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DETERMINATION DISPLACEMENT OF NODES OF THE STEEL AN D CONCRETE
COMPOSITE CABLE SPACE FRAMES BY EXPERIMENTATION

Dr. of techn. sciences L. |. Storozhenko, Cand. e&échn. sciences G. M. Gasii

Y cmammi nasedeno pezyromamu excnepumeHmanbHo20 OO0CHIONCEHH NPOCMOPOBOI
CMPYKMYPHO-8AHMOBOI  CMANe3ANI300eMOHHOI  ApKoBoi KOHCMPYKyYii npo2oHom 5.3 m, saka
30Upanacs 3 eHy4Ko20 HUNICHb020 NOACA, US0MOBIEHO20 3 GIOPI3KI6 CMANe8020 NPOKAMY Kpyeio2o
nepepizy, i npOCMoposUx CMane3aniz0o0emoHHUX MOOYIG, AKI CKAAOANUCS 3 3A1I300eMOHHOI nAUmu
i cmanegoi npocmopogoi pewimku. Hasedeno ocobiugocmi memoouku 00cniodxcens i 3acodu
BUMIDIOBAHHS Nnepemiujenb. Bcmanoeneno, wo 00cniodcysana KOHCMPYKYIsi 8NPOO0BIHC YCbO20
8UNPOOOBYBAHHA NPOOEMOHCMPYBANA CYMICHY pOOOMY 6CIX ii CKIA008UX.

Knwuoei cnoea. cmanesanizobemon, cmpykmypa, 6aHma, nepemiujeHHs, HaANnpy#CeHHsl,
Odepopmayis, mooys.

B cmamobe npueedenvl  pe3yibmamol IKCNEPUMEHMATLHO2O uccne0osanus
NPOCMPAHCMBEHHOU  CMPYKMYPHO-8AHMOBOU  CIMANENHCeNe300eMOHHOU  apOYHOU  KOHCMPYKYUU
nponemom 5,3 m, komopas Ovina cobpana c¢ 2ubKO20 HUICHE20 NOACA, U320MOBIEHHO20 U3
OmMPe3K08 CMAIbHO20 NPOKAMA KPY2lo20 CeYeHUsl, U NPOCMPAHCIEEHHbIX CIAIeHCene300emOHHbIX
MoOynell, KOmopvle COCMOANU U3 JHCENe300eMOHHOl NAUMbl U CMATbHOU NPOCMPAHCIEEHHOU
pewemxu. Ilpusedenvi ocobeHnocmu MemOOUKU UCCAEO08AHUN U CPeoOCcmea UBMepPeHUs.
nepemewjenuti. Ycmanogneno, umo ucciedyemas KOHCMPYKYUs 6 meyeHue 6ce20 UCHbIMAHUs
NPOOEMOHCIMPUPOBANA COBMECMHYIO PAOOMY BCeX ee COCMABIAIOUIUX.

Knrwoueevie cnosa. cmanexcene3obemon, cmpykmypa, 6anma, HanpsajceHue, 0eqopmayusl,
nepemeuyerue, MoOyb.

The article presents methodology specifics of experimental studies of the effectiveness of
constructive solutions for new space systems. Research methodology developed by the example of
full-scale prototype of the steel and concrete composite cable space frame in span 5.3 m, which
includes the space steel and concrete composite modules and a flexible bottom chord. The
methodol ogy provides to study movement of the prototype by testing in the uniform load applied in
nodes. It also provides the definition of displacement of nodes of the prototype. According to the
developed technique, stressed state of the full-scale prototype of the steel and concrete composite
cable space frame was studied with a mechanic method. Schemes of arrangement of equipment and
devices for measuring displacements of the full-scale prototype of the steel and concrete composite
cable space frames are presented. Drawings of full-scale prototype of the steel and concrete
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composite cable space frame are presented. The specifics of research method and measurement

tools are described.

Keywords: composite steel and concrete, space structure, cable, stress, strain, module.

Berym. [IpocTopoBa  CTPYKTYpHO-
BaHTOBa CTaje3a1i300eTOHHA KOHCTPYKIIS €
HOBUM 30IpHMM KOMIIO3UTHUM TOKPHUTTSIM,
AK€ 30MpaeThCs 31 CTaNe3amiz00eTOHHUX
MOAYJiB 1 THYYKOTO HIDKHBOTO  IIOfCA.
CyTHICTh KOHCTPYKILii TOJSTra€e B OCOOJIUBO-
CTAX 11 OyJ0BH, KOHCTPYKTUBHOMY BHUPIIICHH1
Ta cnocobi 3'emHaHHA 11 CKJIAJOBUX.
3anpornoHoBaHe piteHHs T03BOJISIE
e(EeKTHUBHO Ta PalliOHAJILHO BUKOPUCTOBYBATH
Oy/iBeJIbHI MaTepialu.

