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Abstract. The purpose of this article is to test the proposed methodology for the visual
assessment of the earthquake resistance of buildings with flat slab frame, taking into account the
influence of non-structural wall infill. The object of study is located in 126, Tolbukhin Street in
Odessa. Visual assessment is a method of expert assessment which includes a visual inspection of
the building using a specially designed form that takes into account the main parameters that
determine the level of building earthquake resistance. Such an assessment formalizes the expert
approach to the research, and due to this, significantly reduces the time period necessary to
determine the earthquake resistance of a building.

In international practice, a visual assessment of earthquake resistance is a tool for rapid mass
assessment of both individual buildings and city blocks, as well as entire settlements in order to
compile a list of objects that require detailed investigation, and also such an assessment allows to
develop scenarios of rescue operations during earthquakes. There is no similar assessment system in
Ukraine. Today, in the developed three-level system for assessing the actual seismic resistance, the first
level is a visual assessment. The second and third levels are, respectively, certification of seismic
resistance and a more detailed analysis in the form of nonlinear calculation methods in combination
with the results of engineering-seismometric monitoring. At this stage of development of the first level
of the system for assessing the actual seismic resistance, a list of critical criteria has been formed that
are crucial in the assessment of seismic resistance, and an evaluation form is proposed. Due to the fact
that international codes experience is very controversial when taking into account the influence of non-
structural wall infill, the consequences of earthquakes are considered as a decisive argument.
According to the results of their analysis, the influence of non-structural wall infill on the seismic
resistance of frame buildings was revealed and systematized. Based on this, the form of the visual
assessment of seismic resistance has been expanded to allow for non-structural wall infill.

Keywords: rapid visual screening, RVS forms, reinforced concrete framework structures,
irregular wall infill.

Introduction. Rapid Visual Screening (RVS) is a system of assessment based on the expert's
opinion, formed by visual inspection of the object and a special form completed on its basis, made in a
short period of time (from one to four hours) [1]. To carry out a mass assessment of the seismic
resistance of existing buildings in Ukraine today is possible only through the use of such an assessment
system [2].

The experience gained in the world testifies to the widespread use of RVS systems. However, the
use of any of them in Ukraine is impossible for many reasons: differences in regulatory bases,
construction culture, national characteristics and traditions, both in regulatory documents [3], in the
design and construction, as well as the lack of systematic information on the construction fund of
objects. Therefore, a three-tier system for the assessment of actual seismic resistance is under
development, the first stage of which is the RVS. One of the main differences of the developed system
for frame houses is the consideration of the influence of non-load-bearing wall infill.
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With different approaches to taking into account the effects of non-load-bearing wall infill in the
operation of buildings under seismic impacts [4], which are sometimes polar opposite, the earthquake
effects are decisive. According to the results of their analysis, the influence of non-bearing wall infill
(hereinafter — NW1) on the seismic stability of the bearing scheme was identified and systematized.

Analysis of recent research. Visual assessment of earthquake resistance is a widespread
worldwide method of seismic assessment, which is used in many countries (USA, India, Switzerland,
New Zealand, Turkey) [5]. However, all foreign systems have significant drawbacks that make it
impossible to use them in Ukraine. The following disadvantages include: local regulations and building
traditions, the availability of systematic information on existing construction, also none of the RVS
techniques take into account the influence of non-load-bearing wall infill.

The goal of the work — to test the proposed methodology with the influence of the NWI,
which must be taken into account in visual assessment of seismic stability.

Research methodology is to systematize the effects of earthquakes on frame buildings with
non-load-bearing wall infill. According to the results of the systematization, a form of visual
assessment of the seismic stability was developed, which was tested on the existing house.

Main part. Irregular positioning of the NWI can lead to consequences for both the irregularly
positioned element and the whole design scheme as a whole.

According to the results of the analysis of the effects of earthquakes, the authors conclude [6-7]
that the irregular location of non-bearing wall infill has a significant impact on the seismic stability
of frame buildings. Summarizing the analyzed consequences, we can distinguish the following main
variants of irregularity of wall infill, which significantly affect the seismic stability of buildings:

1. Irregular arrangement of wall infill within a separate span.

2. Irregular arrangement of wall infill on typical floors.

3. Irregular arrangement of wall infill within the separate/first floor.

4. Irregular wall infill, which leads to the destruction of reinforced concrete frame type «short
columnsy.

5. Irregular arrangement of wall infill within the separate/first floor leads to the destruction of
reinforced concrete frame in the type of «flexible floor».

These major types of destruction have been confirmed by numerical and laboratory studies
and taken into account in the form of visual assessment previously developed by the authors [8].

