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Anotauisa. ITocmanoeéka npobnemu. Hapa3i po3poONAIOTECS HOBI  DIMICHHA TiOPUAHAX  KOHCTPYKILiH
0araTrornoBepXoBUX OyiBeNb, B SIKUX OCHOBHMM KOHCTPYKLIHHHM MaTepiajloM IOCTa€e JiepeBHHA, a IJisi 3a0e3NeUeHHs
IIPOCTOPOBOI KOPCTKOCTI BUKOPUCTOBYEThCS 3aJ11300eTOH abo craib. [Ipobiema B po3po0IieHHI TaKKX MPOEKTIB IOJISTAE Y
3HAUHIM PI3HUII B XapakTepHCTHKax Ne(OpMyBaHHS Ta PEOJIOTIUYHHMX BJIACTHBOCTSX JEPEBUHU Ta OCTOHY, IO MOXKE
ICTOTHO BIUIMBAaTH Ha HECHY 3JIaTHICTh Ta eKCIUTyaTalliiiHy HpUAATHICTh TiOpuaHoi OyxiBmi. Ha choropsimHii eHb
MIUTaHHS CIUJILHOT pOOOTH IIMX MaTepiaiiB B €JIEMEHTaX KOHCTPYKTHBHUX CHCTEM BUBUEHI HelocTaTHbO. Mema cmammi —
JOCTIKCHHST HAIPYKEHO-Ie(OPMOBAHOIO CTaHy TIOPUIHUX [EPEBO3aII300CTOHHUX 0araTomoBEepXOBUX OyaiBEIb 3
ypaxyBaHHSIM BIUIMBY jaedopmaniii moB3ydocTi. Bucnoeéxu. HaBeneHO MeTOAMKY BpaxyBaHHS OCOOJIMBOCTEH
neopMyBaHHS Ta TIOB3YYOCTI JEPEBHHH Ta OCTOHY B pO3paxyHKy TiOpHIHHX OaraTOmoBEpXOBHX OyaiBemb. 3
BUKOPUCTaHHSIM IPOTPAaMHOTO KOMIUIEKCY «Jlipa» BHKOHAHO MOJENIOBAHHS HANpPyXEHO-Ie(OPMOBAHOIO CTaHY
OaraTonoBepXoBHUX OyAiBeh TIOPHUAHOT KOHCTPYKIIIT 3 KOJIOHAMH Ta OalKaMH 3 KIIGEHOT IEPEBHHHU Ta SIIPOM )KOPCTKOCTI 13
3ami300eToHy. BcTaHOBIIEHO, MO XapakTepHCTUKU Ae(OpMyBaHHS Ta ITOB3YUICTh MaTepialliB iCTOTHO BIUIMBAIOTH Ha
BEJIMYMHY NEPEeMIllIeHb eNeMEHTIB Kapkaca. [loKka3HMKM BEpTHUKAJIbHHUX IEPEMIllleHb 3 YpaxyBaHHSIM IOB3Yy4OCTi
B 1,57...1,66 paza nepeBMILyIOTh BU3HAUCHI B NPYXKHIK cTajil. HepiBHOMIpHE neopMyBaHHS BEPTHKAIbHUX KOHCTPYKIIN
CIPUYHHIOE TIEPEKIC TIOBEPXOBUX KOMIPOK, MEPEPO3MOIT 3yCHIb MK CIEMCHTAMHU KapKaca Ta BUHUKHCHHS JOJaTKOBUX
MO3JI0BXKHIX 3yCWJIb B OajKax MNepeKpuTTs. TakuM 4YMHOM, Y HPOEKTyBaHHI 0araTONOBEpXOBHX TiOPHIIHHX JEPEBO-
3aJ11300€TOHHMX OyJIiBesIb HEOOXIIHO BPaxOBYBAaTH BIUIUB Je(OpMaliifHUX Ta PEOoJIOTIYHUX BIACTHBOCTEH JEpPEeBUHH Ta
0eToHy Ha mapaMeTpH HalpyKeHO-1epOPMOBAHOTO CTaHY.