Oraspa ocTaHHIX Axeped i myOaikanii
MOKa3as, M0 3-TIOMIK HUHI 1CHYIOUHUX KOMIIO-
3UTHUX pIIIEHb TNPOCTOPOBUX KOHCTPYKLIN
HaWyacTille BHUIUIAIOTE CTaIe3aIi300€TOHHI
KOHCTPYKIIii, OCOONMBICTh SIKUX TMOJSITaE B
MO€IHAHH] 3aJ11300€ TOHHUX IUIAT 31
CTaJIeBUMU CTPIKHEBUMHU E€IEMEHTaMHU. Y
pobori [1] mocmimkeHo wmimHicTs i aedopma-
TUBHICTh CTaJIe3a1i1300€TOHHOI HINPEHTeIbHOT
KOHCTpYKIIii. BepxHiit mosic Takoi KOHCTPYKITii
BUTOTOBJISIETBCS 31 CTaJIeBUX OalloK, IO
00’'eqHaHl 3 MOHOJITHOK 3ajIi300€TOHHOIO
TUTUTOIO 32 OTIOMOTOI0 aHKEPiB.

Y pobori [2] MIPOIIOHYETHCSI
YIOCKOHAJICHE pileHHs MIPOTOHOBOL
KOHCTPYKIIii, SIKa CKIIQAA€ThCS 3 METaJCBUX
MOJIYJIbHHX €JIEMEHTIB, 3113006 TOHHOI TIJTUTH,
BEPXHBOTO 1 HIKHBOTO TOsiCiB. KoHCTpyKITis
BIJIPI3HAETHCS B TMOMEPEAHHOTO PIlICHHS
croco0oM 3a0e3MeueHHs CYMICHOI POOOTH
3aJ1i300€ TOHHOT TUTUTH 31 CTaJICBOIO
CKJIaJIOBOIO.

Icaye mocBin OymiBHUIITBA KOMITO3UTHUX
MPOCTOPOBUX KOHCTPYKINH MOKPUTTS CIIOPY.
TPAHCHOPTHUX Tajiepel i3 cTane3ani3o0eToH-
HUX (epM, Hecyda 3/aTHICTh SKHX 301JIbIIICHA
Ha 20 % 3a paxyHOK JOJaTKOBOTO CTHCKY
wmtd [3]. Hecydy 3maTHICTH MPOCTOPOBHX
CTaJe3aJli300CTOHHUX ~ KOHCTPYKIIH  TaKoxX
MOJKHA T ABUIIYBAaTH 3a paxyHOK
MOTEPETHHOT0 HAMIPYKCHHS eIeMeHTIB [4].

Cepen mpocTOpOBUX KOHCTPYKIIH BigO-
Mi CTPYKTYpHI CTaJieBi IMOKPUTTS 3 3ajli30-

OCTOHHHMH IUITMTaMH, SKi BUKOHYIOTh POJIb
BEPXHBOTO TMosica. Jlo mepeBar TakWX KOH-
CTPYKIIiH BiTHOCATH HU3bKI BUTpaATH cTaji [5].

3Bakarouu Ha BUKJIQJICHE, 11est
00’ eTHATH HOBHUM CIIOCOOOM B OJIHY IILTICHY
KOHCTPYKIIIO TPaIUIiAHI eIeMEHTH — IJTUTH 1
CTPWIKHI — € OpHUTiHaIbHOW0. Take pilIeHHsS
JI03BOJIUTh BUPI3HATU 3arponoHOBaHi
KOHCTPYKITI 3-TIOMDK 1ICHYIOUHMX Y HOBHH THII
noKpuTTs. Po3pobieHa KOHCTPYKIIisl MOKPUTTS
mo30aBiieHa HEIOJIKIB, BJIACTUBUX aHAJIOTaM.
Konmeniiss ~ 3ampornoHOBAaHOTO  pIIIEHHS
TMOJISITa€ B CUHTE31 JOCBIAY 1 HOBUX JOCATHEHb,
BUKOPHUCTaHHI MOAYJIbHUX €JIEMEHTIB,
TPYAOMICTKICTh Ta CKJIAIHICTh TEXHOJOTIi
BUTOTOBJICHHSI, 30MpaHHsI Ta MOHTaX SKHX €
MEHIIUMH, Hi’K B aHAIOTIB [6].

EdexTuBHICTD  pilIEHHS MPOCTOPOBOL
CTPYKTYPHO-BaHTOBOi  cTajie3ai300eTOHHOT
KOHCTPYKIIi Ta il CKIAQAOBUX EINEMEHTIB —
MOJYJIIB — JOCITiI>KeHa Ta 00rpyHTOBaHa [7-12].