The main stages of visual assessment. According to the developed visual assessment
technique [9-10], chamber work should always precede and complete the object survey.

Initial chamber studies include:

1. Determining the location of an object — forming a situation scheme in the form of gis or
satellite images.

2. Search and analysis of available project documentation and results of engineering research.

3. Determination of the main technical and economic indicators, class of consequences, soil
category by seismic properties and seismicity.

Field studies include:

1. Object overview.

2. Determination of availability of critical criteria and irregularity of the NWF.

3. Photo fixation.

4. Measurements of basic dimensions.

The final chamber works include:

1. Summarizing the results of the review.

2. Report design.

3. Forming a conclusion about the seismic stability of the object and the need for further
research.
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Short information about the object. According to the results of the work on the determination
and the results of engineering-geological

of seismic stability, fragments of design documentation

studies were obtained (the category of soils by seismic properties is the second).

* The building is a three-storey building with a basement. The form in the plan is wrong (in

the form of two rectangles).
* Dimensions in plan: 38 x 14 m.

* The building was designed and constructed in 2014.
In the Table. 1 is a form for assessing the seismic stability of an object.

Table — 1 Form of seismic assessment of the object

(Characteristic view, form a general idea of the
object)

Address — 126, Tolbukhin str.,
Number of floors — 3

Building area, m* — 1200

Erection year — 2014

Purpose — Residential

The cost of the object according to
DSTU 8855: 2019 (in minimum
wages) — 734

The class of consequences [3] — CC2
Seismicity of the site — 7

Category of soils by seismic
properties — 11

Other

Expert (Full Name of Qualification
Certificate): OV Murashko, AE
005333

Number of people staying at the property

Constantly Periodically Outside
<50 | 50-400 | >400 <100 | 100-1000 |>1000 <100 | 100-50K | >50K

Is the object of cultural heritage

NO

Critical criterion

1. Location in areas of possible .
; . ' 2. Areas of possible passage of mudflows

manifestation of tectonic faults on the

and avalanches
surface
3. With steepness of slopes over 15° 4. Scree, landslides, landslides
5. Tsunami danger area 6. Category IV soils by seismic properties
7. Karst, suffusion, mining 8. The presence of a nearby object that

may collide
9. The presence of structural elements 10. The presence of irregularities in the X
in a state of disrepair plan
11_. The presence of irregularity in 12. Notes:.
height

13. Irregularity of wall infill

13.1. Irregular placement of wall infill 13.2. Irregular arrangement of wall infill
within a separate span within separate 2nd and higher floors X
13.3. Irregular arrangement of wall 13.4. Irregular arrangement of wall infill
infill on typical floors within the ground floor X
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continuation of Table 1

13.5. Irregular wall infill leading to the
destruction of reinforced concrete
frame by the «short-column effect»

13.6. Irregular arrangement of wall infill
within a separate first floor, which leads | X
to the destruction of reinforced concrete
frame in the type of «flexible floory

@

Situational plan (scheme)

Form in plan showing the points of fixation

F1

Facade 1

Facade 2
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continuation of Table 1

Facade 4
access to the rear facade
was not provided

Facade 3

Photo fixation of detected critical criteria of the object (if detected)

Critical criteria no. 10, 11, 13.2, 13.4, 13.6 are visible on facades no. 1 and no. 2
Expert opinion

The facility is potentially non-seismic and requires certification (Level 2 SOFS)

Research results. Given that visual assessment of seismic stability is a part of a three-tier
system for assessing actual seismic stability, a further, more detailed, inspection of the object by
means of passporting is required in the first step when detecting a seismic deficit.

Conclusions:

1. The main stages of visual assessment of seismic stability are described in the paper.

2. The influence of non-bearing wall infill is substantiated.

3. The proposed method of estimation of the actual seismic stability was tested on a three-
storey residential building with public premises in 126, Tolbukhin Street in Odessa.

