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60 yasin miibarok Nizami Rasim oglu Yusifov!

J‘,_;_-d -I‘J

N.R.Yusifov 19.08.1959-cu ildo Qax rayonunun Qax-Giircii kondindo miiollim ailosindo
anadan olmusdur. 1976-c1 ildo Baki sohori 225 sayli orta moktobi bitirmisdir.

N.Yusifov orta tohsilini basa vurdugdan sonra 1976-c1 ildo omok foaliyystino
“Azordovlotkondtikintilayiho” institutunda korrektor vozifosindo baslamisdir.  1977-ci ildo
Azorbaycan Insaat Miihondislori Institutuna daxil olmus vo 1982-ci ildo institutun ingaat
fakultosini “miilki vo sonaye tikinti” ixtisasi lizro bitirmigdir.

N.Yusifov AzIMi-do tohsilini basa vurduqdan sonra toyinatla ‘“Xozordoniznefttikinti”
trestinin 7 sayl Tikinti Qurasdirma Idarasindo omok faaliyyatine baslamisdir.

1982-1984-cii illordo Ordu Siralarinda xidmat etmis vo horbi xidmati bitirdikdon sonra amok
foaliyyatini davam etdirmis vo 1984-1985-ci illordo Mesoagacsonaye Nazirliyinin Tomir-Tikinti
Idaroasinda tohliikesizlik texnikasi {izra mithondis vozifasindo calismisdir.

N.Yusifov 1985-ci ildo Azorbaycan Ingaat vo Memarliq ETi-na miihondis vozifasino iso
qabul olunmus va bilavasits tikintido elmi problemlsrin tohlil va tadqigati ilo masgul olmusdur.

N.Yusifov 1988-1992-ci illordo Moskva soharindo Umumittifaq Insaat Miihondislori
Institutunun aspiranturasinda tohsil almisdir.

1993-cii ildo “Kimya sonayesinin obyektlorindo orta vo giiclii aqressiv miihitlords istifado
olunan polimerbeton insaat konstruksiyalarinin ¢atadavamliligi” movzusunda miidafio etmis vo
Ali Attestasiya Komissiyasinin qorarina osason texnika {lizro folsofo doktoru alimlik doracasine
layiq goriilmiisdiir.

Nizami Yusifova Azarbaycan Respublikast AAK-in 10.01.1996-c1il qorart ilo “ ingaat
konstruksiyalari, binalar vo qurgular ““ ixtisasi iizro “bas elmi is¢i” (dosent) elmi ad1 verilmisdir.

N.Yusifov institutda isloyi illorde bir ¢ox bina vo qurgularin giiclondirilmasi, barpast vo
yenidonqurulmasi iizro yerino yetirilmis elmi islordo elmi yeniliklori miivaffoqiyyotlo totbiq
etmisdir:
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AMEA-nin gozali vaziyyatdo olan Kimya Problemlori institutunun inzibati binasinin, Baki
sohorindo vo respublikanin digor rayonlarinda yerloson bir ¢ox moktob binalarinin, o climlodon
Baki gohori 132 vo 134 sayli tam orta moktoblorin fasadlarinin yenidonqurulmasi ilo olagodar
yiikdastyan konstruksiyalarmin texniki voziyyotinin giymaotlondirilmosi, “Igorisohor Dé&vlot
Qorugu” orazisindo yerloson binalarin istinad divarlarinin vo Qala divarlarinin barpasi vo
yenidonqurulmasi ii¢lin tokliflor islomis vo tokliflor totbiq olunmusdur. H. Oliyev Sarayinda,
Azaorbaycan Dovlot Musiqili Komediya Teatrinda yenidonqurma islorinin aparilmasi ilo slagodar
binanin yiikdasiyan konstruksiyalarinin  miihondis miiayinasi ve texniki veziyyatinin
qiymatlondirilmasi kimi elmi islor yerino yetirmigdir. Baki vo respublikanin digor soharlorindoki
Beynolxalg Hava limanlarimin perron sahasindo vo toyyars dayanacaqlarinda  Ortiikk
konstruksiyalariin yiikgétiirma qabiliyyatinin hesablanmasini aparmisdir.

AzIMETI-do miihondis kimi omok faaliyyotino baslayan  N.Yusifov islodiyi illords
laboratoriya miidiri vazifasing qadar yliksalmisdir.

2004-cii ildon hal-hazira godor “Insaat materiallar1 vo konstuksiyalari” laboratoriyasinin
miidiri vozifosinda ¢alisan vo elmi islor lizro direktor miiavini vazifasini do icra edon Nizami
Rasim oglu 6ziinli bacariqli, yiiksok idaroetmo gabiliyystino malik, pesokar miitoxassis kimi
gostormisdir.

N.Yusifov 20 ilden ¢oxdur ki, institutun Elmi Surasinin iizvii vo elmi-praktiki jurnalin
redaktor miiavinidir.

Hormatli Nizami miisllim!
Jurnalin redaksiya heyati vo institutun kollektivi Sizi yubileyiniz miinasibatilo
tobrik edir vo Siza hayatinizda vo isinizds ugurlar arzulayir.
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65 rer T'ABUBOBY ®AXPAIJIUHY T'ACAH orusl

Qaxpagnua [acan ornel ['aOMOOB W3BECTHBIM CHEIMAIUCT B OOJACTH  HMCCIICIOBAHUS
(U3NKO-XMMUYECKON MEXaHUKH INIMHUCTBIX TPYHTOB, (YHJaMEHTOB U T'PYHTOBBIX COOPYKEHHI B
CJIOKHBIX TPYHTOBBIX YCIOBHSX, OMTACHBIX MPUPOTHO-TEXHOTEHHBIX SIBJICHUN H METOJI0B OOPHOBI
C HUMHU, T€09KOJIOTUU U WH)XEHEPHOM SKOJIOTHH.

®daxpaanun ['acan orbl ['abuboB poamics 3 HosOps 1955 roxa B r.baky.

®.I'.I'abuboB B 1977 romy oxoHUMI A3zepOaillPKaHCKUNA WHKEHEPHO-CTPOUTEIbHBIH
MHCTHUTYT IO CIELUAIBHOCTU “TUAPOTEXHUYECKOE CTPOUTENLCTBO”. Ellle B CTyIeHYECKUE T'OJIbI
HayaJl 3aHUMaTbhCcid  HAYYHO-HCCIIEOBAaTENbCKOM  paboToil.  HeongHokpaTHbli  naypeat
peciyOIMKaHCKHX, 3aKaBKa3CKMX M BCECOIO3HBIX KOHKYPCOB, HAarpa)I€H MeNaiblo “3a JIydiryro
CTy/IeHYeCKYI0 HayuHyto paboTy” MunBy3a CCCP. Ilocne okoHuanus By3a ¢ 1977 r. mo 1985 r.
pabotan B A3sepOalipkaHCKOM HAYYHO-HCCIICIOBATEIILCKOM HMHCTUTYTE THIAPOTCXHUKH U
MeIMopanuy MIaJmuM HaydHbsIM coTpygHukoMm. C 1981 r. mo 1982 r. Haxogwics Ha HayqHOU
cTaxkupoBke B MockBe Bo Bcecoro3zHOM HaydHO-MCCIIEI0BATEIbCKOM MHCTUTYTE THIPOreOJOruu
Y MHKEHEPHOM Ie0JIOTHH, TIe MOIYyYH KBaTU(HUKALIMIO TPYHTOBE1a-UCCIIe10BaTENs.

B 1989 r. ®.I'.'abuboB okoHums1 A3zepOailkaHCKU HHCTUTYT TEXHUYECKOTO TBOPUYECTBA U
MIATEHTOBEJEHUS IO CIELUAIBHOCTH ‘‘METOI0JIOT sl TEXHUYECKOI0 TBOpYECTBA .

B Aszepb6aiimxanckom HUU CrpoutensctBa 1 Apxutektypbl @.I.I'abuboB padortaer ¢ 1985
roga. [lo cayxeOHON Kapbepe mpoulen NOyTh OT MIIAJIIEr0 HAyYHOTO COTPYIHHUKA J10
3aBeyIONIETO JlabopaTtopueill OCHOBaHWM, (YHIAMEHOB W MeXaHWUKH TpyHTOB. Ilog ero
PYKOBOJCTBOM M HENOCPEACTBEHHOM YYaCTHH pPa3pabOTaHbl HOBBIE METOABI HCCIIEIOBAHUS
[JIMHUCTBIX TPYHTOB, pa3pabOTaHbl U BHEAPEHbl OPUTHMHAJIBHBIE METOJbl IOAIOTOBKH MU
BO3BEACHUS (DYHIAMEHTOB M THIPOTEXHHUYECKHUX COOPYKEHHI Ha CTPYKTYpHO-HEYCTOMUUBBIX
IrpyHTaxX, HOBbIE MHHOBAIMU MO ceiicMomnzoisiiuu GpyHnameHToB. @.I".1'abuboBbIM pa3paboTaHbl
OpUTMHAJIBHBIE COOPYXEHMSI MO 3alUTE OT OIOJI3HEM, cejlel, JaBUH M JPYTHX IPUPOJIHO-
TEXHOT€HHBIX OIACHBIX SIBIICHUI.

@.I'.I'abnub0B npuHUMaJ aKTUBHOE Y4acTHE MPHU MPOEKTUPOBAHUU IUIOTUH Bumsmryaiickoro
u TaxTtakopryHckoro ruzipoysinoB, Kanesckoit u JlnectpoBckoit TADC, koMIIekca BBICOTHBIX
3naHuil "bakuHckue oram", pexoHcTpykiuu CaMyp-AMNIIEpOHCKOTO KaHaja U MHOTHUX APYTHUX
00BEKTOB.
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@.I'I'abuboBbIM  pa3paboTaHbl W BHEAPEHB Ha PA3IUYHBIX KPYIHBIX O0O0BEKTaxX
Azepbaiixana, Ykpaunsl 1 Mpana MeTo/pl OLIEHKH U yripaBieHus puckamu rnpu YC, BbI3BaHHBIX
aBapusMH M KaTacTpo(aMu pazIMyHOro NPUPOAHO-TEXHOTEHHOI'O XapaKTepa.

20 ner ®.I'.I'abubOB MO COBMECTUTEIBCTBY 3aHUMAJICS IPETIONABATEILCKOW paboTOl Ha
kapenpe UYC wu 0Oe30macHOCTH >KU3HEACATENBHOCTH A3epOal)KaHCKOTO apXUTEKTYpHO-
CTPOUTETFHOTO YHUBEPCUTETA, TJe YUTAI JIeKIuu 1o "MHxeHnepHon sxonorun’, "MHx)eHepHBIM
METOJ1aM 3aIUThI OKpYKaroen cpelbl”, "MOHUTOPUHTY U MOJIETIUPOBAHUIO 3KocucTeM npu YC",
"CucreMHoMy aHanmu3 u MozenupoBanuto npu YC" u "I'eomHpOpManMOHHBIM CHCTEMBI"
OakamaBpaM W MAarucTpam, SBISETCS PYKOBOAMTEIEM TUIUIOMHBIX paboT OakalaBpoB U
JUCCEPTAMOHHBIX PA0OT MarucTpoB U JOKTOPAHTOB.

@.I'.T'abuboB aBTOop Gonee 820 OmMyOIMKOBAHHBIX HAy4yHBIX paboT M m300pereHuid. Ero
MoHorpaduu "HcciaenoBanue o0beMHBIX AedopMaluii CTPYKTYPHO-HEYCTOMUMBBIX TJIMHUCTBIX
rpyHToB" (1998), "I[IpoGneMbl peryaupoBaHUs CBOWCTB CTPYKTYPHO-HEYCTOWUYMBBIX TNIMHUCTBIX
TPYHTOB B OCHOBaHHUSX coopyxkeHui" (1999), "VmpaBieHue HaydHO-TEXHUUECKUMU
unHOoBarmsiMu" (2003), "MeTo1bI McClIeIOBaHUS CBOMCTB MTHMHHUCTHIX TPyHTOB" (2004, coBMEeCTHO
¢ JIL.U.Kynpuunkum), "HccnemoBaHue 3aKOHOMEPHOCTEH WM3MEHEHHSI CBOWMCTB JIECCOBBIX
CYIJIMHKOB TIPHU U3MEHSIOIEMCs BiIaxkHOCTHOM pexume" (2004, coBmectro ¢ JIL.U.Kynpuuikum),
"Teopus M NMpakTUKA YJIY4YIIEHUS CBOWCTB CTPYKTYPHO-HEYCTOMYHMBBIX TIIMHUCTBIX TPYHTOB IIPHU
pElICHUN TeOTeXHUUYECKUX U MHKEHEpHO-TeodKkonornueckux mpodmem" (2011), "I'eomexaHuka.
I'eorexnuka. M36pannsie Tpyasl" (2016), "T'eoskomorus. I'maporexnuka. M3Opanubie Tpyasl"
(2016) HanuM IpU3HAHUE CPEAM BETYLIUX CIIELUAINCTOB U YUEHBIX.

ITomx pykoBoacTBOM u HemocpenctBeHHoM ydactun @D.I.I'abuboBa pazpaboTaHbI
HaIlMOHAJIbHBIE CTPOUTENbHBIE HOpMBI A3epOaiimkanckoit PecryOnuku "['pyHTOBBIE OCHOBaHUS
3maHuii u coopyxkenuit", "CpaitHble (yHmaMeHTh" U "I HAPOTEXHUYECKHE COOPYKCHHUS.
OcHOBHbIE NOJOXKEHUS".

®.I".I'abuboB naypeat npemun CoB. MunuctpoB CCCP, akanemux Poccuiickoii akagemMun
€CTECTBEHHbIX HayK, akaJeMUK MeXTyHapoIHOH akaeMHUH 3KOJOTUU U IPUPOOTIOIb30BaHUs (T.
MockBa), akaieMuk MexaIyHapoJHOM akaJeMuu SKOJIOTHH U 0€30MacCHOCTHU JKU3HEIeATeIbHOCTH
(r. CllerepOypr), siBisiercss noueTHbIM A0KTOpoM Hayk A3HUMCA u uneHOM-KOppeCcTIOHAEHTOM
Mesxaynapoanoii akagemun Hayk H&E (Innsbruck, Austria).

On ynocroen mepanu um.H.M.I'epceBanoBa POMITu®, menanu um. akanemuka Yenomes
dbeneparuu kocmoHaBTukun CCCP, 6 3050ThIX, 3 cepeOpsHbIX U 2 OpoH30BBIX Memaneir BJIHX
CCCP u Bceepoccuiickoro BeicraBounoro Llentpa, Harpaxkaen 6osiee 20 opaeHamMu U MeaasiMH
CCCP, Poccuiickoit denepanuii U pa3IMYHBIX OOIICCTBEHHBIX opraHu3anuii. Ilo mHUIIMaTHBE
POCCHICKMX CIEIMATNCTOB M y4eHbIX nMs umxkenepa @.I.['abnboBa ObUTO MPUCBOEHO OIHOM
3Be3/ie B co3Be3anu BopoHa.

@.I''T'abu60oB sBnsercs wienom POMITu® u ISSMGE, MexayHapo1HOi accorianuu 1mo
recuntetukam (1GS), Poccwuiickoii acconmmanu MO CEHCMOCTOMKOMY CTPOHUTEIBCTBY |
MHXEHEPHOM 3alIUTe OT CTUXMUHBIX OencTBuil, Komuccuu no celicMOCTOMKOMY CTPOMTEIBCTBY
CHI' u Coro3a apxurekropoB AsepOaiimkana. @.I.I'abuboB sBiseTCS YICHOM pPEIKOJIIETUI
4 Hay4HBIX XYpHAJIOB, U37aBaeMbIX B AzepOaiimxane, Poccuiickoii @enepanuu u YKpause.

@.I'abuboB Oounblie 25-Tu et sBugercs wieHoM YueHoro Cosera AsSHUMCA

Yearcaemviit @axpaooun I'acanosuu.

Pen.xosierusi  KypHajla M COTPYTHMKH MHCTHTYTa MNO3APaBJsieT
Bac ¢ o0mieem! Kenaer Bam 310poBbe U 00JbIIMX yCIEXOB B padore.



[ 6 | AZORBAYCANDA INSAAT va MEMARLIQ M1.2021

YK 624.042

OBb UCITOJIB30BAHUU YTUJINU3UPOBAHHbBIX PE3UHOBBIX
METAJUIOKOPJIHBIX OTXO/10B JIJISI CEHCMO3AIIUATHI COOPY KEHUM
k.T.H.I'abudoB D.I'. A3epoaiiosncanckuti HUH Cmpoumenvcmea u Apxumexmypot,
k.T.H. llokb6apos E.M., Kaszaxcxuii HUW Cmpoumenvcmea u Apxumexmypsoi,
E-mail: eshokbarov@kazniisa.kz
I'aouéosa JI.®. umxenep, Komnanus «HALLIBURTONy, CIII4, E-mail: leylil7@yahoo.com

QURGULARIN SEYSMiK DAYANIQLIGI UCUN UTILLOSDIRILMIS REZINLI
METALKORDLU TULLANTILARIN ISTIFADOSI BAROSINDO
tex.iizra f.d. Habibov F.H. Azorbaycan Insaat vo Memarlig Elmi-Tadqgaqt Institutu,
tex.iizro f.d. Sokbarov Y.M. Qazaxstan /nsaat Vo Memarlig Elmi-Tadgigat Institutu,
Habibova L.F. miihendis, «HALLIBURTON» kompaniyasi, ABS

ON THE USE OF RECYCLED RUBBER METAL CORD WASTE
FOR SEISMIC PROTECTION OF STRUCTURES
Ph.D. Gabibov F.G. Azerbaijan Research Institute of Construction and Architecture,
Ph.D. Shokbarov E.M. Kazakh Scientific Research Institute of Construction and Architecture
Habibova L.F. engineer, HALLIBURTON Company, USA, E-mail: leylil7@yahoo.com

AHHoOTauus: B craTtee mpuUBEAEHBI MHOTOYUCICHHBIE KOHCTPYKUMU CEUCMOCTOMKHUX
(GyHIaMEHTOB, KOTOpbIe pa3paboTaHbl aBTOpaMU U IPYTMMHU HWH)XKEHEpPAaMHU 3a IHocjenHue Oosee
gyem 30 75eT, B KOTOpBIX HCIIOJIb30BAHBl YTUIM3UPOBAHHBIE METAJNIOKOPAHBIE IOKPBIIIKH.
[IpuBoaATCA KOHCTPYKLMH AMHAMUYECKHUX TacuTeNed NUHAMMYECKMX KOJIeOaHUH, B KOTOPBIX
€MKOCTH JUI1 CBIIYYHUX HAIIOJIHUTENICH BBIIOJHEHBl W3 YTWIN3UPOBAHHBIX ITOKPBILIEK.
YTUIM3UpOBaHHbIE  MOKPHILKH  Takke A(PGEKTUBHO  HUCHONB3YIOTCS  IpPU  CO3/aHUU
CEHCMO3AINUTHBIX 3KPAHOB, a TAKXE apMHUPYIOIIUX JIEMEHTOB M CEHCMOM3OJALMOHHBIX CIIOEB
CEHCMOCTOMKMX TPYHTOBBIX IUIOTUH. BO BceX BbllIEYKa3aHHBIX TEXHUYECKUX PELICHUSX
CEHCMOCTOMKOCTD 31aHUM U COOPYKEHHMM JOCTUIaeTCs 3a CUET YHUKAIBHBIX T'€OMETPUYECKHUX W
(U3NKO-XMMUKO-MEXaHUYECKUX  CBOWCTB  YTWJIM3HPOBAHHBIX  PE3UMHOBBIX  IOKPBIIIEK €
METAJUTMYECKUM KOPAOM.

KuaroueBble cioBa: (yHIaMEHT, 3KpaH, I'pPyHTOBas IUIOTHHA, MOKPBIIIKA, aMOpPTU3aTOp,
apMUPYIOIIUHN 3JIEMEHT, CECMOCTONKAsI KOHCTPYKIIUS, TACUTENb KOJIeOaHU.

Xiilasa: Mogaloda coxsaylt seysmik dayaniqli biinévralorin  vo amortizatorlarin
konstruksiyalar1 tohlil olunub, harada ki, metalkordlu tokarlor istifado olunub. Seysmik ragslorin
dinamik sondiiriictilorin konstruksiyalar1 gostarilib, hansilarda sapilon doldurucular tig¢iin tutumlar
istifado olunmus tokorlordon hazirlanib. Utillosdirilmis avtomobil tokarlori hom do  seysmik
miihafizoli ekranlarin, seysmik dayaniqli qrunt bondlorinin armatur elementlorinin  vo
seysmikizolyasiyali qatlarinin hazirlanmasinda Somorali istifado olunurlar. Biitiin yuxarida
gostarilon texniki hollords bina vo qurgularin seysmik dayamigligi utillogdirilmis armaturlu
rezindan olan tokarlorin unikal hondasi vo fiziki-mexanik xiisusiyyatlorinin hesabina nail olunur.

Agar cozlar: biindvra, ekran, grunt bond, tokor, amartizator, elementi, seysmik dayanigl
konstrukstya, ragslorin sondiiriiciisii.

Summary: The article presents numerous structures of earthquake-resistant foundations that
have been developed by the authors and other engineers over the past more than 30 years, in
which recycled metal-cord tires are used. The designs of dynamic dampers of dynamic vibrations,
in which the containers for bulk fillers are made of recycled tires, are presented. Recycled tires are
also effectively used in the creation of earthquake shields, as well as reinforcing elements and
seismic insulation layers of earthquake-resistant ground dams. In all the above-mentioned
technical solutions, the earthquake resistance of buildings and structures is achieved due to the
unique geometric and physico-chemical-mechanical properties of recycled rubber tires with a
metal cord.
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Key words: foundation, screen, ground dam, tire, shock absorber, reinforcing element,
earthquake-resistant structure, vibration dampener.

1. BBenenue

B nacrosimiee BpeMsi BecbMa aKTyaJlbHOM SIBJIsieTCsl Mpo0sieMa MOBTOPHOTO MCHOJIb30BaHUS
Pa3HOOOPa3HBIX TPOMBIIUICHHBIX W OBITOBBIX OTXOAOB MPU KOHCTPYHPOBAHUU PA3IUYHBIX
KOHCTPYKLMI HH)KEHEPHOM 3alllUThl COOPYKEHUM OT OINACHBIX CEHCMHUYECKHX BO3JCHCTBUM.
Taxoli moaxo/ MO3BOJSAET PelIaTh HE TOJIBKO WH)KEHEPHBIE MPOOIEeMbl CEIICMOONACHBIX paliOHaX,
HO U HaCyIIHbIE HHKEHEPHO-IKOJIOTMUECKUE 3aJIaUH.

