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HaBeneno pe3yJbTaTM TeOPeTHYHHX TAa €KCINEPUMMEHTAJBHUX [IOCHIIKEeHb Hecy4oi
31aTHOCTI KOMIIEKCHMX KOHCTPYKUiil 3 HeCyYMMH CTajJeBMMHM TOHKOCTIHHMMM XOJIOJAHO-
THYTMMH ejJeMeHTaMH. BcTraHoBJieHO Ta mpoaHali30BaHO mapaMeTpd KOMILIEKCHHUX
KOHCTPYKIiH, Bill IKMX 3aJ1€e:KUTH iX po60oTa Ta cxeMa pyiiHyBaHHS.

Kaio4oBi cioBa: TOHKOCTIHHI XOJIOMHOTHYTI eJeMEHTH, KOMILIEKCHI KOHCTPYKIii,
Hecy4a 3AaTHiCTb, CXeMH pPyiHYBaHHS.

In the article the results of theoretical and experimental studies of bearing capacity of
complex structures with bearing cold-formed steel thin-walled elements are presented.
Determined and analyzed the parameters of complex structures that affect their work and
scheme of destruction.

Key words: thin-walled cold-formed elements, complex structures, bearing capacity, the
scheme of destruction.

IIpo6sema Ta ii aKTyaJIbHICTH

KommiekcHa KOHCTPYKIiSI CKIAIa€eTbes 31 CTaeBUX HECYYMX TOHKOCTIHHMX €JIEMEHTIB Ta
HemeTasieBoi oOmMBKY [1], ki 00’ €IHAHI MPYKHO-TIOAATIMBAMY 3’ €THAHHAMH. J[OCBiJl IPOEKTYBaHHS Ha
OCHOBI JIIFOYMX HOPM 1 MPAKTHYHOTO 3aCTOCYBaHHS TAKMX KOHCTPYKIiH He3HauHWH. Pe3ynbpraTh aHamizy
CBi4aTh, MO BTpaTa HECY4Oi 3AaTHOCTI Ta pyHHYBaHHS KOMILJIEKCHOT KOHCTPYKIIiT MOXKe BilOYBaTHCh 3a
JIBOMA MPUHIIUTIOBUMH CXEMaMH:

I — BTpaTa Hecyuoi 31MaTHOCTI BiIOYyBAa€THCSI BHACHIIOK BUYEPIIAHHS MIITHOCTI CTaJIEBOTO HECY4Oro
eJieMeHTa MpH 3a0e3MeYeHHI HOro CyMiCHOT poOOTH 3 OOLIMBKOIO;

I — cymicHa pobora 3 OOIIMBKOI MOPYIIYETHCS IO BHYEPIAHHS MIITHOCTI CTaJ€BOrO HECY4YOrO
eJieMEHTa; BTpaTa HeCy4ol 31aTHOCTI BIIOYBAEThCS K I OKPEMO MPAIIOI0Y0r0 CTaJICBOr0 €IIEMEHTA.

Cxema pyiiHyBaHHs | Oimbln NMpwiHATHA SIK 32 piBHEM Hecydoi 37aTHOCTI, Tak i 3a ¢opmoro ii
BTpaTH. Taka cxema Jla€ 3MOT'y BYaCHO BUSBUTH HAaOJIWKEHHS TpaHUYHOTO cTany Il rpymnu 3a mporuHam# i
3MIMCHUTH 3aXOAWM TI0 HENONYIIEHHIO BUXOMY 3 Jaay KOHCTPYKIii. ToMmy JIOLIIBHO MpPOEKTYBaTH
KOMITJICKCHI KOHCTPYKIIli 3 TakMMH IapaMerpamd, ski nepembadann O BTpary Hecydoi 37aTHOCTI i
pyiiHyBaHHS came 3a cxemoro [. Ilpore, TeopeTHuHi METONMKH PO3paXyHKY CTaJeBHX EJIEMEHTIB Ta
KOMITJICKCHUX KOHCTPYKIIiX [2,3] He BKa3ylOTh OJHO3HAYHO Ha OOJACTI mapameTpiB, sSKi PO3MEKOBYIOTh
MOXIIMBI CXeMH pyHHyBaHHS. ToOMy BCTaHOBIIGHHS IapaMeTpiB KOMIUIGKCHMX KOHCTPYKIIH, SsKi
BU3HAYAIOTh CXEMH X pPyHHYBaHHS, € BAXKJIMBOIO HAYKOBO-IIPAKTHYHOK) 33/1a4€l0.

