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MMOBIPHICHIN IMIAXILI B OLIHI HAJIMHOCTI

BYJIIBEJIbHUX KOHCTPYKIIN

HagezeHo aHasi3 Ail04UX HOPM PO3PaXyHKY 3 TOUKH 30py HAIIHHOCTI KOHCTPYKIiH MacoBOro 3actocyBaHHs. [IpoBeze-
HO 00pOOKY JaHUX, 3p00JIEHO BUCHOBKH .

IIpodaema Ta i 3B’A30K 3 HAYKOBHMH Ta MPAKTHYHHMU 3aBIaHHAMHU. bynb-ska OyzaiBensHa
KOHCTPYKITisl Ta OymiBJIA Ma€ 00’ €KTUBHY MMOBIPHICTH BiqMOBH. HaftO1IbIIT BayKKOIO BITMOBOIO € PYH-
HYBaHHS KOHCTPYKIIi. 3’CyBaHHs CTYIEHIO TaKOi 3arpo3W € BaXKJIIMBOIO COILIaJbHOIO Ta TEXHIYHOIO
3aJauero, HOPMOBaHHUK PO3B’A30K SIKOI Ha TEMEpillHii Yac BiACYTHiH. B Toi sxe yac i po3B’s30K 10-
3BOJIMB OM YHCETHHO OOTPYHTyBaTH O€3MeyHy eKCILTyaTallito OymiBenb sSK Ha CTajii MPOEeKTyBaHHS Ta
eKCIepTH3H NMPOEKTY, TaK 1 Ha CTaii IX eKCIUTyaTalrii.

JoBeneno [1], mo HaxilHiCTh Oy/IiBEIh B MPOIEC] EKCILTyaTallii 3MEHIITYEThCS 3HAYHO 1HTEHCUB-
Hillle, HIX e mependadanocss NpPOeKTyBaJbHUKaMU. Taka cuTyallist 3yMOBJIEHa HEPOEKTHUMH YMO-
BaMH (aKTHIHOI eKCIuTyaTarlii OymiBenb, a TaKOXK HelepeadadvyBaHUMHU BUIIAIKOBUMH BILUTHBAMH, 1110
NPU3BOIUTH JI0 IHTEHCHUBHOTO HAKOMHMYEHHS YIIKOKEHb B KOHCTPYKIiAX. Jlms monepemxkeHHs pyi-
HYBaHHsI KOHCTPYKLiH Ta aBapiii moTpiOHO BoNoAiTH iHOPMALIIEIO PO IX PiBeHb 3AUILKOBOI HECYUOl
3IaTHOCTI Ta HaAIHHOCTI.

AHaJi3 pociigxkensb i myosaikaniii. Ha tenepimiHiii yac mporHo3 3ajIMIIKOBOIO CTPOKY €KCILTya-
Tauii OyniBenb Ta CHOpyA ad0 OKpeMHUX iX YaCTHH BUKOHYETHCS y TPUIYIIEHHI HOPMAaIbHOTO 200 eK-
CIIOHEHTHOT'O 3aKOHIB PO3MOALTY Yacy A0 BiaiMoBH. Lle mpu3BOOUTH O MOMUIKOBUX PE3YJIbTATIB PO3-
PaxyHKy 3aJIMILIKOBOIO pecypcy KOHCTPYKLIII.

Hecyua 3naTHicTh, B OLIBLIOCT] BUMAKIB, BA3HAYAETHCS PO3PAXyHKOBUM METOJIOM HA OCHOBI pe-
3yJbTATIB AUCKPETHUX BUMPOOYyBaHh MaTepialliB KOHCTPYKIIA Ta YTOYHEHHS BIUIMBIB, alie SIK TPaBU-
710, 6€3 YTOUHEHHS PO3pPaxXyHKOBUX CXeM. BH3HaUeHHsI MEXaHIYHUX XapaKTEPUCTHK MaTepiariB KOHC-
TPYKUill AUCKPETHUMHU a00 IHIIMMU METOJAaMH Tepedadae MeBHi TPyIHOIII, a HACTYIHE iX BUKOPHC-
TaHHA B YMOBHHUX PO3PaxyHKOBHX CXEMaxX MPU3BOAUTH 10 MIOMHUJIKOBHX PE3yJbTaTiB Ta HEBU3HAYEHO-
cTi. [HTerpansHi METOMN HEPYHHIBHUX BHUIIPOOYBaHb KOHCTPYKIIIH HE OTPHUMAIH MOTPIOHOTO PO3BUT-
Ky, a pyHHIBHI BHIIpOOYBaHHS IOUIJbHI JIMIIE Ha CTail IOCTIKEHHS HOBHX BHJIB MaTepiasliB Ta
KOHCTPYKLIiH [2].