OcHOBHBIM, HanOoOJee MAacCOBBIM BHIOM OTXOJOB OOIIECTBEHHOIO IMOTPEOJICHUS SBIISAIOTCS
YTWIN3UPOBAaHHbIE ABTOMOOWJIbHBIE TOKPBIIIKA. B Mupe Ha mNpou3BOJICTBO aBTOMOOMJIBHBIX
MIOKPBIIIEK PACXOyeTCs TOJIOBHHA MPOM3BOMMBIX CHHTETHUYECKHX M HATypaIbHBIX KaydykoB (Ooree
15 MJIH. TOHH B ro) U B KOHEYHOM UTOTE€ BCE MPOM3BOIMMBIE TOKPBIIIKH Yepe3 ONpeIeICHHOE BpeMsI
MONA/IAI0T B OTXO/IbL. Bpemst skcIutyaTauy aBTOMOOMIBHBIX IIIMH MEHBIIIE, YeM BpeMsl SKCILTyaTallui
OOJIBIITMHCTBA PE3UHOBBIX M3/,

OObeM 00pa3oBaHMs YTHIM3UPOBAHHBIX ABTOMOOWIIBHBIX TOKPBIIIEK OTPOMEH, HallpuMmep B
CIIIA ux obpazyercs 10 18 MiH. ToHH, B Sltonuu 750 THIC. TOHH B TOJ.

B wMupe mnpuMEHSIOT pasnMYHBIE TEXHOJNOTMM IO  IepepaboTKe YTHJIM3UPOBAHHBIX
ABTOMOOWJIBHBIX MOKPBIIIEK. B 3THX TEXHOIOIHAX MPEIyCMOTPEHO HMCCIEIOBaHNE YTUIN3UPOBAHHBIX
ABTOMOOMJIBHBIX TTOKPBIIIEK JUIS TIOJYYSHHUS SHEPIHH ITyTeM CKUTaHUsL, U3MEJIBUCHUSI TTOKPBIIIEK IS
TMOJTY4EeHHUS PE3NHOBOM KPOIIIKH, IOPOILIKA U pereHepara.

Jlonst yTUIM3HPOBAHHBIX TMOKPHIIIEK C METAJUIOKOPJIOM B HacToslee BpeMs npebimaet 50% ot
X OOIIEro KOJIMYECTBA.

Llenble yTHIM3UPOBAHHBIC TTOKPHIIIKA HUCHIOJIB3YIOTCS TIPH  YCTPOWCTBE MCKYCCTBEHHBIX PU(OB,
CITy’KalliX MECTOM OOMTaHus pbIO U ycTpHll. Mopckas BoAa MpH 3TOM HE 3arps3HIeTCsl.

Y Tunn3upoBaHHbIE MOKPBIIIKY TAKKE UCTIONB3YIOTCS IPU YKPEIUIEHUH CKJIIOHOB OT 3PO3MOHHBIX
nporieccoB. VMeercs MHOro n300peTeHHid, B KOTOPBIX I€ble M PACHIJICHHBIE YTUJIM3UPOBAHHBIC
MOKPBIIIKYA HCTIONB3YIOTCS TPH KOHCTPYMPOBAaHMH PA3NIMYHBIX THAPOTEXHUYECKHUX, JTOPOXKHBIX M
MPUPOJIOOXPAHHBIX COOPY>KEHHUH.

Ouenp HMHTEpECHBI Pa3padOTKH, CBS3AHHBIE C MCIIOIb30BAHUEM YTHIM3HPOBAHHBIX IMOKPBIILIEK
MpU TIPOSKTUPOBAHUN CEHCMO3AIIUTBI COOPYKEHUI U TeppUTOpuil. B 3TuX ciydasx uCHonb3yroTcs
TPYJIHO NepepadaTbiBacMble YTHIN3UPOBAHHbIE MOKPHIIKHA C METAJUIOKOPOJIOM.

B Meraropogax yTWIM3UPOBAaHHBIE TMOKPBIIIKH COCTaBISIOT 3HAYMTENLHYIO YacTh OTXOJIOB.
[lonuroHsl Ha KOTOPBIX UX COZEPkAT 3aHMMAIOT OOJIBIINE IUIOAIN. B CBSI3M ¢ ATUM palioHanbHOe
WCTIONIb30BaHME YTHIIM3UPOBAHHBIX METAJUIOKOPAHBIX IMOKPBIIMIEK  IO3BOJISIET PEIINTh OAHY U3
aKTyaJIbHBIX KOJIOTMYECKUX IPOOIEM MEraropoios.

2. IlepBble u3BeCTHbIE KOHCTPYKUUH (PYHIAMEHTOB, BBIIOJIHEHHBIX € HCIOJIb30BaAHHEM
YTHJIM3HPOBAHHBIX MOKPBIIIEK, ¢ BHOPO- M celicMON30/ISIIMOHHBIMH XapaKTePUCTHKAMM

[epBble KOHCTPYKIIUM CEUCMO- M BUOPOCTOMKMX (DYHIAMEHTOB M3 YTUIU3UPOBAHHBIX MOKPHIILIEK
ObuTH pazpaboTtansl Oosee 30 yeT Ha3am B A3epOalikaHCKOM HAayYHO-HUCCIIEIOBATEIbCKOM UHCTUTYTE
CTPOUTENBCTBA U apXUTEKTYphI nHkeHepoM @.I".I'abuboBbIM.

Koncrpykims ceticmocToiikoro ¢pynmaamenta (1989 r.) miist 3manuii 1 sxecTKOM KOHCTPYKITMOHHOM
CXEMBI, COCTOSIILIEN U3 OCHOBHBIX CBaii 2, 00BEIMHEHHBIX TOBEPXY BHICOKUM POCTBEPKOM 3 C MOMOILBIO
MIAPHUPOB 4 W JONOJHUTENBHBIX CBaii S5, BBIMONHSAIOMIMX POJNb YIPYTHX OTPaHHYHTEICH
kosiebanu (cM. puc.l). OrooBKH cBail pacrosiararoTcs B MOJIOCTH JKECTKO MPUKPETIIEHHBIX OJHON U3
TOPLIEBBIX CTOPOH K HIKHEH 4acTH POCTBEPKA YTUIIM3UPOBAHHBIX METAJUIOKOPAHBIX MOKPBIIIEK 6.

ITpy nonasaHuy KOHCTPYKLIMM 3/1aHUsI B 30HY PE30HAHCHBIX KOJIEOaHUI BO3pACTaeT aMIUIMTY/IA U
B pa0oTy BKJIIOYAIOTCS JAOMOJHUTEIbHBIE cBau 5. KOHCTpyKIIMS 32 KOPOTKUN TPOMEXYTOK BPEMEHH, 32
CYET HAJIMYHUS MPOYHBIX PE3MHOAPMUPOBAHHBIX CTAKAHOB 6 M OTCYTCTBHS 3a30pa MEXIY dJIEeMEHTaMHU
OrpaHUuMTENel, aMOPTU3ALMOHHO MEHSET CBOK JKECTKOCTh M aBTOMATWYECKH BBIXOIUT U3
PE30HAHCHOT'O PEXKHUMA.
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Puc.1. Ceticmocmotixuii ghynoamenm

AMOpPTH3ALIMOHHBIA BBIXOJI M3 PE30HAHCHOIO PEXUMa, a TaKKe JOMOJHHUTENBHOE YIpyroe
CONPOTHUBJIEHUE TOPU30HTAIBHOMY NEPEMEILIEHUIO KOHCTPYKIIMH HE TOJIBKO NPEIyNpekKIacT pa3BUTHE
HEJIOMYCTUMBIX JeopMaliiii B OCHOBHBIX CBSI3AX, HO U MPEAOTBPAIIAET BO3SMOKHOCTh BOSHUKHOBEHUS
yJIapHBIX BO3ICUCTBUI B KOHCTPYKIMSIX OrpaHuautenei [1].

Konctpykims BHOpoceicMOM30IMPOBaHHOrO (hyHIaMEHTa C UCTIOIb30BAHUEM YTHIM3UPOBAHHBIX
nokpaiek (1992 r.) BrIOUaeT 3arojHEHHYIO CHITYYHM MatepuaioMm 2 o0osiouky 1 u Oammax 3,
pa3MeleHHbIi B 00OJIOUKE C 3a30pOM OTHOCHUTEIBHO €€ OOKOBBIX CTEHOK M YacTHYHO
3ariayOJIeHHBIN B ChIMy4YHii MaTtepuan (puc. 2).

Puc.2. Bubpouzonuposanmwiil pynoamenm

bokoBasi moBepxXHOCTh OallIMaka B 30HE €ro 3ariiyOJIeHusl B ChITY4YMi MaTepuai BBIOJHEHA
CKOIIIEHHOM MOJ YIjoM, HE MPEBBINIAIONIUM YIJla BHYTPEHHETO TPEHUS ChIIydyero MaTepuaa.
OO6osiouka 1 BbIMOJIHEHA W3 YTUIM3UPOBAHHON IOKPBIIIKKM, HMMEIOLIEH Ha BHYTpEHHEH
MOBEPXHOCTHU 1IeNb 4, mpuueM JuameTp OaliMaka 3 paBeH BHYTPEHHEMY AUaMeTpy o0osiouku 1
[2]. [lepenaBaemas ot Oammaka 3 Harpyska, Ojgaromapsi €ro CKOIIEHHOH OOKOBOH IOBEPXHOCTH,
yepe3 ChIMy4ynii MaTepuan 2 mepenaetcs Ha ¢uiaHibl U Ha OOKOBYIO MOBEPXHOCTH OOOJIOUKH —
HNOKPBIIKK 1. 3a cYeT 3TOro 3HAUYMTENIBHO MOBBIIIAETCS HECylash CIOCOOHOCTh (pyHAaMeHTa, a
TaK)Ke JOCTUTaeTCs AeMI(EpHOE ranieHue JMHAMUYECKUX Harpy3oK.
B cnocobe BosBenenuss apouyHoro ¢gynmamenta (1989 r.) B Tpanmer 1 ¢ momykpyrioi
MOBEPXHOCTHIO YCTAHABIMBACTCS KOHAYKTOp 2, BBIIIOJHEHHBIM W3 PpacHWICHHON Momnojam
YTUJIM3UPOBAHHON MOKPBILIKY OT OOJIBIIETPY3HBIX aBTOMOOMIIEH (cM. puc.3).

Puc.3. Apounstii hynoamenm
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CBepXxy KOHAYKTOp 2 HOKPBIBAETCS T'MOKUM IOJIOTHUIIEM 4, BBINOJHEHHBIM M3 MPOTEKTOPHOU
00pe3KkH YyTHIN3UPOBaHHON MOKpbIIKKU. [lonoTHuIIE 4 3aKkperuiseTcs Ha yrnopax 3, posib KOTOPbIX
BBINOJIHAIOT KOHIIBI KOHAyKTOpa 2. I'pyHT 5 oOpaTHO 3achlimaercss Ha rmOKoe MojoTHHIE 4 ¢
YIJIOTHEHHEM, a 00pa30BaBIIasICA MOJIOCTh BHYTPU KOHAYKTOPA 2 3aNOIHAETCS OETOHOM.

O¢ddexTuBHOCT, yKa3aHHOTO CMOCO0a 3aKI0YaeTcss B YACLIEBIEHUM W  YNPOLICHUU
IIPOM3BOJICTBA pabOT MyTEM BBINOIHEHHUSI HECHEMHOTO KOHIAYKTOPA U3 OTXO/0B, CHEIU(pUIECKHE
CBOWCTBA KOTOPBIX TaKkkKe 00ECNEeUMBaIOT THAPOU3ONALMI0O M CEHCMOM3OJSIMIO apOYHOTrO
¢bynnamenta [3].

MOHOMUTHBIN JIeHTOYHBIH (yHIaMeHT noBblmeHHOH ruOkoctu (1992 r.) coctouT U3
YKJIabIBAEMBIX B TPEABAPUTENBHO TOJATOTOBICHHYIO MOJYIMIMHAPUYECKYIO TpaHuiero 1
YTUIM3UPOBAHHBIX MOKPBHIIIEK 2, pa3pe3aHHbIX MOM0JaM, B KOTOPbIE YCTaHOBJIEHA apMarypa 3 U
3ajmMBaeTcs 0eToH 4 (cM. puc. 4).

Puc.4. Jlenmounviil hynoameHm nosvlueHHOU 2UOKOCMu:
a) 8uo0 ceepxy; 6) uo c boky, 8) paspez A-A; 2) paspez b-B; 0) paspe3 B-B

BokoBuHBI 5 mONMYMOKpHILIEK OO0pa3yloT pas3pe3sl 6 B Tene (QyHIaMEHTa, KOTOpbIe
3ar0IHEeHbI MPOKIAJIKaMH U3 PE3UHOAPMUPOBAHHOTO YIIPYrOro MaTepuara.

[lony4yeHHbIl JeHTOUHBIH (yHIAMEHT O00JIaJjaeT MOBBIICHHON YNpPyroi IMOKOCTBIO HpU
MOOBIX BUIAX OCAJAKU WIM HaOyXxaHMs OCHOBaHHMS U cCelcMHYecKHX Bo3ieicTBusax. Takxke
JOCTUraeTCs THAPOU30AIMS (pyHIaMEeHTa.

KoHTtakTHOE B3ammojelicTBue (GyHIAMEHTa C TOJYKPYIJIOW IMOBEPXHOCTHIO C YIPYTUM
OCHOBAaHHMEM MOXXHO ONHCATh JBYMs Haubojee ynoTpeOisieMbIMH MoaeasimMu O.Bunkiepa u
B.3.Bnacoga. Ilycts uzBectHO nuddepeHnnanbHoe ypaBHEHHE sl OMUCaHus 1ehOpMUPOBAHUS
YIPYIOW CUCTEMBI

DL1 w = LoF, (1)
rie D — mapamerp xectkoctu; L1 u Lo — nuneiiHble nuddepeHmansapie OnepaTopsl, BUT
KOTOPBIX OIpECIsIeTCs MPUHUMAEeMON Teopueil pacdera ympyrod cuctemsl; W (o1, o) -
KOMIIOHCHTA TEPEMEIICHHS CPEIUHHON MOBEPXHOCTH WM HeWtpaidbHOi ocu; F (a1, ) -
BHEIIIHSS HATPY3Ka; o1, a2 - Oe3MepHbIe KOOPIUHATEHI.
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I[pu B3aUMOIEHCTBUU CUCTEMBI C YIPYT'MM OCHOBaHHEM BHEIIHsIs Harpy3ka F B i-it oOnactu
KOHTaKTa (2 ompenensercs GopmyIoit
F= Q - ﬁ ) (2)
rae Q — 3aaHHAs BHEIIHSS Harpy3ka; P - peakTHBHAs Harpys3ka B i-oif 001acTu (2, , BhIpaKeHHE
JUISL KOTOPO 3aBUCUT OT MOJIEJIM OCHOBAHUS
p=Lsw; i=12,..,N; (3)
N — ymnciio obacTeli KOHTAKTa, BHE 30HBI KOHTAaKThl F = Q.
Jlng  ynpyrux OCHOBaHUM, onuchIBaeMbIXx Mozensmu — O.Bunkiepa u B.3.Bnacosa,

COOTBETCTBEHHO UMEEM
p =Ciwg, 4)

2
Ls = Cii- Cai 5 ()

af
3neck Cki — k03¢ puLmeHT mocrenu ynpyroro OCHOBaHusI.

OO6mue pemenue ypaBHeHus (1) uriem B Buje

W =Wwi+ Wy, (6)
T7ie W, — M3BECTHOE PENIeHHe OJHOPOIHOTO ypaBHEHNS,
DLiw; =0 (7)
1715 CBOOOHOM OT HAarpy3KH yHIPYToil CUCTEMBI, a W2 — pellleHHe HEOJHOPOHOTO YPABHEHMS,
DLiw, = L1 F, (8)

OIIpeNIeIAeMOe XapaKTepOM HAarpy)KeHUs CHCTEMbl U MOJENBIO JUIsl ONHCAHUS KOHTAKTHOTO
B3aUMOJICHCTBUS.

B 1992 r. B.I".CokonoBeiM 1 11.B.Coko00BbIM ObUT MPEASIOKEH aMOPTU3ATOP CEHCMUYECKUX
BO3JEHCTBUH (CM. pHUC.5), BKIIIOUAIOLIUIN YIPYTUN 3JIEMEHT, BBIIOJHEHHBINA U3 YTUIM3UPOBAHHOM
aBTOINOKPBIIIKK 1, 3alOJIHEHHON yYNPYruM HamoJHUTENEeM 2 (PEe3MHOBAas KpOILUKA, KAaydyK H
Jpyrue yrnpyrue MaTepuaibl, CBI3aHHbIE KJIeeM), 3aKpeIieHHOW Ha o0oe Koeca [5].

1

Y4

Puc.5. Amopmuzamop ceticmuuecxkux eosoeticmsuii (a.c. CCCP Nel728387)
B 1992 r. A..KoBasieHKO M Ap. MPEIOKUIN KOHCTPYKITUIO CEHCMOCTOMKOTO (hyHIaMEHTa
(puc.6) comepxaliero BepXxHuid 1 1 HUKHUM 2 ONOPHBIX MOSICA, ONOPHBINA CKOJIB3AIIUIN AJIEMEHT U
YOPYTUil OrpaHUYUTENb IEpEMENICHUN 4.

Puc.6. Ceiicmocmoiixuii pynoamenm, npooovroviid paspes (a.c. CCCP Nel1760020)
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@dyHnaMeHT CHa0)XeH YINPYTMMH aMOpTH3aToOpaMu 5 W3 TOJIOBUHYATHIX YTHIM3UPOBAHHBIX
aBTOIMOKPBILIEK, 3alOJHEHHBIX TalbKoM 6. OMNOpHBIM CKONB3SAMMHA 3JIEMEHT 3 CHa0XeH
CTAJIBHBIMM  IUIACTUHKAMH{, ONMPAIOIIMMUCSA Ha yOpyrue amoprusatopsl 5. VYnopyrue
OTPaHUYUTENN MEepeMEIeHUN 4 BBINOJHEHBbl W3 YTHJIM3HPOBAHHBIX MOKPBHIIIEK, 3aNOJHEHHBIX
IPOMBITON B OTpaOOTaHHOM TEXHMYECKOM Macie TrajbKoil 7. 3a30p MexIy MoscaMH 3aroJIHeH
pactBopoM 8. HI>KHUI OMOPHBII MOSIC MOKET OBITh PACIOIOKEH Ha IIOKOJIBHOM (pyHAaMeHTe 9 u3
O0yTobeToHHOI KiIaaku. JlepopMannoHHas IIeNb MOJ BEPXHHUM OIOPHBIM MOSCOM 2 3aroJIHeHa
npokiagkaMu 10 «typoO6eToHHBIM U300 TOpOM» [6].

A.B.Uepkynosa ap. B 1990 r. npeanokuim KOHCTPYKLHUIO CEHCMOCTORKOTO 31aHus (CM. puc.7),
COJIEpKaIllero HWKHUMA 3Tax 1, QyHAAMEHTHYI0 2 U ONOpPHYIO 3 IUIUTHI, YCTAHOBJIEHHBIE C
3a30pOM, B KOTOPOM DPa3MEIIEHO ceiicMon3onupymouee ycrpoicTBo. Ilnmuta 2 yctanoBieHa Ha
rpyHTOBOE OcHOBaHHE 5. CelCMOU30IUPYIOIIEEe YCTPOMCTBO BBIMNOIHEHO U3 YTHINW3MPOBAHHBIX
MOKPBILIEK 4 ¢ 3aM0JIHUTENEM 6, YCTAHOBIEHHBIX PSAAMM APYT K APYTY, COEAUHEHHBIX O JJIMHE
Ka)XIOro psAlla IMOCPEICTBOM CTSKEK 7 M MEXKIYy CO00M B CMEXHBIX psiax HOCPEACTBOM
TOPU30HTAJIBHBIX COEIMHUTENBHBIX 21eMEHTOB &8, 9 n 10. B kauecTBe 3a110IHUTENS UCIIONIB3YIOTCA
00pe3KH yTUIIN3UPOBAHHBIX MMOKPHIIIEK B BUIE OOPTOBBIX KOJICIl U MTPOTEKTOPHBIX YacTel [7].

a) ' 0)
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Puc.7. Ceiicmocmoiixoe 30anue (a.c. CCCP Nel761930): a — obwuil uo, 6 — cewenue A-A

3. JanbHeiiniee pa3sBUTHE KOHCTPYKUMHA CelCMOCTOMKNX (PYHIAMEHTOB U YCTPOICTB €
HCIO0JIb30BAHHEM YTHIN3HMPOBAHHBIX MOKPbILIEK

10.1.be3pykos u O.}0.be3pykoB B 1994 r.nmpennoxuin KOHCTPYKIHIO GpyHAaMeHTa (puc.8)
JUIsL CEICMOCTOMKOTO 3/1aHusl 1, BKIIIOYAOIIEro BEPXHUM 2 U HIDKHUN 3 3JIEMEHTHI, pa3/ieJIeHHbIe
TOPU30HTAJIBHBIM IIBOM, 3aIllOJHEHHBIM CBIIYYUM MaTepuaaoM 4, KOTOpBI IIOMEIIEH C
YIUIOTHEHHEM B €MKOCTH U3 OJAMHAKOBBIX YTUIN3WPOBAHHBIX MOKPHIIIEK 5, UMEIOLIUX BBIPE3bl Ha
BHYTPEHHE CTOpPOHE, Kpas KOTOpBIX CKpPEIUIEHbI KOJbIEBbIM OaHfgaxkeM 6. Ilokpeimku 5
MOMEILIEHbl B CTakaH 7 (yHIaMEHTa C 3a30pOM, KOTOPBIM 3allOJHEH CBHIMy4YUM MaTepuaioM 0e3
YIUIOTHEHUs. Takoe KOHCTPYKTUBHOE PELIEHUE MO3BOJAET BA3KO MOTaCUTh CECMHUYECKHE CHUIIBI,
BO3BpaTUTh 37aHHE B HCXOJHOE IOJIO)KEHUE II0 OKOHYAHHIO 3EMJIETPSCEHUS M HCKIIOYUTH
KECTKOE COYAAPEHUE OTIENbHBIX AIEMEHTOB KOHCTPYKIM [ 8].
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Puc.8. @©pacmenm ceticmocmotixozo ynoamenma (namenm PO Ne2119012)
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M.E.Cembikun B 2000 r. cKOHCTpyHpOBaJ ceiicMocToikuii pyHnameHT (puc.9), coaepxaiuii
MOHOJIMTHYIO IUIMTY 4, YJIOKEHHYI0 Ha YTWJIM3HUPOBAaHHBIE aBTOMOOWJIbHBIE WJIM TPAKTOPHBIE
YTUIN3UPOBAHHBIE TIOKPBIIIKY 1, 3anonHeHHble rpyHTOM Ha 50-80%, Ha KOTOpHIE B OAVMH WUJIH J1Ba
psizia YIOKEH CJION JInHoeyMa win pyoepouna 3. Eciu tpeOyeTcst yCTpOWCTBO MOAMONbS 2, TO B
yYKa3aHHOM 30HE MOKPBHIIIKY HE yKIaabIBatoTcs [9].