[TocranoBka 3amaui. PoOOTa KOMIUIEKCHOI KOHCTPYKIIII XapaKTepU3YEThCS HU3KOK OCOOIMBOCTEH
[4]: ne momaTIMBICTh 3’€HAHb, KA HE BUKIIOUAE B3AEMHOIO 3CYBY CTaJICBOI'O €JIIEMEHTAa i HeMeTaJeBOl
OOIMBKY; 3HAYHA BiJIMIHHICTH MOAYIIB iX MPYKHOCTi; TOHKOCTIHHICTh CTaJIEBOTO €IEMEHTa CIIPHYUHIOE
BTpaTy MICIIEBOI CTIKOCTI CTUCHEHOI IOJMII Ta CTIHKK IMPH HU3BKOMY PIBHI HAINPYXEHb; IEPEPO3MOALT
Hapy>KeHb BHACIIIOK CyMiCHOT pOOOTH.

Jlnist BCTAaHOBJICHHS TTapaMeTpiB Ta 1X 3HA4YCHb, SIKI PO3MEKOBYIOTh PO3IIISIHYTI CXEMH PYHHYBaHHSI
KOMIUIEKCHUX KOHCTPYKIIiH, OyJid POBEICHI TEOPETUIHO-CKCIIEPUMEHTAIbHI JTOCIIPKCHHS:
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— aHaJli3 METOAMK pa3paxyHKy TOHKOCTIHHHX CTaJICBUX €JIEMEHTIB JJIsl BU3HAUCHHS 3aJIeKHOCTEH
PO3paxyHKOBHUX IapaMeTpiB MOMEPEYHOro Mepepizy BiJl MOYaTKOBUX TeoMeTpuuHux napametpis (h/t, b/t),
a TaKOX BiJI pIBHS HANpPYKEHb;

— aHaJi3 pe3yNbTaTiB EKCIIEPUMEHTANBHUX JOCTIHKEHb MOJICIbHUX Ta HATYPHHUX 3pa3KiB 3rHHAHHX
KOMITJICKCHUX KOHCTPYKIIH Uit BU3HA4YEeHHS (I3UKO-MEXaHIUHMX XapaKTePHCTHK, SKi BIUIMBAIOTh Ha
CXEMY PYHHYBaHHSL.

AHaniz MeToauk po3paxyHky craieBux TT'E npu 3akputuuHiii podoTi

3rigHo 3 MeToJuKOol BiHTepa, po3paxyHKOBI T'€OMETpPHYHI MapaMeTpH Iepepily TOHKOCTIHHOTO
CTaJIeBOTO €IEMEHTa 3aJeXaTh BiJI BEUYMHU HOPMAILHUX HAIPYKEHb, IO BUHUKAIOTH Y HbhOMY. [lpu
HaTpyXeHHsX y cTinni Ta nonunsx TT'E, skl He mepeBHIyIOTh KpUTHYHUX HANpPY>KEHb BTPATH MiCIEBOT
CTIHKOCTI, pO3IIO/IiiI HOPMAIILHUX HAIPY>KEHb Y Mepepi3i Mae BUIIISI, 300pakeHnid Ha puc. 1,a.

60 bef=b

Det
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Puc. 1. Po3nodin po3paxyHko8ux HOPMAIbHUX HANPYXHCeHb V Nepepizi 32uHAH020 MOHKOCMIHHO20 eleMEeHmA:
a — 00 empamu Micyesoi cmitikocmi; 6 — nicas 6MpPamu MiCyesoi CmiuKoCmi CIIHKY Md CIMUCHEHOT NoTuYi

[3 30inbIICHHSM HaBaHTAXCHHS HANPYXEHHS 3pOCTalOTh, JOCATAIOTH PIBHSA KPUTHYHUX 1
BiIOYBA€ThCS BTpaTa MICLEBOI CTIHKOCTI cTucHeHol mojui 1 crinku TI'E. Hecyda 3maTHICT PpH LIbOMY
HE BUYEPITYETHCS, 4 PO3PAXyHKOBY IIMPHHY CTUCHEHUX TOJHIb 1 CTIHOK BH3HAYAIOTH 3TiTHO 13 HOpMaMH
[2] abo pe3ynbpTaTaMH JOCHIPKEHb, BUKOHAHUX Ha OcHOBI [3] (mmB. puc. 2, 0). Ilopsaok BHU3HAYEHHS

reOMETPHYHKX MapaMeTpiB 3a HACTAHOBOW [2] Takwmii. BH3HA4aloTh yMOBHY THYUKiCTh CTiHKH A, Ta

CTHCHCHOL1 ITOJIHII1 ﬂ’p .
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[Ipu BUKOHAHHI YMOBH:
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A, (4,)=0,673 3)
PO3paxyHKOBa BHCOTA CTIHKM Ta IIMPUHA CTUCHEHOT ITOJUIII CTAHOBJISATS:
hy = ph (4)
b, = pb (%)
KoediuieHT p BU3HAYAIOTH 3aJI©XKHO Bifl yMOBHOI IHYYKOCTi CTiHKM A, Ta cTHCHEHOI momumi A :
022 (6)
» Aw(4,)
A, (4,)