KarouoBi caoBa: 2iopudni bacamonosepxosi 0y0ieni; Hanpysceno-0epopmosanull cmawu, Oepesund, Oemon,
diazpama depopmysarnHs,; noe3yuicmo
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Aunoraumsi. Ilocmanoexka npoonemwi. B HacTosiiee BpeMsi pa3paOaThIBArOTCSI HOBBIC PELICHHS T'MOPHIHBIX
KOHCprKHI/Iﬁ MHOT'O9TaXKHbIX SHaHHﬁ, B KOTOPBIX OCHOBHBIM KOHCTPYKIIMOHHBIM MAaTEpHUAJIOM ABJIACTCA APEBCCUHA, a JJId
obecrieueHtst IPOCTPAHCTBEHHOM JKECTKOCTH HCIIOJIb3yeTCs HKene300eToH Wi cTaib. [Ipodiemoi npu pa3paboTke Takux
MIPOEKTOB SIBJISICTCS] 3HAYMTENIbHAS PA3HULIA B XapaKTEPUCTHKAX Ae()OPMUPOBAHUS U PEOJOTHUECKIX CBOMCTBAX PEBECHHBI
n OETOHA, YTO MOXKET CYIIECTBEHHO MOBJIMATH HAa HECYIIYIO CIIOCOOHOCTh M OKCIUTYyaTalMOHHYIO IPUTOHOCTH THOPUIHOTO
3aHUs. Ha CeFO[lHSILHHHIZ JACHb BOIIPOCHI COBMECTHOM pa60T]>I 9THUX MATCPUAJIOB B BJICMCHTAX KOHCTPYKTUBHBIX CUCTEM
UCCIICIOBAHBl HEJOCTATOYHO. [lens cmampu — uccieoBaHUE HANPSHKCHHO-IE()OPMUPOBAHHOTO COCTOSHMS TMOPHIHBIX
JICPEBOXKENIC300CTOHHBIX MHOTOJTAXHBIX 3JaHUI C y4eToM BIMSHHUS AedopMmanuid moisydectd. Bwuigoowr. IlpuseneHa
METOAMKa YydeTa OCOOCHHOCTEH aeGOpMHPOBAaHHS W IION3YYECTH JPEBECHHBI W OCTOHAa NPH pacdere THOPUIHBIX
MHOTOPT@XHBIX 3JaHui. C HCIIONB30BAHMEM IPOrPAaMMHOIO KOMIUIeKca «JIupa» BBIIOJHEHO MOJCIHPOBAaHHE
HaIpsHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHMS MHOTOITAXKHBIX 3aHUI TMOPHIHON KOHCTPYKLMHU C KOJIOHHAMH M OalkaMH
U3 KIJICCHOI JPEBECHHBI M SAPOM KECTKOCTH M3 XKeJIe300eTOHA. Y CTAaHOBIICHO, YTO XapaKTePHCTHKH Ne()OPMUPOBAHUS U
MOJI3yYEeCTH MATEPUATIOB CYHICCTBEHHO BIHSIOT HA BETHUMHY TIEPEMEIICHHUIT SIEMEHTOB KapKaca. 3HaYCHHs BEPTHKATIbHBIX
nepeMeneHuil ¢ yuerom nonsydectd B 1,57...1,66 pa3za mpeBbIIIAIOT ONpENIEICHHbIE B YIpyroi craauu. HepaBHOMepHOE
nehOPMHPOBAHHE BEPTHKANBHBIX KOHCTPYKIHH OOYCIaBIMBACT MEPEKOC STAXKHBIX SUCCK, MEPEPacIpe/ieiCHHE YCUITHiA
MEXKIY DJIEMCHTaMH KapKaca W BO3ZHUKHOBCHHC HOIMOJHUTEIbHBIX MPOJOJIbHBIX yCI/lﬂI/lﬁ B 6am<ax MECPECKPBITUA. Takum
00pa3oM, MpU MPOCKTHPOBAHUU MHOTOITAXKHBIX THOPHIHBIX JEPEBOKEIC300CTOHHBIX 3/aHUI HEOOXOJMMO YYHTHIBATH
BIUSIHUEC Je(POPMALMOHHBIX W PEOJIOTHYSCKUX CBOWMCTB JpEBECHHBI MW OCTOHA HA IapaMeTpbl HAIPSIKEHHO-
1ehOPMUPOBAHHOTO COCTOSHUSL.

KiroueBsble ci10Ba: cuOpuoHbie MHOZ0OIMANCHBIE 30AHUS, HANPAIHCEHHO-0e(DOPMUPOBAHHOE COCMOSHUE, OPeBeCUHd;
bemoH,; ouazpamma 0ehopmMuposanus,; noI3yiecms
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Abstract. Problem statement. The new solutions of hybrid constructions of multi-storey buildings are being
developed, in which the main structural material is timber and reinforced concrete or steel is used to ensure spatial rigidity.
The problem in developing such projects is a significant difference in the deformation characteristics and rheological
properties of timber and concrete, which can significantly affect the load-bearing capacity and serviceability of the hybrid
building. At present time the issues of joint work of these materials in the elements of structural systems are insufficiently
studied. The purpose of the article is to investigate the stress-strain state of hybrid wood-reinforced concrete multi-storey
buildings taking into account the influence of creep deformations. Conclusion. The method of taking into account the
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peculiarities of deformation and creep of timber and concrete in the calculation of hybrid multi-storey buildings is
presented. Using the software complex "Lira" the modeling of the stress-strain state of multi-storey buildings of hybrid
construction with columns and beams made of glued laminated timber and the reinforced concrete rigidity core. It is
established that the characteristics of deformation and creep of materials significantly affect the value of displacement of
the frame elements. The values of vertical displacements, taking into account the creep, are 1,57...1,66 times higher than
those determined in the elastic stage. Non-uniform deformation of vertical structures causes skew of the storey cells,
redistribution of forces between the elements of the frame and the appearance of additional longitudinal forces in the floor
beams. Thus, for design multi-storey hybrid wood-reinforced concrete buildings, it is necessary to take into account the
influence of deformation and rheological characteristics of wood and concrete on the parameters of the stress-strain state.

