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Type of Structure Vulnerability Class
A B C€C D E F

Rubble stone, fieldstone

Adobe (earth brick)

Simple stone

Massive stone

MASONRY

Unreinforced, with manufactured stone units

Unreinforced, with RC floors

Reinforced or confined

Frame without earthquake-resistant design

Frame with moderate level of ERD

Frame with high level of ERD

Walls without ERD

Walls with moderate level of ERD

REINFORCED CONCRETE
(RC)

Walls with high level of ERD

STEEL | Steel structures

WOOD | Timber structures

B Most possible
I Possible
Not likely

71



5060360 7odBHMMgdol Qom35¢olobgdom, MHmam®E bM. N 1 s 2-esb Bsbl d9bm-
0900L IBH0BIdEMBIOL (IM{iy3zeroE®dOL) Jerslio Tgodwrgds gMmo b mMo Loggbwmom ©od-
39000©9L. 5159 FoQO0MS, 0¥) 36EOLYOLIMOO MboLdogdgdoL LydsE™ Mbom sOFMMm30-
o 63065093H™boL 356350 T9bmdId0 sH0sbYdsEMBdOL ,D” 3esbls d0g329m3690s bo-
HoLbM Bod3OHM9JBH™ 2osfY39GOL s Fd9bxdEMdOL B boMolbol dgdmbggzsdo sbgomo
d96m0d9d0 d90degds d0gLosdMml sB0sBIBIEMBOL ,B” 3¢005LlL, M3 03l 60dbsgl, MM G 3o-
B5d9BHM™boL 3563580 896Mmd9d0 dofjolidzdol BgdmddggdsBg Hobswmdol asfgzol mbs@oom
MM 56EH0LgoLINMHO VMBOLA0YdYOOL Qo0gdg 589693 dz9wo G030l saEOol (J30L)
396mdgdL, M3 MOMYMBOoMs© 03mJdggdl Lgolidxyemo Molzol Gguslgdobsl.

L5JoONZIW ML Joeodgdols gob5d96056905d0 LoEzbmz®mgdgo Lobegdol y3gwsbg 4s36M39-
900 303900 990930 LEAHMMJGHIO00 bolosMEYds:

- 1-3 LaMEP0bO 539MHOL (30L) F96MdYdO;

- 4-9 LoOHMME05H0 SMOOL S 3MB3gJuIHO T9bmdYdO;

- 5-9 LoOHmEosbo Abbgzowdem3MMo d9bmdgdo;

- 5-15 LomoE0sbo Abgo3sbgwmemo 896mdgd0’

- 5-16 LoM¥EP0560 565369d0-FMbmEomNMHO M306589FMbOL T9bmdgd0;

- 5-14 LSO 060 FMBMEOMHO H30b5dYEHMBOL 356 35UvEP0 S 356 35LM F9bmdgdo.

00 g5JBHOL 39035¢0ob{iobgd0m, GMI LodsGmM3zgerm dEdsMYMdL bgoLdMMo odEHowWe
09300630, oo Mobzos G300 ads dofiolidgzMmsd 390 999agd0 FmMY30EHBML. ghom-gMHmo
de0g®o dofjolidgzMs dmbgs 2002 ierol 25 536MH0wl, MHmAwol 930396G®0E 0ym mdowoliols
A9O0GHMOM05BY. dofjolidzmol Hgdmddggdol s3@o® sMgsedo dmgdazs 20000-0g d9bmds,
306390 9903039 Mm39MoG0MEs© 999mfas ssbwmgdom 5 000-0g 99bmds, Grods3 Jo-
@5dl LGP gds FobBd PobgbMPsEgd0bs baMgz0L LogMmm LMo @S dosbermgdom fo-
Bolfo® 99935190065 BoGOE0, s9EH0bs F9bMdYdO, HMIJWwms gJudwrsGOE0s ITSBHIOOMO
d9bfogarol go®mgdg Lsdodo ogm, 2obgloBzEms Lodobsm BMbOL MgHBYM30 53 TgbmdIO0IB
bbb EOHMYO0m AoLobegdobmgzol.

