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MAIN PROBLEMS OF SEISMIC RISK REDUCTION DUE TO
INTERNAL AND EXTERNAL STRUCTURAL PROPORTIONS’ MASS VIOLATIONS IN
MULTISTOREY RESIDENTIAL BUILDINGS CARRIED OUT BY THE POPULATION

One of the factors to determin the high level of seismic risk in the city of Yerevan is the insufficient
seismic resistance of residential buildings, the important characteristics of which are the quality of
construction and proper operation of the building. The exclusion of residents' "unauthorized reconstructive
interventions" became a pressing security concern. In this regard, it’s very important to urgently adopt and
strictly enforce the law on the prohibition of the legalization of unauthorized buildings and redevelopment of
residential premises. This article discusses the problems of seismic risk reduction associated with massive
violations of the internal and external structural proportions of multi-storey residential buildings carried out
by the population, and indicates ways to eliminate these violations.
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On February 6, 2023 a 7.8-magnitude earthquake occurred in Turkey's Gaziantep province,
killing tens of thousands. This is one of the most powerful earthquakes in the region in the last
century, if not the most powerful [5]. We have recently passed through the nightmare of the Spitak
earthquake, but the deep pain of the wastes has not disappeared, and the earthquake’'s
consequences have not been fully overcome. However, we never learned a lesson from these
continuous warnings of nature, rather, from the real and sooner or later threat. Experts have
repeatedly referred to the factors determining the high level of seismic risk in Armenia and
especially in Yerevan, such as the possibility of a powerful earthquake, the high density of the
capital's buildings and the insufficient seismic resistance (seismic vulnerability) of most of them [1], It
is obvious that in order to overcome the last factor it requires to increase the earthquake resistance
of all buildings and structures and to improve their technical condition. Solving the above mentioned
problem is a matter of years, decades, but a clear plan should be urgently developed, strictly
followed and implemented step by step every year.

The important characteristics of the earthquake resistance of the building are its age (or the
degree of wear and tear), dimensional and structural solutions and their compliance with the
requirements of the existing norms of earthquake-resistant construction. The apartment buildings
left over from the Soviet years, that are the predominant part in the capital, were built according to
norms, where the level of seismic danger in Yerevan was artificially reduced from the actual level
(by about 2-3 points) [2], In addition, there are some quality deviations in the construction, and the

residents' "reconstructive" interventions have further complicated the situation. There are multi-
storied buildings, where the residents "removed" the supporting column of the building's

foundation, demolished the supporting wall, or built 1, 2, and even 3 additional floors on the roof.
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Every resident of an apartment building thinks that the space in the apartment is always
"small" and uses all tricks to expand it. Especially the residents of small apartments use any option of
expansion. It is very common to increase the number of rooms at the expense of the balcony. And if
many people just glass the balcony, there are also resourceful people who take the idea of expansion
to absurdity. As a result, the additional structure can disturb the neighbors, moreover, it can be
dangerous for the residents or people passing by the building. In almost all the yards of Yerevan,
you can find ordinary standard apartment buildings, in which, however, there are apartments with
extended living space. For example, in Figure 1, it is clearly visible where the original structure ends
and the added outbuilding begins, in Figure 2, the additional building does not look so
"monumental” and is expressed only in the form of a single balcony, and in Figure 3, more striking
examples of residents' “ingenuity” are provided.

As a result of the progressive development of industrial construction in the Republic of
Armenia in the 1970s-1990s, the city of Yerevan was built up with multi-story residential buildings
built with prefab RC frame, frame-panel, large-panel, raised floor method and other constructive
solutions [2], New residential districts appeared (Nor Nork, Erebuni, South-Western, Avan,

Davitashen), where the majority of Yerevan's population lives today.

Fig. 1 Added outbuilding Fig. 2. Added balcony on full height of building

Fig. 3. Appearances of added external structures carried out by resident
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According to the seismic risk map of the city of Yerevan, the South-Western District (SWD) is
located in the zone of high seismic risk. This is due to the difference between the city territory’s
seismic hazard level in new micro-zoning map and the seismic hazard level adopted during the
design of the buildings, the unfavorable ground conditions of the site, the high population density in
city and the predominant number of buildings built according to the 111 series standard design. The
Spitak earthquake, along with its terrible consequences, was a serious test from the point of view of
earthquake-resistant construction for evaluating the earthquake resistance of buildings and
structures with different constructive solutions. In particular, more than 120 9-story frame-panel
buildings built according to the standard project of the 111 series were completely destroyed in the
city of Gyumri during the Spitak earthquake. It is true that in the case of this earthquake, the
ground conditions were considered unfavorable for such type of buildings, but nevertheless, these
buildings also had serious defects in terms of design and implementation of construction works [4].