Ha Tenepimmniii yac 11 KOHCTPYKUIH, IO €KCITyaTyIOTbCS HE CTBOPEHO HOPM PO3PaxyHKY, aHa-
norivaux JIbH a6o CHull. JIBH B.1.2-14-2009, sxwif moBuHEH OyB BHECTH SICHICTH B PO3pPaxyHOK
TaKUX KOHCTPYKIIH, 3riIHO MyHKTY 8, nepeadavyae HMOBIpHICHHUI po3paXxyHOK HAAIHHOCTI JOAaTKOBO
JI0 HOPMAaTUBHHUX NPOCKTHUX PO3PAaXyHKIB 32 METOJOM IPAaHMYHHUX CTaHIB JIMIIE IJISl YHIKaJIbHUX Ta
OCOOJIMBO BiAIOBIMATFHUX KOHCTPYKITIH.

Po3spaxyHok OyaiBenb, sIKi €KCIUTyaTyIOTbCs, IPOBOIATH SIK AJIsl HOBUX KOHCTPYKUIH, IO HE Bif-
MOBiJIa€ MIHCHOCTI. Y CBOIO Yepry po3paxyHOK HOBUX KOHCTPYKLIH MOBUHEH MPOBOIUTHCS 3TiAHO BH-
mor JIBH B.2.6-98:2009. OcrtanHniii, 6arato B 4oMy, Haciilye MonepeaHii HOPMAaTUBHUN JOKYMEHT
CHulI 2.03.01-84* (3anuimaeThCsi CpaBeAIMBOIO TiOTe3a IUNIOCKHUX MEpepi3iB, B OCHOBI PO3paxyHKy
JISKUTH METOJ TPAHUYHUX CTaHiB, MiHJIUBICTh (PI3UUHUX XaPaKTEPUCTHK PErYIIOETHCA 3a TOMOMOT0I0
BIAMOBiAHMX KoedilieHTiB). Y 3B 53Ky 3 LUM HEJOJIKH MONEPEeIHHOI0 HOPMATUBHOTIO JOKYMEHTA Iie-
penanucs, CagkoBo, icHyodomy [3].

Hopmu npoektyBanHst OyIiBenbHUX KOHCTPYKLIH BPaxoBYIOTh HMOBIpHICHMH XapakTep HaBaH-
Ta)KEHHsI Ta HECY4ol 34aTHOCTI KOHCTPYKIiH TiNbKH B YacTHHI 0OpoOKM BUXITHHUX AaHUX. MeTon rpa-
HUYHUX CTaHIB € HamiBIMOBIPHICHUM, 1 HaAlMHICTh KOHCTPYKLINH NpH MPOEKTYyBaHHI 3a0€3MeuyeThCs
Ha OCHOBI BUKOPHCTaHHA YacTHUX Koe(ili€HTIB 3amacy, BeIMUYMHM IKUX HE MAlOTh JOCTaTHBOI Teope-
TUYHOTO T4 EKCIIEPUMEHTAIBHOTO MArpyHTS [4].