Puc.9. Qynoamenm 30anus, U0 cnepeou 8 paspese npu yCmpoucmee nooeaibHO20
NOMEWEHUSL U YCIOBHBILL CUTYIN MPEXIMANCHO20 NOCMPOEHHO20 30AHUS

B.M.JIeBarun B 2002 r. mpeajoXui MpOTUBOYIApHOE CecMHUYEecKoe ycTpoicTBo (puc.10),
KOTOPOE COAEPXKUT LWIMHIP, MPUKPEIUICHHBIH K onopHOMY ¢uiaHny 2. B munuHape yctaHOBIEH
MOPIIEHD 3, UMEIOIINI HUKHIOKO 4 M BEPXHIOIO 5 3ariyllIKy U3 TOJCTOM JTMCTOBOM cTanu. BHyTpu
nopiieHs 3 ycuieH peOpamMu KECTKOCTH 6 W3 CTalbHBIX IUIOTHH. BepxHss 3ariymka 5
pacroyio’keHa B TOJIOCTH IOPIIHS 3 HHXKE €ro BEPXHEro Kpas, a IO MEepUMETPy M B LIEHTpE
3arJIyIIKU 5 pa3MeleHbl cTalbHble mapbl 7. [1yOuHa pacmnonoKeHus 3ariyliKd 5 OTHOCUTEIBHO
BEPXHEro Kpas NOpLIHA 3 COCTaBJIsE€T, HalpuMep, Y4 IUaMmeTpa wapoB 7. Mexny HHKHEH
3armymkod 4 mopmHS 3 M OHNOpPHBIM (aHmeM 2 YCTaHOBJIECHBI NPYKUHBI &, CMa3aHHbBIC
rpauTOBOM MACTHKOM, a MPOCTPAHCTBO MEXAY HUMHU 3alOJHEHO CHUHTETUYECKUM MaTepuajioM,
HarpuMep, T[ECHOMOJIMYPETaHOM WM TYCTOM He3aMep3aromiedl cMa3kol (TEeXHUYECKUM
BazeauMHOM). Ha mapax 7 yctaHOBJIEH OMOpHBIN (iaHel 9, K KOTOpOMY NMpUKperieH nuauaap 10,
UMEIOIIUN AuaMeTp, Oonblmidi quamMerpa wimHapa 1. YCTpOHCTBO COAEPKHUT TOMOTHUTEIbHBIC
neMnupyronye >IeMEHThl CHApY)KW LuiauHApa | Ha ero omopHoM (raHie 2 MOTryT OBITh
pa3MelIeHbl YCTAHOBJIEHHbIE B BEPTUKAJIBHBIN psAJl YTHIM3HUPOBAaHHBIC MOKPBIIKY 11, HApy>KHBIH
IMaMeTp KOTOpBIX HE NPEBBIIACT BHYTPEHHUU auamerp BepxHero wwinHiapa 10. Ilomoctu
YTUJIM3UPOBAHHBIX MOKPBIIEK |1 3a110IHEHBI IEHONOINYPETAHOM.
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Puc. 10. [Ipomusoydaproe ceticmuueckoe ycmpoticmeo (namenm P®D Ne2217559)
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Jlna coequHEeHMs YCTPOICTBA B €AUHYIO0 KOHCTPYKIMIO IMUIMHAP 10 KMHEMaTH4eCKH CBSA3aH ¢
OTOPHBIM (IaHLIeM 2 MOCPEICTBOM CTalbHBIX TAr 12, MMEIOLMX MIAPHUPHOE COEJAMHEHHUE C
mMHIpoM 10 depe3 KOCBIHKM 13 M ¢ HaTSXHBIM IPYXMHHBIM YCTpPOWCTBOM 14 Ha onopHOM
¢dnanme 2. Ha onopHoMm uiantie 9 pa3meniaeTcs oropHas moayiika 15 Hecymiei KoHcTpyknuu 16.
Omnopuelif  (aHenr 2 ycTpolCTBa MNpHUBapUBaeTCs K 3aKIagHOMY 3JIeMEHTy 17 cBau WM
¢bynnamenta 18 [10].

Ncnanckue umxenepsl B.Curnec OpoBa C.Curmec Oposa B 2000 r. CKOHCTpyHpOBaIu
MOJYJIbHOE aHTUCEHCMHUYECKOe 3alllUTHOE YCTPOMCTBO A 3AaHUM M coopyxeHuil (puc.ll),
KOTOpOE YCTaHABIUBAETCS MEXIy IPYHTOBBIM OCHOBaHHEM U (pyHaameHToM. OHO COCTOUT U3
MHOKECTBAa MoIysiei 1, nexamux B OJHOW M TOW K€ IJIOCKOCTH B CONMPHUKOCHOBEHUHU IPYT C
IPYTrOM, KaXKAbli U3 KOTOPBIX COCTOUT U3 ABYX UACHTUYHBIX J€TaJeil M3 )KECTKOIO IUIACTHKA 2 U
2', COEIUHEHHBIX CalJIEHT-0JI0KOM 3, KOTOPBIN yIep)KUBAETCS IBYMSI KPETIEKHBIMU JIEMEHTaMU 4
u 4. Ilepen cOGopkoif Momyasti TaM YCTAHABIMBAETCS YTHJIM3UPOBAHHAs aBTOIMOKpBIMIKA 5.
OOpa3oBaHHas MOJOCTh Yepe3 OTBEpCTUE 7 3alOJIHAIOT TIPaHYJUPOBAHHBIMH IJIACTUKOBBIMU
JJIEMEHTaMU 6, CIOCOOHBIMU TIEPEMEIIATHCS MIPH CeCMUYeCKuX Bo3ehcTBusx [11].

a)‘\ﬁ7

6) ’ g

6)

Puc.11. Mooynvroe anmuceticMuieckoe 3auumHnoe YCmpoucmeo: d — 6ePMUKANbHbII OUAMEMPATbHbIL
paspes omoenvbHo2o Mooysl, 6 — 0omoenbHbuIlL MOOYIb, 8UO C8EPXY, 8 — YCMAHOBIEHHOE HA 2PYHIM0B0E
OCHOBANUE MOOYIbHOE YCIMPOUCMBO C YCMAHOBNIEHHBIM HA HEeM (DYHOAMEHMHOU NAUMOT

Kak moxHO yBuaeTh Ha puc.116 u 11B MHOXkecTBO Mojayiei 1 pacroyioskeHbl Ha OJHOU
IUIOCKOCTH, JIeXallled Ha 3eMJie TOoJ 3JaHHEM, a IECTHYTOJIbHbIE IIaCTMAacCOBBIE AeTaiu 2 u 2’
CHOCOOCTBYIOT IIOTHOM IMOJATOHKE CMEXHBIX MOAYJIEH Apyr K Apyry. Ha momydeHHyio Takum
o0pa3zoM yrnpyro-aeMidepHyro MOBEepXHOCTh MOKHO YCTAaHOBUTH (DYHJAMEHTHBIC TUTHTHI 8.

YTUIU3upoBaHHbIE ABTOMOKPHILKKA 1 (cM. puc.l12), HamoNOBUHY 3aloJIHEHHBIE YOPYTUMHU
rpaHyjiaMd 2 W 3aKpbITble CBEPXY PE3MHOBOM 3arilylikod 3, MPEIOXpaHSIONICe BO3AYIIHYIO
II0JIOCTh aBTOIOKPBIUIKM OT IPOHMKHOBEHUS TyJa IE€CKa IECUAaHOM JIMH3BI, PacloyiaracMou Mo
3alUIAEMbIM COOPYKEHHEM, SIBISIOTCS AEMI(QEPHBIM 3JIEMEHTOM M CIIOCOOCTBYIOT CEHCMO-
M30JISIUM KOHCTPYKLIMU ceficMocToiKoro 3aanusl, npeanoxenHoro C.K.Capkucosbim u 1p. [12].

B cmocobe mpoxmanku TpyOONPOBOMOB B CEHCMHUYECKUX palOHAX, MPEIJTIOKECHHOM
®.M.Mycrapuneim u ap. [13], B ciuydasx mnpokianku TpydompoBoga 1 (cm. puc.13) Ha
CKJIOHOBBIX Y4acTKax € YKJIOHOM Oosiee 5° ynpyroruiacTHUeCKue 3JEeMEHThl (HelpecCOBaHHbIE
CTEKJIOBOJIOKHHUCTBIE WJIM TIE€HONPONWICHOBBIE, MOPOJIOHOBBIE M APYTHE YIPYroIJacTHUECKHE
MaTepualibl) YKIaJbIBatOT TOJIBKO 01 TPYOONPOBOA B MOJOCTH YTHIM3UPOBAHHBIX MOKPHILIEK 3.
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Puc.12. OmoenvHulii celcCMOUZOTAYUOHHBLU IIEMEHM U3 YMUIUIUPOBAHHOUL
NOKPBLIUKU 8 KOHCIMPYKYUU CelicMOCmOtiKo2o 30anus (namenm P Ne2388887)

B

Puc.13. Tpybonposoo c ceticmousonayueu, npu e20 nPOKIaoOKe Ha CKIOHe
(namenm P® No2447348): a - npodonvhslli pazpes; 6— nonepeynvlii paspes

[lpu 5TOM AN MCKIIOYECHHS TOBPESKACHUNH CTEHOK TPYObl M H3OJALMU TPYOBI OT
KPYIHO3EPHUCTOIO TI'PYHTA 3aCBIIKM 5 JIONOJHUTEIBHO INPENyCMaTpPHUBACTCA YCTAHABIMBATH B
30HAaX CEHWCMOM3OJSIMU HA BHEIIHIO TMOBEPXHOCTh TPyOOmpoBoja cTaibHOU juct 2. [lanee
IIPOU3BOJIAT 3aChINKY TpaHIleu 4 mebdHeM 5. BennuuHel UpUHBL JHA TpaHIleu B , yria HakioHa
JIHAa TPaHIIEH X M yria OTKOCOB OOKOBBIX CTCHOK TPAHIICH Y ONPEACISIOTCS B 3aBUCHMOCTH OT
Ie€OMETPUYECKUX M MPOYHOCTHBIX XapaKTEPUCTHK TPYyOONPOBOAOB UM KOHKPETHBIX YCIOBUH HX
IIPOKJIAJIKH.

4. KoHCTpyKUMsI KPYIrJioro MOHOJUTHOrO (yHIaMeHTa ¢ HEChbeMHOW onajayOKoil u3

YTHJIN3HPOBAHHBIX NOKPBILIEK

B crpoutenbcTBe 37aHUN MIMPOKOE NPUMEHEHHE HaXOJAT MOHOJIMTHBIE )KeIe300€TOHHbIE
(GbyHIaMEHTBl TOJ KOJOHHBL. OTH (PyHIAMEHTHI B IUTAaHE B OCHOBHOM HMEIOT KBAJpaTHYIO U
OpsAMOYroibHyto ¢Gopmy. DyHIaMeHTb, MMEIOLIME B IUIaHE KpYyriayo (opMy Ha IpakTHKe
MPUMEHSIIOTCS peAko. Tak Kak 3TO CBSI3aHO € TPYAHOCTSIMH W3TOTOBJIEHHUS KPYIJION B IUIaHe
OTaxyoKH.

B Aszepb6aitmxanckom HUW crpoutenscTBa M apXUTEKTypbl pa3paboTaHa KOHCTPYKLIHSA
KPYIJIOr0 MOHOJIUTHOTO (DYHJIAMEHTA MO KOJOHHBI.

Hecnvemnas onamyOka (cM.puc.14) nns OeTOHMpPOBaHUS CTYNEHUYATBIX KPYTJBIX (yHIa-
MEHTOB T0J] KOJIOHHBI COCTOMT M3 YTWIM3HPOBAaHHBIX METAJJIOKOPAHBIX MOKphImEK 1 u 2
OalMayHON YacTH U YTUIN3UPOBAHHON METaNIOKOPIHOM MOKPBIIIKU 3 MOAKOJIOHHUKA 5. biokw,
BBINOJIHEHHBIE M3 YTWJIM3MPOBAHHBIX TMOKPBIIIEK PA3IMYHOIO JUAMETpa, (UKCUPYIOTCS IpH
MOMOUIN MTHIpEH 4, KOTOphIE YCTAHOBJIEHBI Ha MOBEPXHOCTU HIDKEJIEKAIEH MOKPBILIKUA Yepes
120° mo okpy>XKHOCTH Ha IMHUU CONTPUKOCHOBEHUS C BBIIIENIEKAIEH MOKPHIKOH [ 14].

B nosnocte 006pa3oBaHHON onanyOKu ycTaHaBiIMBaeTcs U Qukcupyercs apmarypa. CBepxy
onajyOKH KpemsT IycTOTooOpa3oBaTesib S5, MOCIE 3TOro MOJOCTh OHaNyOKH 3arojHsAeTCs
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6eToHHOI cMmechto. Korna 6eToH 3aTBepaeBaeT mycToToo0pa3oBaTeslb 5 CHUMAaeTcsl M QyHIaMEeHT
rOTOB JUIsl JAJIBHEUIIIEr0 MOHTaXa KOHCTPYKIIUM.

Puc.14. Hecvemnasn onanybxa Kpyanoco MOHOIUMHO20 yHOAMeHmMA

[lpn monmbope YTWIM3MPOBAHHBIX TOKPBIIIEK IUIOMIAJb, 3aHUMaeMas CaMOW HW)KHEH
MOKPBIIIKONW, KOTOpas (OpMHUPYET HIKHIOW CTYNEHb (pyHIaMeHTa, JOJKHA COOTBETCTBOBATH
pac4eTHOMY YCJIOBHIO:

N

Hcp (RH Ve H)

rae Fun. — muomanp 3aHuMaeMas HMKHEM MOKpBILKOW; F, — pacueTHas Iuiomaab MOJOLIBBI
¢ynnamenta; R" — nopmanbHoe nasnenne Ha rpyHT ocHOBaHus; Nj7 — IpUBEIEHHAs NPOIOIbLHAS
pacueTHas CUJA; Jp - CPEJHUIA 00BEMHBIN Bec IrpyHTa; H — riyOuHa 3a10)keHusl (pyHIaMeHTa OT
MTOBEPXHOCTH TIOJIA.

Hecbemusble onany6o4Hble OJ0KH U3 YTHIIM3UPOBAHHBIN MOKPHILIEK B TOTOBOM (yH/IaMEHTE
BBITIOJTHSIIOT POJTb THAPOU3OIISIINA U CEHCMON3OIISIINH.

OcobeHHO XO4YeTcs OTMETUTh TO TEXHHYECKOEe CBOMCTBO, KOTOpPOE MpHOOpeTaeT
KpYTJIbld (pyHIIaMEHT MEIKOTO0 3aJI0KECHHS, KOTOPOE 3aKITI0YAeTCS B TOM, YTO MCIIOJIH30BAHHE
YTHWJIM3UPOBAHHOW pE3MHOBON METAJJIOKOPJHOW aBTOMOKPBIIIKM B HW)XKHEH CEKIUHU
MPEIIOKEHHOW OO0OJIOYKM TO3BOJISIET TIMOJYYUTHh KPYTIyl0 KOHTYPHYKO KOHTAKTHYIO
MPOCIIONKY, KOTOpas MO3BOJISIET MO3UTUBHO TPAaHCHOPMHUPOBATH KOHTAKTHBIE JIaBICHUS MO
nojomBe ¢yHAamMeHTa. B (dyHIaMeHTEe ecTeCTBEHHBIM OOpa3OoM TIOSIBISETCS KOJIbIEBas
mTpaba, 3aloJIHEHHas YHPYro-C)KMMaeMbIM MaTepuasoM (apMHUpPOBAHHON  pe3uHOI).
CxrMaeMoCTh 3TOr0 MaTepuana (BCTaBKM) IPH HadalbHOM JaBJIEHHMM OINpeleseTcs IO
dopmyne npennoxennoi I1.I1.3a6onotabiM u B.JL SIctpyOenenkum [15]:

(1_\/5 ) I:>1kp \/ﬁ
S= , (10)
1128E,
rie S— CXKHUMaeMOCTh JIETKOAE(POPMUPYEMOrO PE3MHOMETAUIMYECKOIO0 KOHTAKTHOI'O
Marepuana (B HaIIeM cllydae apMHPOBAHHOW pe3nHBbl OOKOBOTO (haHIa yTHIM3UPOBAHHOU
MOKpBIMIKHU); Vo — koapduuuent Ilyaccona; P — HavanpHOE KpUTHYECKOE [aBIEHHE Ha
rpyHT OCHOBaHuWs; A’ - MIomans MOAOWBHl (yHIAMEHTa 3a BBIYETOM ILIOMIAAW MITPal,

FH.n. = Fp = ) (9)

3aMOJTHEHHBIX apMHpPOBaHHOW pe3uHoil; Eo — wMoaynp o06meit gedopmamuu rpyHTa
OCHOBAHUS.
5. KoHcTpyKIuM AUHAMUHYECKHX racuTeseil ¢ HCNOJIb30BAHUEM YTHJIN3HPOBAHHBIX
MOKPBIIIEK

YrunuzupoBanHble NMOKpbIKK Hcnob3ytoTes FO.I1.bycapoBeiMm u B.b.UepkyHOBBIM B
KadyecTBE YNPYruxX CHIb(QOHOB JUHAMUYECKOro racurtens konebanmii [16]. [lanHoe
yCTpOUCTBO (puc.15) comep uUT mMaccy B BUJE 3aIOJTHEHHBIX CHINTy4Yeld cpenol W rHOKUMU
CTEp)KHSAMU yNpYyrux cuibPoHoB | yceueHHON KoHMUYecKOU (puc.15a) nnu nuanHapudeckon
(puc.15b) GopMbl, KOHTAKTHUPYIOUIUX MEXAY COOON BBIMYKIBIMH dYacTsAMH Todp 2, ¢
YCUJIUTEIbHBIMU KOJIBIIAMHU 3, YCTaHOBJICHHBIMH BO BHAAWHAX ropp 2 M pacIoiOKCHHBIX B
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OCHOBaHUAX CWIbGOHOB 1 OHUCKOB 4 M 5 C LEHTPAJbHBIMU OTBEPCTUSAMU, U Tpoc 6,
MPOIYIIEHHBIN Yepe3 MOCIEHHUE.

YacTora COOCTBEHHBIX KoJeOaHUW racuTens mnoidupaeTcs OIM3KOM K YacToTe
kosieOaHui coopyxxkeHus 7. ['acurtenb, UCHBITHIBAas KoJeOaHHUS B pEKUME aHTUPE30HAHCA,
NoAaBIsAET ceiicMuyeckue KonebaHuss COOPYyKEHHUs.

Puc.15. Jlunamuueckuil eacumens Ko1eOAHUU COOPYAICEHUN NPU CEUCMULECKUX 8030UCTNEUILX
(a.c. CCCP Nel413328): a — cunvghonvl 6 6ude yceueHno2o KOHyca,
6— cunbonbl YUIUHOPULECKOU hopmbl
6. KoHCTpYKIIMM 3KPAHOB AJISl TalleHUs CeICMUYECKUX BOJIH € HCNOJIb30BAHUEM
YTHJIM3HPOBAHHBIX MOKPbIILIEK
B 1988 r. umxenepsl @.I'.'abuboB u A.B.Typkus npennoxui KOHCTPYKIIHIO dKpaHa
(cM. puc.16) ans CHMXKEHHS CEUCMHUUYECKUX BO3JACHUCTBHMN, KOTOPBIA BBIMOJHEH B BHJIE
nemndupyromeil noaymku 1, pazMemnieHHON B KOTJIOBUHE MOJ (pyHAaMEHTHON MIUTOH 2,
B3pBIBHOW ycTaHOBKM 3. Jlemmndupyromas Moaymka COCTOUT M3 TOPU30HTAIbHBIX PSIOB
pe3nHoapMupoBaHHBIX  [[-00pa3HBIX  37IE€MEHTOB, 00pa3OBaHHBIX  MpPH  pa3peske
YTUJIU3UPOBAHHBIX aBTOMOKPHIIIEK HAa BOCEMb CEKTOpOB [17].

J

!
Puc.16. Dxpan noo 63pvlenoil ycmano8kou, eepmuraibhuii paspes (a.c. CCCP Nel550960)

@.I'.'abuboB Takke MPEJIOXHUI SKpaH AN TallleHUs CEHCMHYECKUX BOJIH B TPYHTE,
CO3JaHHBIM M3 MaYeK YTHJIM3UPOBAHHBIX MOKPBIIICK, YJIOXKEHHBIX BOKPYT 3alUINAEMBbIX
COOpYKEHHH, B TIIyOOKHE TPAHIIICH WU PsIAbl CKBaXXuH [ 18].

Takke MOXHO OTMETHTb KOHCTPYKLHIO DJKpaHa IJs 3alldThl COOPYXEHUU OT
celicMuyeckux konebanuid, npeanoxeHubii JK.b.baliHaTOBBIM, KOTOpasi BBITIOJIHEHA B BHE
CKBaXXWH, NpOOYypeHHBIX TJIIYOMHOH HE MeHee JBOWHOW BBICOTH (yHIaMeHTa,
PAcCMoOJIOKEHHBIX B MIAXMAaTHOM MOPAJIKE BIOJb ABYX 3aMKHYTHIX JIMHUN, PaBHOYZAJECHHBIX
oT pyHAaMeHTa coopyxeHus. [Ipu 3ToM nanbHUE CKBaKUHBI BBHITTOJIHEHBI 00Jiee TI1yOOKUMH,
YeM CKBQ)KHHBI ONMKHHE K COOPYKEHHIO M 3alOJIHEHBI CTOMKAMH YTHJIM3HPOBAHHBIX
ABTOIOKPBIIIEK. bBiImXKHHUE K COOpPYXEHUIO CKBAXXWHBI 3aMOJHEHBl YTHJIU3UPOBAHHBIMU



MNel. 2021 AZORBAYCANDA INSAAT va MEMARLIQ

MJIACTUKOBBIMU OYTBIIKAMHU C 3aKPBITHIMU KpbIIIKaMu. CBEepXy CKBa)KUHBI 3aTIOJTHEHBI CIIOEM
rpyaTa 50-60 cm [19].
7. CeiicMOCTOlKHE IUIOTMHBI, B KOHCTPYKUMSIX KOTOPbIX HMCIOJb30BAHbI
YTWIM3HPOBAHHBIE MOKPBIIIKH

YTunu3upoBaHHbIE METANIOKOPIHBIEC MTOKPBIIIKKA aBTOMOOMIIEH 3(PPEKTUBHO HCTIONb3YIOTCS
B KQUE€CTBE apMHUPYIOIIUX JIEMEHTOB CEMCMOCTOUKMX IPYHTOBBIX IJIOTHH.