The global experience of analyzing the consequences of both Spitak and other devastating
earthquakes shows that every violation of the requirements of earthquake-resistant construction
norms is fraught with unpredictable consequences. During an earthquake, buildings and
constructions can be seriously damaged as a result of being in inadequate operating conditions.
Residents of Yerevan have a tradition before living in a new apartment they carry out structural
transformations in the apartment, according to their own taste and desire: they demolish and
change the shape of the partitions, open holes and openings in the main load-bearing walls. There
are separate cases when the rigidity diaphragms, intended to increase the seismic resistance of the
building, are removed in the RC frame-panel buildings, cellars are adapted in the basement (semi-
basement) floor of the building by demolishing the foundation of the building, etc. In the 1990s, as a
result of the privatization of buildings and the transfer of control over their operation processes to
communities (condominiums), an indifferent attitude towards the normal operation of buildings was
formed. In particular, as a result of water supply and sewage piping systems’ accidents, water and
sewage flow into the basement of the building, and the condominium ignores this problem. As
proves the research on the consequences of earthquakes, the mentioned and other similar facts
have a negative impact on the seismic resistance of buildings and increase their seismic vulnerability
(therefore, seismic risk) level.

The head of the Earthquake Engineering Center of the "Regional Survey for Seismic
Protection” Z. Khighatyan finds that it is necessary to pay attention to another worrying and
dangerous reality, which is of a mass nature, particularly in the B-1 and B-2 districts of the SWD of
Yerevan [2]. During the development and design of the districts’ general plans, the high-rise
residential buildings with different plan and constructive solutions were brought to a certain spatial
combination, based on the functional and volume-spatial considerations. As a result of that
combination, inner courtyards with their playgrounds and sports fields were created, and the
buildings with a square and elongated (rectangular) plans were combined with a distance of about
2m from each other so that the space separating them acts as a means of communication between

the courtyard and the street.
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From the point of view of the construction solution, the square-in-plan building is a frame-
panel building, built according to the 111 series typical project, with 9 residential and 1 additional
technical floors. Moreover, the 1st floor is non-residential and compared to the other floors, it has a
greater height and, in a certain sense, greater "flexibility". Starting from the 2nd floor (that is, on
the residential floors), the building has open balconies in the corner parts, which give the building
and the overall architectural complex a unique architectural look. Due to the presence of these
balconies, the area of separation between adjacent buildings is reduced, the size of which is
different in different cases. In many cases, it is 1-2 m, and in some cases, thanks to the balconies,
the buildings even come close to the size of the required seismic seam. Taking advantage of this
circumstance, our "creative" and "builder" residents got the opportunity to get more space and,
clearly, they did not miss the opportunity (especially since the wall of the neighboring building in
front of the balcony is "deaf). Thus, as a result of the implementation of the residents’ intention to
close the balconies and get more space, the much-needed seismic seam between the buildings
disappears. Moreover, the buildings with different constructive solutions are connected to each
other by means of artificial rigid connections (Figure 4). As a result, 6 or more (in some cases even
12) buildings form one general spatial building (Figure 5). The described phenomenon is massive in
Bl and B2 districts.

Fig. 4. "Elimination" of the separation area between adjacent buildings
by means of added solid structures

Fig. 5. "Combining" six buildings into one general spatial building
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From the point of view of earthquake-resistant construction, this is strictly unacceptable, as it
negatively affects the buildings’ spatial free operation during a possible earthquake. Even in the case
of seismic effects, assumed in the basis of the design of these buildings, unpredictable
consequences become possible, because the predicted seismic hazard becomes higher than the one
assumed in the basis of the design.

It is obvious that the problem presented in this article has an economic and social nature. In
our opinion, in case of earthquake, the only way to minimize the number of human casualties due to
the described reconstructive voluntary intervention and to preserve the material values to the
maximum is to dismantle and eliminate the above-mentioned connections. However, the awareness
level of the population in the fields of earthquake-resistant construction and seismic protection is
low, in addition, the material security is not good, so it will be difficult to expect them to voluntarily
perform the mentioned works. Solving the problem requires the use of all the appropriate levers of
the legislative, legal and administrative systems [3].

In September 2020, a draft law was submitted for public discussion. After its implementation,
it was planned to exclude the legalization of voluntary constructions [6]. According to the project
developed by the Ministry of Justice, it was proposed to make changes in the process of legalization
of voluntary structures. The main goal of the project was to exclude the possibility of further
legalization of voluntary structures built or to be built after the law came into force. However, due to
objective reasons, the law has not been adopted to date.