Keywords: hybrid multi-storey buildings, stress-strain state; timber, concrete; deformation diagram, creep

I[MocTanoBka mpodjaeMu, MeTa i 3aBJaHHA
nocaimkenHsi. Hapaszi po3poOistoTbcss  HOBI
pimeHHs  TiOpUOHMX  KOHCTPYKIIH IS
OyaiBHUIITBA ©0araTONOBEPXOBUX 1 BHCOTHUX
OyniBenb, B SIKHX OCHOBHMM KOHCTPYKIIHHUM
MaTepiagoMm moctae nepeBuHa (10 80 %), a s
3a0e3MeyeHHs IIPOCTOPOBOL KOPCTKOCTI
BUKOPHUCTOBYEThCS 3aii300eToH abo cramb. Sk
NPUKIAAA MOXKHAa HAaBECTH Taki  OymiBii:
LifeCycle Tower ONE, Panorama Giustinelli,
Murray  Grove, Origine Condos, Brock
Commons Ta ©Oarato inmux [l]. Onmna 3
MOIJIMBHX TpOOJeM Yy pO3pOOJIEHHI TaKuX
IIPOCKTIB - 1e 3HAYHA  PI3HULA B
XapaKTepUCTHKaX Jae(GopMyBaHHS IIEPCBUHH Ta
OCTOHy, a TaKOX BIUIMB  PEOJIOTIYHUX
BJIACTUBOCTEH (TIOB3Y4OCTi) Ha HECHY 3/1aTHICTh
Ta eKCIUIyaTalidHy MPUAATHICTh  OKPEMHX
€JIEMEeHTIB Ta Oy/iBIli B L[IJIOMY.

JlocmipKeHHSIM Ta PO3POOJICHHIO PIllICHb
010 3amo0iraHHd BIUIMBY HEPIBHOMIPHOTO
nepopmyBaHHS ~ HECHHX  KOHCTPYKIIH B
0araTormoBepXOBUX Ta BHUCOTHUX  OYHIBIAX
NpUCBsYCHI Tpari [2—4].

Metonu  po3paxyHKy — 3a1i300€TOHHHX
KOHCTPYKLIA 3  ypaxyBaHHSAM  Jiiarpamu
nepopMyBaHHS OCTOHY HaBOAAThCA B [5—7].
B nociimkenusx [8; 9] po3risiiatoTbesi TUTAHHS
BILJIUBY MOB3Y4OCTI1 Ha nedopmariii
3a11300€TOHHUX KOHCTPYKLiN. IcHyroui momeni
JUIS  ONHUCY 3aJIGKHOCTCH «HANpPYKCHHS —
nedopMmarii»  JEpPeBHHH  PO3MIISIAIOTECS B
nyomikamii  [10]. Mertoauka  po3paxyHKY
JIEpeB’THUX KOHCTPYKIIIN 3 ypaxyBaHHSM ITOBHOT
miarpamu  1eopMyBaHHS HaBeIeHa B CTaTTi
[11]. 3amexHocTi JJisl OILIiHIOBAHHS AcQopMariiit
JICPEBUHHU 4Yepe3 IOB3YUiCTh HABOJSATH aBTOPHU
[12].

TakuMm ynHOM, aHami3y poOOTH OETOHHUX Ta
JIEPeB’STHUX KOHCTPYKIIH TPHUCBSIYCHA BEJIMKA
KUTBKICTh Tparb. OJHAK HA CHOTOJHINIHIA JICHB
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NUTAHHS CIUTBHOT POOOTH IUX MarepiaiiB y
KOHCTPYKTHBHUX cHCTeMax JOCITIKeH]
HE/I0CTAaTHBO.

Mertoro pobOTH — JOCIIIKEHHS HANPY>KEHO-
nepopmoBanoro crany (H/JAC) ribpuaanx
JIEPEBO3ai300€ TOHHUX 0araTornoBepXxoBUX
OyniBenb 3 ypaxyBaHHSIM BIUTUBY nedopmariii
MOB3Y4YOCTi.