299



I'eomerpuuni mapamerpu TI'E B 3akputwuniii crazgiii poGotu 3rimHo i3 [3] BH3HAYaOTh Tak.
Bu3HavaroTh THYYKICTh CTHCHEHOT MOJIHUIL:

b (7
A,=—.
t
3a yMOBI, 10 THYYKICTh HE TIEPEBUIILY€E 3HAUCHHS:
E )
A, <095 )
o}

max
pPO3paxyHOK BEAYTh 32 TEOMETPUYHMMH TIapaMeTpaMy cTHCHeHOi mnonwmi. Komm x ymoBa (8) He
BHUKOHYETHCS, PO3PAXYHKOBY IIUPUHY CTHCHEHOT MOJHII BU3HAYAIOTH 32 3aJIKHICTIO!

2 ©))
b, =19t |2 —0904-"E .
GmaX bamax

Po3paxyHKOBi mapaMeTpu CTiIHKHA MPUHMAIOTH:

E (10)
h, =0.76t | —
O-max

h, =1.5h,. (11)

3ane)KHOCTI BiJi HaBaHTa)KEHHS PO3PAXyHKOBOI NIMPUHH CTUCHEHOI IOJHII THUTIOBUX CTaJEBUX

ToHKOCTIHHUX eneMeHTiB: C90x35x1,0 Ta C90x40x1,0 Sunday-System, a Takox C75x50x0,55 cucremu
Knauf, Bu3HaueHi 3a 1BOMa METOMKaMHU: HACTAHOBOI [2] Ta pekoMeHaamisMu |3 ], HaBeneHo B Tabi. 1.

Tabnuys 1

3ajiesKHOCTI Bil HABAHTaKEHHS PO3PAXYHKOBOI IIUPHHH
CTHCHEHOI MOJUIli, BU3HAYEHI 3TinHo i3 [2] Ta [3]

I'eomerpuyHi HopmaibHi HarpyKeHHs Po3paxyHKoBa MIMpUHA CTUCHEHOI TTOJIHIII Pi3uuus 3HaueHb
napameTpu B CTHCHEHIH IOJIHUIl bef, MmM: PO3paxyHKOBOL
TIONIEPEYHOT O omax, Mlla I — Bu3Hauena 3a [2], II — 3rigHo 3 [3] mUpuHy, %
nepepizy | 11
C90x35x1 Jo 150,8 35,00 35,00 0
b =350 Binx 150,8 1o 274,9 35,00 32,70 7,03
t
C90x40x1 Jo 114,9 40,0 40,0 0
Big 114,9 o 210,7 40,0 37,312 Bix 0 no 7,23
b 213,5 39,747 37,211 6,80
e 40,0 221,7 39,00 36,916 5,7
230,0 38,301 36,622 4,58
238,2 37,635 36,331 3,59
C75x50x0,55 1o 22,50 50,0 50,0 0
b 90.91 Big 22,5 no 40,8 50,0 Big 50,0 mo 46,63 Big 0 mo 6,74
¢ ’ 60,5 41,067 42,354 3,04
72,6 37,489 40,145 6,62
C75x50x0,55 84,7 34,708 38,233 9,22
96,8 32,467 36,567 11,21
é —~90.9] 108.9 30,610 35,103 12,80
¢t ’ 121,0 29,039 33,806 14,10
145,2 26,509 31,601 16,11
169,4 24,542 29,789 17,61
193,62 22,957 28,267 18,79
217,8 21,644 26,964 19,73

Sx BumHO 3 Tabn. 1, 3HAYEHHS PO3PaXyHKOBOI MMPUHH TIONHUIII, BU3HAYEH] 32 JBOMa METOANKAMH,

aHAJIOT1YHI JUIA Tepepi3iB 31 3HAYCHHSIM IapaMeTpa THyYKOCTi % = 35,0 no nanpyxens 150,8 Mlla, mst
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% =40,0 — o 114,9 MIla, a qis % =90,91 no nanpyxens 22,50 MITa. Ipu mepeBUIIEHH]I BKA3aHOTO
PIBHS HampyXeHb 3HAYCHHS PO3PaxyHKOBOI NIMPHHU MOJIHIN, BU3HAYEHI 3a PI3HUMH METOAMKAMH, HE
JaroTh 30DKHUX pe3ynbTatiB. it mpodinis i3 mapaMerpom % =40,0 npu 30UIBIICHHI HAPYXEHb Bij
210,7MIIa mo 238,2MIla po30iXKHICTh Y 3HAYEHHSIX PO3PaXyHKOBOI HMIMPHHU TONHIII 3MEHUIYETHCS Bill
7,23% no 3,59%, nnst nmpodinis 3 % =90,91 po30iKHICTh y 3HaUCHHSX 3pocTae: Bix 6,74% nol4,10%
npu HanpyxeHHsx Big 40,8MIla 121,0MIla BimnoBigHo. BigMiHHICTE 3Ha4Y€Hb PO3PaXyHKOBOI HIMPHUHU
CIIOCTEPIri€ThCS 32 OLTBIINX 3HAYECHB % .

