural and religious significance in Syria in
the culture and life of Muslim society

Architectural monuments of cultural and religious significance are of great importance
in the culture and life of Muslim society. The main place of worship for Muslims is the
mosque. Mosques have played and are playing a very important role in their lives, because in
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them they pray and listen to sermons. There are ancient mosques everywhere where there
were Muslims. For example, in Spain, which was once conquered by the Arabs, there are
many ancient mosques. In all Arab countries, including Syria, there are many ancient and
modern mosques.

In Syria, the Great Mosque in Aleppo (figure 16) is one of the largest and oldest

Muslim sites of religious significance in this country [2, 3, 22-24] and is located in the old
part of the city of Aleppo.
The architecture of the mosque belongs to the Islamic period of the Umayyad Dynasty and
was built in 715. The plan (figure 17) of the Great Mosque is rectangular with a rectangular
courtyard measuring 105x78m. Surrounded by galleries with square and rectangular columns.
The columns are built of limestone and lined with marble. In the courtyard there is a column
and two fountains for the ablution of believers before prayer. This courtyard is famous for its
multicolored stone pavement of intricate geometric patterns. In the north-western corner rises
a square minaret about 45 m high, measuring 4.7 x 4.7 m in plan. The minaret was built in
1095 and stands on a stone foundation. The mosque was damaged as a result of past
earthquakes and hostilities. It is included in the UNESCO World Heritage List.

Figure 16 —The Great Mosque in Aleppo, Syria.

Pucynok 16 — bosbmas meuets B Anennio, Cupusi.
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Figure 17 — The Plan of the Great Mosque in Aleppo, Syria.

Pucynok 17 — Ilnan bonbmoit meyetn B Anenno, Cupus.
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Buildings and constructions of religious significance, such as Muslim mosques, are
primarily public buildings, and a place where a large number of people gather during prayer.
If an earthquake occurs at this time, people's reactions such as panic, fear, stampede, etc. will
inevitably follow.

If a person prays, then at that time he is concentrated on this action. The shocks and
vibrations from an earthquake lead to different reactions in different people from panic and
fear to trance or mental illness, depending on the innate, psycho-physiological qualities and
type of the human nervous system. After all, melancholic, sanguine, phlegmatic and choleric
people can react to this in different ways. Therefore, there is a need to protect people and
building structures of buildings and structures by reducing the seismic impact using
traditional or non-traditional methods of seismic protection

Seismic protection of the Great Mosque in Aleppo
An analysis of the seismic situation in Syria and the city of Aleppo [2-3,22-24] in
particular showed that the territory of this country and this city is subject to seismic effects of

different intensity and Peak Ground Acceleration (PGA), (tables 2-3).

Table 2 — Seismicity of the territory of the city and province of Aleppo, Syria in points
according to the scale of seismic intensity SHSI-17.

Tabnuma 2 — CeicCMUYHOCTh TEPPUTOPUH TOpoaa U MPoBUHIIMK Ajenmno, Cupus B 6ajlax 1mo
mkaie ceiicmuueckor mareHcusuoctu LLICU-17.

return period
Teq=100 years

return period
Teq=500 years

La100), I(s00), L(1000), I2000),
Intensity Intensity Intensity Intensity
) (in points) (in points) (in points) (in points)
Locality name | for earthquake | for earthquake for earthquake for earthquake

return period
Teq=1000 years

return period
Teq=2000 years

Aleppo

VII

VII

VIII

IX

Table 3 — Peak Ground Acceleration (PGA) values in fractions of (g) for the city and province

of Aleppo, Syria.

Tabnuna 3 — 3HaueHus: nukoBoro yckopenus rpyHta (PGA) B nonsx (g) nns Anenno, Cupust.

PGA, (g) PGA, (g) PGA, (g) PGA, (g)
peak ground peak ground peak ground peak ground
. acceleration for | acceleration for | acceleration for | acceleration for
Locality name earthquake earthquake earthquake earthquake
return period return period return period return period
Teq=100 years | Teq=500 years | Teq=1000 years | Teq=2000 years
Aleppo 0,051 0,0516 0,1885 0,4691

It is proposed to protect people and building structures of buildings and constructions
from the negative consequences of earthquakes [25-28] to use an unconventional method of
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seismic protection in the form of seismic isolation of the entire building of the mosque to
reduce seismic impact.

For seismic isolation of the Great Mosque in Aleppo, it is proposed to use a High
Damping Rubber Bearing (HDRB) with a high ability to dissipate energy, designed for
maximum movement of equal £200 mm. The rubber compound used in the production of the
HDRB support has a dynamic shear modulus (Gain)=0.4 MPa (figures 18-19).

Plate

high-damping
rubber

internal
steel sheets

coated
rubber

Figure 18 — High Damping Rubber Bearing (HDRB) in section.