Po3paxyHok OyaiBenpHUX KOHCTPYKLiH, sIKM BiNOBigaB Ou iX peanbHiil HOBEAIHLI MMiJ Yac eKc-
IuTyaTalii, MOBUHEH B MOBHiM Mipi 0asyBaTHcs Ha Teopil HaAilfHOCTI, 3aCHOBaHil Ha MMOBIpHICHHX
Mmetoaax. OcTaHHI O3BOJIAIOTH AaTH OB 00’ €KTHBHY OLIHKY KOHCTPYKLII Mpo ii NpUAATHICTH 10
HOpMaJIbHOI ekcrutyarartii. [[i MeToau Mo3BOJIAIOTE OUTBIN BIpHO BiJOOpa3sHTH BUMAIKOBY MPHPOIY
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OCHOBHHX PO3PaxyHKOBHUX BEJTMYHH Ta B3a€EMO3B’SI30K MK 30BHIIITHIMH BIDTUBAMHU Ta MIITHICTIO KOHC-
TpyKii. MMOBipHiCHMI mixXig 3yMOBICHMI THM, IO BCi MiIHiCHI, reoMeTpudHi Ta aedopMariiii
XapaKTEPUCTUKN KOHCTPYKITIN, a TAKOXK BCl BIUIMBY Ha HHUX IPEICTABISIOTH COO0I0 BHITAIKOBI BEIH-
9uHU 200 BUITAIKOBI MTPOIIECH.

OTxe, ONHIM 3 YMHHUKIB, IO MOBWHEH 3a0€3MeUnTH HaliiHy poOOTY KOHCTPYKIIii, € BUKOpPHC-
TaHHA KoeQilieHTiB HaaiiHOCTI. Briepme cratuctuuny npupony koedilieHTy HaaiiHOCTI Oyio moka-
3aHO B omyOmikoBaHii B 1926 p. poboTi Maiiepa, B sikiii aBTOp 3aMiCTh PO3paxyHKy 3a JOITyCTUMHMHU
HaIpy>KeHHSMH 3aIIPONIOHYBaB JUIsl BUOOPY BEIMYHMH MapaMeTpiB, IO BBOJIATHCS B PO3PAXYHOK, BUKO-
PUCTOBYBATH METOIH TEOpii HMOBIPHOCTI. 3arajabHi MPUHITUIIOB] MATAHHS 3aCTOCYBaHHS WMOBIipHIC-
HUX METO[IB JI0 aHaji3y HaAilfHOCTi CIOpYJ OTpHUMAald PO3BUTOK B aociimkeHHsx B.B. BomnotiHa,
A.P. Pxaniuina. CyTTeBuil BHECOK Y BAOCKOHAJIEHHSI METOZIB PO3paxyHKY HaIilHOCTI KOHCTPYKLIH
Ta OOTPYHTYBaHHS IIPOIECTYp HOPMYBAaHHS PO3PaXyHKOBHX ITapaMETpiB BHECITH IOCHimkeHHS A.S.
Hpisinra, b.I. Cunapckica, 10./]. Cyxosa, C.A. Tumamesa, B.I1. Yupkosa, A.Il. Kyasuca, A.C. Jlu-
YyeBa Ta iH..

[TonokeHHsT Cy4acHHX HOPM PO3paxyHKy HE MaloTh 3arajbHOI TeopeTH4Hoi 0a3zu. B 3B’s3Kky 3
MM MOXXYTh BHHHKATH ITapajOKCaNbHI CHTYyaIlii, KOJIM HAIIHHICTh CIIOPYA OJHOTO i TOTO K NPHU3HA-
YeHHsI, BAKOHAHUX 3 Pi3HUX MaTepialliB, MOXKe Bipi3HATHCA. A caMe 10 [[bOro NpU3BOIATH Pi3HI Mpa-
BUJIa BCTAHOBJICHHS PO3PaxXyHKOBHX BEJIMYMH MIIHICHUX XapaKTEPUCTHK Pi3HUX MaTepiaiB.