CeilicmocTolikas TpyHTOBas IUIOTHHA, pa3padoranHas @.I'. ['abuboBeM u 11p. B 2010 1. (cM.
puc.17) BKIOYAeT yMOpHBbIC MPU3MBI | W3 MecYaHO-TPABUMHOW CMECH, AP0 2 W3 TIIMHHCTOTO
TPYHTa U aHTHUCEHCMHUYECKHE apMHPYIOIIHE Tosca (PJIEMEHTHI) 3, yKIaJblBaeMble B YHOPHBIX
MpU3Max TOPU3OHTAIIBHO B BHUJE SYEEK 3alOJHEHHBIX ApeHakHbIM matepuanom 4. Ilosica 3
COCTOSIT M3 TMOMEPEYHBIX IKEJIEe300€TOHHBIX OaloK 5, pacmojaraeéMbiXx y OTKOCa IUIOTHHBI,
MOTIEPEYHBIX KEJIE300CTOHHBIX OANOK 6, pacmojiaraeMbIX B TeJi€ TUIOTHHBI. 3aMBIKAIOIIUE STYCHKN
apMUPYIOLIETO 3JEMEHTA BBINOJIHEHBl W3 YTWIM3UPOBAHHBIX METAJJIOKOPJHBIX MOKPBILIEK 7,
KOTOpPBIE COEIWHEHBI MEXAY CO0OW apMaTypHOM CBSI3bI0O B BHJIIE TPYOUaThIX JJIEMEHTOB C
aHkepamu, (UKCHUPYEeMbIMH Ha BHYTPEHHEH MMOBEPXHOCTH TMOKPBIIIEK OT OONBIIETPY3HBIX
aBTOMOOMIIEH. ApMaTypHasi CBA3b MKy MOKPBIIIKAMHA CMEXHBIX sSTUeeK U OajgkaMu 6 BHIIOJTHEHA
U3 TPyOUATHIX AIIEMEHTOB, MOHOJIUTHO 3aKPETIEHHBIX U MPOXOASIINX HACKBO3b MOMEpEK 0aoK 0,
IIPUYEM apMAaTYPHBIE FJIEMEHTHI 3aKPEIUISIOTCS AHKEPaMU Ha BHYTPEHHUX OBEPXHOCTAX KpaWHUX
MOKPBIIICK CMEXKHBIX siueek mosica [20].

Puc.17. Ceticmocmotixas epyHmoeas niomuna, nonepeunslil paspes
(namenm Asepb6auioxncana Ne 12013 0038)

[Ipu Bo3AEiiCTBMY HA TUIOTHHY CEHCMHUYECKUX CHII QpMUPYIOIINE JIEMEHTHI BOCIIPHHUMAIOT
Ha ce0s W30BITOYHBIE pPACTATHBAIOIIME YCWIMA 32 CYET CIEIJICHHS C TPYHTOM IUIOTHUHBL
JepopMupyeMOCTh TPYHTa OTPAaHHYMBACTCS M PETYIHPYETCS 3a CYET YNPYTHUX TOKPHIIIEK H
XKeNe300€TOHHBIX 0allok B apMHUPYIOIIMX 3JEMEHTaX, KOTOpble MPH IOMOIIU TPyOuaThIX
CoeJIMHEHUI paboTaeT KakK O/lHa 1iesas CUcTema.

E.M.Illok6apoBeiv, @.I'.I'abuboBeiv u JI.D.I'abuboBoil pa3paboTanu KOHCTPYKIIHUIO
CECMOCTOMKOM T'PYHTOBOW IUIOTHHBI [21] M TEXHOJOTHIO H3TOTOBJICHUS €€ apMHUPYIOLIUX
aneMeHToB [22]. B miortune (puc.18) ¢ sapom 1, GOKOBbIMH NHpu3MaMu 2 U apMHUPYIOUIMMU
AJIEeMEHTaMHU 3, Ka)Jblil U3 KOTOPBIX COCTOUT M3 OCTOHHBIX OJIOKOB, BBIMOJIHEHHBIX U3 COOCHO
criapeHHbIX OeTOHHBIX OsinHOB. Ilpu 3TOM OnMHBI OoJblIero aUameTpa 4 pacHoNOoXKEHbl HUKE
OJIMHOB MeEHbIIETO auamerpa 5. B OeToHHBIX O0kax oOpa3oBaHbl KaHAJIBI 6 W pa3MEIIEHBI
MeTaJUIMYeCKHe 3aKiaanble Aetanu 7. Yepe3 kaHaibl 6 IpOXOIAT IIaJKUE CTAJbHBIE CTEPKHH 8,
MpUBapeHHble K 3aKkiaaHbiM getansim 7. Kanamer 6 oOpasyrorcs Onaromapsi MOKPBITHIO
MOBEPXHOCTU CTepxkHEH § 10 OeToHnpoBaHMs 0JOKOB aHTUKOPPO3HOHHBIM CMOJISIHBIM COCTaBOM,
MCKITIOYAIOUINM CLICTIJICHHE cTepkHEel 8 ¢ 0eTOHOM 0JIOKOB Mocje TBepACHHs OeTOHa.
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a

é)

Puc.18. [Inomuna uz mecmmusix epyHmMOBbIX MAMEPUANO8 C APMUPYIOWUMU DNEMEHMAMU:
a — nonepeyHwlil paspes;, 6 — hpacmenm apmMupyrowe2o 3nemeHma, nPoOOIbHbLI PA3PE3;
6 — (hpacmenm apmupyroue2o snemenma, U0 ceepxy

bokoBasi MoBEpXHOCTh OETOHHBIX OJOKOB HMMEET PE3MHOAPMHPOBAHHOE IOKpBITHE 9,
00pa30BaHHOE M3 JBYX YTHJIM3UPOBAHHBIX METAJUIOKOPAHBIX IOKPBHIIMIEK PAa3HOro JUaMeTpa,
KOTOpBIE€ NMPH M3TOTOBJIECHUU OJIOKOB HCIIONB3YIOTCA Kak HechbeMHas omainyOka. [Ipu cioxkHbIX
nepopManusaxX, BbI3BAaHHBIX CEHCMHUECKUMH CHUJIAMM, apMUPYIOIIHME 3JIEMEHTHI MPENsTCTBYIOT
00pa30BaHUIO0 BHYTPEHHUX IOBEPXHOCTEW CKOJIbKEHUS, CIIOCOOCTBYS COXPAaHEHHUIO 3aJaHHOU
YCTONYHMBOCTH TPYHTOBOU IJIOTHUHBI.

®.['T'abuboB m ap. pa3paboTany KOHCTPYKIIMH CEHUCMOCTOWKHX TPYHTOBBIX IIJIOTHH,
BO3BOJIMMBIX B IIUPOKUX cTBOpax [23] u y3kux crtBOpax [24]. CeiicMocTOlKasi IUIOTHHA,
BO3BOJMMAs B IIMPOKUX CTBOpax (cM. puc.l19), cocTouT u3 BepxHEll OCHOBHOH uvactu 1 Tena
IUIOTUHBl ¥ PAaCIOJOKEHHOTO MEXAY OCHOBHOW YacThblO Tela IUIOTUHBI M OCHOBaHHEM 2
celicMOM30IUpYIOIIero ciiosi (3KkpaHa) 3, KOTOpbI CcPOPMUPOBAH IMyTEM YCTAaHOBKH B HEM
BKJIIOYEHUH B BHUJE OJHOTUIHBIX YTHIM3UPOBAHHBIX METAIJIOKOPIHBIX MOKpHIMIEK 4, MOJOCTH
KOTOPBIX 3aI0JIHEHBI TYMOPHHOM 5.

Puc.19.
CeiicmMocmotixas 2pyHmo8ast NIOMUHA, 603600UMAsL 8 WUPOKUX CIMEOPAX:
a — nonepeynvlil paspes, 6 — RPoOOIbHbLL paspes; 6 — cevenue A-A
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CeiicmocToliKas MI0THHA, BO3BOJUMAs! B Y3KHX CTBOPax (cM. puc.20), COCTOUT U3 OCHOBHOM
yacTH | Tena MIIOTMHBI M PACIOJOXKEHHOTO M0 BCEMY KOHTAKTY IUIOTUHBI C OCHOBaHHEM 2 U
O6opramu 3 cTBOpa ceiicMOM30JIUpYIOLIEro cios (9KpaHa) 4, KOTOpbIH CHOPMHPOBAH IyTEM
YCTAaHOBKHM B 3TOM CJIO€ BKJIIOYEHHH B BHJI€ METAJUIOKOPJHBIX MOKPBIIEK S5, MOJIOCTH KOTOPBIX
3aI0JIHEHbI TYMOPHUHOM.

a)

Puc.20. Ceiicmocmotixas epyHmogas niomuHa, 603600UMASL 8 Y3KUX CINBOPAX:
a — nonepeunblil paspes; 6 — nonepeunblil paspes

['ymOpuH SBASETCS OTXOJAOM TEXHOJOTHMH OYHMCTKH TEXHHMUYECKHX Macell. JTOM OTXOJA B
OOJIBIITNX KOJIMYECTBAX HAKAIUIMBACTCS B MOJUTOHAX HeTenepepadaThIBAOIINX MPEATPHUATHI.

JuHamuueckasl KECTKOCTb TOJYYEHHOTO CEHCMOM3OJIMPYIOIIET0 JKpaHa B  00eux
BBIIIICYKA3aHHBIX KOHCTPYKIUAX TUIOTHH KaKk MUHUMYM Ha 70% HUXe TMHAMHYECKOU KECTKOCTH
MECTHOTO KOHJMIIMOHHOTO TPYHTa, MCIIOJIB3yEMOrO IpPH YKIAJKE OCHOBHOW YaCTU T'PYHTOBOU
MIOTUHBL. KpoMe 3TOro MeTaysIoKOpAHBIE YTHIM3UPOBAHHBIE MOKPHIIIKH CEHCMOU30IUPYIOIIETO
9KpaHa MPUIAOT eMy JOMOJHUTENbHbBIE AeMidupyromnme cBoicTBa. JlucnepcHoe pacnoioKeHue
BKJIIOYCHUN B CEMCMOMBOJAIMOHHBIX OSKpaHaX IMO3BOJSIOT JOCTUTHYTH JH(PPAKIIMOHHOTO
ocaa0JIeHHs CEICMUYECKON BOIHEI.

BbIBOALI:

1. Ha MHOTOUYHMCIIEHHBIX TpUMeEpax Pa3IUYHBIX U3BECTHBIX KOHCTPYKIHMHA (YHIAMEHTOB H
aMOPTHU3aTOPOB COOPYXEHUH C MCIOJIB30BAHUEM YTHIIM3UPOBAHHBIX METAJIOKOPIHBIX
MOKPBIILIEK [TOKa3aHa UX peajbHas 3(pPeKTUBHOCTD, CBA3aHHAS C MOBBIILECHHON celicMo-,
BUOpOTracuTenbHON U AeMiipepHoil criocoOHOCThI0. JlaHHast 3 PeKTUBHOCTD 3al0KeHa B
crieln(pUYHBIX TEOMETPUUECKUX U MEXaHUUYECKUX XapaKTEPUCTUKAX OTCIYXHUBIIUX CBOM
CPOK TOKPBIIIIEK.

2. OTMedyeHa BO3MOYKHOCTh  HCIOJIB30BAaHUS ~ YTHWIM3UPOBAaHHBIX  TOKPBIMIEK  JJIs
KOHCTPYMPOBAHUS AUHAMHUECKUX FacUTENIel CECMUUECKHUX KOJIEOaHMA.

3. IlpuBonsaTcs peanbHble MPHUMEPHI HMCIOJIb30BaHHS YTUIM3UPOBAHHBIX MOKPBILIEK IpU
CO3JIaHMM CEHCMO3AIIMTHBIX HSKPAHOB TEPPUTOPHA, HA KOTOPBIX PACIOJIOKECHBI
OTBETCTBEHHBIE COOPYKEHHUS.

4. Tlokazana 5>(QEKTHBHOCTb HCIOJB30BAHUS  YTHJIU3UPOBAHHBIX  MOKPHIIIEK  OT
OONBLIETPY3HBIX ABTOMOOWJIEH NpPU KOHCTPYMPOBAHUM APMHUPYIOIIMX 3JIEMEHTOB U
CEMCMOM3OIISIIIMOHHBIX CJIIOEB TPYHTOBBIX CJIO€B I'PYHTOBBIX TUIOTHH.

5. YHukanbHble = reoMeTpuyYecKkue UM (U3MKO-XUMHKO-MEXaHHYECKHEe  CBOMCTBa
YTWIM3UPOBAHHBIX METAJUNIOKOPAHBIX TOKPHIIIEK, a TaKKe HMX TECTPHI pa3MepHBIN
COPTaMEHT, CO3/JaeT IJsl MHXEHEPOB U KOHCTPYKTOPOB LIMPOKHE BO3MOYKHOCTHU JJISt
NPOCKTHPOBAHUS M CO3JaHHs HOBBIX MHHOBAallMH B OO0JIACTH  CEHCMO3AIUTHI
COOPYKEHHUM.
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UOT 699.84
COXMORTOBOLI HUNDUR BINALARDA AUTRIQQER (OUTRIGGER)
STRUKTUR SISTEMININ TOTBiQiNiN ARASDIRILMASI
elmi isci Oliyev V.M. Azorbaycan Insaat va Memarhq Elmi-Tadgigat Institutu
HCCJEJIOBAHUE NMPUMEHEHHUSI KOHCTPYKTHBHOM CUCTEMBI
AYTPUITEP B MHOT'O3TAKHbBIX BbBICOTHBIX 3JAHUSX
Hayunvitl compyoruk Anuee B.M. Azepbaiioocanckui HUU Cmpoumenvcmea u Apxumexmypol
INVESTIGATION OF THE APPLICATION OF OUTRIGGER

STRUCTURAL SYSTEM IN MULTI-STOREY HIGH BUILDINGS
researcher Aliyev V.M. Azerbaijan Scientific-Research Institute of Construction and Architecture

Xiilasa: Mogalo goxmortabali hiindiir binalarin zalzalo vo kiilok (iifiqi) yiiklorino qarsi
dayamigliligini artiran Autriqqger (Outrigger) struktur sisteminin novlarinin vo diinya olkalarinds
totbiginin arasdirilmasina hosr edilir. Autriqger (Outrigger) struktur sistemi digor struktur
sistemlorindon, 40 mortobadon ¢ox olan binalarda sortliyin artirilmasinda effektiv olmasiyla
forglonir.

Acar sozlar: Coxmortoboli hiindiir binalar, Autriqqger (Outrigger), struktur, tfiiqi yiiklor,
sartlik, seysmika, ayilmo, miigavimat.

Annoranusi: CTaThs MOCBSIIEHA M3YYEHHIO THIIOB CTPYKTYPHOM CHCTEMBI Autrigger u ee
NPUMEHEHHIO B JAPYIMX CTpaHaX MHpPA, TMOBBIIMIAIOIIEH YCTOWYMBOCTh BBICOTHBIX 3[JaHUN K
3eMJIETPSACEHUSAM W BETPOBBIM (TOPHU3OHTAIbHBIM) Harpy3kaMm. KOHCTpyKTHBHAs CHCTEMa
Outrigger OTIUYACTCA OT APYrHMX KOHCTPYKTUBHBIX CHCTEM TeM, YTO 3(P(PEKTHBHO yBEIHMUMBAET
KECTKOCTh B 3/IaHUsX ¢ Ooiiee ueM 40 rTakamu.

KawueBbie ciaoBa: MHOTo3TaXHbIC BBICOTHBIC 3[aHUi, AyTpUrTep, CTPYKTYypa,
TOPU30HTAIBHBIC HATPY3KH, TBEPIOCTh, CEHCMIKA, CTHOAHIE, COTPOTUBIICHHUE.

Summary: The article is devoted to the study of the types of Outrigger structural system
and its application in countries around the world, which increases the resistance of high-rise
buildings to earthquake and wind (horizontal) loads. The QOutrigger structural system differs from
other structural systems in that it is effective in increasing stiffness in buildings with more than
40 floors.

Keywords: Multi-storey tall buildings, Outrigger, structure, lateral loads, stiffness, seismic,
deflection, resistance.

Diinya miqyasinda ¢oxmortobali hiindiir binalarin tikintisi siirotlo artir vo ¢oxmartoboli
hiindiir binalar texniki yeniliklorin, iralilayislorin simvoluna ¢evrilmisdir. Hal hazirda siiratls artan
sohorlogsma sabobiylo ¢oxmortobali hiindiir binalar ofis vo yasayis binalar {i¢iin daha olverisli bir
secim halina golmisdir. Coxmortoboli hiindiir binalar, yasayis, ofis vo osason kommersiya
istifadosi iiclin layiholondirilir. Coxmoartobali hiindiir binalarin vacibliyi ilk ndévbads sohor
ohalisinin siirotlo artmasi, isglizar foaliyyatlorin bir-birina miimkiin qodor yaxin olmast vo
yerlogsmo saholorinin mohdud olmasi tolobine asaslanr.

Keg¢misdo binalarin yiikdasiyan konstruksiyalarinin (struktur elementlorinin) ilk ndvbado
agirhq yiiklorini dasiyacaqlari gabul edilirdi. Ancaq bu giin konstruktiv sistemlordaki inkisafin va
yiiksok mohkomlikli materiallarin sayasindo binalarin ¢okisi azaldildi vo 6z ndvbasindo binalarin
incaliyi artirildi va bu da boyiik dlgiide kiilok vo zalzalo kimi {ifiiqi yiiklorin nazers alinmasini
zoruri etmigdir. Xiisusilo ¢oxmartobali hiindiir binalar {igiin incolik vo elastiklik artdigca kiilok vo
zolzolo noticosindo yaranan iifliqi yiiklordon ciddi sokildo tosirlonir. Beloliklo, binalarin
hiindiirliiylindon asili olaraq {fiiqi ylikloro miigavimat gostormok iiclin miivafiq struktur
sistemlorini miioyyanlosdirmak vacib hal almigdi. Hal hazirda hiindiir binalarin tikintisinds {ifliqi
miiqavimoti tomin etmok l¢iin istifads edilo bilon bir ¢ox struktur sistemlori mévcuddur. Miiasir
dovrds hiindiir binalar asason asagidaki struktur sistemlorinden istifads edilorak layiholondirilir:
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Dacxili yiikdasiyan sistem: Ufiiqi yiikloro qarsi miiqavimat gdstoran struktur sisteminin osas
hissasi binanin daxilindo yerlosdikds, daxili struktur sistemi kimi taninir; 1- Sart ¢argiva, 2-
Giiclondirilmis ¢argiva; 3- Parda divarlar, Sarnir ¢or¢iva; 4- Parda divarlar, Ferma sistemi; 5-
Autriqger (Outrigger) sistemi:

Xarici yiikdastyan sistem: Ufiiqi yiikloro garst miiqavimot gdstoron struktur sisteminin
asas hissasi binanin perimetri boyu yerlasirso, xarici struktur sistemi kimi taninir; 1- Boru ¢argiva;
2- Boru i¢inda boru sistemi; 3- Giiclondirilmis boru sistemi; 4- Birlasdirilmis boru sistemi;
5-Carpaz sabokali sistem; 6-Foza sabaka fermasi,; 7-Super ¢or¢iva; 8-Xarici qoruyuculu sistem:

Hiindiir binalarda autriqqer struktur sisteminin istifadssi yeni bir anlayis deyil. Oslinds,
hiindiir binalarda 50 ildon artiqdir ki, autrigqer struktur sistemi ugurla istifads olunur. Autrigqgerli
binalarin ilk niimunolori miiasir seysmik layiholondirma tocriibslorinin  holo  baglangic
morholasinds oldugu bir dovrds meydana golmisdi vo bu sobabdon yalniz kiilok yiiklorinin tosirlori
liciin istifade olunan bir sxem idi. Seysmiki qiivvalora miigavimot gdstormok vo olave qiivve
paylanmasini tomin etmok {i¢iin autriggerdon istifado etmak son bir ne¢o onillikds siiratlo inkisaf
etmigdir. Autriqger sisteminin on erkon sonadlosdirilmis istifadolorindon biri, Kanadanin Montreal
sohorinds yerlogson “Tour de la Bourse” binasinda olmusdur. Bu 47 moartabali domir-beton bina
1964-ci ilds tikilib va istifadoya verilmisdir.

Hiindlir mortobali binalarin tikintisindo autriqger ideyasi, {iifiiqi ylikloro miigavimot
gostormak {i¢iin binanin otraf vo daxili konstruktiv elementlorini biitov olaraq birlogdirmokdir.
Autriqqger struktur sistemi binanin hiindiirliiyii boyu bir vo daha ¢ox soviyyelordo yerlosdirilmis,
bir vo ya iki mortobo hiindiirliiylindo autriqger (sort iifliqi elementlor) ilo xarici siitunlara
birlogdirilmis sortlik 6zoyindon ibarotdir. Sortlik 6zoyi, binanin hor bir torofino autriqger ilo
genislondirilmis olaraq morkozlosdirilmis sokildo vo ya binanin siitunlarina autrigger ilo
birlogdirilmis sokildo binanin bir torofindos yerlosdirilo bilor (sokil 1).

Autrigger Autrigger
Autrigqer Autriqqer
[ [
Xarici Xarici
siitunlar stitunlar
A Sortlik 6zayi \ Sortlik 6zoyi
L 1 I

(a) (b)
Sakil 1. (a) Morkaozi 6zakli autrigqer sistemi: (b) Konar ozakli autrigqer sistemi.:

Autriqger struktur sistemi sartlik 6zoyins baglanmasina asason iki nove ayrilir.

Konvensiya (onanavi) autriqqger sistemi; Virtual autrigger sistemi:

Konvensial autriqger sistemindo autrigqer fermalar1 va ya tirlori birbasa sortlik 6zok divarlarina
vo ya mohkomlondirilmis ¢orgivalora vo 6zoyin xaricindo yerloson siitunlara birlogdirilir. Sortlik
0zoyino vo 0zoyin xaricindoki siitunlara birlosdirilmis autriqger fermalari, sortlik 6zoyin
firlanmasini mohdudlasdirir vo 6zokdoki agsma momentinin bir hissasini xarici siitunlarda saquli
qiivvaya g¢evirir (sokil 2).