Buksiag ocHoBHoro Marepiamy. AmnHaii3

HarpyXeHo-/1e(h)OPMOBaHOTO CTaHy
0araTomoBepXoBHX OyniBenb riOpuHOi
KOHCTPYKIIi BHMKOHYBaBCS 3 YpaxyBaHHSIM

nmiarpaM nedopMyBaHHST OCTOHY Ta JIEPEBUHH, a
Takox Jaedopmarliif, CIpUUUHEHUX TOB3YYiCTIO
Marepiais.

3anexHICTh «HANpY:KeHH — aedopMariii»
OeToHy JUII  PO3paxyHKy  3aii300€TOHHHUX
KOHCTPYKLIA  HaBeleHa B  HOPMAaTUBHOMY
nokymenti JIBH B.2.6-98:2009 1 mae Burmsg

(puc. 1):

k _ 2
Gc = 77 77 fcd 3a O< gc < gcul ’ (1)
1+ ((k—-2)n
e n /sy k=1.05E 6.,/ f,; &1 —

nedopmatii 32 MAaKCUMalIbHUX HANPYXKEeHb; &gy —
HOMIHANIbHI TpaHW4Hi Aedopmarlii 0eTony; f.; —
PO3paxyHKOBA MIIIHICTh OETOHY Ha CTHCK.

Eet Ectl
!

%

Puc. 1. 3acanvhuii suenso diazpamu depopmysars
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bemony

Jlns monentoBaHHS pOOOTH JI€PeBUHH Ha
pO3TSAT  BHKOPUCTAHO JIHIMHY  3aJIC)KHICTB,
ocHOBaHy Ha 3akoHi ['yka. PyilinyBanns
JIEPEBHHHM BiJIOYBAETHCS 32 TOCATHEHHS MIITHOCTI
Ha PO3TAT:

E,e npue S%

o, = ‘o, (2)

0 mpu & > 20

0
e O, — HampyXKeHHS 3a po3TATyBaHHS; E)—
MOJyJdb TPYKHOCTI TapaJieIbHO BOJIOKHAM;
fimo ~ —MIIHICTD Ha  pO3TAT  MapajelibHO

BOJIOKHaM; & — nedopMarlis.
PoGota JICPEBUHU Ha CTHCK

XapaKTePU3YEThCS HEMHINHOI 3aJISKHICTIO, KA
Ha JaHWW MOMEHT HE 3HaWIuIia BigoOpaKeHHS B
HOpMax MIPOEKTYBaHHSI. OnHak JUISt
MOJIETIIOBaHHA  MOX€  OyTM  BHUKOpHUCTaHa
JIBOJIIHIHA 3aJ1€)KHICTD, sKa BpPaxoBye
3aJMIIKOBY  MIIHICTD NE€pPEBUHU micis
JIOCSITHEHHST MIIIHOCTI Ha ctuck [10]. Bucxigna
TiJIKa 3aJIeKHOCTI «HANpPYXeHHA — aedopmariii»
ianopsaKoByeThesl 3akony ['yka. J{ns miHiiiHO
CTQTHOT TUTKA BBOJUTHCS BiJl’ €eMHUI KOSQIIIEHT,
akuil nmpubnuzHo aopiBHioe 10 % Big Momyns
NPYXKHOCTI  MapajielbHO  BOJOKHAM. Takum
YHHOM, OTPHUMAEMO:

E,& npu ¢ < —fz’"’o
o = ° .3)

E
,0 ,m,0
Somo—0.1E | 6 ——=— |npu & > ==

c,m,0 0

€ O.; — HaNpyXeHHS 3a CTUCKAHHA; femo —
MIIHICTh Ha CTUCK Hapajie]bHO BOJOKHAM.

v 3araJjbHOMY BUTJISIAI niarpama
neOopMyBaHHS JI€PEBUHU JJISI  MOJIEIIOBAHHS
HJIC naBeneHa Ha pUCYHKY 2.
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Puc. 2. 3acanvhuii suenno diacpamu depopmysars
oepesunu [10]

Jlnsa BpaxyBaHHA edopMaLiiid, CIpUYNHEHUX
MOB3YyYICTIO OETOHY, BHMKOPHCTAaHO MOJEIIb,
HaBeneHy B Eurocode EN 1992-1-1. KoedimienT
HOB3Yy40CTi O€TOHY BU3HAYA€THCA 32 (POPMYIIOLO:

@(t,t) = 9 B.(1,1,), 4)

e ¢p — TEOPETUYHUH KOe(iieHT MOB3Yy4OCTI,
SIKHH JTOPIBHIOE:

Po = Pru B L) B(E) 5 Q)

o€ @ry — KOE(]ILi€HT, IO BpPAaXOBYE BIUIHB
BiTHOCHOI Bosorocti; A(f.,) — KoedimieHT, Kt
BpaxoBy€e MIlLHICTh O€TOHY; [(f)) — KOoe(illi€eHT,
0 BpPaxoBye BiK OCTOHY 3a HaBaHTAXKCHHS,
Pe(t,ty)) — KOCDIiEHT, IO OMUCYE PO3BUTOK
MOB3YyYOCTi MPOTATOM HYacCy:

0.3
t—t,

ﬂH +(t_to)

e ty) — BIK 6eTOHy B MOMEHT HAaBaHTAXCHHS, [ —
BiK OETOHy B TOTOYHHUUA MOMEHT; [y -—
Koe(iIieHT, 110 3aJeXKUTh Bil BIJIHOCHOI
BOJIOTOCTI Ta YMOBHOTO PO3MIpY €JIEMEHTA.

[ToB3yuicth nepeBunu 3rigHo 3 Eurocode
EN 1995-1-1 BpaxoByeTbCsi WIISAXOM 3aMiHH
MOAYNS MPY>KHOCTI E) HAa edeKTUBHUI MOAYNb
MPY>KHOCTI:

B.(t:1,) = (6)

E
By O=17 ()

+¢z(t_t0)’

v HOpMax MOB3YyYiCTh JEPEBUHU
BimoOpakae koedimieHT nedopmamiv ¢(t—t)) =
kger, SIKMH  3al€XMTh BiJ TpUBAJIOCTI  Aii
HaBaHT@XXCHHSA  Ta  KJIacy  eKCIUIyaTarlii
KoHCTpyKIii. [lpm 1bOMYy BBaXKAETHCS, IO
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rpannyHi aedopmariii BiAMOBiIAIOTH MEPiOTy
(t—t9) = 50 pokiB.

Y mpami  [12] HaBOmUTBCS — MOJENb
MOB3yYOCTI TPY>KHO-B’SI3KO-TIACTUYHOTO  TiJa,
0 BpPaxOBY€ MEXaHIKO-COpOIiifHI BJIaCTUBOCTI
JIEPCBUHM:

¢[(Z_t0)=¢[C(t_t0)+¢tms(t_t0), (8)
1€ ¢ — Koe(ilieHT MOB3y4YOCTi:
r—t
Pc(t=1)=| — “, ©)

d

€ Qs — KOE(DIIEHT, MO BPaXOBYE MEXaHIKO-
COpOI1iiiHI BIIACTUBOCTI:

2Au
(t=ty)

¢t1115 (t - tO) = ¢OO 1 - e_cm > (10)

ne Au — aMIUITyAa 3MiHH BOJIOTOCTI MPOTITOM
poky (%); At — IPOMIXKOK Yacy, KU BiAMOBiAa€e
3mini Bosorocti (365 mHiB); f;, m, ¢° Ta ¢ —
emmipuaHi koedinientu (f; = 29 500 ngwis,
m=0,21,¢0"=0.7,c=2)5).

s MOJICIIFOBAHHS HaIpy>KEHO-
neopMOBaHOTO  CTaHy  0araTomoBEpXOBUX
OyniBenb TiOpUAHOI KOHCTPYKIIi MPHIHATO
KBaJpaTHUM y TUlaHi  OyJUHOK-TIPOTOTHII.
JloBkuHa TpOJBOTIB B 000X  HampsMKax
cragoBwia S5 M. Ilim 4yac MozaeiroBaHHS
BapiroBasiacsi KibKicTh moBepxiB: 5, 10 i 15.
Bucota noBepxy Ais BCiX BapiaHTIB npuitHaTa 3
M, BIIIOBITHO, BUCOTA OyxaiBenb ckiana 15, 30 i
45 m. Po3rnsiHyTO 1Ba BHJM BY3JIB CIIONTYYCHHS
MK  TOPH3OHTAJIBHUMH 1  BEPTHKAJIbHUMHU
HECHUMH €JIEMEHTaMH — IIapHIpHE 1 KOPCTKE.
[Ipu upomMy pns 3abe3neueHHs MPOCTOPOBOT
’KOPCTKOCT1 BapiaHTa 3 IIAPHIPHUMHU BY3JIaMH
CTIOJTY4EHHS Oymno 3aCTOCOBAHO PO
KopcTkocTi. CxemH IIaHyBaHb MJIsi KOXKHOTO
BapiaHTy HaBEeJCHI Ha PUCYHKY 3.