Pucynoxk 18 — Celicmonsonupyromas pe3suHOMETaIIN4YeCKasi 0I1opa C BICOKOM
CHOCOOHOCTBIO K AUCCHUIIALIUYU SHEPTHH B pa3pese.

Figure 19 — Idealized “force - displacement” (F-D) relationship for a High Damping Rubber
Bearing (HDRB).

Pucynok 19 — M neanu3zupoBanHoe cooTHOLIEHHE “ycunue — nepemerenue” (F-D) ms
PE3MHOMETAITHIECKUX OTOp BhIcOKOro nemidupoBanus (HDRB).

The total thickness of rubber (7)) provides the low horizontal stiffness (K») needed to
lengthen the fundamental natural period of the system [2-3,9], whereas the close spacing of
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the intermediate steel shim plates provides a large vertical stiffness and critical load capacity
for a given shear modulus (G) and bonded rubber area (4y). However, steel shim plates do not
affect the horizontal stiffness of the bearing.

It is possible to calculate the horizontal stiffness factor (K) of the elastomeric bearing by the
formula 2:

i — G4

(2)

The modulus of compression (E.) for a single solid round rubber layer, assuming that the
rubber is incompressible, given by the formula 3:

E. = 6GS? (3)

Shape factor, which can be calculated by the formula 4:

s=t 4
=1 “
Where:
S- shape factor, which is a dimensionless geometric parameter defined for a single rubber
layer;

A;-loaded area;
A>- seismic isolation surface area.
The vertical stiffness factor (K,) can be calculated using formula 5:

E.-A, 6GS?A, .

T T (5)
The vertical and horizontal stiffness of the elastomeric bearing are related. For example, for
circular bearings can be calculated using formula 6:

K, =

v

— =652 6
7 (©)
The shape factor for a circular bearing with a diameter d; is given by the formula 7 and made

of rubber layers of thickness 7:

md;
_ G _ 4 -
ndgT, 4T,

The shape factor for a square bearing of sides a - a is given by the formula 8 and made of
rubber layers of thickness 7:

G a-a _a ®)
- 2T.(a+a) AT,

The shape factor for a rectangular bearing of sides a - b is given by the formula 9 and made of

rubber layers of thickness 7:
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. a-b ©)

- 2T.(a+b)
And, finally, a design model (figure 20) was built corresponding to the state of the
mosque after seismic isolation and the calculation was performed in the LIRA-SAPR 2016
software package, in which it is possible to obtain all the necessary system parameters, for

example, loads in elements, displacements, vibration periods, visualization of vibration modes
[25-36].

Figure 20 — Design model of the Great Mosque in Aleppo with High Damping Rubber
Bearing (HDRB), installed under the building.

Pucynoxk 20 — [IpoexTtHast Mmoaenb bombIoit MmeueTr B AJIEIIO C pe3HHOMETAINTHYECKUMH
onopamu Bbicokoro nemmupoanus (HDRB), ycTaHOBICHHBIMU TIOJT 3JTaHUEM.

The assessment and calculation of the seismic resistance of the building showed the

effectiveness of seismic isolation in this case (figure 21). More about this may be written in
future articles.

a(a)

o(b)

1

Figure 21 —Displacement mosaics along X and Y after seismic isolation of the building of the
Great Mosque in Aleppo:
a — displacement mosaic along X; b — displacement mosaic along Y.

Pucynoxk 21 — Mo3auku nepeMenmeHnit BIoib X U Y Mociie CeMCMON30ISALNYT 31aHUS

Boabmioit MmeyeTu B AJlenmno:
a — MO3aMKa MepeMeNnIeHri BIoJib X; b — Mo3anka nepemMenieHuit Bob Y.
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It turned out that High Damping Rubber Bearings (HDRB), have the best

characteristics such as very high damping capacity, with an equivalent damping factor of
more than 15 % for a large earthquake, and good recoverability without additional dampers,
in other words ability to recover to its original position after seismic impact.

All of the above made it possible to reduce the impact of the earthquake on building

structures, which would lead to a decrease in negative reactions of people in buildings and
structures, such as fear and seismophobia, leading to panic.

Conclusions

To reduce the negative impact of earthquakes on people, on buildings and structures

and on the environment, the following measures should be taken:

e construction of buildings and structures, taking into account and based on the
normative maps of seismic zoning;

e increasing the seismic resistance of existing buildings and structures using non-
traditional methods of seismic strengthening, such as seismic isolation;

e as a successful and effective example of increasing the seismic resistance of
buildings, we can cite the proposed use of seismic isolation of the Great
Mosque building in Aleppo, which is one of the significant architectural
monuments of Syria;

e pay special attention to seismic hazard forecast;

o cffective organization of rescue services, medical assistance and firefighters;

e creation of emergency supplies of tents, medicines, clothing, heating
appliances, food, drinking water, etc.;

e cducating people and teaching them the rules of behavior in seismic hazard
conditions in order to avoid panic and increase the survival rate.
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