Bupisiennsi He po3B'sA3aHUX paHile
YACTHH 3arajbHoi mpodjemMu. 3 aHamizy
MOTIepeAHIX Mpalb BUIHO, 0 HEAOCTIIKEHUM
3aJIMIIAETHCS UTaHHS BHUBYCHHS
oco0nMBOCTe  poOOTH  3ampPONOHOBAHUX
KOHCTPYKITI Ha BEIMKOMACIITA0OHUX 3pa3Kax.

IlocranoBka 3aBaaHHsd. Excrnepumen-
TQIBHAM  IIUSIXOM ~ BCTAHOBUTH  BY3JIOBI
MEePEeMIIIEHHSI 3alpPONOHOBAHOI TIPOCTOPOBOI
CTPYKTYPHO-BaHTOBOi  cTajie3ai300eTOHHOT
KOHCTPYKIIT ITiJ] HAaBaHTaKEHHSIM.

OCHOBHUM 3aBIaHHSIM E€KCIIEPUMEHTAITh-
HOTO JOCTIPKEHHS TPOCTOPOBOI CTPYKTYPHO-
BAaHTOBOI CTaje3a1i300€TOHHOT KOHCTPYKIIii €
OTpUMATH JaHi, SKi MiJTBEPIKYyBATUMYTh

JOCTOBIPHICTh ~ pE3y/bTaTiB  MOMEPEIHIX
eKCTIEpUMEHTATBHUX i TEOPETUIHUX
JOCITiI)KCHB, a TaKOXK JI03BOJISITH
OOIpyHTYyBaTH e(eKTHBHICTh piteHHs
3ampoOINOHOBAaHOI  KOHCTPYKIli, BY3JiB 1

cioco0y 3abe3neueHHs CyMicHOI poOoTH
cTajJIeBUX 1 OETOHHUX €JIEMEHTIB.
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OcHoBHHIT MaTepian i pe3yabTaTH.
JlocnmiHuid 3pa30oK MPOCTOPOBOI CTPYKTYPHO-
BAaHTOBOI cCTasie3a1i300€TOHHOI KOHCTPYKIIi
nporoHoM 5,3 M (puc. 1) ckimamaBcs 3 cemu
MIPOCTOPOBUX CTaNE3aTi300€TOHHUX MOIYITIB
(puc. 2, 3),sxi Oymu 3'€maHaHi MiX CO000 3a
JOTIOMOT 010 OOJITIB 1 THYYKMMHU CTPUKHEBUMHU
enmemeHtamMu  (puc. 4). T'Hyuki CTpHKHEBI
€JIEMEHTH, 3’ €HYIOUM MPOCTOPOBI MOYII,
YTBOPIOBAJIN HUKHIN TTOSIC.

[TpocTopoBuit cTae3aiz00eTOHHUI
MOMYJb CKJIaJIaBCsl 3 JIBOX YacTHH. 3aii3o0e-
TOHHOI IUIMTH 1 CTajleBoi MPOCTOPOBOI

pENITKHA, a THyYKUH CTPWKHEBUH ECIEMEHT —
JIMIIE 31 CTai.
CraneBl YacTHHM Ta OeTajl JOCIIIHOIL

KOHCTPYKLIi  BHUIOTOBISUIMCS  HA  3aBOJI
METaJOKOHCTpYKIiKi y M. IlonraBa, a
O0eToHyBaHHS — Yy JIabOpaTopii 3 BUTOTOBJICHHS
OyIiBebHMX  KOHCTPYKIIIHK B YMOBax,

ONMU3BKUX 10 PeaTbHOTO OyIiBHUIITBA.

(1] [[] [[]

(11 1 [ []

| 5365

Puc. 1.TIpocTopoBa CTpyKTypHO-BaHTOBA CTAJI€3a11300€TOHHA apKOBAa KOHCTPYKIIisl TOKPHUTTS:
1 —xpaiiHiii MOZyNb; 2 —TUIIOBHHA MOJIYJIb; 3 —THYYKHUN CTPH)KHEBUI €IEMEHT HIKHBOTO TOsCa
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Puc. 2. Kpaiitniit mpocTopoBuii cTasie3aniz00eTOHHUA MOYJIb:
1 —craneBa Tpyoa @42; 2, 3 4utactunu ToBumHOo 10MM; 4, 5, 6, 7, 8, 9 AnacTuHu
ToBIIMHO 9 MM; 10 —3aimizo0eToHHA TUIMTAa TOBIIHHOK 50 MM
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Puc. 3. TunoBwuii mpocTOpoOBHUiA CTaIE3a1300€TOHHUN MOTYITb!
1 —craneBa Tpyoa @42; 2, 3 uactunu ToBIIMHOK 10 MM;
4,5, 6 quiacTiHA TOBIMUHOO 9 MM, 7 —3airi300€TOHHA IUIMTA TOBIIMHOIO 50 MM
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Puc. 4.T'nHydkuii CTpHKHEBUI MOTYIIb.
1 —peranp 3 AMCTOBOI CTaJi; 2 —IPOKAT CTAJIIEBUI rapsyeKaTaHui KpyTiauid