sbgo Hobslifo®o Jqo3oligdgdols 253000905 gLodedgdgero gobs, 0do@EMI MHMI SOLYIMOLS
ABMBE0M 2odmE0EGds, 049 JOHMbI0MO F9bMdsms MoMPIbMdS OOS Mg0MbIo, MHMdger-
Loz d9gbm doffoldzms, Fgbmdsms BB boliosmo gdm®Bogds 33536 LEIGHOLE0IME
396500 gdsl. sH056gdsms gobofioegdols 538 LEIGOLEHIME FOHIEL B53054MBOEIGOLS©
50H9MOL sB0sBYdIMS boMolbOL 5 4MOE0s, OMIWGdOE F980935H9d90 0ym dofjolidgztmols
063)9bLoMmodol dgx5Lqd0LL F53MMBYOLAMM 1535¢gddo S S3MMOOMYOME0s g ALMBEO-
8o. 50b60d65305 0L Bod@oE, MHMI HBgdmo dmYz560wwo MsbsFYEPOM3g TJNMPMEMYOS S
3606599003 98996935 F9bmdgdoL sH0s6gdOL 03039 MOOEOSL. F99ymd ©®9gddo Tg-
B05-65990Md9d0L LEWEds F9gdmfdgdsd (16 000-80) 9IBEHNIMS BESGOLEGH0IMMO gobsfo-
90900, GMIWGO0E 39dmYgbadYo 0gm 399G 9gai30lgdols golss390090WS.

030oldo 353039 gdIo  Bb3slbgs 30mbLAGHMYIz0me 1dgdgddo d5sfy39G 0o
Lobmg®madgeo dgbmdgdOL Momgbmds s 900 JWSLOGRO3IS(300 IB0BYIBIEMBOL Jeslol
dobgz00 dmyzsbowros 3b®. 3-do (2002 Herol Imbsizgdgdom [3, 5]), bagrm 30Bw95¢wyGO
Loboo 30maMsds GIS-Go bab. 2-By.

93603990 Bogdbmbmdoom [4] J3ob 99bmdgddo godmogmas 7 AoMOMIPO 3¢oL0 30OHMBO-
00 5060336000 M1-M7 (3b6. 4).

72



3b6c. 3
d0obdo 353039900 bbgsolibgs 3mbLEMWJ30mw bdgdgddo dssfyzgEowo
LogbM3Md90 960930l MHoMmEIbMdS S F500 3EOLOGBOIS(305 WsD0sDYdSMBdOL
(00 y3e50MdoL) 3esliol dobgzom (2002 (erols dmbsigdgdoom)

5H0569050MdOL
2 2
3wolio ‘8@ E
d96mdoms 3Hodgdo g g
AlA[B|C|D|E|F|® &
© A
SRS
1. 1-3 Lo 0560 d39e0 G030l sgME0oL (J30L) d9bmdgdo =O 33127
2. 03039 5996900  sbGHoLoLIMEGmO  ©mbolidogdgdol '®) 5092
2°0035¢0bfiobgdom
3. 4-8 LEOEP0bO 53MHOL F9bMdYdO =0 4026
4. 9 LIMOMOosbo  LoTsEOl  saEOl  Fgbmdgdo —O 127
3003w9dumEo 306LEGHMWJ309d00m
5. 9 LEOPMEAY Lodsol Ab3zoWdEM 3OO Fobmdgdo O 2633
6. 5-12 LB 0sbo b3z 35BgEMEO F9bmdgdo O 952
7. 16 LoOOMEsdEg LoTool 96530Mgd0 M30BIVBYEMbBOL —O 150
39600900 (396 35Lw0)
8. 5-16 ULohowmwsdg Lodsmeol  dmbmeromy®o —O 85
3065093H™bobL 306035690 S 99356 356m FgbmdgdO
9. g30wo  5©bodbEo  Hodol  Bgbmds  @abosbgdMo () 3080
3™bLEOJ309000
Lboyen 49272
O 396md900L sH05BIdOL 439w sHg IMLscrmbgero Jarslio
— I b0 0s35BMbo
=== 653090500 LM Ebywo E0s3sDMbo.
3be. 4