r; £

f—T3 £ £

& q I
B —AD

2 ) - & !
I:I | | I I
£ K, £ £ & 5 & £

b f—p q f b o + H
£ il I H LI & 1 iy i)

e n &
—o 5

365

a b =2

Puc. 3. Cxemu naanysans bazamonogepxosux oyoigens
2IOpUOHOT KOHCMPYKYIL: @) dcopcmiKe 3 EOHAHHA 8Y3i6,
0) wapHipne 3’ €OHanHs 8Y31i6 MA SIOPO AHCOPCMKOCMNI
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Jlns  koxHoro Bapianta OyxiBii Oyna
CKJIaJleHa MPOCTOPOBAa  CKIHYEHHOEIEMEHTHA
MOJIeb Y IporpaMHOMY Komruiekci «Jlipay. s
(dbopMyBaHHSI TIPOCTOPOBOI MOJIETI /IO CIEMEHTIB
MOJENl TpUKIAJANuCi Taki HaBaHTAXCHHS
BiamoBimHo g0 Bumor JIBH B.1.2-2:2006:
1 — BrmacHa Bara HECHHX KOHCTPYKILIH
(3amaBaioch ~ aBTOMATWYHO) 1 TOCTiiiHE
HABAaHTA)XCHHS B  CKIAy TMEpPeKpUTTa 1
mokpurts (1,5 kH/M’); 2 —  kopucHe
HABAaHTA)XCHHS HA KOHCTPYKIII MEpeKpUTTIB
(2 kH/M?).  OCKiTbKM  OCHOBHOIO  METOKO
JMOCHI/DKEHHS ~ OyJlno  BCTAaHOBIEHHS  BIUIUBY
noB3y4yocti Ha mapamerpu HJIC Oymiemi, B
JAHOMY BHUIIAJKy KOPOTKOYACHI HAaBaHTAXKCHHS
HE BPaXOBYBAJIHCh.

JlepeB'sHi eneMeHTy OynaiBii Oynu NpURHATI
3 KJeeHoi nepeBuHH Kiacy MinHocti GL28h
(ryctuna p =410 kr/m°). Posmipu monepedHoro
nepepizy HECHUX KOHCTPYKIIH  CTaHOBWIIH:
kojgoH — 400 x 400 mMm (mis S5-moBepxoBOi
OymiBmi) ta 500 x 500 (mms 10- Ta 15-
MOBEPXOBHUX OymiBenb); 6amok — 250 x 500 mm.
XapaKkTepUCTUKU NEPEeBUHU: fipmo = 19,5 Mlla,
femo 26,5 Mlla, Ey) =12,61Tla. Snpo
KOPCTKOCTI — 13 3amizoberony kmacy C20/25
TOBIIMHOIO 250 MM. XapaKTepuUCTUKU OETOHY:
ﬁd = ]4,5 MHa,ﬁ[d =] MHCZ, Ecd =23 FHCZ, Eel,cd
= 0,00165, &4 = 0,00344, &4y = 0,000115.
I'padiku 3MiHuM KoedilieHTa TMOB3YYOCTI IIf
0eTOHy Ta JIepeBHHHU HaBeJIeHI Ha PUCYHKY 4.

Jlng  ypaxyBaHHS  XapakTepy  poOoTu
MarepiaiiB Ta moB3y4ocTi B mporpami «Jlipay
OyB oOpaHMii TpPOCTHUIl KPOKOBUH METOJ.
PesympratTn  po3paxyHKiB, MpEICTaBIECHI Yy
BUTJIA MaKCHUMaJbHUX BEPTUKAIBHUX
nepeMillleHb XapaKTepPHUX TOYOK Kapkaca JuIs
pPO3TISIHYTUX BapiaHTiB OyniBeNnb, HaBelIeHI B
Tabmuix 1, 2.
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Puc. 4. I'paghixu 3minu xoeiyiecnma nossyvocmi
07 bemoHy ma oepesunu

Tabauys 1

MakcuMalibHi BepTHKAJIbHI NepeMillleHHs
XapaKTEePHHUX TOYOK KapKaca i3 :KOPpCTKUM
3’€/IHAHHSM eJIEeMeHTIiB

Kimbkicrs | TIpyskia 26 I3/;)3&1xyBaHH;IM MOB3Y4OCT1
TOBEpXIB Moaeb 1 pix | 10 pokiB | 50 pokiB
5 1,976 2,342 2,891 3,126
10 9,976 11,89 | 14,642 15,821
15 13,795 16,39 20,12 21,718
Tabnuys 2

MaxkcuMaJIbHi BepTUKAJIbHI lepeMillieHHsI
XapaKTepPHHUX TOYOK JiepeB’SIHUX eJleMeHTIiB KapKaca
3 IWAPHIPHUM 3’€AHAHHAM eJIeMeHTIiB
Ta SIAPOM KOPCTKOCTI

HepeMillieHb JIePeB’SIHUX EJIEMEHTIB KapKaca Ta
3a7i1300€TOHHOTO  siZ[pa JKOPCTKOCTI BUKIIMKAE