ITpocTopoBi crane3anizo0eTOHHI MOy
Masin po3mipu Ha tutani 0,8x0,8m Ta BUCOTY
0,5 M. 3amizobeToHHA TUTMTa MOIYJS Maja
toBIMHY 50 MM Ta BUTOTOBIISIIACS 3 OETOHHOI
cymimmi  Ha uementi wmapku M400 Ta
apMyBajacst CITKOIO.

3’ eqHaHHSI CTaJIEBUX neranen 1
€IIEMEHTIB MIDK COOOI0 BHKOHYBAJIOCS 3a
JOMTOMOTOI0 PYYHOTO JIyTOBOTO 3BapOBaHHS B
3aBOJICBKUX yMOBax 3 JOTPUMAHHSIM YCiX
NpaBUJI ~ KOHTPOJIO  SIKOCTI  3BapHOTO
3’enHaHHs. BUKOHaHHSA 3BaprOBAIBHUX POOIT

CTAJIEBUX  JeTajie 1  BCIX  Omeparli,
OB’ I3aHUX 3 UM, 311 CHIOBAJIOCS
BIJIITOBIHO 10 YMHHUX BAMOT.

[Ticis BHUKOHAHHA YCIX 3BapIOBAIBHUX
pOoOIT, TEePEeBIPKHU SIKOCTI 3BAPHOTO 3’ €THAHHS
Ta BIAMOBITHOCTI (PAKTUYHHUX TCOMETPHUYHUX
pO3MipiB  MPOEKTHUM  OyJI0  BHUKOHAHO
OETOHYBaHHS BEPXHBOTO Tosica. beToHyBaHHS
MOJYJIB 3AIHMCHIOBAJIOCS B TEPEBEPHYTOMY
MOJIOKEHHI 3 YJIAaIITYBaHHSAM OINATYOKH JIUIIE
0 KOHTYpY mauTH (puc. 5).
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Puc. 5. beronyBaHHs BEpXHBOTO TOsICa MPOCTOPOBOTO CTAIE3ATI300€TOHHOT'O MOTYJIsS

beronna  cymim  roryBajacsi B
0eToHO3MIIITyBayi IIPUMYCOBOL il
VYurinpHeHHs OETOHHOI cyMmimn B omairyOrri
3IIIHCHIOBAJIOCS HIIIXOM pYy4YHOTO
IMTUKYBaHHs. TyXaBiHHA OETOHHOI cCyMmiIIi
BimOyBanmocsi B Ja0OpPaTOpHUX yMOBax y
HEONAJTIOBAHOMY IMTaBIILHOHI B OCIHHINA TIepioJ
IpU  CHOPHUIATIUBAX YMOBaX 1 3aJI0BUIBHHUX
MMOKa3HUKAaX MIKPOKJIIMATy TIPUMIIIIEHHS.

[Ticns waOupaHHs OETOHOM TPOEKTHOL
MIIIHOCTI Oyna 3HATa omanxyOKa, a 3pa3Ku
TpaHCHOpPTYBaluCs B  Jlabopartopito  Juis
30MpaHHS EKCIIEPUMEHTAIbHOT KOHCTPYKIIIi.
Crain TakoX 3a3HAYUTH, HIO TNPH BUTOTOB-
JeHHi, OeToHyBaHHI 1 TpPAaHCHOPTYBaHHI

KOHCTPYKIIIi 3aCTOCOBYBAJHCS JIMIIEC THIIOBI
orepariii, BUKOHaHHS SKUX HE MOTpeOyBalio
BUKOPHUCTAHHS CIICIMIAIBPHUX YH YHIKAJIBHHUX
MIPUCTOCYBaHb, 3aC001B 200 MpUIaIiB.

ITepen 30MpaHHIM KOHCTPYKITI{
MPOCTOPOBI CTane3anizo0eTOHHI MOAyMi Oynu
PO3KJIaJIeH] B psAJl HA PiBHIN MOBEPXHI, 1€ OyII0
3po0ieHo0 Ui TOro, 100  MOJETUIMTH
nporeaypy 30upanHs.