Sx mokazanu pe3yNbTaTH ONTHMi3allii IMMPUHH CTUCHEHOI TOoNMWIi [5], AN KOMIUIEKCHHX
KOHCTPYKI[IM ONTHMAaJIbHE 3HAUYCHHS % MOXe cTaHoBUTH Bixm 38 mo 150 3aiexXHO Bij TOBIIMHU
CTaJIeBOTO €NIEMEHTa Ta IUJIONII CYMICHO Mpalforouoi OOMMBKU. ToMy Ui KOPEKTHOTO MPOEKTYBaHHS
CIIEMEHTIB, III0 MPALIOTh y 3aKpUTHYHIA CTafil, 3 THYYKICTIO % >40,0, Oymo mpoBeacHO

CKCIEPUMEHTAJIbHI JTOCITIIKEHHS 1 BCTAHOBJICHO IIMCHHI PO3MOAUT HANpyKeHb y Iepepizi. 3okpema
BCTaHOBJICHO, MIO 3aBISKH CYMICHIH poOOTi BiIOYBa€Thcs TEpepo3NOJil HapyXeHb y Tepepisi
KOMITJIEKCHOT KOHCTPYKIIii. Harpy>keHHs y CTHCHEHi# MONUII MpH HOPMaJbHIA poOOTi HE TIEPEBUIYIOTh
80-100MIla. [dns Takoro piBHS HANpy>KeHb 3HAYCHHS PO3PAXYHKOBOI NIMPHHU CTHCHEHOI TOJIUII,
BH3HAYEHI 3a JBoMa MeToAuKamu [2] Ta [3], MOoKa3yloTh 3a0BUIbHY 30DKHICTh HABITH IPU 3HAYECHHSX

% >80,0. Tomy Juisg momaibIIMX pPO3PAXYHKIB 1 KOHCTPYIOBAHHS KOMILUIEKCHUX KOHCTPYKIIH

KOPUCTYEMOCH YHHHUMH HOpMamu [2]. AHaJi3 METOJMK pO3paxyHKy MokaszaB (AuB.TaOI.1), 0 OHUM 3
napamMerpiB, SKHil BH3Ha4ae poOOTy 1 cXeMy pyHHYBaHHS KOMIUIEKCHOI KOHCTPYKIIii, € THYYKICTh

CTHCHEHOT MOJIUI % HECYYOro CTaJIeBOr0 €IeMEHTa.

MeTtoauka po3paxyHKy Ta cTalii po0oTH KOMIJIEKCHUX KOHCTPYKIii

Po3paxyHOK KOMIUIEKCHHX KOHCTPYKI[iM 3 HEMETaJeBO OOIIMBKOIO Ta CTAJICBUMH TOHKOCTIHHMH
XOJIOJHOTHYTUMH €JIEMEHTaMHM 3BOAMTHCSA JI0 BHU3HAYCHHS IMPUBEACHOI IUIOIII CYMICHO IIPAaIOFUO0l
OOIIIMBKHY.

. red
Teomerpuuny mitomry obmmsku Ay, npusoasTs 10 pospaxynkosoi 4y, 3a Gopmysoro:
red
A" = Ay xky, <k, xy, Xkdeff’ (12)

ne Koe(illieHTH BPaXOBYIOTh: k, — HEpIBHOMIPHICTh PO3IMOLUTY HANPYXEHb 32 MHUPUHOIO 1 TOBIIWHOIO
OOIMBKY, TPUHMAETBCS 32 AHAJIOTIEI0 3rimHO 13 [6]; ky — BIIMIHHICT MOJIYJIB TPYXHOCTiI CTami 1

MaTepiaidy OOIINBKY; kd;,{f — MONATIUBICTD 3’€THAHHS, | — 3MIHy Hecydi 3aTHOCTi Ta MOJATIHBOCTI
3’€IHAHHS BHACIIIOK KOPO3ii.

