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THE ESTIMATION OF THE ACCURACY OF DEFINING THE ULTIMATE
HORIZONTAL ACCELERATION OF THE GROUND OF THE BASE OF SHUSHI
REALEE COLLEGE
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The results of engineering-geological and engineering-seismometric studies of the grounds of
the base of the building of Shushi Realee college are presented here and the discrepancy between the
obtained values of the ultimate horizontal acceleration of the ground is estimated.

It was revealed that the seismic properties of the ground of the territory of Realee College
determined by the engineering-geological analogy, belong to the Il (second) category with the
calculated seismicity of the ultimate horizontal acceleration A, = 0.3g.

Using the engineering-seismometric method, the amplitude-frequency Fourier spectrum was
analyzed and it was found that the micro- fluctuations of the ground of the studied area are in the
range of 3.0-3.5 Hz. and the magnitude of the period prevailing fluctuations is Ty = 0.28-0.3 sec.
which is typical for grounds with seismic properties I (first) category with the calculated seismicity of
the ultimate horizontal acceleration A, = 0.24g.

So, the discrepancy between the ultimate horizontal acceleration of grounds determined by the
methods above mentioned is about 20%.

In order to reduce the seismic risks of buildings and structures under construction, we suggest to
amend the regulatory documents for earthquake-resistant construction taking into account the
possible deviations of the ultimate horizontal acceleration of grounds determined by various methods
of survey.

Key words: ground, deformation, seismicity, micro zoning, horizontal acceleration micro
fluctuation, period, range, frequency, spectrum.

Introduction

The building of Realee college in Shushi, being included in the list of historical and
architectural monuments of Artsakh, was built in the beginning of the 20th century and currently is
partially ruined (Fig. 1).

Connected with it the Ministries of Civil Engineering of Armenia and Artsakh announced tender
for the restoration and strengthening of the building taking into account regulatory requirements and
other published works on earthquake-resistant construction [3, 4, 5].

In order to determine the maximum horizontal acceleration of the ground of the base of the
building of Realee college, the methods of engineering-geological analogy and engineering
seismometry were used by applying a Japanese OMNILIGHT-8M measuring and computational
complex consisting of a highly sensitive three-component velisograph of the model UP-255 which
registers the elastic fluctuations of surface grounds (Fig. 2a) and four - channeled magnetic registering
instrument FC-14 for frequency analysis of micro fluctuations (Fig. 2b).
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Fig. 1 The building of Shushi Realee College, 2019

As a result of the research, discrepancies in the dimensions of the maximum horizontal
acceleration of the ground of the base of the building of about 20% were revealed. Similar deviations
were observed during engineering and survey work in other areas of Artsakh Republic.

a
Fig. 2 Measuring and computational complex OMNILIGHT-8M
a) three component highly sensitive velisograph UP-255
b) four — channeled registering instrument FC-14

Topicality

Improving the accuracy of seismic calculations of buildings and structures being built and
strengthened based on the improvement of the results obtained from the maximum horizontal
acceleration of the ground of the basement.

Scientific novelty

The evaluation of the variation in the deviations of the maximum horizontal accelerations of
grounds is given which is identified by the methods of geotechnical analogy and engineering
seismometry which allow us to offer on the regulation of these deviations in normative documents on
earthquake-resistant construction.

Aim of the research
Reducing seismic risks of buildings and structures taking into account amendments to existing
regulatory documents on earthquake-resistant construction.

Research results

While defining the estimated seismicity (Anax) of the territory of Realee college as an initial
seismicity (am.,) the dimension of horizontal acceleration of the ground was carried according to the
map of detailed seismic zoning of the Republic of Artsakh where the territory of Realee college enters
into the second zone with the dimension of a,,, = 0.3g (Fig. 3).
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Fig. 3 Map of the detailed seismic zoning of the territory of the Republic of Artsakh
(part)

The basis for seismic micro-zoning was the results of engineering-geological surveys conducted
on the territory of the school according to the method of engineering-geological analogies the
indicators of which are given in Table 1.

According to these data, the grounds of the basement of the school building according to seismic
properties in accordance with the recommendations of CNRA 11-6.02-2006 includes: layers Ne 1, 2, 3
and 4 (clay, loam and crushed stone) - to II (second) category, and layer Ne 5 (limestone) - to I (first)
category when the calculated seismicity in terms of the maximum horizontal soil acceleration is Apux =
0.3g [5].