Icayroumii MeTox HOpPMYBaHHS HE JIO3BOJISE OIIHIOBATH HAIIHHICTh KOHCTPYKIIIH MacoBOTO 3a-
CTOCYBaHHsI Ta NPOEKTYBATH iX 3 3aJlaHUM piBHEM HaaidHOCTI. OCHOBHOIO BHMOTOIO 3 HAJIIMHOCTI €
MOPIBHIHHS PO3PaXyHKOBUX BEJIMYMH HABAaHTA)KEHHS Ta HECydoi 34aTHOCTI. AJie rpaHUYHHI CTaH He
MOK€ BH3HAYATHCS JIMIIE CITIBCTABICHHSIM IIMX PO3PaXyHKOBHX BEJIMYMH. BiH MOXke HACTYyNUTH TpH
BEJIMYMHAX HAaBaHTa)KEHb, MCHIIMX 3a PO3PaxyHKOBI, SIKIIO peali3oBaHa MEHIIAa BEJIMYHMHA HECY4Ol
31aTHOCTI. TOMY IpH HOPMYBaHHI BUMOT HaJifHOCTI HEMOXKJIMBO OOMEKYBAaTHUCS HAIliBIMOBIpHICHUM
MiX0/I0M, SIK IIe TIPOTIHCAHO B METO/Ii TPAHUYHHX CTaHiB, TOOTO 3aCTOCOBYBAaTH METOH TE€OPii HMOBI-
PHOCTI IS pO3MISIAY KOKHOI BHXITHOI BHIAJAKOBOI BETUWIMHN OKPEMO 1 HE pO3B’sA3yBaTH 3a/ady Ha-
JUHHOCTI KOHCTPYKIIii [3].

IMocranoBka 3aBaanHs. MeTor0 H0CIiUKeHHS OyB aHasi3 AiF0YAX HOPM PO3PaxyHKY 3 TOUKH 30-
py HaIiHOCTI KOHCTPYKIIH MAacoBOTO 3aCTOCYBaHHS, IO MPOEKTYIOThCSA Ta THX IO 3HAXOAATHCS B
eKCIUTyaTalii.

Buknagennss martepiany Ta pe3yiabTatu. PiBeHp HagiliHOCTI XapaKTEepHU3YETHCS HMOBIPHICTIO
0e3B1IMOBHOI POOOTH KOHCTPYKIIii, IKa B aHATITHYHOMY BHUIJISA1I MOKe OyTH BUpa)KeHa Tak [4]

Py =1-a(p), (1)
p—w
nie B=rt—0.
iSp+Swi
[Tpu upbomy p=Inr, ®=Ing,

Ie q = Q/ 0,, r= R/ R, - 6e3po3MipHi BENMYNHY HABAHTAXKCHHS Ta OIOPY.
[MTapamerpu S, Ta S, BUpaKaroThCs Yepe3 YUCIOBI XapaKTEPUCTHKU PO3IOALITY
2 _ 2
S2 =In(l+v?2). @
2 _ 2

S, = ln(1+v, )
B ocTaHHIX JBOX BUpa3ax Vv,, v, - Koe(illieHTH Bapiallii.
[Ipu xoedimienTi Bapiarii v<0,4

ln(l +V2)z v:,
Toai S, ~v, ; S, ~V,,1BUpa3U /IS XapaKTEPUCTUKH Oe3eKH HAOyBalOTh BUTTIALY
]
p=px+ 5,1+ 7). G)

ey =viv,.

3 BUKJIAJICHOTO MOXHA 3pOOUTH BUCHOBOK [4], 1110 XapaKTEpUCTHKA OC3MEKU 3aJIC)KUTh HE TIIBKU
BiJ[ 3a0e3mneueHHs (JaIbHOCTEH) pO3paxyHKOBUX 3HaUeHh HABAHTAXKEHB Ta OIOPIB, a 1 BiJl BITHOIIICHHS
ix xoedimienTiB Bapiamii (puc. 1).
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Puc. 1. 3anexHicTs XapakTepuCTHK O€3MeKu BiJl CITIBBiIHOMICHHS KO-
B \ ¢iuienTis Bapiamii
/;’? + /;5 Mo>KkHa MOMITHUTH, 1[0 PU ISTEPMIHOBaHI#M MIlTHOCTI
ﬂr/ (V:lzo)ﬁ:ﬂq,
B a TIpH JeTEpMiHOBAaHOMY HaBaHTa)KCHHI
(V=Z=O)ﬁ=ﬂr.
br /By * SAxmo npoaudepeHinoBaTy £ 10 y Ta NPUPIBHATHA NOXiIHY
2
dap _ ﬂ,(lﬂf )—(ﬂrl"‘ﬂq)ﬂ( B
= 7 =
dy (1+42)
3 0CTaHHBOT'O BHpPa3y BUILUIUBAE, 1110 OCKIIbKU ¥>0, TO .-, =0.
Orxe, MakcMMallbHa HMOBIPHICTH 6€3B1ZIMOBHOI pOOOTH JocsTaeThes npu y=L./13,.