30upaHHss  AOCHIOHOI  KOHCTPYKIIi
3MIMCHIOBAJIOCS Ha PiBHI miayoru. s 1s0ro
IPOCTOPOBI  CTale3ali300eTOHHI MOy
MOBEPTAIHMCS W YKIIaJaducs Ha JepeB’ sHi
MiIKIaAKH OI9HOI0 MOBEPXHEI0 IUIMTH, TOOTO
Ha pebpo (puc. 6).

Puc. 6.30upaHHs MPOCTOPOBOI CTPYKTYPHO-BAHTOBOI CTaIe3a11300€TOHHOT KOHCTPYKIIIT
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[Ipu 30upaHHI AOCHIAHOT KOHCTPYKIIi
OONTH BiJpa3y HE 3aTATYBAJIUCS 1O IMPOEKT-
HOTO HaTATy (pUc. 7), e poOHIOCs Micis TOTO,
SK KOHCTPYKIlis Oyna 3i0paHa TIOBHICTIO,
TITBKA TMIiCTS IBOTO OOJITH 3aTSAryBalIUCS

Ie

MMOBHICTIO. Jaj1o 3MOry IIIAXoM

a)

o)l

MOYEPrOBOr0 3aTATYBAaHHs OOJTIB HiBENIOBATH
HETOYHOCTI BUTOTOBJICHHS MOJYIB.

[ToTiM pochmigHa KOHCTPYKIliS 3 TOJO-
KEHHs Ha peOpi MOHTYBajacsi Ha HEPyXoMmi
OrmopH Ta 3aKpimitoBanacsi. MOHTYBaHHS
KOHCTPYKITII 3IIMCHIOBAJIOCS 3a JOTIOMOTOO
KpaH-OaJiku BaHTaxxomigiiomuicTio 1 1 (puc. 8).

Puc. 7.By310Be 3’ €IHaHHS IPOCTOPOBUX MOAYJIIB Y ILIOMIMHI BEPXHBOTO () 1 HIKHBOTO Tosica (0)
Ha cTaii 30upaHHs JOCIITHOTO 3pa3Ka

Puc. 8.1IpocTopoBa cTpyKTypHO-BaHTOBA CTaje3aai300€TOHHA KOHCTPYKIIiS B TIPOIIECI MOHTAXY

KoHcTpykuis ~ ycraHaBiioBajacsi — Ha
OTIOpH SIK BITLHO OOTIEpTa 3 HAKJIaJaHHSM Ha
OTOpHI BY3NU B'sI3ed, SKi MEPEIKOIKaIN

BEPTUKAIBHAM  TICPEMINICHHSAM  OIOPHHX
BY3/liB 3 000X OOKIB 1 TOPHU3OHTAJIHHUM
nepeMimieHHssM 3 ofgHoro  Ooky. [Ilicis

YCTAHOBJICHHS JIOCITIHOTO 3pa3ka Ha ONOpH
OyJIo OTpUMaHO MPOCTOPOBY CTPYKTYpPHO-
BAaHTOBY CTane3ali300eTOHHY KOHCTPYKIIIIO
nporoHom 5,3Mm, ska Oyma roTOBa 10
BUNIpOOYBaHb (puc. 9).
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Puc. 9.1IpocTopoBa cTpyKTYpHO-BAaHTOBA CTane3a1i300€TOHHA KOHCTPYKIIis
B 3MOHTOBAHOMY CTaHI1

Mertoauka EKCIIePUMEHTAILHOTO
JOCIIJDKEHHS —Tiependadana BHUMPOOYBaHHS
JOCTIAHOT KOHCTPYKII Ha JiF0 TUMYacOBOTO
HaBaHTA)KECHHS.

3BakatouMn Ha Te, WLI0 TabapuTH
JOCITITHOT  KOHCTPYKIIi OynaW 3Ha4Hi, TO
3aCTOCYBAaHHS CTAaHJIAPTHOTO JAaOOPATOPHOTO
oOnaHaHHs, 30KpeMa TPECiB JJIsi CTBOPECHHS
Ta TPUKIAIEHHS THUMYacOBOTO BY3JIOBOTO
HAaBaHTAKEHHSI HA  KOHCTPYKIlito, OyIno
HEMOJKJIMBUM. Tomy 3aBaHTAXKCHHS
JOCIITHOTO 3pa3ka Oyno 3iilicHeHO 3a
JIOIIOMOT'OI0 METaJICBUX BaHTAXIB, IO Majad

¢dopmy nuckiB. Jlasg  mpUKIageHHS A0
JOCIITHOT ~ KOHCTPYKIli Barm y  ¢opmi
METAJICBUX TUCKIB OYJIO 3aCTOCOBAHO IIICTh
TpaBepc, KOXHA 3 SKHX CKJIajanacs 3
NEepeKaiuHu 1 JBOX IITAHT. 3 OXHOro OOKY
mTaHrn  OyB  3poOJIeHMI MmapHip, SKUN
J03BOJISIB  IITaH31 o0epraTucs, a 3 IHIIOTO
00Ky OyB 3pOOJICHHI YTOp Yy BUIJISAL JIHCKA,
Ha KWW YKJIaJJaTACs BAHTAXKI.