9363990 Godumbmdoom (ELER) d30l 996md9030 50m094ma30¢00 7 do6Homs@o 3esbo
30630m0 50b0dzboor M1-M7

Ne 3M©O 5bObYE9dS

1 M1 g4m69 J3ob Hymds (Rubble stone)

2 M2 5¢00Bob fymds (adobe, earth bricks)

3 M3 39000 J30b Hgmds (simple stone)

4 M4 3obow®O J30b flymds (massive stone)

5 M5 3390 J430L (sgEol) Hgmds (masonry old bricks)

6 M6 930U (53996H0b) Fymds H306509@™boL goobm@mzoo (masonry RC floors)
7 M7 J30b (53960b) 996mdgd0 godwogmgdwyo 3nd3gdbr®o Fymdoo.

73




L5000 56MBOL Jobg300m sMOLYIMOL Lo 3Esbo: L — sdswo 1-2 Lsbmwewo; M — bo-
3995 3-5 bLsGonyero; H — Bowowo 6 s 39@¢0 Lohmwwo.

3°bM30L dobgz00 (M1-M5 d96m0930bs030lL) d9dm@EHsbowos bsdo 3m@o: W-bob go-
©bMEZ5; V = g30b (537960L) 05000 2500obM35; Sm — ommbols s 3ol 3md3mbodmemo
2395bwME3.

936039 3Wslogozs30sdo gOm-90m 360d3bge™m3sb BogGMOML FomBmowygbl dMmgd-
06900l s 339690 ™30l br®Ts@omo m3mdb@gdol 3sdmygbgdol Bod@mMo, 53 dbGog
396M05-6599000900 3eollogoEo®mgds: PC — bgobdm®o 30m©qdol Hobs 3gmomo, 649 a3-
M9dBH9dwo s 59969090 Lgolbdm®mo Bm®mdgdol ao09gdg; MC — dggero Lgolbdmdo Bm-
990009; HC — 0056599006039 1golidmdgogao 839690 mdol bea®dgdoom.

Bob. 2 4. 0dooldo go3039w90Mwo bbgoalbgs 3mblE®mvdsome bdgdgddo yowshyzgdowo
Logbmg®madgwo 996md9gd0L bgwo.

50b0dbo  BoJBHMMGIOL Fom3zseoliobgdom J30l (s3Mol) F9bmdgdol @GO
3wl0g035305 dmygzsboos dg-5 gbMHowdo.

74



3bo.

936003990 Gogdumbmdooom (ELER) 430U (s32960l) 996mdgdol

©IYHOIO0 3sOGBOIOF0S

300 Q5LobgEgds
M1 g4meg 430b Hgmdos
MI1_L 1-2 Lo 06O
M1_M 3-5 Lo mnwmeosbo
M1 w_L bob 250sbmz0m, 1-2 LyGIMYW0sbo
Ml_w_M bol 35sbm30m, 3-5 LGP 0sbo
M1 v L 9306 M500ob A5sbmMzom, 1-2 LoGmymosbo
M2 5e0Bob fymdo
M2_L 1-2 Lo 0560
M2 M 3-5 LoMIMME0560
M2_w_L bol 35sbmz0m, 1-2 LG 0sbo
M2 w M bol 2500bwO30m, 3-5 LEOYY0sbO
M3 R0 J30L Hgmds
M3_L 1-2 Lo 06O
M3_M 3-5 LoMIMME0sbo
M3 w_L bob 25sbmz0m, 1-2 LEGIMYW0sbo
M3 w_M bol 35sbmz0m, 3-5 LG 0sbo
M3 v_L 9306 500l 35sbmMzom, 1-2 LoGmyosbo
M4 dobomo 430bL Hgmds
M3_L 1-2 Lo EP0sbo
M3_M 3-5 Looosbo
M3_w_L bob 35sbmz0m, 1-2 LG 0sbo
M3 w_M bols gosbmzom, 3-5 LsOmeosbo
M3 v_L 930l 3500l 45sbMH30m, 1-2 LoGm¥E056o
M5 d39e00 930U (5360ob) Fymds
M5_L 1-2 Ly PMEosbo
M5_M 3-5 Lo omeosbo
M5 _w_L bol 35sbmz0m, 1-2 LG osbo
M5 w_M bob 350sbm30m, 3-5 LEGICYW0sbo
M5 v_L 930l ool 49sbMMH30m, 1-2 LommE0s6o
M5_sm_L wom™bobs s J30U dosbmmzom, 1-2 LsGmwyeosbo
M5 sm M womMbobs s 930U 2osbm@mz0m, 3-5 LsGrmeosbo
M6 930U (539960b) Fymds H306509@™bOL goobmMzom
Meé6_L_PC 1-2 bLEOPMEP0s60, LYobdOHO bMMIGOOL Qo09dg
M6_M_PC | 3-5 bsrorgenosbo, bgoldx®o ben®mdgdol gocgdy
M6_H_PC 6 LMo 96 90, LyoLdmEmo bmEMIGOOL HocqdY
Mé6_L MC 1-2 bLsOPMEP0sbo, dzgero byobdyeo beaMdgdoom
M6_M_MC | 3-5 barorgenosbo, dggero golidwmemo bemdgdoom
M6_H MC | 6 bo®or)eoo 56 3930, d39o Lgolidwemo bm&mdgdom
M7 930U (532960b) 25d0gMH9gdIEo 3md3egduMo fgmdoom
M7_L_MC 1-2 LomE0560, dggaro Lygoldwxymo bn®mdgdoom
M7_M_MC | 3-5 ba®orgerosbo, dggwo bgoldmemo ben®mdgdom
M7_H_MC | 6 boGor)eo 96 8930, d3geo Lgolid«»emo brm&mdgdom