Virtual autriqqer sistemindo sortlik 6zoyindoki agsma momentinin xarici siitunlara
oOtiiriilmasi sortlik 6zoyi ilo siitunlar arasinda birbasa alage olmadan olds edilir. Beloki virtual
autrigger asma momentini 6z soviyyasindo yerloson ¢ox sort vo méhkom olan dosomo tavalar
(iftiqi diafraqmalar) vasitosilo sortlik 6zoyindon xarici siitunlara vo komer fermalarina saquli
quvvo olaraq otiirlir. Homginin, désomo tavalar1 vasitosilo komor fermalarina Gtiiriilon asma
momentini, komor fermalar1 birlogdirdiyi xarici siitunlara saquli qiivvs olaraq otiirtir (sokil 3).
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Sartlik 6zayi ila

xarici siitunlari
blrba§a alagalandiran Kaifisi
autrigger fermalar
/ fermalan

N Kamar 55
Xarici
fermalar ————
siitunlar
Xarici Sortlik 6zayi
siitunlar =

A\ Sartlik 6zayi ila
xarici siitunlart
birbasa alagolondiron

autrigqer fermalar

% Sortlik 6zoyi

Sakil 2. Konvensial (ananavi) outrigqer sistemi:

Virtual autrigqger ) )
kimi isloyan Virtual autrigger
komor fermalart kimi isloyon
komar fermalari
/ Xarici
stitunlar
Xarici L |
siitunlar Sartlik 6zayi
\ Sortlik 6zayi b & n

Sakil 3. Virtual autrigger sistemi:

Sistemin asas struktur reaksiyasi olduqca sadadir. Autriqqer, sortlik 6zoyini xarici siitunlara
birlogdiron sart bir qol rolunu oynadigindan, sortlik 6zoyi autrigger soviyyasinde {ifiiqi yiiklorin
tosiri altinda yana oyilmoyo calisarkon xarici siitunlarda dartilma, sixilma gorginlik yaradir vo
momentin oksino horokot edir. Autriqger sobokasi sortlik 6zoyindoki qiivvelori autriqgerin
uclarindaki xarici silitunlara otiirlir vo bununla birlikds strukturun birgs foaliyyatini tam tomin
etmok ii¢lin perimetr boyu yerlogon siitunlar autriqger soviyyolorindo komor fermalari vasitasilo
birlosdirilir (sokil 4).

I T C \ IS e
* ) A|
T.C>T,C [
M'<M i
I T C \ T cp
* ) A|
b P
M \ M N
. 1] . 1]

@ ®)

Sakil 4. Adi sartlik ozakli corcivo sistemi
(a) ilo autrigqerli sortlik 6zakli sistemin (b) miiqayisasi

Burada: T, T', C, C' siitunlardaki giivvalor, M, M’ isa biindvra momentloridir.

Sortlik 6zayi saquli bir konsol kimi ayildikdo autrigqer sobokasi sayasindos {ifiiqi yiiklorin tosir
etdiyi sothds yerloson siitunlarda gorginliyin artmasi vo {fliqi yiliklorin tosir etmadiyi sothdo
yerloson siitunlarda sixilmanin yaranmasi ilo dayanigliligin tomin edilmasindo strukturun biitiin
tizvlori istirak edir. Autriqger struktur sistemi birlosdirdiyi xarici siitunlar va sartlik 6zoyinin birgs
islori osasinda asirma qiivvalorinin biindvroya somorali sokildo paylanmasina komok edir (sokil 5).
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Sortlik 6zayi

Dartilan
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Sixilan

Autrigger ilo
sortlik 6zoyindo
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Autrigqgersiz
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fermalari
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T stitunlar
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Sakil 5. Adi sortlik 6zakli ¢cor¢iva sistemi ilo autriqqgerli sortlik
Ozakli sistem arasindaki moment diaqraminin miigayisasi.
Autriqgerlorin M1, M2 vo M3 mohdudlasdirict momentlorini yaratmaq {igiin kifayot qodor
sart oldugunu goabul etsok, biindvradoki Myinsvio momenti azalacagq.

Mbﬁnévra = MO biindvra + M1+ M2+ MS (l)
Diistur (1) asagidaki kimi yazila bilor:
IVIO biindvre — Mbiinévrs 'Z Mi (2)

Burada: M; autriqqgerlorin i sayda mohdudlasdirict momentlaridir: [1, 5].

Autriqger sisteminin iistiinliiklori:

* Arasdirmalar gostorir ki autriqger sistemlori giiclondirilmis polad g¢orgivali sortlik 6zoyi olan
binalarda qurasdirma islori daha asan basa golir. Buna baxmayaraq beton vo ya kompozit
konstruksiyalarin istonilon birlosmasindods yaradila bilor.

» Sortlik 6zoyinin firlanmasini mohdudlasdirir vo 6zokdoki agma momentinin bir hissasini
stitunlarda saquli qiivvoyo cevirir. Autriqqer struktur sistemi birlosdirdiyi xarici siitunlar vo sartlik
0zoyinin birgo islori osasinda asirma qiivvelorinin biindvroyos somorali sokildo paylanmasina
komok edir, siitun vo biindvra boyunca qaldirma qiivvalorinin shomiyyatli derocads azalmasina
nail olunur.

« Sortlik 6zoyi otrafinda, xarici gargive, sort ¢orgiva tipli olagolors ehtiyac olmadan "sado" tir vo
stitun ¢argivasindan ibarat ola bilor vo naticodo gonaast yaranir.

« Ozok vo boru sistemlorinds agirliq yiikii dastyan siitunlari iifiigi yiiko dayaniql sistemo somarali
bir sokilds daxil edsrak shomiyyatli deracads gonasts gatirib ¢ixara bilar.

Autriqqer sisteminin c¢atismazhgqlar:: Autriqqer sistemlorinin istifadosindoki on
ohamiyyatli catismazliq, onlarin yerlosdiyi martabalords istismar sahalorini mohdudlagdirmasi vo
montaj prosesindo ciddi omok sorf olunmasidir. Bu ¢atismazliglar bozi yanagmalarla minimuma
endirilo bilor.

« Sistemin texniki mortobaslorlo eyni soviyyslors uygunlasdiraraq verilmosilo.

* Tokrarlanan tikinti prosesi vo konstruksiyalarin dl¢iilorinin azalmasi naticosinds tikinti prosesinin
slirotlonmasila.

Konvensial (enonavi) autrigqer sistemi istismar saholorini mohdudlagdirmasina vo qurasdirilma
prosesinda ciddi amok sorf olunmasina baxmayaraq g¢oxmortabali hiindiir binalarin sartliyinin
artirilmasinda qarantli oldugu ti¢lin 6z mévqeyini qoruyub saxlamaqdadir.

Diinya miqyasinda bir sira taninmis binalar, iifiiqi yiiklora effektiv bir sokildo miigavimot
gostormokdo vo binalarin komfortunu tomin etmokdo effektivliyini siibut etmis autriqqer struktur
sistemino sahibdir. Asagidaki codvoaldo autriqger struktur sistemi totbiq edilmoklo insa edilmis
diinya miqyasinda moghur binalardan birnegosi cadval 1-do verilmisdir.
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Cadval 1
Bina Sahar Hiindiirliik vo martabalarin say
Biirc Xolifa Dubay 828 (160)
Taybey 101 Taybey 509 (101)
Sanxay Beynoalxalq Ticarat Morkazi Sanxay 492 (101)
Beynolxalq Ticarot Markozi Honkong 483 (118)
Petronas okiz qiillolor Kuala Lumpur 452 (88)
Nangin Qrinlond Maliyys Morkazi Nangin 450 (89)
Tramp Beynolxalq Hotel & Tower Cikaqo 423 (96)
Dubay Qiillosi Doha 438 (190)
Plaza Rakyat Ofis binasi Malaziya 382 (79)
Aston Apartmantlar1 yasayis binasi Sidney 90 (30)
NOTICOLOR

1. Autriqger sistemlori polad, beton vo ya kompozit konstruksiyalarin istonilon birlogmasindo
yaradila bilir.

2. Martobalarinin say1 40 martobadon ¢ox olan binalarda autriqqger struktur sistemlori ifiiqi yiiklors
qarst dayanaqlig1 artiraraq coxmartabali hiindiir binalarin ingasina imkan yaradir.

3. Diizbucaqli vo boru tipli sortlik 6zokli sistemlordo shomiyystli doracods agirliq yiikii dasiyan
0zok otraft siitunlari iifiiqi yiikke dayanigli sistemo somarali sokildo daxil ederok hom
dayanigligin artirilmasina, hom do iqtisadi cohatdon gonaoto gotirib ¢ixara bilir.
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OYILON DOMIR-BETON ELEMENTLORIN QEYRI-XOTTi DEFORMASiYA MODELI
OSASINDA SORBOST ROQSLORININ YENI BAXISLARLA OYRONILMOSI
tex.iizra f.d., dos. Cabrayilova G.X. Azarbaycan Memarlq va Insaat Universiteti
HCCJIEJOBAHMS CBOBOJIHBIX KOJIJEBAHUM N3T'NBAEMBIX KEJIE30BETOHHBIX
3JEMEHTOB HA OCHOBE HEJII/IHEFIHO-I[E(DOPMI/IPOBAHHOﬂ MOJIEJA
C HOBBIMMU B3I'JIAJAMU HA NPEJEJIBHBIE COCTOSHUA
K. 1. 0. Isrceopaunoea I' X. Azepbaiioxrcanckuii Ynusepcumem Apxumexmypol u Cmpoumenscmea.
RESEARCH OF FREE OSCILLATIONS OF BENDING REINFORCED
CONCRETE ELEMENTS BASED ON NONLINEAR-DEFORMED
MODEL WITH NEW LOOKS AT LIMIT STATES

PhD, assos. prof. Dzhebrailova G.Kh. Azerbaijan University of Architecture and Construction

Anoranus: B pabote maercs MeToauKa ompeneseHuss 4acToT U popM CBOOOIHBIX KOJIeOaHUN
Ha OCHOBE HEIHHEHHO-1e(hOPMUPOBAHHON MOJAENTH, KOTOpBIE Al BO3MOXKHOCTb Y4YeCTb
OCHOBHBIC JIe()OPMAIIOHHBIE XaPAaKTEPUCTUKU OCTOHA: TOJI3YYeCTh M JUIMTEIbHAS MPOYHOCTH
0eToHa, a TaK)Ke HapacTaHHe MPOYHOCTU apMaTyphl OCHE Mpe/ieNa TeKy4eCTH apMaTyphbl.

Kak moxa3pIBaloT pe3yabTaThl YHCICHHBIX NPHMEPOB, Y4E€T OCHOBHBIX Ie(OpMaIlMOHHBIX
XapaKTepUCTHK OETOHA M apMaTypbl 3HAUUTEIBHO YBEIMYUBACT BEJIMYMHY YAaCTOTHI CBOOOJHBIX
KoJIeOaHUH.

PexoMeHIyIOTCS B MPaKTHUECKUX pacueTax CIeIyIOT HUCXOAMT W3 TMPEAJIOKEHHOH METOAMKHU
UCCIICTOBAHMUS.

KiaroueBble cioBa: HennHEHHO-1e()OpPMUPOBAHHONH MoJeNb, CBOOOIHBIE KojeOaHHeE,

’KECTKOCTh N3rM0aeMBIX JIEMEHTOB IIPU M3rH0e, METOIMKA pacyeTa.

Xiilasa: Isdo oyilon domir-beton elementlorin geyri-xotti deformasiya modeli osasinda sorbast
rogslarin tezlik vo formalarinin beton vo armaturun real deformasiya xarakteristikalari: betonun
siriklonmo vo uzunmiiddotli mohkomliyini vo armaturun axiciliq hoddindon sonra
mohkomlonmasini nozare alinmaqla tayin olunma metodikasi islonmigdir.

Yerino yetirilmis ododi misallarin noticolori osasinda yuxarida gostorilon materiallarin real
xassolorinin nozora alinmasi sarbast ragslorin tezliklorini ohomiyyatli doracads artirir ki, bunlarin
da layiholondirilmoads nozors alinmasi tovsiyo olunur.

Acar sozlar: geyri-xotti deformasiya modeli, sorbast rogslor, ayilmodo sortlik, hesablama
metodikasi.

Summary: The paper provides a method for determining the frequencies and forms of free
oscillations based on a nonlinear- deformed model, which made it possible to take into account the
main deformation characteristics of concrete: creep and long-term strength of concrete, as well as
an increase in the strength of reinforcement after the yield strength of reinforcement. As the results
of numerical examples, taking into account the main deformation characteristics of concrete and
reinforcement significantly increases the value of the frequency of free oscillations. It is
recommended to take into account in practical calculations, the proposed research methodology.

Key words: nonlinear-deformed model, free oscillations, bending stiffness, calculation method.

Domir-beton konstruksiyalari, onlarin todbiq saholorindon asili olaraq statik vo dinamik
yiiklorin tosirlorine moruz qalirlar. Dinamik yiiklor miixtslifdir, lakin onlarin tosirini nozors
aldigda, sorboast rogslorin dinamik xarakteristikalar1 olan sorbost rogslorin tezliyi vo formalar
ovvalcadan tayin olunmalidir.

Domir-beton elementlorin miiasir nozariyys osasinda hoddi hallarinda sarbast ragsleri toyin
olundugda, domir-beton Kkonstruksiyalarin unifakasiya qaydalari, «Avrokod-2»-nin Avropa
birliyinin komissiyasi, 1984 (bax: Commision of the European Communities, Eurokod-2.
Common Unified Rulles for Concrete Strukturres, 1984) torofindon toklif vo toloblor osasinda
yerino yetirilmoalidir.
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Molumdur ki, domir-beton konstruksiyalar AzDTN 2.16-1 normativ sonadi ilo haddi-hallara
hesablandiqda, domir-beton elementlorin gorginlikli-deformasiya hallarinin daqilma morhalasi
haddi hal kimi qgobul olunmusdur vo hesablamalar plastik oynaq modeli osasinda hoyata
kecirilmigdir. Bu model «Avrokod-2»-nin tolob vo qaydalarina asagidaki soboblordon cavab
vermir:

1) Mistovi kasiklor farziyyasindon imtina olunmusdur va naticade mexanikanin fundamental

qaydalar1 pozulmusdur.

2) Materiallarin ( beton vo armaturun) hal diagramlarinda plastik deformasiyalari ifado edon
axiciliq meydangalarinin uzunlugu sonsuz qobul olunaraq materiallarin méhkomlik sortlori
diizgun gobul olunmamisdir.

3) Beton vo armaturun real méhkomlik vo deformasiya xarakteristikalar1 nozors alinmamisdir
vo onlarin domir-beton konstruksiyalarinin méhkomliyinin yoxlanmasinda nozars alinmasi
miimkiin olmamasi, «Avrokod-2»-yo miivafiq domir-beton nozoriyyosini yaratmaq vo
inkisaf etdirmatin qarsisini alir.

Domir-beton elementlorin hoddi hallarina yeni baxislarla vo imumilogdirilmis mohkomlik
sortlorini tortib etmoklo domir-beton nozoriyyosinin inkigsafinin  miimkiin oldugu[1] isindo
verilmisdir.

Yuxaridi sorh olunmus plastik-oynaq modelinin fundamental sohv oldugunu «Avrokod-2»-nin
tolob vo qaydalarini 6domadiyini riyazi olaraq statiki mosalolorinds siibut olunmusdur. Oyilon
domir-beton elementlorin geyri-xotti deformasiya modelini dinamika masalarin hallorine tatbiq
etmoklo mosalonin qoyulusunun doqiqlosdirilmasilo isin elmi yeniliyi vo praktik ohomiyyoti
oldugu riyazi olaraq gosterir.

Isin mozmunu.

Deformasiyaya ugrayan bork cism mexanikasindan molum olan diferensial asililiglardan
istifado edorok oyilon elementlorin sorbast ragslorinin osas diferensial tonliklorine baxilir.
Materiallar miigavimatindon moalum olan ayilmis oxun diferensial tonliyi asagidaki kimi qobul
olunur:

d%w
D ﬁ =M (x )
Bu tonliyi iki dofo diferensiallaylb Dalanber prinsipine osason inersiya glivvalorini mosolonin

hoalline daxil etsok, alinir:
o*w 2°w

D= +M——==qxt) 1)
Burada D- domir-beton elementlorin oyilmods sortliyidir vo materiallarin fiziki xassolori nozora
alinmaqla molum diisturla toyin olunur:

M(x)y

€b,max

M- ayilon elementin gorginlikli halindan asili olaraq mexanikanin qeyri-xatti deformasiya modeli
osasinda mosalonin li¢: statika, deformasiya va fiziki torafini birlogdirmaklo toyin olunan ayici
momentin qiymatidir.

M- ayilon elementin vahid uzunlugunun kiitlosidir:

= 4
M= (2)

Qeyd etmok lazimdir ki, (1) differensial tonliyin holli molumdur vo onun ifadosi texniki
odobiyyatlarda verilmisdir.[2]
Osas (1) differensial tonliyin sag torofi q(x,t) = 0 olarsa, inersiya qiivvalorindon oyilon
elementlorin sarbast ragslorinin tonliyi alinir:
D64W Mazw
axt T Mgz =0

D =

vo yaxud:
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D o*w | 9%w

o Tz = alxt) 3)
Bu tonliyin hollini doyisonlors ayirmagqla asagidaki sira soklinds gobul olunur:
W = Zm Tm(t)Wm(x) (4)

Belolikla, (4) hallini (3) tonliyins yazmagqla, sorbast ragslorin zamana gore doyigmosini tayin
etmok ligiin agagidaki tonlik alinir:

7:'m (t) + wrznTm(t) =0
Buradan sarbast rogslorin zamana goro harmonik ganunla doyisdiyi tapilir:

T,,(t) = B, sinwt

Burada w?,- sorbast ragslorin kvadratidir vo onu hesablamagq ligiin ayilon elementlorin sorbast
rogslorinin fundamental differensial tonliyi asagidaki kimi alinir:

W’V—wZ%W=O (5)

W = B, X, (x) sokilinda tapilir.
Oyilon elementlarin dayaqlar tizorinds oturma sortlorindon sarbast ragslorin formasi X, (x)

funksiyasi toyin olunur. Bu funksiyanin qiymati texniki adobiyyatlarda genis miizakira olunub,
onun formalar [2] islorindo verilmisdir.

Oyilan element (tir) konar dayaqlar iizorinde oynaqli oturdugu halda

X, (x) = sin Aox A = %

va konsol tirlor li¢lin iso
Xm(x) =sin i _x—shi x—oy(cosi x—chl x)

. sin /Iml—shﬂ,ml . _ 2m-1
(x'm - ] _— " TT
cosA _l-ch A 1 m 2l
1,8751 m4- 6971 " 7,8548 10,9955
,8751 | _ 4 . _7 . __ 10,
ﬂ’l - /12 - /13 - /14 - l

A,=13622; 1,=09818 ; 1,=1,0008 ; 1, =0,9999
Ragslorin norma funksiyalart cosval soklinds [2] isindo otrafli tohlil olunmusdur.
Baxilan halda (5) differensial tonliyin hoalli asagidaki soklindo alinir:

W = Y By sinwt - X, (x) (6)
Bu holli sorbast rogslorin tezlik tonliyi (5)-do yazdiqdan sonra, bir sira riyazi amoliyyatlar
aparmagqla asagidaki diistur slds olunur:
« M
(ﬂm —Ea)m>Bm =0

B, # 0 olmagq sortilo, sarbast ragslorin tezliyi toyin olunur.

wh =217 ()
Yuxarida togdim olunan hesablama metodikas1 biitiin texniki odobiyyatlarda verilmisdir vo
oyilmado sortlik D he¢ bir osaslanma olmadan (2) diisturu ilo beton vo armaturun real hal
diaqgramlar1 nozors alinmadan hesablanmigdir.
Masalonin hallinds yenilik ondan ibaratdir ki, ayilmads sortlik geyri-xotti deformasiya modeli
osasinda mexanika mosalolorinin hollindo masolonin statika, deformasiya vo fiziki toroflori
aragdirilaraq, daxili qlivve M(x) gorginlikli haldan asil1 olaraq toyin olunur.
Statika torofi:

M(x) = f opbydy + 0,As(ho — ) + Gehs(y — a')
Ap

f o,bdy + d,A; — dAg =0
Ap
b) Hondosi torof: Miistovi kisiklor forziyyasi osasinda deformasiyalar arasinda olagslor yaradilir.
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y
€p = Ep2
0
c) Fiziki torof: beton vo armaturin deformasiya vo mohkomlik xarakteristikalar1 aragdirilaraq , o —

€ olagolorin asagidaki kimi yaradilmisdir [1].

Beton iigiin
0<¢ <¢ oldugda o, =¢," E,
_ R -
&p1 < &p < &2 Olduqda ap = Rb [(1 - M) + ﬂ(l - ﬂ)]
€b2—Ep1 Rp €b2—Ep1
Armatur Uiclin

0<eg <¢ oldugda o5 =& Es
g1 < & < &, oldugda o, = R [(1 — %) + %(1 — ﬁ)]
Masalonin {i¢ torafini 6doyon daxili qlivvalorin (ayici momentin) qiymatini toyin etmok iiciin
oyilmado hesablama sxemi vo materiallarin iki xatli hal diagramlarinin iimumilosdirilmis formalar
asagidaki sokil-1-do verilmisdir:
9yilon elementlorin hesablama metodikasinin islonmasi ticiin asas parametrlor

a) b)
Rb" Us‘Asl
—\ | —-—o
08y =\
e |
R o 0oy~ R,
il
hg-y
Nx 1\& J O'EA&' . /.\s .
[_\_ [ \\‘a o — X
<) d)
Aoy Aos
B
A <+
I B
| |
| |
I I |Rs
| |
| |
! Ll
0 & e

Sakil 1. Oyilon elementlorin hesablama sxemi

Oyilon elementlordo masolonin hallinin {i¢ torafinin {imumilosdirilmasi naticosindo asagidaki hal
alinir:

Ryby? [ 1 Ryby? 1
M =22 (1 2)—I’Ty-(1—]/,,l)<1+Ek0>(1—k0)+

+UsAs(h0 - Y) + J;A;(y —a');

1 1
Ryby (1 - §k0> - ERbby (A =vyp)(A = ko) — 0545 + 0545 =0

Burada isaro olunmusdur:

_ Ry . _ _¢p1
)’bl—Rb Ko =

Ebmax
Rp;-betonun uzunmiiddatli méhkomliyidir.