Taxi TpaBepcu YKJIAJQIACS
NEPeKIaInHOI0 Ha BEPXHIN MOSC KOHCTPYKLIi
B MICIISIX 3’ €THAHHSA MIPOCTOPOBHUX

crane3anizo0eToHHrx MoayiiB (puc. 10).

Puc. 10.Po3mimenns TpaBepce, 4epe3 sSKi MPUKIaIaIocs HaBaHTaKCHHS

Jlnst dikcyBaHHS Ta 3amoOiraHHs 3CYBY
a0 mepeMilleHHs TpaBepcu MiJ  4ac
3aBaHTAXEHHS KOHCTPYKII B MICIAX X
yKJIaiaHHs Oylio yIanmToBaHO yIOpH. 3aBAsSKA
TaKOMy PIIICHHIO BUIPOOYBaHHS 3alpOIOHO-

BaHOi KOHCTPYKIlI Ha [Jil0 THUMYacOBOTO
HaBaHTA)XEHHS 3a CXEMOIO BIAIMOBIAHO MO
METOJIMKH E€KCIIEPUMEHTAIBLHOTO JOCIIIKEHHS
CTaJIO MOKJIMBHM.

36ipuuk HaykoBux npaup YrpAY3T, 2017 ,Bun. 169



30ipHUK HAYKOBHX Npanb Y KPaiHCHKOI0 Aep:KaBHOI0 YHIBEPCUTETY 3aJi3HHYHOI0 TPAHCTIOPTY

JlocimiKeHHS EKCIIePUMEHTATILHOTO
3pa3ka Ha A0 HaBaHTaXCHHS 31MCHIOBAJIOCS
CTYIIHYACTO B JICKLIbKA CTAIH.

Jlnsi BUMIPIOBaHHS TEPEMIIIEHb BY3IiB
Oynu BUKOPHCTaHI MEXaHIYHI MPOTHHOMIPH
AicroBa tumy 6ITAO (puc. 11).

Puc. 11.Po3mimienHs obiaaiHaHHS 111 BUMiPIOBAHHS MTEPEMIIlICHb
y By3JIaX HIDKHBOTO 1osica (a) Ta ornmopHuX By3iax (0)

Takox 3a JONOMOrOI MPOTHHOMIpIB
Oy70 3aMIpsSiHO B3a€EMHE 3MIIICHHS KpalHiX
BY3JIiB HIDKHBOTO Tosica. [[s 1poro B ojHOMY
3 KpalHiX By3JiB Ha mammi Oonra Oyio
YIAIITOBAHO IIApPHIPHE KPIMJICHHS CTaJleBOTO
JIpOTYy, a B 1HIIOMY BY3Ji OYyJ0 MPUKPITUICHO

oOBigHMI OJOK, uepe3 SKUH wLed apir
obOepTaBcs 1 MPUETHYBABCS 10 MPOTHHOMIpA.
[Ticns HamaromkeHHs OOJIagHAHHS Ta

MIPUCTOCYBAHb Oymo MIPOBEACHO
BUNIPOOYBaHHS EKCIIEPUMEHTAIFHOTO 3pa3ka
po3pobaeHoi KOHCTPYKIIi1 Ha pi91%0)

TUMYAcOBOTO HaBaHTaXeHHs (puc. 12).

Puc. 12. Jlocnigauii 3pa3ok MpOCTOPOBOi CTPYKTYPHO-BAaHTOBOI CTae3a1i300€TOHHOT
KOHCTPYKITIi Ha cTajii BUIPOOYBaHHS

3HATTA TOKa3iB 13 BHMIPIOBAJILHOTO
oOnamHaHHS 3[IHCHIOBANIOCS HAa KOXHOMY
etani micast 30XBUIMHHOT BUTPUMKH.

Crnocrepiraroun 3a KOHCTPYKIIIEIO T
gac  TPOBEACHHS  CKCIEPUMEHTy,  OyIlo
BCTAHOBJIEHO, INI0 il DIOBEIIHKA Ta CXeMma
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neopMyBaHHS ~ BIAMOBIZAE  TEOPETHUYHUM
maHuM. TakoK ciiJ 3a3HauuTH, M0 I 4Yac
OTJISIIYy KOHCTPYKIT HA KOXHIA  crafil
3aBaHTAXEHHS Ta B KiHII €KCIIEPUMEHTY OY/Ib-
SKUX TIOIIKO/DKEHh BY3MIB ab0 eJIeMEeHTIB
KOHCTPYKIii HE BHUSBICHO, 30KpemMa He
BUSIBIICHO TpimuH. HeoOXimHO 3ayBaxkWTH,
o, 32 METOAMKOI EKCIIePHUMEHTAbHUX
JOCIHIKEHb KOHCTPYKIIiS JOCHTIJKyBanacs Ha
mifo excrutyaraitiinoro HaBanTakeHHs (70 %
Hecydoi  3[aTHOCTi), TOOTO pyHHYBaHHS
KOHCTPYKIIii HE CTAaBUJIOCS 32 METY.