Mepekocu  MOBEpXOBUX  Komipok.  Cxema
nedopMyBaHHs (parMeHTa Oy/IiBIIi MMOKa3aHa Ha
PHUCYHKY 5.
981 -829 -6.78 -527 37 72,126 -0. ‘74‘)
Homeis s
Paccrmbii nepron 0 ruseii
(|
I
-
—
—
—
—
—
—
—
—
—
—
—
—
I
Zy
B

Puc. 5. Cxema oegpopmyeanns cppacmenma 6ydieni

HepiBaomipHe nedopMyBaHHS BepTHUKAIb-
HUX KOHCTPYKIIH 3yMOBIIOE TEPEPO3IOJILT
3yCHJIb ~ MDK ~ €JeMEHTaMH  Kapkaca Ta
BUHUKHEHHSI JOJATKOBUX TO3JIOBXKHIX 3YCHIb Y
Oamkax  mepekputtsa. OTpumaHi  3HAYCHHS
MO3JIOBXKHIX 3YCHIIb Yy JEpeB’STHUX Oaynkax Jyist
CXEMH 13 IapHIPHUM 3’€THAHHSM CJIEMCHTIB Ta
SIIPOM JKOPCTKOCTI HaBeIeHI B Ta0uIIi 3.

Tabauys 3

3Ha4yeHHs M0310BKHIX 3yCH/Ib Yy lepeB’IHUX 0ajIKax

3 ypaxyBaHHAM MOB3yHOCTI KapKaca 3 IIapHIPHUM 3’€IHAHHSAM eJIeMeHTIB
Kimpkicts | IIpyxHa uepes Ta SIIPOM KOPCTKOCTI
HOBCpXiB MOJICJIb p B 7 "
1 pik | 10 pokiB | 50 pokiB Kinei n 3 ypaxyBaHHAM IIOB3Yy4OCTI
5 2,498 | 2,984 | 3,680 3,979 VIBKICTE | HIPYAHA - o hes
10 9,860 | 11,76 | 14,501 | 15,677 MOBEPXIB [ MOACTL 7 3 ™ T710 poxis | 50 pokis
15 27,926 33,98 | 42,658 46,376 5 0,068 0,126 0,130 0,128
q . 10 0,219 0,644 0,729 1,306
K BUIHO 3 OTPUMAHMX PE3YIbTATiB, 5 0314 0017 | 1.032 1.844
XapaKTepUCTUKU Je(hOpMyBaHHS Ta MOB3Y4OCTi _
ICTOTHO BIUIMBAIOTh Ha BEIMYHMHY IEPEMIIICHb Omke,  TPOCKTyIOYM  0araTomoBEpXOBi

CJIEMEHTIB Kapkaca. [Ipu 1poMy 1€l BIUIMB HE
3HAYHUI J71s OyiBIIi BUCOTOIO 5 TOBEPXiB, TOJI
gk anga  10-moBepxoBoi OymiBIl BepTUKAIbHI
MEPEMIIIEHHS TIOPIBHIHO 3 MPYKHOI MOJIEIUTIO
po3paxyHKy 30umblIytoThess B 1,58 paza. Lo

CTOCyeTbcs  15-mOBepXoOBOTO  BapiaHTa, IS
CXeMH 13 JKOPCTKMM 3’€JHAaHHSIM BY3IiB
NepeMillleHHs] 3  ypaxyBaHHSM  IOB3YYOCTi

B 1,57 pa3a mnepeBHILylOTh IEpeMilllEHHS B
NpyXHIA cramii, a JaiIsd [apHipHOTO —
B 1,66 pa3a.

3Ha4yHa PI3HUI Y BEIMYMHAX BEPTHKATBHUX

105

riOpuaHi OyamiBIi 3 BUKOPUCTAHHSM MaTepiaiB
13 pi3HUMHU AehOpMAIITHUMU Ta PEOJOTIUHUMH
XapaKTepUCTHKAMHU, CIiJl BpPaxOBYBaTH BIUIHB

OUX [apaMeTpiB Ha HECHy 3JaTHICTb Ta
eKCIUTyaTalliiHy MNpPUIATHICTE 5K  OKPEMHUX
KOHCTPYKTHBHUX Ta 037100JTIOBATEHIX

CJIEMEHTIB, 1H)KEHEPHO-TEXHIYHUX CHCTEM, TaK i
OyAiBIi B LILIOMY.