Oyilon elementlorin sortliyini (2) diisturu ilo hesabladigdan sonra asagidaki yeni
imumilosmis ifadoasi alinir.
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by? 1., 1 . 1
D=E, T(l—gko)—gby (1—Vbz)(1+§ko)(1—ko)+

+ngAsy(ho — y) + necAsy(y — @)
Sortliyin bu ifadasini AzDTN 2.16-1-5 uygun oyilmaya sortliyin qiymati kimi asagidaki slverish
hala salinir:
D = EpKplyp + KsEslys (8)

Burada isaro olunmusdur:

; by3 1 1

Ly =22 ky=15(1-2k3) - (1 —yu) (1 +3ko) (1 ko) ;

ix,s = As(ho — y)z + Asl’(s(y —a)?; Ks = % Ks = i_z
Belolikda, ayilmads sortliyin ifadesinds ilk dofs olaraq betonun siiriiklonma va elestik-plastik
deformasiyalar1 (k, = 0,15 + 1,0), betonun uzunmiiddatli mohkomliyi (y;; = 1 + 0,85) nozora
alimmigdir vo ayilon elementlorin sorbast ragslorinin dyronilmasinds elmi yenilikdir.
Armaturlarda os va dg gorginliklorini iso bu armaturlarda betonda gorginlik voziyyatlorindon asili
olaraq asagidaki kimi toyin olunurlar:
ho—y . 4 y-a

E, =€ E = Epyp —
S b2y1 S bzy

Bu deformasiyalara miivafiq armaturun hal diagramindan ( vo ya onun analitik ifadoasindon)
gorginliklor hesablanur.
Hesablamalarda asagidaki hallar miimkiindiir:

a) Ogor & < gg va ko=0,2 olarsa, gorginlik elastiklik haddi daxilindoa

o = & - E diisturu ilo (Huq ganunu) toyin olunur. Onda

_ D =Eplyrea

Iy rea - ¢evirilmis kosiyin neytral oxa nozaoron inersiya momentidir.
, by? . .
Iy rea = 3 +nAg(hy — Y)Z +nAg(y — a)?

Qeyd etmok lazimdir ki, texniki odobiyyatlarda ve tikinti normativ sonadlords Iy ,.q cevrilmis
kosiyin agirliq markoazindon kegon oxa nazaron toyin olundugu qabul edilmisdir ki, bu da sohv
yaxinlagsmadir.
a) ogor & >¢&; oldugda kg # 1 olur. Onda elementin oyimodo sortliyi betonun
suruklonmasi vo uzunmiiddatli méhkomliyindon, hom¢inin armaturun axiciliq haddinden
sonra mohkomlonmasindon asilidir.

Sortliyin qiymati sixilan zonanin hiindiirliiyiindon asili oldugundan, bu qiymot asagidaki statikanin
miivazinot tonliyindon hesablanur.
1) ko=1 oldugda vo & < & olan hallarda sixilan zonanin nisbi hiindiirliiyli asagidaki

kvadrat tonliyi holl etmokls toyin olunur:
éjz + 2(—nfs + npg) & — Z(n:us + nﬂsa’) =0
2) & > &g olduqda vo k, # 1 olarsa, onda & asagidaki tonlikdon hesablanir:
é{ _ Nrls + chﬂs
1—ko—0,5(1 —yp)(1 — ko)
Sorbast rogslorin tezliyinin kvadrati iso asagidaki yeni diisturla hesablanir:

1 . . 4
w?, = i (EpKplpx + EsKles) A

Misal. Binanin adi monolit gabirqali ortiikk tavasinin sarbast ragslorinin tezliyin toyin olunmasi
tolob olunur. Ortiiyiin hondosi 6l¢iilori sxemdo verilmisdir. B20 va
A 400 (R, = 11,5 Mpa, E, = 27 - 103Mpa, E; = 2 - 10°Mpa, Ry = 365Mpa
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Tm

13sm

8612=9,05 sm?

15sm

2sm

Sakil. Ortiiyiin hesablama sxemi.

Toklif olunan metodikaya géro monolit qabirgali 6rtiikdon ayrilmis eni 1m olan kasilmoz zolagin

oyilmado sartliyi asagidaki kimi hesablanir:
a) Elastik haddi daxilinds buraxila bilon gargiliklar tisulu ilo ayilmada sortlik:

Dy = Ebix,red;
. by3 2
Ix,red = 3 + nAs(hO - y)

_ B _ 210° _ . _Ag 905 _
Buradan = 27108 7.4, Bs =gt Hs=Too1s = 0,00696
y- beton kosiyin sixilan zonasinin hiindiirliiyiidiir vo asagidaki kvadrat tonliyi holl etmokls toyin

olunur:

X+ 2npu s —2np, =0 voya
£% £0,103& — 0,103 = 0 ; buradan

£ = —0,0501 ++/0,05012 + 0,103 = 0,274
y=¢&-hy=0274-13 = 3,56 sm

100 - 3,563 , .
Lirea =5 +74+9,05(13 — 3,56)* = 1504 + 5968 = 7472 sm

Dy = Ep - Iy req = 2,7 -10*(100) - 7472 = 20174 - 10°N - sm?
Istismar miiddetindo yiik sabit qalmagla betonun siiriiklonmosi vo uzun miiddotli moéhkomlik
nozors alinaraq tavanin oyilmods sortliyi asagidaki kimi toyin olunur:
DP = Eb(KbIX.b + nKst,s)
Burada

1
K, = 1,5 (1 - §k§) ~ (1 = yp)(1 + 0,5k)(1 — ko) =

1
=15(1-35-022) - (1 - 089)1 + 0D — 02) = 135
Betonun siiriiklonmasindon sonra sixilan zonanin nisbi hiindiirliiyli agagidak: diisturla hesablanir:
_ NRHs
$=1C ko = (1 = yp)(1 — ko) - 0,5
ng =t = % =31,74; u, = 0,00696; ko, =02; vy = 0,85
b ,
B 31,74 -0,00696 0,221
8= 12 02-05-08:0,15 0,74
y=<¢hyg=0,300-13 = 3,9sm

= 0,300 > 0,2

Armaturda yaranan deformasiya s asagidaki kimi hesablanir:
h() -y 13 — 3,9
= 0,0035 - ——— = 0,0082

3,9
o o5 _ 0,00175 o067
S &K, 00082-02 '

E = &p2 -
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. 100 - 3,93 .
Ky 1y = 135 ———— = 2669 sm
Kl s = KyAg(ho — ¥)? = 1,067 - 9,05(13 — 3,9)2 = 799sm*
D, = E,(2669 + 7,4+ 799) = 0,2 2,7 - 8586 - 10°N - sm? = 0,2 - 23187 - 10°N - sm?
D, = 4637 - 10°N - sm?

Oyilon elementlorin sorbast ragslorinin kvadrati asagidaki diisturla toyin olunur:
4

A
Wfm = 20174+ 10°N - sm? —I*

Stiriiklonma ve betonun uzunmiiddatli moéhkomliyi, armaturun axiciliq haddindon sonraki
deformasiyalar nozore alindiqda oyilon elementin hoddi halda sortliyi asagidaki qiymati alir.

, _ 4637-10°

4
. 2,
Wpm = N-sm”- 4

Plastik deformasiyalar nozors alinmagqla sarbast ragslorin tezliklorinin kvadratinin nisbati:

Wfm _ 4637 . . Wpm

— = = 0,23, sorbast rogslorin tezliklori iso = 0,48 dofo azalir.
Wim 20174 Wom
Masalani Ko-in va vy, -in digar qiymatlorinds do sixilan zonanin hiindiirliyii
& —don asil1 hall edilso, betonun siiriikklonmasi vo armaturda plastik deformasiyalar ayilon
elementin sorbast ragslorinin tezliklorinin xeyli deracads artmasina sabaob olur.
Sixilan zonanin hiindiirliiyii artdigca betonun siiriiklonmasinin vo armaturun plastik
deformasiyalarinin boyiimasi masalonin halline ¢ox boyiik tasir edir. Masalon, hoddi-halda & = &,
olduqda sarbost rogslorin tezliyino gostorilon xarakteristikalarin tosirino baxilir.

NR'Us
1-Ko—5(1=yp) (1-Ko)
1 1 1
s = o &R |1 = Ko =3 (1= yo) (1 = Ko)| = 575, 0,667 - 0,74 = 0,016
Ag = bhoug = 100-13-0,016 = 20,2sm?
Elastiklik hoddi daxilinds verilon parametrlor ii¢lin sixilan zonanin hiindiirliiyii
§24+2-7,4-0,016¢ —0,2368 =0
§=-0,1184 +,/0,014 + 0,2368 = 0,5 — 0,118 = 0,383
y =0,383-13 =498 sm

= & olmasi li¢lin armaturlanma omsali hesablanir

_ 100-4,983 ) .
ey = ——5——+74:20,2- (13 ~ 498)” = 4117 + 9615 = 13732sm

Dy = Eplyp = 2,7 - 106 - 13732 = 37076 - 105N - sm?
hoddi halda ¢ = &5 oldugundan sixilan zonanin hiindiirliiyii
Yr = &r~hy = 0,667 - 13 = 8,67 oldugundan &;; = & olur.

_ &1 i .
S_ssKO_KO_S'
by3
DP = Eb IKb 3R + KsnAs(hO - yR)Zl =

100 - 8,673
=0,2-2,7-10%*(100) 1'BST

=0,2-2,7-10%*(100)(29327 + 14013) = 23404 - 10° - Nsm?
Beloliklo betonun vo armaturun plastik xarakteristikalar1 nazors alindiqda sarbast rogslorin
kvadratlar1 asagidaki kimi doyigir
W§m = 37076 - 10N - sm? vo w5, = 23404 - 10°Nsm?
- wfm _ Dp _ 23404 wp
oldugundan Wi D, 37076 0,63 vo e = V0,63 = 0,79 dofs azalir.
Beloliklo ayilon domir-beton elementin sarbast rogslorin tayin olunma metodikasi gorginlikli

hallardan (K, va yp; — don) asili olaraq Avrokodlarla eynilosdirilir.

+5-7,4-20,2(13 — 8,67)2] =
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Naticalor.
1. Domir-beton konstruksiyalarin dinamika masololorinin hallorindo mexanikanin geyri-xotti

deformasiya modelindon istifado etmok lazimdir, oks halda plastik-oynaq modeli boyiik
xotalarin alinmasina gotirir.

2. Oyilon elementlorin sortliyi real gorginlikli halda qeyri-xotti deformasiya modelindon
istifado olunduqda alinmis naticalor plastik oynaq modelinin naticalorindon 0,79 dofoys
qader farqlonir. Ona gora do domir-beton konstruksiyalarin dinamikasinda da geyri-xotti
deformasiya modelindon istifads etmaklo hesablanmalar1 «Avrokod-2»-ys uygunlasdirmaq
lazimdir.

3. Qeyri-xotti deformasiya modelino masalonin fundamental hallorinin alinmasina, yani
betonun stiriiklonmasinin, uzunmiiddstli méhkamliyinin vo armaturun axiciliq haddinden
sonra mohkomlonmasini nozare alan metodika kimi baxmaq lazimdir.
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REZIN METAL DAYAQ YASTIQLI SEYSMOMUDAFi© QURGULU BINALARIN
TIiKINTI PRAKTIKASINDA TOTBIQINO® AID TOVSIYOLOR
tex.iizra f.d, dosent R.A.Rzayev, boyiik elmi is¢i V.A.Oxotnikov,
elmi iscilor: V.M.Oliyev, A.A.Iskandarova, aparici miihandis E.V.Séhbatov
Azarbaycan Insaat va Memarhq ETI
PEKOMEHJIAIIMU no BHEJIPEHUIO 8 CTPOUTEJIBHYIO IPAKTUKY
PESUHOMETAJIJIMYECKOI'O OITIOPHOTI'O
CEMCMO3AIIUIIEHHOI'O YCTPOMCTBO
k.m.n, ooy. P.A.P3aes, cmp.nayunwiii compyonux B.A.Oxomnuxoe
H.compyouuxu: B.M.Anuee, A.A.Hckenoeposa, éeoyuuii unocenep E.B.Coxoamos
Asepbationcanckuti HUU Cmpoumenscmea u Apxumexmypoi
RECOMMENDATIONS ON RUBBER-METAL SUPPORTING SEISMIC PROTECTION
DEVICE APPLICATION IN CONSTRUCTION PRACTICE
PhD. R.Rzayev, researchers: V.Okhotnikov, V.Aliyev, A.Iskenderova, E.Sohbetov
Azerbaijan Research Institute of Construction and Architecture

Xiilasa: Tovsiyalor rezin metal dayaq yastigi seysmomiidafio qurgusunun tikinti praktikasina
totbiq olunmasina hosr olunmusdur. Tokmillogdirilmis rezin metal dayaq yastigi seysmomiidafio
qurgusunun binalarda totbiqi zolzolo zamani binaya &tiiiilon zolzalo yiikiiniin qiymatini
intensivlikdon asil1 olaraq 2-4 dofo azaldar, seysmik qiivvoni tohliikosiz soviyyoye endirir, binanin
smeta doyorini azaltmaga imkan verir. ToOvsiyyoalordo rezin metal dayaq yastiginin
hesablanmasina, hazirlanmasina, qurasdirilmasina, istismarina aid talob vo gostorislor verilmisdir.

Acar sozlar: rezin, metal, horokatli element, seysmik, dayaq yastigi, deformasiya diaqramu,
barpaedici qiivve, slirtiinmo, diyirlonmo, enerjiudma omsali, geyri-elastiki miiqavimoat omsal,
dissipativ qlivva.

AHHoTauus: J[aHHas peKOMEHJAlMsl TOCBAILICHAa BOMPOCAM BHEIPEHUS B CTPOUTEIHHYIO
MPAaKTUKY PE3MHOMETAJLUTMYECKOTO OIOPHOTO CEHCMO3alIMTHOrO YCTpoWcTBa. [IprMeHeHue
YCOBEPUICHCTBEHHONH KOHCTPYKUUH PE3WHOMETAIMYECKOTO0 OIMOPHOTO  CEHCMO3AIIUTHOTO
YCTPOWCTBA B CTPOUTEIILCTBE 3[aHWK YMEHBIIACT 3HAYCHHUE CEHCMHYECKOW Harpy3ku B
3aBHCUMOCTH OT HMHTEHCHBHOCTH BO3ACHCTBUS B 2-4 pa3a 10 0€30MacHOTO YpPOBHSI CHH)KAeT
OOIIYI0 CMETHYIO CTOMMOCTbD 3/1aHusl. B pekoMeHaanuu nanel TpeOOBaHUS M YKa3aHUS 110 pacyeTy
M3TOTOBIICHHUIO, MOHTAXY, SKCIUTyaTallil PE3NHOMETAIUTMYECKON OMOPHON TOYIIKH.

KaroueBbie ciioBa: pe3wHa, MeTaill, MOJBWKHBIA JJIE€MEHT, CEHCMHUKA, OMOpHAs TOJYIIKA,
nuarpamma JeopMHpOBaHUS, BOCCTAHABJIMBAIOIIAS CHJIA, TPEHUE, KadeHHe, KOIPQPHUIUCHT
MOTJIAICHHOM SHEPruH, KO3(D(UIIMEHT HEYIIPYToro COMPOTHBIICHUS, TUCCUTIATHBHAS CHIIA.

Abstract: This recommendation is devoted to the application of a rubber-metal support
seismic protection device into the construction practice. The application of an upgraded design of
a rubber-metal supporting seismic protection device in building construction, reduces the value of
the seismic load by 2-4 times to a safe level depending on the intensity of the impact and
decreases the total estimated cost of the building. The recommendation provides requirements and
instructions for the calculation, manufacture, installation, operation of the rubber-metal support
cushion.

Key words: rubber, metal, moving element, seismicity, support cushion, deformation
diagram, restoring force, friction, rolling, absorbed energy coefficient, inelastic resistance
coefficient, dissipative force.

Respublikamiz yiiksakintensivlikli zolzals arazisinds yerloasir. Son illords bu orazido seysmik
aktivliyin artmasi ilo olagadar bir sira hoyati vacib bina vo qurgularin zolzelodon miidafissinin
aktiv seysmomiidafio todbirlori vasitesilo tomin etmok zoruriyyoti meydana ¢ixir va bu
respublikamizda zoslzoloye davamliligin morkozi problemlorindon birini togkil edir. Bununla
olagadar son illorde 6lkemizde yeni aktiv seysmomiidafis qurgularinin islonilmasi, bu qurgulu
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binalarin layihalondirilmasi vo eksperimental tikintilordo totbiq olunmasi istigametinds elmi-
tadqiqat islori aparilmigdir. Seysmomiidafio qurgularinin binalarda totbiq olunmasi zolzalo zamani
binanin yiikdasiyan konstruksiyalarina otiiriilon hesabi zslzoalo yiiklorini tohliikesiz soviyyayo
azaltmaga onlarda yaranan seysmik tosirin enerjisinin boyilik miqdarda udulmasina sorait yaradir,
tikilon binalarda antiseysmik todbirlorin, material, omok tutumunun sorfini, vosaitinin
azaldilmasini tomin edir vo on osas yliksok intensivlikli zalzalolordo binanin etibarli tohliikosiz
1sini tomin edir.

Bu tovsiyolor osason rezin metal dayaq yastigt seysmomiidafio qurgulu binalarin
hesablanmasina, layiholondirilmasine, konstruksiyalandirilmasina, qurasdirilmasina va istismarina
aiddir.

Tovsiyalor 2018-2020-ci illordo Azorbaycan Insaat vo Memarliq ETi-nin “Zolzoloyadavamh
bina vo qurgular” laboratoriyasinda aparilan nozori vo eksperimental natura siaglarinin noticolori
osasinda qiivvodo olan normativ sonad AzDTN 2.3-1 “Seysmik rayonlarda tikinti” normativ
sonadina uygun islonilmisdir.

Tovsiyolar islonilorken diinya 6lkslorindo bina vo qurgularin seysmik miidafiosinds totbiq
olunan qurgular {izarindos aparilan elmi -tadqiqat islorinin naticolorindon ds istifads olunmusdur.

Tovsiyalare dair totbiq va iradlar1 AzZIMETI-ya, bu iinvana gondormayiniz xahis olunur.

1. UMUuMi MUDDOALAR

1.1. Rezin metal dayaq yastiqli seysmomiidafio qurgulu binalarin tikintisindo totbiq olunmasi
ticlin iglonilon tovsiyalor qlivvads olan normativ sonad AzDTN 2.3-1 “Seysmik rayonlarda
tikinti” bolmalarinin inkisafi moagsadi ils iglonmis va yliksak intensivlikli zalzals srazilorinds
rezin metal dayaq yastigh seysmomiidafio qurgulu binalarin  hesablanmasi,
layiholondirilmasi vo tikilmasi ii¢iin yayimlanmisdir.

1.2. Rezin metal dayaq yastiqli seysmomiidafio qurgusu asason sart va eloco do ¢evik konstruktiv
sxemli binalarin layiholondirilmasinds va tikilmasinda totbiq olunur:

- 1-5 mortobali divarlar1 karpic vo dasdan olan binalarda,

- 1-9 mortabali iripanelli binalarda,

- 1-7 mortabali domir-beton karkas binalarda.

1.3. Rezin metal dayaq yastighh seysmomiidafio qurgusu asagidaki maqgsadlorlo tikinti
praktikasina totbiq olunur:

- z3lzals yiiklorinin binanin yeriistii konstruksiyalarina tohliikasiz soviyyaya endirmak;

- binanin yeriistii hissasindo antiseysmik todbirlor hacminin mohdudlasdirmaq;

- ingaat sonayesi miuossalorinin istehsal etdiyi tiplosdirilmis konstruksiyalarinin vo

momulatlarinin totbiq sahasinin genislondirmak;

- yiiksok intensivlikli zalzalo rayonlarinda binanin martobo hiindiirliiyiinii artirmaq.

1.4. Rezin metal dayaq yastigh seysmomiidafio qurgulu binalarin tikintisi Azorbaycan
Respublikasi Dovlst Sohorsalma vo Arxitektura Komitosinin raziligi ilo binanin layiho
hollinin texniki-iqtisadi somarililiyinin ononavi halli ilo miiqayisesi osasinda vo bu
tovsiyonin bdlmolorino uygun Azorbaycan Insaat vo Memarliq Elmi-Todgiqgat Institutunun
istiraki vo rayi ilo aparila bilar.

1.5. Bir gayda olaraq rezin metal dayaq yastiqli seysmomiidafia qurgusunun tikinti praktikasinda
totbiqi binanin yeriistli konstruksiyalara 6tiiriilon hesabi zalzals yiikiiniin intensivliyini 1 bal,
yani zalzolo yiikiiniin iifqi qiymatini iki dofo azaldir. Binanin konstruktiv smeta doyorinin
3% azalmasi aldo olunur.

1.6. Rezin metal dayaq yastigli seysmomiidafio qurgusunu birinci névbads 8, 9 bal hesabi
seysmiklikli tikinti meydancgalarinda binalarin tikintisindas totbiq etmok magsadauygundur.

1.7. Rezin metal dayaq yastigli seysmomiidafio qurgulu binalar1 seysmik xiisusiyyatlorino goro I,
I, II vo IV grunt asashi (AzDTN 2.3-1, cadval 1) tikinti meydancalarinda yerlosdirmak
miimkiindiir. Binalarin 6ziillorinin geyri-barabar ¢okmasi, sismosi miimkiinliiyii hallarinda
gruntlart méhkoamlondirmak ii¢iin slavas tadbirlerin gabul edilmasi vacibdir.
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1.8. Rezin metal dayaq yastiqli seysmomiidafio qurgulu binalarin layiho hallori islonarkon
yeriistli konstruksiyalarin tiplogdirilmis layiho hallorindon istifadesi mogsadouygundur. Bu
zaman binanin yeristli konstruksiyalariin hallori bir qayda olaraq doyisdirilmir, rezin metal
dayaq yastig1 seysmomiidafia qurgusunun elementlori bu tdvsiyyalora uygun bina altinda
oziillor ilo birgo tikinti meydangasinin hesabi seysmikliyino uygun hesablanir vo
layiholondirilir.

1.9. Rezin metal dayaq yastighh seysmomiidafio qurgulu binalarin hacmi plan hollori vo
konstruktiv xiisusiyyati seg¢ilorkon konstruktiv elementlorin simmetrik sxemls yerlosmasina,
kiitlalorin sartliklorin vo xiisusils enina divarlarin addimlarinin barabar paylanmasina xiisusi
diqgat yetirmak vacibdir.