TeopeTnuHi AOCTiKEHHS, MIATBEPPKEHI pe3yabTaTaMH CSKCIIEPUMEHTIB, MOKa3yloTh, IO poboTta
KOMITJIEKCHOT KOHCTPYKIIii YMOBHO MOAUISETHCS Ha TpH cTanil (puc. 2,a): 1 — BiJ MOYaTKy MpUKIaJICHHS
HABaHTa)XEHHS JIO0 BKJIIOYEHHS OOIIMBKK B CYMiCHY po0OOTYy; 2 — BiJl MOMEHTY BKJIIOUYEHHS OOIIMBKH B
CYMICHY pOOOTY J0 BTpPaTH MiCII€BOI CTIMKOCTI CTIHKM 1 CTHCHEHOI MOJHII; 3 — BiJ MOMEHTY BTPaTH
MICIIeBOT CTIHIKOCTi CTIHKH 1 CTHCHEHOT IMOJUIIi 10 BTPATH HECY4Ool 3[aTHOCTI KOMIUIEKCHOT KOHCTPYKIIil.

Cranist 1. [Ipy movaTkoBOMY MNPHKJIAJCHHI HaBAaHTAXKEHHS BiOYBAETHCS IMOCTYIIOBE BKIIIOYCHHS
OOIIMBKK B CyMicHY pobotry. J[o MOMEHTY Takoro BKIIOYCHHS CTAJCBUI HECYYHH €IEeMEHT i OOIIMBKa
MPAIOITh OKpeMo. TOHKOCTIHHUHN CTaleBUH elIeMEHT IMpalioe y npyxHiid ¢azi. HampyxkeHss y cTinmi i
CTHCHEHIH TMONWI[ € HWXKYUMH BiJl KPUTUYHHUX HampyXeHb, MiclieBa CTIHKICTh 3a0e3MedyeThesl.
HeiiTpanbHa Bich 3rMHY CTaJIEBOrO €IEMEHTA 30iracThes 3 TeOMETPHYHOIO Biccto. HampykeHHs Bin 3ruHY B
OOIIMBII HE3HAYHI.
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Puc. 2. Cmaoii pobomu (a) ma excnepumenmanvHi 00caiodcenust (6) KOMNIEKCHOT KOHCMPYKYiT

Cranis 2. [Toyarok cranii 2 BiJmoBija€ MOMEHTY BKIIOUEHHS OOIIMBKH B CYMICHY POOOTY 3a 3ajIexK-
Hictio (12) i mouatky npyxHOi poOoTH 3’€[HAHb. [3 30UIBIICHHAM HAaBaHTAXXEHb YaCTUHY CTUCKHUX 3YCHIIb
pa3oM i3 CTHCHEHOIO TOJHIEIO CIIPHHMAE TAKOXK CTUCHEHA OOIIMBKa. [Ipy 1IboMY HaPY>KEHHS Y PO3TATHYTIH
TMOJUIII TIOPIBHSHO 13 CTHCHEHOO 3POCTAI0Th IHTEHCHUBHIIIE, 3aKIHYCHHIM CTail 2 BBAKATUMEMO JOCSITHEHHS
KPUTHYHUX HAMPYXEeHb BTPATH MICIIEBOI CTIHKOCTI CTHCHEHOT IOJIUIII 1 CTIHKWA HECYYOro eJIeMeHTa.

Cranis 3. BHacimok BTpaTH MICIIEBOI CTIMKOCTI CTHUCHEHOI MOJHII 1 CTIHKHM HECY4Oro eleMeHTa
pPO3paxyHKOBa IIMPHHA CTHCHEHOI MOJMIN 1 BUCOTa CTiHKU crajeBoro TIE 3MmeHmyeThcst 1 Moxke OyTH
Bu3HaueHa 3rigHo i3 (4)—(5) ab6o (9)—(11). 3anexuictre N — A 3’en1HaHb TPOJOBKYE 3aAIUILATHCH
MPOTOPIifHO0. 3aJIeKHICTh MPOTWHIB BiJi HABaHTaXEHHS TIEPECTae 3alMIIATHCh IPOMOPIIHHOLO.
[Momanpiiie 30UIBIICHHS HAaBAaHTAKEHb MPU3BOAUTH JO 3POCTaHHS IUISHKH BTPATH MICIICBOI CTIMKOCTI
CTHCHEHUX YacTHUH CTalleBOro eneMmeHTa. HampyxkeHHs ctucky y craineBomy TI'E Ta oOmmBIi cTpiMKO
3pocTaloTh. 3anekHicth N — A 3’€IHaHb IMEpPecTae 3aMIIATHCh MPOIMOPIIHHOK. [IpOrHHH CTPIMKO
HapocTaroTh. BidyBaeThest BTpaTa Hecydoi 3aTHOCTI.