T wwomy f,,,, = (2 + ).

Ipu ofHUX 1 THX ke 3a0e3MEUCHOCTIX PO3PaXyHKOBUX 3HAUCHD MIIIHOCTI Ta HABAHTAXKCHHS MO-
JKyTh 3MIHIOBATHCS B BEIMKHAX MEXaxX 3aJICKHO BiJl BIIHOIICHHs KOS(IIi€HTIB Bapiaril HaBaHTaXECHHS
Ta MIITHOCTI, HE 3aJIe)Ka4y IIPH [[bOMY BiJl 3HAYCHb X KOC(DIIli€HTIB.

Sxmo, Hanpuknan, npuitaata v,=0,08, v,=0,4, (x=0,2), To orpumaemo $=2,12, To6TO HMOBIp-
HicTh 6e3BiAMOBHOI pobotu P=0,983, a iimoBipHicTs Biqmosu P=1-P;=0,017, a ana v,~0,2, v,=0,1
(x=2,0) BignmosinHo $=3,02 ta P;=0,9987, P=0,0013. To0TO, IMOBIpHICTb BiIMOBH JUIsl LIUX BHIIAIKIB
BiZpi3HAETHCA B 13 pasis.

OTxe, MO>KHA JIHTH BUCHOBKY, ITI0 HaBITh MOTPiOHA yHi(iIKaIlis 3a0€3IeUeHOCTI PO3PaAXyHKOBUX
3HAYeHb PI3HUX HABaHTA)XEHb Ta OINOPIB PI3HUX MaTepialliB, HE MOXKe 3a0e3MeYUTH €IWHUIN PiBEHb
HaliiHOCTI KOHCTpYKUid. [Ipn oMy, BcTaHOBIIOIOYM 3a0€3M1E€UEHOCTI PO3PaXxyHKOBHUX 3HAYCHb, HE
MOJKHA HABITh YSIBUTH, SIKUM OyJie piBeHb HaIIHHOCTI KOHCTPYKIIIT 1[0 TPOEKTY€EThCS [4].

®opmyny (3) Oyio orpumaHo 0e3 BpaxyBaHHsS Koe(illiEHTY BiIMOBIAaIbHOCTI. SIKIO MpoBecTH
BBECTH OCTaHHIN y pPO3paxyHOK, TO BUpa3 JIsl BU3HAUYEHHs KMOBIpHOCTI 0€3BiAMOBHOI poO0TH Halyae
BUTTISTY

710 HYJIsl, OTPUMAEMO 0.

P =p(1q<r]=p(m<r) )
— 1_
e m=—¢q.
Vn

®opmyna (1) NEPETBOPIOETHCS 10 BUTIISTY
P=a(r—q+iny,/[si+s})=o(p) (5)

3BigKH
_Bx+h, Iny,
S P g By L ©

IIpu y, = 1 Bupas (6) 3 Bupazom (3), Mpu IbOMY HATIHHICTH KOJUBAETHCA B IMMUPOKAX MEXKax 3a-

JISKHO BiJl CIiBBIAHOIIEHHS MIHJIMBOCTEH BUXiIHUX BenwuuH. [Ipu y,70 y Bupasi it XapaKTepUCTH-
Ku Oe3IeKH 3’ ABIIAEThCA 10AaTKOBUM 4iieH Iny, / v+ qu)l/ ?, i, BiAMOBI/HO, /3 3aIEXKUTH HE TiBKHU Bijl

BiJTHOIIIEHHS KOe(illi€HTIB Bapiallil BUXiTHIUX BEJIMYHUH ), a i BiJ] iX aOCOIIOTHUX 3HAYEHb.
Ha puc. 2 nokaszano rpadiku 3anexxsocti f-y (kpusa 1), f,=1,3; p./B,~=2, a Takox rpadiku 3ane-