75




Bo@oMmgdmero dodmbowzomo 3393990 330639690L, GmI Lyoldwmo Gobzol Tgz3sLg-
00LOL J30L (579M0L) F9bMds-b5290MdYdOL dz9e s sboew 3wsll0BO 330l dmMol 3bodg-
Bywmgzsbo  goblbgeggdgdo dgobodbgds, 3gMdme: dzgee  3esliogols3osdo 3ol (s39Mob)
d96md900 9m0Esgs 4 Lobgmdsl (EbG. 3) s JoMOMHIsE 2sbLB393WIdMEs LaoyEo-
3bmdom s 96EHOLgoLINMHO WMbolidogdgdom, dsdob HMEYLsE Msbs3gEMmM3Zg Jesllogogs-
GO0 250Mm0YymRs 930000 JoMOMOEO Jwsbo (M1-M7) o 40-Bg 09BHo J393obo. sboqw
3w0b0g035305d0 3609369 M3560 Q9B oIbLYIMZ0L gegdgbBHdoL GHodgdo (bol, dJagol,
BMOEOL), 3OMIJBH0MGd0Ls s 5396900l Fargdol Tglodsdobo Fgbmdgdo oxgMgbEoMm-
s bgobdM®o 3mEgdol fobs 3gMomol, dgzgwo Lgoldwmemo bm@mIgdol s MsbsdgMm™mgy
bgoldmdggao 99969dmdOl bm®mId0m 599693 Jesligdsc.

BoGo69dw9o Lsdwgdsml doMmomso boffoero dmdbss Lo dmms Mmlimsgzgwrols Lods®-
039l 90m3bmmo bsdgEboghm Bmbooll 3096 ©sR0bIBLYdIMWO 3OMg]E oL ,LgolbdMmGo
15d0dMYdOL FgRoligds oM MNZgEXMbM30L s bYoLIMMO MOLIOL Jowsd dzbgmolmzol Msbs-
39006MM39 30aMIgd0m “N216758 g3oMaeqddo.

@OoGINIGNHS

1. MSK-64: 12-6annpHas mikana ceiicMuyeckoil MHTeHcuBHOCTH MenBenesa-I1Inonxoiiepa-
Kapnuka, 1964 r.

2. European Macroseismic Scale 1998, Editor G. GRUNTHAL Luxembourg 1998.

3. 2906M0B0dg ., 0933535 3., 5M500dg 3., 5 LBbZs. MdoErolol 2002 farol 25 s3M0eol dofols-
dgMob oboergdo. 458mI39demds ,dgMToLO", Mdorolio 2005.