VY pe3ynbTaTi 00pOOICHHS €KCIIEPUMEH-
TaJTbHUX JAaHUX OYyJ0 OTPUMAHO 3aJICKHOCTI
NPOTHHIB KOHCTPYKIII y By3JaxX BiA piBHA
3aBaHTAXEHHS. 3aJeKHICTh TPOTHHIB  BiJl
BEIMYMHM HABAaHTAXKEHHA BIJOOpaXXeHO Y
Buriszdi rpadika (puc. 13).

Hedopmariii excriepuMEeHTaNbHOI KOH-
CTPYKIIii Oynu npy>kKHUMH. 30ipHa MPOCTOPOBA

CTPYKTYpPHO-BaHTOBa cTane3anizo0eToHHa
Nel N2 Ne3 Ned N5 Ne6 Ne7
0 §0,21— f i f f 0,42
116 !J_\ rJ_\
1 1,46 1,58 1,52 123
=2 Al1,93
AN Y/
£4
: 1 \ 7
5
NP N\ 74
= (554 _Asel
7 A
[ S——K[7,37
8 7,19 [7,74% 3

—&-3,17xkH —e—4,82xkH —-6,46xkH —4—8,11xkH —£%9,76xH
——11,41xH —0—13,06xkH ——14,7xH -A—16,35kH

Puc. 13.BeprukanbHi nepeMilieHHs By3IIiB
HIDKHBOTO 1T0sIca

Ha puc. 15 HaBeneHO 3aleXHICTh pO3-
BHUTKY TIEPEMIIIEHb BiJl PiBHS 3aBaHTAXCHHS B
OIMOPHUX BY3JIaX KOHCTPYKIIIi.

I3 3anmeKXHOCTI TOPU3OHTATBLHUX TIEPEMi-
IIeHb ~ ONOPHUX  BY3JiB  Big  piBHA
3aBaHTa)XEHHS BUJIHO, IO BOHU 3MILyBalucs
PIBHOMIPHO Ta MOCTYNOBO. OYEBUIHUM TaKOXK
€ Te, 0 EKCIIEPUMEHTAIbHUIA 3pa3ok 30ipHOT

KOHCTPYKIIsA,  CKJIaJeHa 3  MOJYJIbHHX
€JIEMEHTIB, TpalioBaja K €IHMHA CHUCTEMa, a
po3poliieHi BY31MM 3’ €IHaHHA 3a0e3meunin
CyMiCHy pOOOTY MOIYJIBHUX €JIIEMEHTIB.
[lpormHr B JOCHIIKyBaHMX BY3Jax MalH
JNIHIMHY  3QJICXKHICTh  HPOTITOM  YChOTO
eKCIIEpUMEHTY, 110 € 3BUYalHUM NpU poOOTi
KOHCTPYKIIi y mpyxHiA cramii. [Iporunu
B3JIOBK KOHCTPYKII{ 3pOoCTajy IJIaBHO Bif ii
KpalHixX pi () IEHTPATbHUX BY3JIiB.
MakcumanbHl ~ BepTHUKAIbHI  MEPEMIIIeHHS
BUHHUKJIM TIOCEPEINHI KOHCTPYKIT y By3iIl
Ne 4. BepTtukanbHi nepeMilieHHs 13epKaIbHO
PO3MIMIEHUX  BY3JIIB  HIDKHBOTO  TOsica
BiTHOCHO IIOTIEPEYHO]T oci CUMeTpii
KOHCTPYKITi Oyiau NpUONH3HO OJHAKOBHUMH.
MakcumanbHa pO30DKHICTD  BEPTHKAJIBHUX
NepeMillieHb Yy A3epKajbHO PO3TAlIOBaHUX
By3nax JjopiBHioBama 3,1 %, a cepenns
po30iXKHICTH He rmepeBumia 2,3 % puc. 14).