HeoOximHa  po3poOka  KOHCTPYKTHBHUX
pillieHb, CHOPSMOBAaHMX Ha MiHIMIZalil0 abo
YCYHEHHS edexTiB HEPIBHOMIPHOTO

nedopMyBaHHS y BepTUKanbpHiN muiomuHi. Cepen
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TaKuX 3aX0J[IB MOXKHA BUILIUTH [2—4]:

— BpPIBHOB@)XCHHS BHYTPIIIHIX HAINPYXCHb
Yy BEPTHKAJIbHUX HECHUX eJIeMEHTax (IUIIXOM
nig0opy BIAMOBIAHOTO pPO3MIPY TOMEPEUHOTO
nepepisy);

— abcomoTHa KOMMeHcalis (igeanizoBaHuid
METOM, 3TIAHO 3 AKHM HeoOXimHe 301IbIIeHHS
BHUCOTH CIIEMCHTIB TOYHO BH3HAYAETHCS LIS
KOXKHOTO TIOBEpXY MUISXOM IPOTHO3YBAHHS
nedopmartiii);

— TpymnoBa KOMIICHcaIlis (METOJ, 3TiIHO 3
SKUM JUIS KOPETYBaHHS BHUCOTH CIIEMEHTH
MOETHYIOTHCS B TPYIH 1O JCKiIbKa MOBEPXiB)

3 BUKOPHCTaHHSIM MPOTPAMHOTO KOMILJICKCY
«Jlipa» BHUKOHAaHO MOJEIIOBAHHS HAINPYKEHO-
ne(pOpPMOBAHOTO  CTaHy  0ararormoBEepXOBHX
OyniBenb TIOPUIHOI KOHCTPYKIIT 3 KOJIOHAMHU Ta
OankaMM 3 KJICEHOI JCPEBUHH Ta SAPOM
KOPCTKOCTI — 13 3aJ11300€TOHY.

YcTaHOoBIICHO, 110 XapaKTEPUCTUKU
neopMyBaHHS Ta  TIOB3y4OCTI  MarepialiB
ICTOTHO BIUIMBAIOTh Ha BEIIMYHMHY IEPEMIIICHb
€JIEMEHTIB Kapkaca. 3HA4YEeHHS BEPTHKAIbHUX
NEepeMIllIeHb 3 ypaxyBaHHSAM I[OB3y4OCTi B
1,57...1,66 paza TepeBHIYIOTh BHU3HAUYCHI B
NPYXHIH cTafii.

— 3aCTOCYBaHHS  ayTTPUTCPHUX  KOHCT- Hepisromipae — neopmyBanns — BepT-

PYKILiA; KaJIbHUX KOHCTPYKLIH CIPUYHMHIOE TEPEeKic
4 . . .

— CchemwjanbHi  KOHCTPYKTHBHI  pimenms ~ OBEPXOBHX KOMIpOK, IEPEPO3IOLT 3yCHIIb MK

BY3TIB 3°€/IHAHHSA CIEMEHTIB eeMEeHTaMH  Kapkaca  Ta  BHUHHUKHEHHS

Tlns OGIPYHTYBAHHS ebexrnpHocTi  AOAATKOBHX NO3JIOBXKHIX 3ycWib y Oankax

3aCTOCYBAHHS Ta BM3HAUeHHS paljoHanphux ~ UCPEKPUTTA. TakuM 4MHOM, y NpPOCKTYBaHHI

KOHCTPYKTHBHHX 3aXO0JIiB HeoOxime ~ 0ATaTONOBEPXOBHX ribpuHmX ACPCBO-

NPOBE/IECHHS T10/1AJIBIIIHX JOCIiKEHD, 3a711300€ TOHHUX OyxiBenb . UHeo6x1z[Ho

CHPAMOBAHMX Ha 3a0e3leyeHHA piBHOMipHoro  BPAXOBYBATH  BIUMB  Jegopmauiifnnx — Ta

fneopMyBaHHs  Kapkaca  Garatoropepxopux ~ PCOTOTIMHHMX  XapaKTEPMCTMK —HA  Iapamerpu

OyaiBenb 3 JepeB’THUMU HECHHMH €JIeMEHTaMU HaNPYKEHO-/IePOPMOBAHOTO CTaHY. ‘

Ta 3aJ1i300€ TOHHUMH KOHCTPYKIIIAMH HojanbliM  HAIPAMKOM  JOCIIIJUKEHD

HPOCTOPOBOT KOPCTKOCTI. OaunThCs  PO3POONCHHA T  OOIPYHTYBAHHS
BHCHOBKHL. HaseneHo Meroquky ~ KOHCTDYKTHBHUX DilllCHb, —CHPSMOBAHWX —Ha

BpAXyBaHHS 0COGNHMBOCTEH sieopMyBanks Ta  330C3ICUCHHS  PiBHOMIpHOrO  Ac(opMyBaHHs

MOB3y4OCTi  JepeBMHM Ta  OeTomy g  Kapkaca.

pPO3paxyHKy  TiOpHIHUX  0ararormoBEepXOBHX

OyniBeb.
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