Ha ocHoBi ananizy MeToank po3paxyHKy craneBux TI'E Ta KOMIIIEKCHHX KOHCTPYIIil BCTaHOBIICHO,
0 TMPUYMUHOI pPYHHYBaHHS KOMIUIEKCHOMX KOHCTPYKIIM € JerutaHamiss i BUIYYyBaHHS Iepepizy
CTaJIeBOTO EIEMEHTA, SIKa BiIOYBA€THCSI MICIIST BTPATH HUM MICIIEBOT CTIKOCTI.

AHaJi3 pe3yJbTaTiB eKCIEPUMEHTAILHUX J0CTIIKEHb KOMILJIEKCHUX KOHCTPYKILii

Ha ocHOBi pe3ynbTaTiB MPOBEIEHUX €KCIEPUMEHTANBHUX JOCHIIPKEHb KOMIUIEKCHIX KOHCTPYKIIH
(puc. 2,0, Taby. 2) BCTAHOBJICHO CXeMy IX PyHHYBaHHs 3aJIKHO BiJ CITIBBIAHOIICHHS ILIOII CYMICHO
MpaIro40l OOMMBKH Ta IUIOIII CTHCHEHOT rmonuili craaesux TTE.

Tabnuys 2
Pe3yabTaTu BUNPOOYBAaHHS 3rHHAHUX KOMILJIEKCHUX KOHCTPYKIIii
Mapxka | Ilnoma [Tnoma | BimHowmeHHs 3HaueHHs Npu 3HaveHHs NpH pyiiHyBaHHI | Cxema
3pa3ka | CyMICHO | CTHCHEHOL Ash,/ (bc pyiiHyBaHHI (aKTHYHI: Teoper.: pyiHy-
par. TIOJHALI xt), % I — HanpyxeHHst | — Hanpy>XeHHS CTHCKY, BaHHS
OOIINBKH bc xt, ctucky, Mlla, MIla,
Ash,mm2 MM2 II — nporunu, mm (f/L) II — nporunu, mm (f/L)
I 11 I 11
2.1 0 55,0 0 121,8 | 16,97 (1/108) | 248,62 13,60 (1/135) 11
2.2 6,50 55,0 11,82 144,1 | 16,43 (1/112) | 207,91 16,49 (1/112) 11
23.1 8,70 55,0 15,82 128,2 | 15,15(1/121) | 183,36 14,06 (1/131) I
232 26,00 82,5 31,52 145,4 | 13,63 (1/135) | 223,49 12,21 (1/151) I
2.4 26,00 82,5 31,52 130,4 | 13,63 (1/135) | 218,79 13,94 (1/132) I
2.5 26,00 82,5 31,52 151,2 | 28,10 (1/65) | 336,85 26,92 (1/68) I
2.6 52,0 82,5 63,03 161,1 | 17,77 (1/104) | 199,52 19,96 (1/92) I
2.7 109,0 82,5 132,12 71,7 9,11 (1/202) 55,13 6,03 (1/305) IT*
2.8 109,0 82,5 132,12 182,3 | 13,26 (1/139) | 101,28 12,67 (1/145) IT*

* pyHHYBaHHS BiI0YJIOCH BHACIIZIOK BTPATH MiCIEBOI CTIMKOCTI CTIHKH 32 Jiii 30cepeKeHOr0 HaBaHTaKEHHS
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CxeMu pyiiHyBaHHS KOMIIJIEKCHUX KOHCTPYKIH

3ane)KHO BiJl CITIBBIIHOIICHHS T€OMETPHUYHUX TapaMeTpiB Ta (Hi3MKO-MEXaHIYHUX XapaKTEPUCTHK
CTaJIeBOr0 HECy4oro ejeMeHTa, OOIIMBKH, a TaKOK iX 3’€JJHaHb BCTAHOBJICHO J[BI MPHHIUIIOBI CXEMH
BTPATH HECYYOl 3/JaTHOCT1 KOMITJIEKCHUX KOHCTPYKIIii:

I — BignoBimae KOMIUIEKCHHM KOHCTPYKIISIM 3 BHPAXKEHOI CYMICHOI POOOTOI0 3a YMOBH, IO
PO3paxyHKORBA ILIOIIA CYMICHO MPAIf0i040l OOIIMBKH CTaHOBUTH MoHaa 30 % Bij IO CTUCHEHOT MOJIHUIT