’KHOCTI }, Bifl y JUIs THX K€ 3Ha4yeHsb S, ta B, npu v,~0,15 (kpusa 2) ta v,~0,35 (kpusa 3).
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[ Puc. 2. 3anexnictsb f Bij y (kpuBa [); 3aJeXHICTb ¥, Bin ¥ (kpuBa 2 ii 3)
3
=2.0 . o . o
2.5f= /"/f R VYV tabn. 1 mokazaHo 006JacTi MOXJIMBHX 3HAYCHb WMOBIPHOCTEH
2 ! .
; BiIMOBU PyTa XapaKTepUCTUKH Oe3neku f Ui BUNAAKy 3a0e3NnedeH-
1. ; . .
) ‘ 2 Hsl pO3pPaxyHKOBUX 3HaY€Hb HaBaHTa)kKeHb Ta onopis f,=1,65 £,=2,56
NN
0. : JUTS pI3HUX 3HA4YEHb Y, [4].
ol 0. 1 1. 2 25 3 35 x Ta6muns 1
2 2112 Vn = 1 In = 0595 In = 079
V- v, +
u v [ 2 5
0,1 0,05 0,50 0,502 1,90 0,0287 1,80 0,1 0,05 0,50
0,10 0,50 0,510 2,02 0,10 0,50
0.2 0,05 0,25 0,255 212 0,0170 1,92 0.2 0,05 0,25
0,25 0,50 0,559 2,53 0,25 0,50
05 0,05 0,10 0,112 2,62 0,004 2,16 0.5 0,05 0,10
0,30 0,30 0,424 2,86 0,30 0,30
! 0,05 0,05 0,071 2,98 0,0014 2,26 ! 0,05 0,05
0,30 0,15 0,335 2,87 0,30 0,15
2 0,10 0,05 0,112 302 0,0013 2,56 2 0,10 0,05
0,30 0,10 0,316 2,79 0,30 0,10
3 0.15 0.05 0,158 295 0,0016 2.63 3 0.15 0,05

BucHoOBKH Ta HANPSIMOK MOAAJIBUINX T0CTiMKeHb. AHaIi3 Tabn. 1, JO3BOJISIE TIMTH BUCHOBKY,
IO Cy4YacHiI METOJAW MPOEKTYBAaHHS CIOPYJ MacOBOTO 3aCTOCYBaHHsI Ta OIIHKH PiBHS IX 3aJIMIIKOBOT
HECYHYOi 37]aTHOCTI MOXYTh MPU3BOJAMTHU JI0 HEOJHO3HAYHUX PE3YJIBTATIB, KOJM HMOBIPHICTH BiIMOBH
npH y,=0,9 BUSBISIETHCSI MEHILIOKO HIX TIpH , =19 .

OTke, MPOCKTHA HAIMHICT KOHCTPYKIIN 3aJIe)KUTh HE TUILKU BiJl BCTAHOBIICHUX PIBHIB po3pa-
XYHKOBHUX 3Hau€Hb BUXIJHUX BEJIMYMH, ¢ 1 Bij CIiBBIIHOIIECHHS 1X MIHJIMBOCTEH.

AHani3 HaAiiHOCTI KOHCTPYKIiH, O MPOEKTYIOThCS B MPUIYLICHI iX JOOMpAaIlOBaHHSA 3 TOUYKH
30py BCTaHOBJICHHS PO3PaXxyHKOBUX 3HAUEHb MOKA3YeE, 110 PIBEHb HAMIMHOCTI KOHCTPYKIIIH OJTHAKOBOT
BiJINIOB1IAJIBHOCTI MOXE BiJIPI3HATHCS B JICKIIbKA JIECATKIB Pas3iB.

VY 3B’s3Ky 3 BHKJIQICHUM, JOI[UILHO BUKOHATH MEBHE KOPETYBaHHS ICHYIOUMX METOJIB PO3paxyH-
Ky. A caMe, OCHOBHY BUMOTY 3 HaJ1HHOCTI - CIIIBCTaBJICHHS pO3paXyHKOBUX 3HA4Y€Hb, 3aMiHUTH BUMO-
rOI0 CIIBCTaBICHHS MPOEKTHOI HMOBIPHOCTI BIIIMOBH 3 HOPMOBaHUM 3HAYCHHIM i€l HMOBIpPHOCTI.
3p03yMiJio, 0 OCTAHHE TBEPHKEHHS MOTPEOY€E JOJATKOBUX JTOCIIIKEHb.
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