4. According to the results of the assessment it is determined that the object is potentially not
earthquake resistant and requires certification (Level 2 level of three-tiered system for assessing the
actual seismic resistance).
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AHoTanisa. Meroro naHoi cTarTi € ampoOarlisi MPONOHOBAHOI METOAMKH Bi3yallbHOI OLIIHKU
CEHCMOCTIHKOCTI OyAMHKIB 3 OE3pHIeIbHUM KapKacoM 3 ypaxyBaHHSM BIUTUBY HEPETYISIPHOTO
pO3TalllyBaHHS HEHECY4YOI'0 CTIHOBOTO 3anoBHEHHs. O0'€KT JOCHIIIKEHHS 3HaX0UThesl B MicTi Opeca
3a anpecoto TomOyxiHa, 126. BisyanbHa OIliHKA € METOJIOM EKCIIEPTHUX OIIIHOK BKIIOYae B ceOe
Bi3yaJlbHE OOCTE)KEHHsI Oy[iBJli 3 BUKOPUCTAHHAM CHELIaIbHO po3po0iieHoi (opmu, sika BpaxoBye
OCHOBHI MapaMeTpH, 10 BU3HAYAIOTh PIBEHBb ceilicMocTiiikocTi Oymieii. Taka omiHka (opmanizye
eKCTIePTHUM MiAX1J U1 JOCIIKEHHS], Ta 3aB/ISKU [[bOMY CYTTEBO 3MEHIIIY€ MEepioJ] 4acy HeoOXiTHUH
JUI BU3HAUYEHHS CeCMOCTIMKOCTI Oy/1iBil. Y CBITOBIM MpPaKTHIIl Bi3yaJlbHa OLlIHKA CEMCMOCTINKOCTI —
1€ IHCTPYMEHT JUIl ONEepPAaTUBHOI MAacoBOi OIIIHKH, K OKpeMHX OyiBeslb 1 KBapTaliB, TakK 1 LUINX
HACEJICHUX IMYHKTIB, 1100 CKJIACTU Mepelik 00’€KTiB, sIKi MOTPeOyIOTh AETAIbHOIO AOCIIIKEHHS, a
TaKOX Taka OLIHKa JI03BOJIsIE PO3POOIISATH CLIEHAPil PATYBAILHUX POOIT MpU 3eMIIeTpycax.

B Vkpaini mogiOHOro pomy cucrema OIHKK BiacyTHsA. Ha choromHimmHii JeHb B paMKax
PO3pOOIIOBAHOT TPUPIBHEBOI CHCTEMU OIIHKK (DAaKTHYHOI CEMCMOCTIMKOCTI TEpIIMM pPIBHEM €
BI3yaJibHa OILHKA. J[pyruil 1 Tperiii piBHI — BIANOBIIHO MACHOPTU3ALsl CEMCMOCTIMKOCTI 1 OUIBII
JeTaJbHUM aHami3 y BUINIAAI HENIHIMHUX METOAIB PpO3paxyHKY B MO€IHAHHI 3 pe3ylbTaTaMu
IHYKeHEpHO-CEHCMOMETPUYHIX CIOCTepeXkeHb. Ha maHomy erari po3poOKH IEpIioro piBHS CHCTEMHU
OLIHKM (aKTUYHOI CEHCMOCTIMKOCTI c(OpPMOBaHMH TEpelNiK KPUTHYHHUX KpHUTEpiiB, sKi €
BU3HAYATGHIMHU TIPH OIIIHIII CEHCMOCTIMKOCTI, @ TAKOXK 3aIPOTNIOHOBaHa (popma OIIHKH. 3 OISy Ha Te,
110 MDKHApOJAHUM HOPMATUBHMI JTOCBIJI BEJIbMH CYNEpPEWwIMBUN NPU BpaxXyBaHHI BIUTUBY HEHECY4OTrO
CTIHOBOTO 3allOBHEHHS, SIK BUPIMIAILHOTO apryMEHTy PO3MIATAIOTHCS HACTIIKK 3eMIIETPYCIB. 3a
pe3ynabTaTaMu iX aHamizy OyJI0 BHSBICHO Ta CHCTEMAaTW30BAaHO BIUIMB HEHECY4Oro CTiHOBOTO
3allOBHEHHS Ha CEHCMOCTIMKICTh KapkacHUX OyauHkiB. Ha mizncraBi "oro ¢opma Bi3yaslbHOI OIIIHKH
CEHCMOCTIMKOCTI pO3IIMpPEHa JUIs MOKIIMBOCTI YpaXyBaHHS HEHECYYOT'0 CTIHOBOTO 3aIIOBHEHHSI.