(Asr:d 20,3xb, xt). Jlo naBaHTakeHb, WO CTAHOBIATE 25-30 % Bix pyHHIBHOr0, poGOTa KOHCTPYKILi]
MPOXOJUTH O€3 3CYBY OOIIMBKY BiJIHOCHO HECYYHX elleMeHTIB. Ha 1ipoMy eTari poOoTy cTajaeBux HECydnx
CNIEMEHTIB 1 OOMIMBKA MOXKHA BBR)KATH IOBHICTIO CYMICHOI. MaKcHMallbHI Hallpy>KEHHsI B CTHCHEHiH
nonuii He nepepuiytoTh 50 MIla. 3a 30uTbleHHS HaBaHTaKEHHs BinOyBaeThCst 3CyB oOmmMBKH. [Ipu
HaBaHTaXEHHX, 0 cTaHOBIATE 40 % Bin pyitHiBHOrO, nedopmallii 3cyBy He nepeBuiyoTh 0,2 mm. [Ipu
OMY XapakTep 3aJeKHOCTI IMPOTHHIB BiJl HABAaHTAXXCHHS ITOMITHO HE 3MIHIOEThCS. PiBEHb HampyXeHb Y
CTHCHEHIN monumi craHoBUTH mopsiaky 80MIla. Pobora komrieKCHOT KOHCTPYKIii Ha LbOMY eTari
BIJINIOBIIa€ 3aBEPIICHHIO CTauii 2 1 mepexomy mo cramii 3. [lomanbiie 30UIbIICHHS HAaBAaHTAKEHb JI0 PIBHS
60-70 % Bix pyHHIBHOrO MPU3BOIUTH O HApOCTaHHA B3aeMHHX Jaedopmaliii 3cyBy obmmBku i TIE.
XapakTep 3aJeKHOCTI MPOTMHIB BiJl HABAHTAXKEHHS TAKOXK 3MIHIOETHCSA 1 BiIOYBAa€THCSA IHTCHCHBHIIIIE
3pOCTaHHSI TPOTHHIB. 3HAYEHHs IMPOTHHIB TMEPEBUIIYIOTh JOMYCTHMHUH piBeHb 1/200 Bijg mpomboTy.
PiBHOMIpHUH pO3NOAIT HOpPMaJdbHHUX HANpPYKEHb Y CTHCHEHIH MOJHI MOpYyHyeThes. BinOyBaeThes
3pOCTaHHS HANPYyKEHb Y YaCTHUHI MOJIMII, IKa MPUMHUKAE 10 cTiHku 10 piBHsA 100—120 MIla 3a 3MeHIICHHS
HaTpyXeHb Ha BUIBHOMY Kpato nonuii. Lle cBimuuTh mpo BTpaTy MICHEBOi CTIMKOCTI CTUCHEHOI MOJIHIIL.
Onmnak mpu 1BOMY pyHHYBaHHS KOHCTPYKIiI He BIIOYBA€TbCA 1 KOHCTPYKINSl 37aTHA CIpHAMATH
30UTbIIEHHS] HaBaHTakeHb (ctaaiss pobotm 3). PyliHyBaHHS KOHCTpYKIii BimOYyBaeTbcsi BHACIHIZIOK
BUITyYyBaHHS Kparo MOJHIII 1 JieTianHalii mepepizy, Mo CympoBOMXKYEThess 3HauHUMH (moHan 1/100 Bin
MPOJIHOTY) MPOTHHAMM.

I,a — xapakTepHa JUIss OKpeMO IPAIIOI0YHX CTAJICBHX EEMEHTIB Ta JUIsi KOHCTPYKIIH 3 HE3HAYHUM
CTYIICHEM CYMICHOT poOOTH HECYYHX eNIeMEHTIB 3 OOIIMBKOIO (PO3paxyHKOBa IJIOIMIA CYMICHO MPAaIIO0Y0l
obmmBkH MeHme 15 % Bin mwiomi crucmenoi nommi Al¢ <015xb, xt). Ipu upuxiajensi
HaBaHTa)XEHHSI, 10 cTaHOBUTh 10—15 % pylHIBHOTO, MOYMHAETHCS BIIHOCHUH 3CyB OOIIMBKHU 1 CTalleBHX
eneMeHTiB. PIBHOMIpHICTh pO3MOALTY HaNpyXeHb y CTHCHEHIH MONHI MOpYyIIyeThcs. BTpaTta MicieBoi
CTIHKOCTI, JerjaHallis mnepepizy 1 BUIMyYyBaHHS BUILHOTO Kpard CTHCHEHOI TONHUIli BinOyBaeThCs 3a
HaBaHTaXeHb, M0 craHoBmATh 40 % Bim pyiHiBHOro 3a cxemoro [. 3anexHiCTh NPOTHHIB BiX
HABaHTa)XEHHS B)KE HA II0YAaTKOBHX e€Tamax Ha0yBa€ HENMPONOPIIHHOrO Xapaktepy. PyiliHyBaHHS
KOHCTPYKIIi1 BiI0YyBa€ThCsl MPHU HaBaHTAXKEHHSIX, siKi cTaHOBIATE 60—80 % Bix pyiHIBHOrO 3a cxemoro I.
[Iporunu npu pyiiHyBaHHS IEPEBUIIYIOTh TPAHUYHO JIOMYCTUMI.