1.10.Rezin metal dayaq yastiqli seysmomiidafio qurgusunnun binanin kiirsii hissesinde vo yaxud
zirzomi martabosinda yerlosdirmak vacibdir.

1.11.Rezin metal dayaq yastig1 miioyyon masafodon bir qoyulmus, asagi-1 yuxari-2 polad dayaq
16vholardon, 3-polad divarlardan, 4-forgsiz taraziliq voziyystino malik polad kiirodon va 5-
maili sothli rezin metal yastigdan ibarotdir (sokil 1). Dayagin 2-divarlar1 dayaq
mohdudlagdiric1 funksiyasini yerino yetirir. Dayagin qurasdirilmasi vo naql olunmas: iigiin
6-polad 16vhalordan istifade olunur. Dayaq polad 16vhalori binanin 6ziil konstruksiyasina vo
yerlstii hissalorine anker boltlar vasitasi ilo sort barkidilir. Zalzalo zamani binanin yeriistii
hissasi blindvro konstruksiyasina nozoron 1iifqi yerdoyismolor alir, zolzolo enerjisinin
miioyyon hissosi horokot enerjisino ¢evrilir. Horokotli elementin maili yerlosdirilmis rezin
metal dayaq ystig1 tizorino ¢ixmasi pillslorle binanin ilkin taraziliq voziyyetino qaytarmaga
calisan geyri-xatli elastiki barpaedici qiivvalor yaradir.
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Sakil 1. Rezin metal dayaq yastigh seysmomiidafio qurgusu
1-asagi dayaq lovhasi; 2-yuxart dayaq lovhasi; 3- kanar divar l6vhasi;
4-harakatli element; 5-rezin metal hissa; 6- miivaqqgati barkitmo elementi; 7-anker boltlar.

1.12.Rezin metal dayaq yastig1 seysmomiidafia qurgusu {izorindo binalarda barpaedici qilivvo
nozari olaraq sistemin yerdoyismasindon asili olaraq asagidaki diisturla toyin olunur:
R H+ytga)

P(y) =

burada,

Q- seysmomiidafio qurgusuna diison saquli yiikdiir,

fa- diyirlonmo-siirtiinme omsalidir, qiymoti poladin yumsaq polad gzro diyirlonmosi zamani
fa=0,005 sm gobul olunur,

R — horakatli elementin, kiironin diametridir,

fs — poladin polad iizrs siirtlinmo omsalidir, giymati £i=0,15-0,25 intervalinda gobul olunur,

H- rezin metal dayaq yastig1 seysmomiidafio qurgusunun asagi vo yuxari komarlori arasindaki
mosafodir,

o — rezin metal yastigin maillik bucagidir,

y — iifqi yerdoyigmadir.
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Rezin metal dayaq yastigi seysmomiidafio qurgusunun 1.1 diisturu ilo qurulmus nozori
deformasiya diaqrami, sokil 2-do gostorilmisdir.

P(Y)
|

Qfa

-

Sakil 2. Rezin metal dayaq seysmomiidafio qurgusu iizorinda
binanin nazari deformasiya diagrami

1.13.Rezin metal dayaq yastiqli seysmomiidafio qurgusunun etibarli igini tomin etmak iiciin biitiin

miithondis-kommunikasiya xatlorinin ¢evik hissolor vo yaxud xiisusi gorarlasdiricilarla
(kompensatorlarla) tohciz olunmasi zaruridir.

1.14. Rezin metal dayaq yastigh seysmomiidafio qurgulu binalarin birinde miihondis
seysmometrik stansiyasinin yerlosdirilmasi magsadouygundur. Stansiyanin qurasdirilma
sxemi AzZIMETI ilo razilasdirilr.

1.15. Rezin metal dayaq yastiqli seysmomiidafis qurgulu binalarda (tolob olunan hallarda) sort

mohdudlasdiricilar nazorde tutulmalidir. Bu mohdudlasdiricilar yeriistli hissoya tosir edon

maksimum zalzals yiiklorina hesablanib layihalondirilmalidir.
2.  REZIN METAL DAYAQ YASTIQLI SEYSMOMUDAFiO

QURGULU BiNALARIN HESABLANMASI
2.1. Rezin metal dayaq yastigli seysmomiidafis qurgulu binalarin hesablanmasinin xiisusiyyatlori
binaya otiiriilon zalzalo yiiklorinin hesabi qiymatlorinin tohliikasiz soviyyoya endirilmasidir.
Rezin metal dayaq yastiqli seysmomiidafia sistemli bina 6ziiliindon (1), rezin metal dayaq
yastiqlt qurgudan (2) vo binanin yeristii hissosindon ibarat (3) horokstli mexanizmdir
(s9k.3).

o)
[
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Sakil 3. Rezin metal dayaq yastigi iizorinda binanin hesablama modeli.
1-biinévra konstruksiyasi; 2- rezin metal dayaq yastigi; 3- binanin yertistii hissasi.

Rezin metal dayaq yastigli seysmomiidafio qurgulu binalar zolzolo zamani asagidaki
qaydada isloyir (sokil 4). Yuxari komor (2) binanin yeriistii hissasindon otiiriilon saquli
yiiklori harokatli element (3) vasitasilo asag1 (1) koamorina otiirlir. dsasin zaif rogslorindo va
kiilok yiiklorinds “bina-rezin metal dayaq yastig1 mexanizmi” adi voziyyatds isloyir. Giiclii
zolzalo tokanlar zamani binanin yeriistii hissasinin (2) komari yeralt1 hissonin (1) kemorina
nazaran Uifqi yerdoyismo alir. Bu zaman (4) rezin metal dayaq yastiginda doyison elastiki-
plastiki deformasiya miioyyon miqdarda zslzalo enerjisinin udulmasina sabob olur. Bundan
olavo (4) rezin metal dayaq yastiginin (5) maili sothinds yaranan qiivvalar (3) polad harakatli
elemento tosir edorok sistemi ovvalki tarazliq voziyyatino qaytarmaga calisan barpaedici
qiivvalor yaradir. Zolzolo tosiri dayandigdan sonra binanin agirhq qiivvesi (3) harokatli
elementing tasir edorok qurgunu avvalki tarazliq voziyyatino qaytarir. Yuxar: komaorin asagi
komara nazaron boylik yerdayismasi (1) vo (2) elementlorina sart boarkidilmis (4) rezin metal
yastigin (6) polad I6vhosi ilo mohdudlasdirilir. Saquli zslzalo yiiklorinin tosiri zamani
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2.2.

2.3.

24.

enerjisinin udulmasi harakatli elementin yerdoyismasi zamani rezin metal yastigda yaranan
elastiki-plastiki deformasiya hesabina basg verir.
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Sakil 4. Rezin metal dayaq yastigh seysmomiidafio qurgusunun iifiqi yiik tasirindon harakoti
1-sag1 kamor, 2- yuxari kamor, 3- harakaotli element, 4- rezin metal dayaq yastigi;
5- rezin metal dayaq yastiginin maili sathi; 6- polad mohdudlasdirici [6vho.

Rezin metal dayaq yastigli seysmomiidafio qurgulu binalarin zalzals yiiklorine hesablanmasi
qiivvads olan AzDTN 2.3-1 “Seysmik rayonlarda tikinti” normativ sonadinin 2.2.a bandina
spektral tisulla vo 2.2.b bondino uygun dinamiki hesablama metodu ilo hoyata kegirilir.
Spektral tisulla (2.2a bondino uygun) rezin metal dayaq yastiqh seysmomiidafio qurgusunun
konstruktiv elementlorinin 6lgiilori vo binanin yeriistii hissosi ilkin layihalondirilir. Rezin
metal dayaq yastiqli binanin AzDTN 2.3-1 normativ sonadin 2.2.b bondino uygun dinamiki
hesablanmast macburidir. Binanin 6ziil konstruksiyalar1 (rezin metal dayaq yastiqh
seysmomiidafio qurgusunun yuxari komarindon asagi saviyy9) tikinti meydangasinin hesabi
seysmikliyine uygun aparilmalidir. Binanin yeriistii hissasi iso endirilmis zalzals qlivvesineg
hesablanmalidir. Biinévro konstruksiyasinin rezin metal dayaq yastigli seysmomiidafio
qurgusunun islomo rejimindo maksimal yerdoyismodon yaranan ekssentrisitetlo totbiq
olunan yiiklorin tasirine mohkamliys va dayanigliliga yoxlanilmalidir.
Rezin metal dayaq yastiqli seysmomiidafio qurgusunun elementlori saquli zalzals yiiklorinin
tasirine hesablanmalidirlar. 7-8 balda saquli zalzalo yiiklorinin qiymati saquli statiki yiikiin
15%, 9 balda iso 30% gotiiriiliir. Saquli zolzalo yiikiiniin istigamati (yuxar1 vo yaxud asagi)
baxilan elementin gorginlik halinin sorfasiz hali {i¢iin segilir.
Rezin metal dayaq yastiqli seysmomiidafio qurgulu binalarin qlivvads olan normativ sonadin
(AzDTN 2.3-1-in) 2.2.a, 2.5 bandind uygun secilmis istigamatde 7 sorbast roqs formasina
uygun & ndqtoesinds ifqi zalzals yiikii Sik asagidak: diisturla hesablanir
Sik = K1 K2 K3 So ik (2.1)
burada,
ki- bina vo qurgularin moasuliyyatlik doracasini nazars alan amsaldir, qiymati 4-cii codvaldon
gobul olunur;
K2- bina vo qurgularda buraxila bilon zodsalonmoni nozars alan omsaldir qiymati cadval 5-don
gabul olunur;
ks- binalarin mortobs sayini nozara alan amsaldir, giymoti 1,0 < ks <1,5 intervalinda gobul
edilir vo agagidaki diisturla hesablanir:
ks=1+ 0,02 (n-5) (2.2)
burada,
N — mortobalorin sayidir;
So ik — I sarbast rags formasinda & ndqtosindo bina vo qurgunun elastiki deformasiyasi hali
ticiin toyin olunmus zalzsls yiikiiniin qiymatidir.
Soik = Ko Qx Ao Bi ik (2.3)
burada,
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Ko- konstruksiyalarin enerjiyayma xiisusiyyatini nozore alan amsaldir, giymati cod.6-dan

gabul olunur;

Qk — binanin K ndqtasins aid olan ¢akisidir;

Ao — hesabi seysmik omsaldir, qiymaoti asagidaki diisturla hesablanir:

Ao=Kq- a0 (2.4)
ao — normativ seysmik omsal olub, qiymati 7, 8, 9, 10 balliq orazilor ii¢lin uygun olaraq
0,125; 0,25; 0,5 va 1,0 gobul edilir;

Kq — qrunt serait omsalidir, qiymati L, 11, I1I, IV sinif qruntlar ti¢lin cadval 1-don uygun
olaraq 0,6; 1; 1,2 vo 1,6 gobul edilir;

[Bi — 1 sarbast rogs formasina uygun qurgunun dinamiki smsalidir, qgiymati AzDTN 2.3-1-in
2.6 bandino uygun toyin olunur;

Mik -1 formas1 izro moxsusi ragslor zamani bina vo qurgularin deformasiyaya ugramasi
formasindan va yiiklorin yerlogmo yerindon asili olan amsaldir, giymati AzDTN 2.3-1-
in 2.7-2.8 bandlarins uygun qgoabul olunur.

2.5. Rezin metal dayaq yastigli seysmomiidafio qurgulu binalar konsol sxemls enine vo uzununa
istigamatds 1ki marholads hesablanirlar:

1 morhalo, binanin adi hali, yoani rezin metal dayaq yastiqli seysmomiidafis qurgusu olmayan

halda;

1l moarhala, binanin rezin metal dayaq yastigli seysmomiidafio qurgusunun ise diigmasi,

II morhalado boylik yerdoyismolorde dayaq mohdudlasdiricinin isinin nazars alinmasi

I morhals hesablamalar {i¢iin asasla sort birlesdirilmis bir vo ya coxkiitloli konsol tir dinamiki
hesablama sxemi qobul olunur, II marhalos ii¢ilin isa birinci kiitls soviyyasinda geyri-xatti rabi-
taya va siirtlinmoya malik ¢oxkiitlali dinamiki modelin gobul edilmasi tdvsiya olunur (sok. 5).

a) b)
Qn Qs
Q o
Q Q
Q @
R

Sakil 5. Rezin metal dayaq yastigh binanmdinamiki hesablama sxemi
a) I marhals, b) Il marhalo

2.6. Zolzolo qilivvasinin endirmo omsali ke rezin metal dayaq yastighh seysmomiidafis qurgulu
binanin yeriistii hissosindo yaranan {imumi kosici qlivvonin, (II morhsalo hesablamalardan
alinan notico) seysmomiidafis qurgusuz binada yaranan timumi kosici qiivvaya (I moarhalo)
nisbati kimi toyin olunur.

> S (2.5)
k=1

3 2
n
33
i=1Lk=1
burada,

Sik - rezin metal dayaq yastigqli seysmomiidafio qurgulu binada yaranan kasici zolzolo

yiiklarinin comidir;
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3
)y
i=1

n )2 -seysmomiidafio qurgusu olmayan halda 3 rogs formasi nazors alinmagqla kesici
(5
zalzalo qiivvolorinin comidir,
n — topa kiitlalorin sayidir,
Ke- omsalinin tayininds Si -nin (2.1) diisturunda qurgularin zodslonma doracasini nazara

alan ko amsalinin qiymati vahids barabor gotiiriiliir ko=1.

2.7. 1 marhals hesablamada zalzsls yiikiiniin bir toplanani nozors alindigda ni amsali asagidaki

dusturla hesablanir:

n (2.6)
Zi(xk) _§1lei (xj)
Mk=——"F————— ,
X Qjxi (xj)
j=1

burada,

2i(k) Vo g () binanin 1 sorbast rogs formasina uygun baxilan k vo biitiin ]

noqtalarinds konsol sxemda topa kiitlslarin yerlosdiyi noqtalorde yerdoyismalaridir.

2.8. 5 vo daha az mortobs hiindiirliikkli binalarin hesablanmasinda, kiitlolorin hiindiirlikk boyu

2.9.

nazara ¢arpacaq dorocado doyismoyan va sorbast rogslorinin periodunun osas tonu T<0,4
saniyadon az oldugda ancaq birinci rags formasini nazors almaga icazo verilir vo rogslorin
forma amsal1 nik sado diisturla hesablana bilor

Xk _%1Qj7(j (2.7)

Mk =———— ,
J.ElQJZ j
burada,
AkVaxj K Ve J noqtalorindo yerlosmis kiitlolorin 6ziilin (rezin metal dayaq yastiqh

seysmomiidafio qurgusundan) yuxari saviyyasindon olan masafsloridir. Bu halda, Ke omsali
2.5 diisturun avazinog asagidaki diisturla toyin olunur.

>s
« i 1k (2.8)

Sjk -nin hesablamasinda k> = 1 qobul olunur.

Ke amsalinin qiymati toyin edildikdon sonra iifqi zslzals yiikiiniin endirilmis qiymatino (II
morhald) binanin yeriistii konstruksiyalari hesablanmalidirlar. Endirilmis zalzalo yiikiiniin
qiymatini toyin edorkon 2.3 diisturunda hesabi seysmik amsalin Ao-1n qiymati Ke Ao ilo ovoz
olunmalidir. 2.5, 2.8 diisturlan vasitasilo Ke-nin toyin olunmus qiymoti 0,5-don az (hesabi
seysmikliyi 1 bal endirilmasi) gotiiriiliir. Ke>0,5 olan hallarda rezin metal dayaq yastig
seysmomiidafio qurgusunun totbiq olunmasi samare vermadiyindon magsadouygun sayilmur.
II morhalo hesablamalarda endirilmis zalzalo yiiklorinin qiymatlorinin hesablanmasinda k>
omsalinin qiymati AzDTN 2.3-1-in 5 sayli cadvalinoe miivafiq gebul edilir.

2.10. Rezin metal dayaq yastigh seysmomiidafio qurgulu binalarin real zolzalo

akseleroqramlarina hesablanmasi seysmomgdafio qurgusunun konstruktiv elementlorinds va
diiylinlerindo geyri-elastiki-plastiki deformasiyalarin yaranmasin1 nozora almaqla aparilir.
Rezin metal dayaq yastigli seysmomiidafio qurgulu binalarin dinamiki hesablama
sxemlorindo binanin yeriistli hissosinin konstruksiyalarinda geyri-elastiki deformasiyalarin
yaranmasi nazord alinmir.

2.11. Rezin metal dayaq yastiqli seysmomiidafio qurgulu binalarin timumilogmis deformasiya

diagramlar1 eksperimental todqigatlardan alinmis ayrixotli diaqramlar1t miioyyon doqiqlikle
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aproksimasiya edon diizxatli xarakterik sahalorden ibarat siniq xatli diaqgram qobul edilir.
Diagram asagidaki 4 xarakterik saholordon ibaratdir (sokil 6):- elastiki yiiklomo sahasi (0-
1); -elastiki-plastiki yiiklomo sahasi (1-2);- elastiki ylikdon azad olunma sahasi (2-3); -
plastiki ylikdon azad olunma sahasi (3-4).

P(Y) \

Yel . Ypl

140
120
100
80
60
40 |

20

1 2 3 4 5 6 7 8 9 10111213 14 15 16 Y

Sak. 6. Rezin metal dayaq yastigli binann iimumliasdirilm deformasiya diagrami

2.12.Umumilosmis deformasiya diaqramlariin osas xarakteristikalari: — elastiki saho (0-1) sartlik
omsali K1, — elastiki-plastiki saho (1-2) sortlik eamsali K2"; — bosalma sahosi (2-3) sortlik
omsal1 K3"; — bosalma sahasi sartlik amsali K4"; — iifqi haddi elastiki Yei, plastiki Ypi va qaliq
yerdoyismd Yq. Umumilosmis deformasiya diaqramlar asagidaki tonliklarlo ifads olunur:

K} =K} (2.9)
KJ - K5 (2.10)
K5 =K} (2.11)
Kj =K} (2.12)

burada,
Kil, K21, Kst, Kt — sistemin birinci yiiklomo yarimtsiklindo sortlix amsallaridir;
K1", K2", K3", K4" — sistemin n-ci yiikklomo yarim tsiklindo sartlik omsallaridir.
2.13.Rezin metal dayaq yastigli seysmomiidafio qurgulu binanin layihalondirilmasinds seysmiki
reaksiyalarimin todqiqinds bir kiitloli dinamiki model gabul edilir. Dinamiki hesabi modeldo
asagidaki forziyolor gqobul olunur:
- “bina-rezin metal dayaq yastiqli seysmomiidafio sisteminin” yeriistii hissosi miitloq sort
cism kimi qabul olunur;
- “bina-rezin metal dayaq yastiqli seysmomiidafia sisteminin” saquli oxa nozoran
doénmasi nazara alinmur;
- bir komponentli zalzalo tasirinds sistemin iraliloma horakatine baxilir;
- seysmiki tasirin saquli toplanan1 nozors alinmuir.
2.14. “Bina-rezin metal dayaq yastiqli seysmomiidafio qurgusunun” dinamiki hesablama modeli
bir sarbastlik derocasino malik geyri-xotti elastiki rabito istiqgamatinda rogqs edan bir kiitloli
ossilyator gabul edilir (sokil 7).

a) 0)
)41
-
|« .
I() M E& II(7) P,
— — 9 — .
| P a1
) )

Sakil 7. Rezin metal dayaq yastiqlh seysmomiidafio qurgusu
tizarinda binalarin hesablama modeli.
a) dinamiki model; b) tarazlagan qgiivvalor
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M kiitlesino dord qiivve tosir edir: xarici P(t), inersiya Fi, dissipativ Fd vo barpaedici
R(t) qiivvaleri.
Sistema tosir edon qiivvalarin istonilon anda dinamiki taraziligi tomin edon horakoat tonliyi

Fi+ Fa+ R(t)=P(t) (2.13)
Fi — inersiya qiivvasidir. Bu qilivva kiitlonin nisbi tacile hasilina barabardir
Fi=-M Y(t) (2.14)

Fa — dissipativ qlivvadir vo sokil doyisdirilmis Foyqt nazariyyasino gora toyin olunur,
tezlikdon asil1 olmayan siirtiinmeni nazors alir

Fa= yMC(Y) G(t) (2.15)
Y — geyri-elastiki miiqavimat amsalidir vo y=¢/2n diisturla toyin olunur,
¢ — enerjiudma omsalidir, gqiymaoti rezin metal dayaq yastig1 tizorindo aparilmis natura
siagqlarindan alinmis «yiiklomoy, «bosalmay diagqramlarindan toyin olunmusdur, ¢=0,3-
0,43; y=0,05-0,07; hesablamalarda ¢=0,37, y=0,06 qobul olunmas: tiivsiyys olunur.
C(Y) — rezin metal dayaq seysmomiidafio qurgusunun sortlik funksiyasidir vo onun
qiymati Y yerdoyismasindon asilidir;
G — kiitlonin nisbi siiratidir,
P(t) — zalzalo yiikiidiir (xarici tosir)
P(t) =-M Yo(t) (2.16)
R(t) — barpaedici qlivvadir.
Qiuivvalorin ifadolorini (2.13) diisturunda yerind qoysaq sistemin horokotinin differensial
tonliyini alirq:

MY () + y/MC(Y) G(t) + R(t) =- M Yo(t) (2.17)
Sistemin deformativ xiisusiyyatlorini xarakterizo edon «iifqi qlivve-yerdoyismo» asililigi
diaqramla ifads olunur (bond 2.11, 2.12).
“Bina-rezin metal dayaq yastigi” sisteminin miixtolif yerdoyismolorindo borpaedici R(t)
qiivvosi agagidaki qaydada doyisir:
1. (n) - yarimtsiklinda elastiki yiikloma (0-1) sahasi

R =k My (2.18)
2. (n) - yarimtsiklinds elastiki-plastiki yiikloma (1-2) sahasi
R () = KMy ™ + kM [v§V (1) - v (2.19)

3. (n) - yarimtsiklindo yiikdon azad olunma (2-3) sahasi
R () =My ™ +x M (v@)™ -y + kv, M ®-v2) ™)  (2.20)
4. (n) - yarimtsiklinds yiikdon azad olunma (3-4) sahasi
RYO=KOYQ® +KP (YR -YOM)+ KO (YR =Y+ KO (Y, )-YE@")  (2.21)
R(t)-nin miixtalif yerdoyismo sahalori iizro ifadoslorini (2.17) diisturunda yerine qoysaq
“Bina-rezin metal dayaq~ sisteminin horokotini diaqramin saholori lizro ifado edon differensial

tonliklor alariq.
1. (n) - yarimtsiklindo elastiki yiliklomo (0-1) sahasi

MY, 3 MK Gy 00+ K ¥,00) = - MY (1 (2.22)
2. (n) - yarimtsiklinds elastiki-plastiki yiikloma (1-2) sahasi

MY,® (1) + v MK(zn) Y2()™+ Ko™ Y,(t) = - MYo (t) - Ko™ Y(D)® + K@ Y(DH)®  (2.23)
3. (n) - yarimtsiklindo yiikdon azad olunma (2-3) sahasi
MY 5™ () + vy MKgn) G3(t)™+ K™ Y3;(t) = - MY (1) — Ki® Y(1)™ — Ko™ (Y (2)™-
Y (1)®) + K™ Y(2)® (2.24)
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4. (n) - yarimtsiklds yiikdon azad olunma (3-4) sahasi

MY4® (t) + 7 MK&H) Ga(H)™+ K4™ Y M(t) = - MY, (1) - KiMY(1)™ — Ko™ (Y(2)™-

Y (DH)®) + Ks® (Y3)D-Y(2)™) + K™ Y(3)® (2.25)
Defferensial tonliklor diaqraminin sahalari tizra hall edilorkon bir sahadon digor sahays kecid
sortlori:
1. (0-1) sahasindan (1-2) sahasina (1 noqtasi)
Y™ (@)=Y (@) (2.26)
2. (1-2) sahasindon (2-3) sahasina (2 ndqtasi) sistemin siirati 0-a barabardir
YMty=0 (2.27)
3. (2-3) sahasinds (3-4) sahasine (noqts 3)
Y® @) =Y(3) (2.28)
4. (3-4) sahasindon (0-1) sahasing (ndqta 4) sistemin barpaedici qiivvasi 0-a barabar olur, yoni
RM (t)=0 (2.29)

Differensial tonliklorin halli zamani biitiin sortlor hor hesablama addimda yoxlanilmalidir.
(2.27) sorti (0-1) sahosindo &donilorso (1-2) sahasi buraxilarag, hesablama avtomatik
olaraq (2-3) sahasina kegir.