Table 1
Physical —-mechanical properties of the ground of the territory of Shushi Realee college
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a 5
1 | Clay 3.0-4.0 1.89 | 082 | >0.5 12 - - 16 48
2 | Loam 2.04.0 1.82 | 0.83 | >05 8 - - 15 15
3 | Loamwith 2022 | 186 | 079 | 05 | 10 | - - 17 | 16
crushed stone
4 | Crushed stone 0.9-1.0 2.10 - - 35 - - 33 6
5 | Limestone >30 2.30 - - - 40 28 41 73

82



ARCHITECTURE AND CONSTRUCTION

The obtained dimension of ultimate horizontal accelaration of the ground was also checked by
the engineering seismometric method. The characteristic record of micro fluctuations of the ground of
Realee college and amplitude-frequancy Fourier spectrum corresponding to them are shown in the Fig.
4 and 5.
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Fig. 4 Record of micro fluctuations of the ground in times
Um — amplitude of fluctuations in micro zones
T — period of fluctuations by seconds

The analysis of amplitude frequency Fourier spectrum showed that the frequency of micro
fluctuations of the grounds (f) of the basement of Realee college is between 3.0-3.5 Hz when the
dominating period of ground fluctuations (To) comprises 0.28-0.30 seconds which characterizes the
seismic properties of the ground of the I (first) category with A, = 0.24g with certain accuracy.
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Fig. S Amplitude —frequency Fourier spectrum of micro fluctuations of the ground
dBm — amplitude of the fluctuations in decibels
f — frequency of fluctuations in Hertz

Thus, there are discrepancies of the order of 20% between the maximum horizontal acceleration
of the foundations of Shushi Realee college building defined by the methods of geotechnical analogies
(Amax=0.3g) and engineering seismometry (A ,,,=0.24g).

Conclusion
1. The boundaries of deviations of horizontal accelerations of grounds from the basement of the
foundation of Shushi Realee college defined by the methods of geotechnical analogy and
engineering seismometry are established here.
2. The results of similar analogous studies carried out in the future can serve as the basis for
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increasing the accuracy of seismic calculations of buildings and structures being constructed
and for amending in regulatory documents according to earthquake-resistant construction.
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S.U. Ywywpjw, N.9.bupwybyw
Cniphh pbfubininghwlwl hwdwuwpwt

Lbpyuwywgynn wotuwwnwipnd nhunwpyynd Gu Sniphp Mbwjwywu nwnduwpwup otiuph
hhduwwmwlyh  gpniunubpp hudtubpwhbpypwpwuwywu L hudbubpwubjudwdbunpwywu
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hGunwagnwinigniuubph wprynwpubpp: Spdwd £ gpniunp wnwybjugnyu  hnphgnuwlwu
wpwgugdwu dbdnipjwl sbndwt quwhwwnwlwup:

Pwgwhwyinwsd L, np  hudbubpwbpypwpwiwywt  vdwuwlydwt dbennh  Yhpwndwdp
Mawjwlywu nwnuduwpwup wwpwdph gpniunubpt pun ubudhy hwwnynyejwu Ybpwpbpnd Gu 1
(Bpypnpn) Yupght' Amax= 0.3g wnwybjuwgnyu hnphgnuwlwu wpwqugdwp:

hudbtubpwubjudwdbnpwywu  dbennh  Yhpwndwt  nbwpnd  Yuwwpdtp £ Snipgbh
wdyhnninw-hwbwuwlywuwht  uwblunph  Jbpndnyeyntu,  pun nph hwunwwndl £, np
nwnwuwuhpynn twpwdph dhypnunwnmwundubipp gunuynud Gu 3.0-3.5 htpgh uwhdwuubpnid, nph
ntwpnd gbpwyonnn wwppbpnyeniup gunuynid £ To = 0.28-0.3 Ypy wnhpnyenid, hust puin ubjudhy
hwwnynugjwl punpny | | (wnweht) Ywpgh gpniunubpht’ A = 0.24g wnwybjwagnyu hnphgnuwywu
wpwguwgdwp: Wuwhuny, ybpnugu| dbennubpny pwgwhwjndwd gpniunubph wnwybjwgnyu
hnphgnuwywu wpwqwgnudubiph dhole obnndp Yugdnud £ dnuin 20%:

Unwownyynwd £ Ywnnigynn obtupbiph L ohunuyeniuubiph  ubjudhy nhubyp ujwgbgdwu
uywuwwyny wwppbip  dbennutpnd  npnpdwd  gpnuunubiph wnwybjwgnyu hnphgnuwywu
wpwaguwgdwu dednieniutbph huwpwynp stinnwdubph hwoqwndwdp ubjudwlwniu ohuwpwpnyejwu
gnpdnn unpdwwnhyw)ht thwuwnwenebnnd dingub) thnthnfunipniu:

Pwuwih pwnbp. gpniun, nEdnpdwgnid, ubjudhynieyntu, dhypnopowtiwgnd, hnphgnuwlwu
wpwagwgnd, dhypninwnwunid, wywppbipnye)niu, wdwhwniy, hwbwfuwwunye)niu, uyblunp:
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OIIEHKA TOYHOCTHU ONPEAEJEHUA MAKCUMAJIBHOT'O
I'OPU30HTAJIBHOI'O YCKOPEHUSA I'PYHTA OCHOBAHUA 3IAHUSA
PEAJIBHOT'O YYUJIMIIA r. HTYIHIN

DA Janaaksan, P.I' .Ucpaensin

Llywunckuii mexnonozuueckuil yHusepcumem

IIpuBoasTCs pe3yabTaThl HHKEHEPHO-TEOJOTUYECKUX M HHXKEHEPHO- CEMCMOMETPHUYECKUX
WCCIIEOBAHUA TPYHTOB OCHOBaHHUS 3aaHUs PeampHoro yuwnmma 1. lllymm w mama oreHka
PaCXOXACHUS MOTYUYEHHBIX BETMYMH MAKCUMAIbHOTO TOPU30HTAILHOTO YCKOPEHUS TPYHTOB.

BeisiBneHo, 4TO ceilicMUYECKHME CBOMCTBA TPYHTOB TeppUTOpuM PeanbHOro y4wiMiia,
OTIpeIeNICHHBIE METOIOM WH)KEHEPHO-TEOJIOTHYECKOl aHanoruu, oTHocsATes K 11 (BTopoit) kaTeropuu ¢
pacyeTHOU CeHCMUYHOCTHIO MAKCUMAJIBHOTO TOPU30HTATIBHOTO YCKOPEHUS A = 0.3¢.

IIpu wHXEHEPHO-CEHCMOMETPUIECKOM METOJIC BBITIONHEH aHAJIN3 aMIDIUTYIHO-4aCTOTHOTO
cniektpa Oypbe U YCTAHOBIEHO, YTO MUKPOKOJIEOAHUSI TPYHTOB HCCIIEyEMON TEPPUTOPUN HAXOAATCS
B npenenax 3.0-3.5 I'm., a BenmumHA mpeobiagaroniero nepuosa koinebannii cocrasisieT To= 0.28-0.3
CeK., 9TO XapaKTepHO /I TPYHTOB C CECMHYECKUMU CBoWicTBaMU | (TmepBoii) KaTeropuu ¢ pacyeTHON
CEHCMUYHOCTHIO MAKCUMAIILHOTO TOPU3OHTAIEHOTO YCKOPEHUS A = 0.24¢.

Takum 00pa3oM, pPaCcXOXKICHHE BEIMYHH MAaKCHUMAIBHOTO TOPU30HTAILHOTO YCKOPEHHUS
TPYHTOB, OIPEACICHHBIX YKa3aHHBIMU BHIIIE METOAAMHU, cOCTaBiseT nopsaka 20%.

C 11enplo CHIDKEHUS] CEHCMIYECKHUX PICKOB BO3BOJIMUMBIX 3IaHUH U COOPYKEHHM MpeiaraeTcs

BHECTH U3MEHEHUS B HOPMATUBHBIE JJOKYMEHTBI 110 CECMOCTOMKOMY CTPOUTENIBCTBY, YUUTHIBAOLINE
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BO3MOXHBIC OTKJIOHCHHUA BCIWMYMH MAKCHUMAJIBHOI'O TOPHU3O0OHTAJIBHOI'O YCKOPCHHA TPYHTOB,
OIIPEACIICHHOI'O pa3JINYHbBIMU METOdaMU HM3BICKAHHM.

KawueBbie caoBa: rpyHT, JAedopmanusi, CeHCMUYHOCTh, MHKPOpPaOHHpPOBaHHE,
TOPHU30HTAIBHOE YCKOPEHHE, MUKPOKOJIe0aHue, epuo, aMIUIUTY1a, YaCTOTa, CIIEKTP.
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