In conclusion, it is necessary to note once again that the strict observance of the earthquake-
resistant construction norms, the quality implementation of construction works, the normal
operation of buildings and structures, as well as the successful prediction of earthquakes, the
preparation of the population and the mastery of the rules of conduct of seismic protection form the
perfect complex system, the implementation of which it is necessary to strive and achieve.
Academician E. Khachiyan writes in his review "Issues of Earthquake Forecasting and Earthquake
Safety": "From a scientific point of view, it is possible to "cooperate” with an earthquake, fight
against it, restrain its destructive "encroachments” and even win." Yes, it is possible to defeat the
earthquake, if each of those responsible for that matter (official, scientist, designer, builder, as well
as every citizen) fulfills his obligations responsibly in his field of activity.
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U.N. wgwwnpju

Ut3UUbhU NhUUb LUURESUUL <PULUlLAPPLEME' UWUNJUUD
APLUUNRG3UL UN1UPS FURUUPLULUNUL TSELLEND LEML2PhL BY UNSULhL
unuusrnhuShd <UUUUWULNRGE3NRLLENP UUUUU3UHUL
hUuhSNhULENh <ES

Eplwl pwnuph ubyudply nhulih pwpép Jwhwpnwlp wuydwiwgdnpnn gnpénbiibphg £ pliwlitgh oG4-
pliph ng pudwpwp ubudwluynibnpnitp (ubjudhly funglihnyeynitip), nph uplinp pinipwaqphstilinhg G oh-
bwpwpnyagwiti npwlip b pGbph dhoyn pwhwanpdnidp: Pawlpsilinh «dGpwljwnnignnuiwin dhowdipnyeynit-
butinh» pwgwnnidp nupdby b hpuwypwy whdipwbquyht futinpp: Uin wnndny fupugn uiplinp £ ptipbwljuid
ohtinygyniitilinh opptiwlquitiugnidp wipngbiinn opbtiph hpwynwwy ptinnibnidp b fuuipwignybiv gnpdwnlynidp:
Unyt hnndwénid nhugpwpydnid B4 ubudhly nhulp bdwqbgdwt fuinpptibpp’ uwdwé ptwlsnyegut §nn-
dhg pwquwpbwluwpwb Gupbph bbppht U wpypwphte Ynbuipppnidyiphy hwdwdwutingggmibibnh dwuuw-
Juwlwb fuwpuipndibph hlg, U tpdmid G Jbpoptibph JGpwgdwti ninhlibpp:

Unwugpuyhtt pwnbp. ubjudhly nhuly, ubjudwlugnibingeinit, ulyudhly pungbihnyeywitl bdwqlignid,
Ynbuppnilyiphy hwdwdwutingeyniitibin, ptwlbih pnwpwdp, hbpbwlwd shinygnit:

A.M. XavarpsHx

OCHOBHBbIE NPOBJIEMbl CHUMEHWA CEWCMUYECKOTO PUCKA, OBYCJIOBJIEHHBIE
MACCOBbIMA HAPYLLEHUAMU BHYTPEHHUX N BHELLUHUX KOHCTPYKTUBHbIX
MPOMOPLNIA MHOTO3TAMHbIX MUSbIX J,OMOB, OCYLLECTBAEHHbIX
HACEJIEHUEM

OO0Hum u3 ¢bakmopos, onpedenarowux BbiCOKUU yposeHb celicmuyeckoeo pucka 8 20pode Epesare,
AsnAemcAa HedocmamoyHaa celicMocmolikocme #unibix 30GHULU, BAMHBIMU XApakmepucmuKkamu kKomopoli
ABNAIOMCA KG4eCmB8o CMPOUMebCMBa U NpasuibHAA SKCyamayua 30aHUA. VIckiodeHue «CamoBObHbIX
PEHOHCMPYKMUBHbIX BMeWamenscms» xumesnel cmano HacywHol npobnemoli besonacHocmu. B asmoli csA3su
oyeHb BaXHO 6e3omnazamenbHoe nNPUHAMUE U HEYKOCHUMEbHOe UCNONHEHUE 30KOHA © 3anpeme
/1€2aNU3AYUU  CaMOBOMbHBIX NOCMPOeK U NEpenjiaHUpOsKU  Musbix nomeuwleHul. B 0danHol cmamebe
paccmompeHbsl  nNpobnembl  CHUMEHUA CceliCMUYECKO20 pUCKA, CBA3GHHbIE C MACCOBbIMU HAPYWEHUAMU
BHYMPEHHUX U BHEWHUX KOHCMPYKMUBHbIX Nponopyull MHO2039MAaMHbIX MUfbix OOMO8, OCYWeCMmBIeHHbIX
HaceneHueM, U yKa3aHbl Nymu yCmpaHeHUus yKa3aHHbIX HapyweHud.

Knroyesbie cnosa: celicmuyeckuli puck, celicMocmolikocmb, CHUMeHUe celicmudeckol yA38uMocmu,

KOHCMPYKMU8Hbie nponopyuu, xuiaAa nﬂOLL(Gab, CAamMoOB80OJ/IbHOE CMpoumesbCimaso.
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