3. REZIN METAL DAYAQ YASTIQLI SEYSMOMUDAFiO QURGULU
BINALARIN KONSTRUKTIV XUSUSIYYOTLORI

3.1. Rezin metal dayaq yastighh seysmomiidafio qurgulu binalarin layiholondirilmasinds
konstruktiv antiseymiki tadbirlor qlivvads olan normativ sonad AzDTN 2.3-1-in toloblorine
uygun endirilmis zolzalo yiiklorinin tasirino aparilmalidir. Bu halda konstruktiv todbirlor
hesabi seysmikliyin 1 bala endirilmosina cavab vermolidir. Rezin metal dayaq yastigqh
seysmomiidafio qurgusunun konstruksiyasi sakil 8-do verilmisdir.

80 20 400 20 80
600

Sakil 8. Rezin metal dayaq yastigh seysmomiidafio qurgusunun kostruksiyasi.
1,2 — asag1 va yuxart dayaq l6vhalari; 3 — divar; 4 — horakotli element kiira;
5-rezin metal dayaq yastigi; 6 -anker boltlarini barkitmak ticiin dolik.

3.2. Rezin metal dayaq yastiqlt seysmomiidafio qurgulu binalar enino vo uzununa oxlara nazaran
simmetrik layihsalondirilmalidir.
3.3. Rezin metal dayaq yastiqli seysmomiidafia qurgusu binanin oxlar1 iizrs 2,0-3,0 m addimdan
arttq olmamaqla yerlosdirilmasi tovsiyo olunur. Xarici vo daxili divarlarin birlogsmo
yerlarinda, binanin kiinclorinde dayaqlarin yerlogdirilmasi vacibdir.



M1.2021
3.4. Rezin metal dayaq yastigh seysmomiidafio qurgusunun metal elementlori, 16vholor
AzDTN 2.18-1 “Polad konstruksiyalar” layiholondirilmo normalarimin DUIST 27772,
QOST 19903-74, horokotli elementlor iso QOST 8732-78 standartlarina uygun yerino
yetirilmolidir.
3.5. Rezin metal dayaq yastigli seysmomiidafio qurgusunun asagi vo yuxari komorlori B-20
sinifindon az olmayan monolit domir-betondan yerina yetirilon komorlors borkidilir.
3.6. Rezin metal dayaq yastigli seysmomiidafio qurgusu 8, 9, 10 balliq zalzalo araziorinds totbiq
olunmasi mogsodouygundur.
3.7. Rezin metal dayaq yastiqli seysmomiidafia qurgusu yuxari hissasi ilo asagi hissasi arasindaki
masafo 10 mm-dan az qobul olunmamalidir.
3.8. Ufiigi yerdayismalorin sart mohdudlasdirici rolunu oynayan polad divar elementin qalinlig
hesabatla miioyyon olunmalidir.
3.9. Rezin metal dayaq yastigli seysmomiidafio qurgusunun horakatli elementindo polad
kiirolordon istifads edilmolidir.
3.10. Rezin metal dayaq yastigli seysmomiidafio qurgusu ii¢lin rezin momulat QOST 73.38-0
uygun texniki Iovholordon vo ya rulonlardan hazirlana bilor. Istifado olunan texniki
rezinlorin Sl¢iilori cadval 4.1-do verilmisdir.

AZORBAYCANDA INSAAT vo MEMARLIQ

3.11.Rezin metal dayaq yastiglh seysmomiidafio qurgusu fgiin istifado olunan rezinlorin

Rezin metal dayaq yastiginda istifada olunan texniki rezinlor Cadval 4.1.
Rezin mamulat1 Uzunlugu, mm Eni, mm Qalinligl, mm
Lovho 250-1000 250-800 2-60
Rulon 500-10000 200-1750 05-50

mohkomlik haddlori cadval 4.2-do gostorilmisdir.

Istiyodavamli texniki rezin istismar gostoricilorini atmosfer soraitindo

gadar saxlayir.

Saxtayadavamli texniki rezin istismar gostoricilorini atmosfer soraitinde -45-don +50°S-ya

godor saxlayair.

Rezin metal yastiqda istifads olunan rezinlorin mohkamlik haddlori  Cadval 4.2.
Rezinin tipi Yumsaq borklikli, Orta boarklikli, Yiiksok borklikli,
MPa MPa MPa
Istiyodavamli 40 45 60
Saxtayadavamli 40 50 65

-35-don +90°S-ya

3.12.Texniki rezinin 5 ndvii mévcuddur:- yagl miihito davamli;- istiyadavamli; — saxtayadavamli;
-tursu golovi miihitine davamli;- qida sonayesindo isladilon. Rezin metal dayaq yastigh
seysmomiidafio qurgusunda istiyodavamli, saxtayadavamli texniki rezinlordon istifado
olunmalidir.

3.13. Rezin metal dayaq yastiqli {igilin istifado olunan texniki rezinlor otraf miihitin temperaturunu
-5-don +30°S doracoyo godor olan tutqunlasdirilmis otaglarda saxlanilmalidir. Rezin
momulatlarin  {izorino benzin, yag vo digor dagidict moddolorin  diismosino  yol
verilmomolidir.

3.14. Rezin metal dayaq yastiqlt seysmomiidafio qurgusunda istifado olunan polad elementlor
AzDTN 2.18-1 “Polad konstruksiyalar” layiholondirmo normalarinin toloblorine uygun
secilmolidir. Rezin metal yastiqda istifada olunan polad DUIST 27772 standart: iizra gobul
edilmolidir.

3.15. Rezin metal dayaq yastiqli seysmomiidafia qurgusunda istifado olunan varaq va enlizolaqli
universal polad yaymalarin normativ vo hesablama miigavimatlori cadval 4.3-do verilmisdir.
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Rezin metal dayaq yastiginda istifads olunan varaq, enlizolaqli yaymalarin

dartilma, sixilma va ayilmada normativ vo hesabi miiqavimatlari Cadval 4.3.
rocrt Yaymanin Yaymanin normativ Yaymanin hesabi miigavimati,
Sé;gfn qalmhi, miigavimoti, N/mm? N/mm?
iizro polad mm Ryn Run Ry Ry
(235 2-don 8-dok 235 360 230/ 225 350/ 345
C245 2-don 20-doak 245 370 240/ 235 360/ 350
20-don 30-dok 235 370 230/ 225 360/ 350
C255 2-don 20-dok 245 370 240/ 235 360/ 350
20-don 40-dok 235 370 230/ 225 360/ 350
C285 2-don 10-dak 275 390 270/ 260 380/370
10-dan 20-dok 265 380 260/ 250 370/ 360
2-don 20-dok 325 470 320/ 310 460 / 450
C345 20-don 40-dok 305 460 300/ 290 450/ 440
40-dan 80-doak 285 450 280/ 270 440/ 430
80-don 100-dok 265 430 260/ 250 420/410
C345K 4-don 10-dok 345 470 335/330 460 / 450
C375 2-don 20-doak 355 490 345/ 340 480 / 465
20-don 40-dok 335 480 325/320 470/ 455
C390 4-don 50-dok 390 540 380/ 370 525/515
C440 4-don 30-dok 440 590 430/ 420 575/560
30-dan 50-dak 410 570 400/ 390 555 /540
C590 10-dan 40-dok 590 685 575/560 670650
C590K

3.16. Rezin metal dayaq yastigli seysmomiidafio qurgusunun horokotli hissasinin ozilmayo,
diametral sixilmaya hesablama miigavimatlorinin qiymatlori cadvel 4.4-do verilmisdir.

Rezin metal dayaq yastiginin harakatli hissalorinds yaymalarin kallo sathinin azilmaya, silindrik
oynaqlarda yerli azilmaya, diyircoklorin diametral sixiimaya hesablama miiqavimatlori  Cadval 4.4.

Hesablama miiqavimati, N/mm?
Miivaqqati szilmoyo diyircoklorin diametral
mﬁqavin;st, silindrik oynaqglarda sixilmaya (mohdud harokotli
N/mm kalla sothinds (hamarlanib (Sapfa|a"da) klp . konstruksiyalarda sorbost
uygunlagdirma oldugda) R, toxunsminildiqga yerli toxunmada) Req
Z1Imays Rip

360 351/ 343 176 /171 9/9

370 361 /352 180/176 9/9

380 371/ 362 185/181 9/9

390 380/371 190/ 185 10/10
400 390/ 381 195/190 10/10
430 420/ 409 210/204 10/10
440 42917419 215/209 11/11
450 439 /428 220/ 214 11711
460 449/ 438 224 /219 11711
470 459 / 448 229/ 224 11/11
480 468 / 457 2341228 12/12
490 478 | 467 239 /233 12/12
510 498 / 486 249 [ 243 12/12
540 527 /514 263/ 257 13/13
570 556 / 543 2781271 14714
590 576 / 562 288 /281 14/14
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4. REZiN METAL DAYAQ YASTIQLI SEYSMOMUDAFi® QURGUSUNUN
HAZIRLANMASINA V3 QURASDIRILMASINA AiD GOSTORISLOR

4.1. Rezin metal dayaq yastigh seysmomiidafio qurgusunun biitiin elementlori insaat
sonaye miiassalorindo zavod soraitinds yerina yetirilmasi tovsiya olunur. Bu zaman
dayaq elementlorinin yiiksok doaqiqlikls, keyfiyyoatli diizoldilmasi vacibdir.

4.2. Rezin metal dayaq yastigh seysmomiidafis qurgusunun polad elementlorinin iz
sothlori c1z1gsiz olmali vo hamar giizgii sotho malikdir.

4.3. Rezin metal dayaq yastiqli olmalidir. Bu satlorin cilalanmasi vacibdir. seysmomiidafio
qurgusunun polad vo domir-beton elementlorinin antikorroziya miihafizosi onlarin
metallasdirilmast vo lak-boya torkiblorlo boyanmasi yolu ilo qiivvads olan SNiP I1-28-
73* «3ammTa CTPOUTENBHBIX KOHCTPYKUHH OT KOppo3uWil» normativ sonadinin
basliglarinin tolobi vo layihonin gostarislorine uygun hoyata kegirilir.

4.4. Rezin metal dayaq yastigli seysmomiidafio qurgulu binalarin layiharinds tikinti zamani
horokotli elementlorin  hor hans1 horokotini mohdudlagdiran miivoqqati miihafizo
elementlorin nozordo tutulmasi vacibdir. Hor hansi horokoto garsi qoyulmus miihafizo
elementlorinin sokiilmasi layiha togkilatinin icazasi vo onun niimayandassinin istiraki ilo
hoyata kezirilmolidir.

4.5. Tikinti quragdirma islori aparilan zaman rezin metal dayaq yastigli seysmomiidafio
qurgusunun elementlorinin layihe vaziyyatino, doqiq quragdirilmasina xiisusi diqqot
vermok lazimdir. Isin yerino yetirilmosi gstorislorini layihonin izahat voraqesino daxil
etmok vacibdir.

4.6. Rezin metal dayaq yastigli seysmomiidafio qurgusunun iist vo alt komor sothlorinin
tifqiliyi nivelir vo ya tarazla (bazasi 30 sm-don az olmayan) hoyata kezirilmolidir.
Sathlorin tifgiliyinin xatast 1 mm-don artiq olmamalidir.

4.7. Rezin metal dayaq yastigli seysmomiidafio qurgusunun hissolorinin qurasdirilmasi
layihaya ciddi amal etmokls, biitiin tomas saholorinin six birlogsmosini tomin etmokls
yerind yetirilmasi vacibdir. Qurasdirilmanin daqigliyinin yoxlanilmasi ii¢ (3) dofo tokrar
olunmalidir.

4.8. Biitiin islorin yerino yetirilmosi layihonin miiollifinin vo sifarig¢inin niimayondasinin
texniki nozaroti osasinda yerino yetirilmolidir. Yerino yetirilmis islor barosindo uygun
aktlar vo miiallif nozarati jurnallarinda qeydler yerina yetirilmasi vacibdir.

4.9. Rezin metal dayaq yastigli seysmomiidafio qurgusu elementlorinin yaxinliginda, onlar
yerloson yiikdasiyan konstruksiyalarda sanitar, texniki, elektrotexniki komunikasiya
xatlorinin yerlogdirilmasi gati gadagandir.

4.10. Rezin metal dayaq yastigh seysmomiidafio qurgulu binalarin miihondisi
kommunikasiya xatlorindo zslzolo zamani seysmomiidafia qurgusunun maksimal
yerdoyigmosini tomin edon xiisusi kompensatorlarin (qorarlagdiricilarin) qoyulmasi
vacibdir.

4.11. Rezin metal dayaq yastigli seysmomiidafio qurgulu binalarin lift saxtalar1 vo pillokon
gofasalari binanin yertiistii hissasinda yerlosdirilmalidir. Memarliq vo diger baximdan bu
hal miimkiin olmadiqda, bu konstruksiyalarin rezin metal dayaq yastiqli seysmomiidafio
qurgusu soviyyasinds yerdoyismosini tomin edon konstruktiv todbirlor hoyata
kecirilmalidir.

5. REZIN METAL DAYAQ YASTIQLI SEYSMOMUDAFI® QURGULU
BINALARIN ISTISMARINA DAIR GOSTORISLOR

5.1. Rezin metal dayaq yastiqli seysmomiidafio qurgulu binalarin istismarinin x{isusiyyati
dayaq elementlorinin doqiq nazarotindon vo ona konar goxslorin yaxinlasmamasini tomin
etmokdon ibaratdir.

5.2. Rezin metal dayaq yastiqli seysmomiidafio qurgulu binalar istismara tohvil verilorkon
layiho togkilatinin niimayandasi istirak1 vacibdir. Binani1 qobul edonlor rezin metal dayaq
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5.3.

5.4.

5.5.

5.6.

o.7.

yastighh seysmomiidafio qurgusu elementlorinin layihs talablorine cavab vermasine amin
olmal1 vo qabul aktinda uygun geydlor aparilmalidirlar.

Askar olunmus qiisurlar binanin istismarindan gabaq aradan qaldirilmalidir. Qtsurlar
askar etmok mogsadi ilo xiisusi yoxlanilma aparilma yerlori: — rezin metal dayaq yastiqlt
seysmomiidafio qurgusunun horakotli elementlorinin voziyyati; —rezin metal dayaq
yastiglarinin dayaqda diizgiin yerlogmasi; — rezin metal dayaq yastigli seysmomiidafia
qurgusuna konar goxslorin miidaxilasine imkan verilmomasi.

Rezin metal dayaq vyastiglh seysmomiidafio qurgusunun elementlorinin texniki
voziyyatinin komissiya torafindon hor iki ildoen bir vo homginin bas vermis yeralti
tokanlardan sonra layiho togkilatinin nlimayondasinin istiraki ilo yoxlanilmasi vo toyin
olunmus defekt va qiisurlarin aktlara vo jurnallara geyd olunmasi vacibdir.

Tikinti quragdirma islori zaman1 rezin metal dayaq yastigli seysmomiidafio qurgusunun
horokotli elementinin arasina suvagin, boyanin vo digor osyalarinin diismasinin
imkanlarinin qgarsist alinmalidir.

Zirzomi, yarimzirzomi mortobalords biitiin  yenidonqurma iglori, yeni 9lavo
kommunikasiyalarin ¢okilmasi, onlarin yerinin doyisdirilmasi layiha togkilatinin
icazasindon sonra aparilmalidir.

Rezin metal dayaq yastiqli seysmomiidafio qurgusunun elementlorinin suvanmasi,
boyanmasi ancaq layihs togkilatinin niimayandasinin istiraki ilo aparilmalidir.
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Elmi-texniki maqalonin hazirlanma qaydalar
Elmi-texniki moqalo elmin asagidaki istigamotlorino uygun olaraq elmi yeniliklori
oks etdirmoaklo hazirlanmalidir:
. Memarliq va soharsalma.
. Zolzaloyadavaml tikintilor.
. Ingaat konstruksiyalari, bina vo qurgular.
. Geotexnika vo ingaatin ekologiyasi.
. Insaat materiallar1.
. Insaatin toskili vo idara olunmast.
. Tikinti norma vo qaydalarinin tokmillosdirilmasi.
. Tikinti praktikasinda beynolxalq vo respublika yeniliklori.

Elmi mogqalolor azorbaycan, rus vo ingilis dillorindo hacmi 3 sohifodon az, 8
sohifodon ¢ox olmamaqla  formati: A4, faylin formati:MS Word vo ya RTF; Times New
Romanda 12 sriftlo, 1 intervalla yi§ilmalidir; veroqin konarlari: yuxari vo asagi toroflor-2
sm, sol torof-1,5 sm,  sag torof-3 sm. Ogor moqalods sokillor olarsa, sokillor maotno
uygun olaraq elektron sokildo 1 dyiimdo 300 pikseldon ( vo ya 300 dpi ) az olmayaraq
jped, tiff vo ya eps formatinda yerlosdirilmalidir.

Sokiller sokilalt1 yazi vo siralama ilo miisayiot olunmalidir .

Istifads edilmis adobiyyat siyahis1t AAK-1n toloblorine uygun tortib olunmalidir.

Fiziki qiymaotlorin 6lgiilori vo parametrlori CU sistemi ilo verilmalildir.

Mogqalolor asagidaki ardicilligla yigilmalidir: veraqin solunda yuxarida UOT;
1 intervaldan sonra moqalonin adi 12 keql adi sriftls, qara; 1 interval, miisllifin (-larin) adi,
atasinin adi, soyadi 12 keql sriftlo kursiv, qara; 1 interval, toskilatin tam adi, sohor 12 keql
sriftlo, kursiv; 2 interval, moqgalonin matni.

Yuxaridaki toloblors uygun olmayan mogqalalor gobul olunmur.

Mosul katibin elektron tinvani: e-mail: azimeti _elmikatib@mail.ru;
azimeti@arxkom.gov.az

tel. (012) 596 37 60 (alava 205)
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Hpaeuﬂa n0020mMo6KuU HayuHo—mexHuueCKoﬁ cmamolu

[lpuHuMaoTCd OpUrMHAJIBHBIE CTaTbM 1O ILIMPOKOM  TEMAaTUKE  apXUTEKTYpHI,
IPAZOCTPOUTENBCTBA, CTPOUTEIBHBIX KOHCTPYKIMM, CEMCMOCTOMKOIO CTPOMTEIBCTBA,
I€0TEeXHUKU BOJOCHAOKEHHSI M KaHAJIM3allMK, COBEPIICHCTBOBAHMS CTPOUTENBHBIX HOPM U
IIpaBWJI, OPraHU3alM1 CTPOUTEIBHOIO IPOU3BOACTBA U CTPOUTENIBHOM SKOJIOTUH.

CraTbM NpPUHUMAIOTCA B I€YaTHOM U  3JIEKTPOHHOM BHUjAe, oO0beMoM oOT 3-8
CTpaHHII TEKCTa, HAOPAaHHOTO HAa  KOMIBIOTEpE W HameyataHnHoro mpudpToMm 12-ro
Kerid C OJMHOYHBIM MHTepBajoM ). [loms: cneBa, cBepxy M CHU3Y - 2CM, clipaBa- 1 cm.

CraTby IPUHUMAIOTCA HA a3epOaiPKaHCKOM, WJIM aHTJIMHCKOM , WIIK PYCCKOM SI3bIKAX.

B navane crateu B ieBOM yriy ykassiBaercs Y K.

Crarbu compoBoxpaatorcs anHoTarusiMu (1o 100-150) cioB Ha azepOaifKaHCKOM,
aHIJIMICKOM M PYCCKOM S3bIKaX, a TaKXe CIUCKOM KiroueBbIX ciioB (5-10 cioB) Ha
azepOaiKaHCKOM, aHTJIMICKOM U PYCCKOM SI3bIKaX.

HazBanue craTby, damunus M UHMLOMANBL aBTOpa (AaBTOpPOB), JAIOTCS HA
azepOailKaHCKOM, AaHIJMIICKOM U pycckoMm s3blkax. ®amunus (u) asTtopa (OB)
COIIPOBOKAAIOTCA JOJDKHOCTBIO, MECTOM paboThl M DJEKTPOHHBIM aapecoM. CTpykTypa
CTaTbM JOJDKHa 1O BO3MOXXHOCTH BKJIKOYaTh BBEACHHME, METOJUKY MCCIIEI0BaHUS,
XapaKTePUCTUKY 00bEKTa HCCIIeI0BaHMs, PEe3yJIbTaThl U BBIBOBI (3aKIIOUCHHE).

EnexTpoHHast moyta OTBECTBEHHOT0 cekpetapsi: e-mail: azimeti _elmikatib@mail.ru;

azimeti@arxkom.gov.az
tel. (012) 596 37 60 (alava 205)
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