4. Earthquake Loss Estimation Routine ELER© v3.0 Technical Manual and Users Guide, Prepared
by Bogazici University, Department of Earthquake Engineering, 2010.

5. Muchadze T., Arabidze V., Chanadiri Dj., Eremadze N., Qorgia G. Establishment of the Damage
Grade and Assessment of Seismic Risk of Dwelling Houses in Tbilisi. First International

Conference on Seismic Safety Problems of Caucasus Region Population, Cities and Settlements.
pp.153-155, Thilisi, Georgia, September 8-11, 2008.

0996mdg00L 3 sL0xg03s530s Lyoldm®mo Moligol IgxsLgdol MMl

5653009 3., F3MoLgEo .
Mgbomdg

LGHoG0sdo 35bboEos Fgbmds-b5993mdgdoL 3eslogogzsios bgoldmmo Molgol dgus-
1930l EOML. Jo3MMLYOLAMGO b3sergdols MSK-64-Us s EMS-98-0l 99lsdsdobo dmygzobogos
bodoMm39mL Jogrodgdol 3s65396056935d0 LogbmzMmgdguo Lebergdol y3z9wsby 493MEIg-
0o (H03900, SOFIO0Wos J. dowobdo go3M3gEgdMEo bgsslbgs 30mbLEGMmIzome
19999080 25005(Y393 00 LogbmzMmgdgwo d9bmdgdol 3EslNgG039300 IBOBYdsEMdOL Jams-
Lol dobgz0m. gobbowmmos yoldmMo Golgol Fgxslgdol g3mMm3mwo 36MHmyMsds ELER-ol
(Earthquake Loss Estimation Routine) 99Lsd530bo 3e0ologo3s30s J3ol (sg9Mol) 99bmdgdo-
Lom3z0L Lodo®mzgemdo 4930391900 96Mmd9gd0L 45035¢0L0bgd0m. gosbocoBgdwmwos
96008369 m3560 goblib3o390900 dz39e s sboew 3esbog035:3090L FmEOU.
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Kunaccuduxanus 31aHUUIA-COOPYKEHUH IIPU ONIPeAeIeHUU
CeCMMYECKOI0 pucKa

Apaouaze B.I'., Ukyaceqan JI.b.
Pedepar
B crarpe paccmarpuBaroTcesi KilacCH(UKaNUs 31aHANH U COOPYKEHHI MPU OLCHKE CeHCMHYECKOTO
pucka. Ha ocHoBe Makpoceiicmudeckux mkan MSK-64 u EMS-98 mpusenenst Hanboiiee pacpocTpa-
HEHHBIE THITB JKIJIBIX JIOMOB B Pa3sBUTHH TPY3MHCKHX TopomoB. OmucaHbl M KIaCCHUPHUIMPOBAHBI
XKWJIBle 3[JAHUA PasJIMYHBIX KOHCTPYKTHUBHBIX CXeM PaCIpOCTpaHeHHSBIX B I. Towmmncu. Paccmot-
PEHO COBpeMeHHOe KIacCHPUKAnUsg KaMeHHbIX (KMPIUYHBIX) 3JAaHUN II0O HOBOM €BpPOIEHCKOMH
nporpamme ELER (Earthquake Loss Estimation Routine) anst pacuera celicMHYECKOTo pHCKa.

[Ipoanann3upoBaHbl Ba)XHBIE PA3IMYHMS MEXIY CTAphIMH W HOBBIMH METONAMHU KJIacCHU(UKAITIU
3IaHUI-COOPYKEHUH.

Classification of buildings for the determination of seismic risk
Arabidze V., Chkuaseli L.

Abstract

The article deals with the classification of buildings and structures when assessing seismic
risk. Based on macro seismic scales MSK-64 and EMS-98, the most common types of residential
buildings in the development of Georgian cities are listed. Described and classified are residential
buildings of various constructive schemes prevalent in Tbilisi. The modern classification of stone
(brick) buildings under the new European program ELER (Earthquake Loss Estimation Routine)
for calculation of seismic risk is considered. Important differences between old and new methods

of classifying buildings-constructions are analyzed.
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