KurouoBi cjioBa: BizyasbHa OILlIHKa CEHCMOCTIHKOCTI, (hopMa OLIHKH CeHCMOCTIHKOCTI
00'ekTy, Oe3puUreNbHUIN KapKac, HeperyIsIpHICTh CTIHOBOTO 3alIOBHEHHS.
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AnHoTanus. llenplo gaHHOM crTaTbu sABIseTcs ampoOaius MpexiaraeMoil MeTOIUKU
BU3YQJIbHOW OIIEHKHM CEHCMOCTOMKOCTH 37aHMi C Oe3pHrelbHbIM KapKacHOM C yY€TOM BIIMSHUS
HEHeCyIllero CTeHoBoro 3amosiHeHus. OOBEKT MccieqoBaHus Haxoautcss B ropoge Opnecca 1o
aapecy TonOyxuna, 126. BusyasibHasi olieHKa SIBISETCS METOJIOM SKCIIEPTHBIX OIIEHOK U BKIIFOYAET
B ce0s BU3yalbHOE 00CII€I0BAaHHE 3/1aHUS C UCIIOJIb30BAHUEM CIIELUABHO pa3paboTaHHON (HOpMBI,
YYMTBIBAIOLIEH OCHOBHBIE ITAPAMETPBI, ONPEACIIONIME YPOBEHb CEMCMOCTOMKOCTD 31aHus. Takas
olLleHKa (hopMaslu3yeT HKCHEPTHBIN MOAXO0J AJIS MCCIel0BaHusA, U Oiarogaps 3TOMY CYLIECTBEHHO
YMEHBILAET EPUO BpEMEHU HEOOXOAUMBIH JIJIs OIIpeIeTICHHS CEHCMOCTOMKOCTH 3JaHUSI.

B MupoBoil mnpakTHKE BH3yalbHas OLEHKA CEHCMOCTOMKOCTM — 3TO WHCTPYMEHT JUIs
ONEPAaTHUBHOM MAacCCOBOM OLICHKM KaK OTJEIbHBIX 3JaHUM M KBAPTAJIOB, TaK M LEJBIX HACEICHHBIX
IIYHKTOB YTOOBI COCTaBUTh IIepeUYeHb OOBEKTOB, KOTOpPhIE TPeOYyIOT IETaJIbHOTO HCCIEIOBAHUsA, a
TAaKXKe Takas OILEHKa [O3BOJSET pa3pabaThiBaTh CICHAPHHM ClAcaTEeIbHBIX paboOT mpu
3emiieTpsiceHusx. B Ykpaune monoOHoro poaa cucrema OLEHKH OTcyTcTByeT. Ha ceronusmHuit
JeHb B paMKax pa3pabaTeiBaeéMOW  TPEXYpPOBHEBOW CHUCTEMBI OIECHKH  (PaKTHYECKOU
CEMCMOCTOMKOCTU IIEPBBIM YPOBHEM SBJIACTCS BHU3yallbHas OLEHKAa. BTopoil M TpeTuil ypoBHH —
COOTBETCTBEHHO IIaCMIOPTH3AIMA CEHCMOCTOMKOCTH © Oojiee JeTajdbHBIA aHaluM3 B BHJE
HEJIMHEWHBIX METOJIOB pacyeTa B COYETAHUU C PEe3yNbTaTaMU HHKEHEPHO-CEHCMOMETPUYECKUX
HaOmoneHuil. Ha nanHoM sTame pa3paOOTKM NMEPBOrO YpPOBHS CHUCTEMBI OLIEHKH (aKTH4YEeCKOU
CeCMOCTOMKOCTH C(OPMHUPOBAH TIEpEUYEHb KPUTHUECKUX KPUTEPHUEB, KOTOpBIE SBISIOTCS
OTIPEICIISIONIMMHU TIPH OLIEHKE CEMCMOCTOMKOCTH, a TakXke IpeoxeHa ¢opMa OleHKU. Bauny
TOrO, 4YTO MEXKIAYHAPOAHBIM HOPMATUBHBIA OIBIT BECbMAa IIPOTUBOPEYMB IIPU YYETE BIIMSAHUSA
HEHECYIETO CTEHOBOI'O 3aIlOJIHEHUS, B KauyeCTBE PEIIAIOLIETO apryMEHTa pPaccMaTpHUBAOTCA
nociuencTBUs 3emierpsacenuil. [To pesynpraTaMm ux aHanu3a ObUIO BBISBIEHO U CUCTEMATHU3UPOBAHO
BIINSIHME HEHECYIIET0 CTEHOBOI'O 3allOJIHEHHMsS Ha CEHCMOCTOMKOCTh KapKacHbIX 31aHuid. Ha
OCHOBAaHMU uero (Gopma BU3yaJIbHOH OIEHKH CEHCMOCTOMKOCTH paciiupeHa JUisi BO3MO>KHOCTH
y4eTa HEHECYLIEr0 CTEHOBOTO 3aII0OJIHEHUS.

KiroueBble cji0Ba: BU3yalibHas OLEHKA CEHCMOCTOMKOCTH, (hopMa OLEHKH CEHCMOCTONKOCTH
00BbeKTa, Oe3pUreNbHBIN KapKac, HEPEryIsipPHOCTh CTEHOBOTO 3aII0JTHEHUSI.
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