1,6 — pyiiHyBaHHS KOHCTPYKIIii BiOYBa€ThCsl BHACHIZIOK 3MUHAHHS CTIHKH 3a JIii 30CepeIKEHOr0
HABaHTa)XEHHS B MICISIX TMPHUKIAJCHHS HABaHTAXXCHHS Ta Ha omopax. Taka cxema XapakTepHa Juis
KOHCTPYKIIii, y SIKMX HacTui (0OIIMBKA) OMHPAEThCS HE Oe3MOcepesHhO MO BCi JOBXKHHI HECYy4Oro
eNleMeHTa, a 4Yepe3 JOAAaTKOBI TolepevHi MporoHu (naru). PylHIBHI HaBaHTaXEHHS KOHCTPYKIIH 3a
cxemoro 1,6 cranoBnste 60 % Bim pyiHHiBHOro 3a cxemoro I. [IporuHu mpu pyiiHyBaHHI MOXYTh HE
MEpEBHIIYBATH TPAHUYHO JOIMYCTUMI a00 NEpEBUIIyBaTH X HE3HAYHO.

BuchHoeku
Ha ocHOBI TeopeTHYHOro aHamizy Ta eKCIepUMEHTaJIbHUX JOCTIUKEHb BCTAHOBIICHO TMapaMeTpH
KOMITJICKCHUX KOHCTPYKIIiH, SIKI BU3HAYaI0Th pOOOTY Ta CXeMy PYHHYBaHHS TaKMX KOHCTpYKIiil. Takumu
napaMeTpaMy € croci® NMpHKIajeHHs HaBaHTa)KEHHS, MPHUBEJCHA IJIOMA CYMICHO MPAIfO0Y0i OOIIMBKH

b

red . o . _ . . .
Ash Ta THYYKICTb CTUCHCHO1 IMOJIHUIIL /lp - ? . JIII;I KOMIIJICKCHO1 KOHCTPYKII11 3 CYIIUIBHO ITPUKPIIIJICHOIO

CYMICHO MPAIIOI0UYOI0 CTHCHEHOI OOIIMBKOIO 3 PO3PaXyHKOBOIO ILIOIICHO He MeHInoro 3a 30 % Bia IuIomIi
CTHCHEHOI TONHWIli BinOyBaeThCsl BTpaTa Hecydoi 3maTHocTi 3a Il Tpymolo rpaHWYHUX CTaHiB —
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TIEpEBUILICHHS MPOTHHIB. PyliHyBaHHS MpH IIbOMY HE BiOYBAE€TbCS 1 KOHCTPYKIiS 3/IaTHA CIpUAMATH
JOJIATKOB1 HaBaHTa)KeHHs. PyliHYBaHHS BiIOYBA€ThCS IIC/S NMPHUKIIAJCHHS IOJATKOBOI'O HABAHTAXCHHS 1
MPOXOJUTh He KpuxKO. [IporuHM npu pyHHYBaHHI MEPEBHUINYIOTh TPAHUYHO JOMYCTHMI HE3aJIEKHO BiX
CTYIICHSI CyMICHOT pOOOTH OOIIMBKH 1 CTAJIEBUX CIIEMCHTIB.

Pobora, BTpara Hecy4oi 34aTHOCTI 1 pyHHYBaHHsS KOMIUIEKCHOI KOHCTPYKIII 3 PO3pPaxyHKOBOIO
ILJIOIICI0 CYMICHO MPAIIO0U0i OOIIMBKHA MEHIION 3a 15 % Bij IUIOII CTUCHEHOT MOJHUIII HE BIIPI3HAETHCS
BiJ] OKPEMO TPAIIOI0Y0r0 CTalIEBOrO SIEMEHTA.

Jnst KOHCTPYKILIA 3 BHUPaXCHUM MICIEBHM NPUKIAICHHSIM HABaHTAXKEHHS DPYHHYBaHHS MOXKE
BinOyBaThCh 0e€3 mMomepenHiXx 3HayHMX Jedopmaiiiii BHACTIIOK 3MHHAaHHS CTIHKH Ta BUITyYyBaHHS
CTHCHEHOI monuii. ToMy B KOHCTPYKIISIX 3 MICIIEBUM IMPHUKIAJCHHIM HaBaHTAXXCHHS CIIiJ mependavyaTu
JI0AaTKOB1 KOHCTPYKTHBHI 3aX0/H IS YHUKHEHHS! 3MHUHAHHS CTIHKH Ta BHITyYyBaHHS CTHCHEHOI IOJIHII],
TOOTO JUTs 3a1100IraHHs KPUXKOMY pyHHYBaHHIO.
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