—a—CepenHa
pO30LKHICTE, %0 2.5%

7_

Ne2/Ne6 Ne3/Ne5

Nel/Ne7

Puc. 14.Po306i>kHICTh TIOKa3iB MiXk JI3€PKATEHO
PO3TaIOBaHUMH ITPOTHHOMIpaMH

MIPOCTOPOBOI CTPYKTYPHO-BAHTOBOI CTase3ai-
300€TOHHOI KOHCTPYKIIi MiJ dYac BHMPOOY-

BaHHSA TMpAIlOBaB K [UIICHA CHUCTEMa,
OCKIJIbKH BEJINYMHA TOPU30HTAIBHUX
NepeMillleHb ONOPHHUX BY3JiB IMPaKTHYHO

OJIHAKOBA, PO3ODKHICTh MK 3HAYECHHSIMH HE
nepesumuia 6,3 %.
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Ha puc. 16 HaBeneHO  3aJeXHICTD
B3aEMHOTO  3MIIIEHHS  KpaWHIX  BY3JIB
HUKHBOTO T0SICa BiJI PiBHS 3aBaHTaXCHHS.

Hasanraxenns F, kH

o 1 2 3 4 5 6 7 8 9 10

ITepeminienns Ar , MM
—0— Ne8 — ¢-—Ne9

Puc. 15.T'opu3oHTanbHi nepeMilieHHs
OTIOPHUX BY3JIiB

BucHoBku. Y miACYyMKYy eKCIIEpUMEH-
TaJILHOT'O JOCITiIPKEHHS MIPOCTOPOBOT
CTPYKTYpHO-BAaHTOBOI  CTaJie3al1i300€TOHHOT
KOHCTPYKIIIi Ha [0 TUMYacOBOIO HaBaH-
TaXeHHs Oyno OTpUMaHO JaHi, Ha MiJCTaBi
aHaI3y SIKUX 3p00JICHO TaKi BUCHOBKH:

1. IIporpama EKCIIEPUMEHTAIILHOTO
JOCITIDKEHHS Oysia po3po0JieHa TAaKUM YHHOM,
o0 OTpUMAaTH JaHi, K1 9iTKO

0XapaKTEepU3YyIOTh MOBEAIHKY KOHCTPYKIIi.

2. ®Pi3uKo-MexaHiuHl BIACTHUBOCTI CTall
Ta OeToHy, sKi OylauM BHKOPHUCTaHI IS
BUTOTOBJICHHSI JIOCTIAHOI KOHCTPYKIi, Oymu
CTAaHIAPTHHMH ¥  QHAJOTIYHUMH  THM
MaTepianam, 1o 3BUYaifHO BUKOPUCTOBYIOTHCS
JUTsI BUTOTOBJICHHSI OYIIBETBHUX CTaJIEBUX 1
3aJ11300€TOHHUX KOHCTPYKLIH.

3. TexHOIOTIsI BUTOTOBJIEHHS TOCIIIHO-
ro 3pa3ka 3HAYHOKI MIPOI0 € aHAJIOTIYHOI0
ICHYIOYMM, OJHAaK METOJuKa 30MpaHHS Ta

Hagsenenwuii rpadix nemMoHCTpye JNiHIHHY
3QJIKHICTh, IO TAaKOX € TIATBEPIHKCHHIM
CYMICHOT pOOOTH €JIEMEHTIB 3alpOIOHOBAHOT
KOHCTPYKITIi.
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Puc. 16.B3aemHe 3MillleHHS KpaiHix
BY3JIiB HIDKHBOTO TIOsICa

MOHTaXy €  OpHUTIHAJBHOIO Y
BHUKOHAaHHI.

4. 3acToCcOBaHI B €KCIIEPUMEHTAILHOMY
JOCII/DKEHHI ~ BUMIPIOBaJIbHI TIPWJIAIA  Ta
MPUCTOCYBAHHS JO3BOJIUJIM OTPUMATH JaHi,
o 00 €KTUBHO OIHUCYIOTh  OCOOJIMBOCTI
pOOOTH KOHCTPYKIIIT ITiJT i€10 HABAHTAXKCHHS.

5. locmikyBaHa KOHCTPYKIIiSL  BIIPO-
JIOBX YChOTO BHIIPOOOBYBaHHS IPOJEMOH-
CTpyBaJla CyMiCHY pOOOTY BCIX ii CKJIaJIOBUX.

6.Ilporuan  AOCHiAHOT ~ KOHCTPYKLIi
cknagaroTs 1/690.

7. laHi, oTpuMaHi eKCIepUMEHTATbHUM
IUISIXOM, CBiT4aTh MPO MPOCTOPOBY poOOTY 1
epeKTHBHICTh  DIMIECHHA  3alPONOHOBAHOI
KOHCTPYKIli, fKa 3  YCIIXOM  MOXe
3aCTOCOBYBAaTHCS B PI3HOMAHITHUX Tally3six
OyIIBHHMIITBA TPU  3BEICHHI  TOKPHUTTS
OyaiBemb 1 CIIOpY/I.
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