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K OIIEHKE IPEJIEJIbHBIX COCTOSSHUM TPEXCJOMHBIX COHABUY-IIAHEJIEN

B cmamve paccmompen sxchepumenmanbHo-meopemudeckuil n00xXo0 K ONpeoeneHuio Kpumu4eckux Hazpy3oxk

no 4emovlpem munam npedeﬂbezx COCMOosIHUU mpexcxzoﬁyblx COHOBUY-NAHeell.
onpedeﬂenuﬂ Kpumu4deckux cCcujl uc4epnanus Hecymed cnocobnocmu

Ilpusedenvr  anecopummbi
COHOBUY-NAHENU NPU  PABHOMEPHO

pacnpedenenHoll U cOCpeOOmMOUEeH O Hazpy3Kax. Jana noCmano8Kka u no0xXo0 K peuwenuio 3a0aiu payuoHatu3ayuu

napamempos coHoguy-namenel.,

Knioueswvie cnosa: C3H66Lll‘l'}’laH€JZb, npedeﬂbnoe cocmorsinue, cwzadzcoo6pa306anue, nomepst ycmoﬁlmeocmu,

ynpyeoe ochoganue, Kodghduyuenm nocmenu.

1. AHanm3  cymecTBylOLleli  HOpPMaTHBHOI
0a3bl M IOCTAHOBKA 32a4M MCCJIe0BAHUS

CoBpeMeHHas CUTyallsl HA CTPOUTEILHOM DPBIHKE
TOATBEPKAAET JIEUCTBUTENbHYIO MOMYJISIPHOCTH
pacrpoCTpaHEHHbBIX B HACTOSLINI MOMEHT
OTPAXKJAOIINX KOHCTPYKUUNA B BHJAE TPEXCIOWHBIX
COHJBUY-TIAHEJIE BBICOKOW 3aBOJCKONM TOTOBHOCTH.
CaH/IBUY-TIaHEIb, cocrosas u3 BHEITHUX
METaLTMYECKUX OOLIMBOK M M30JIALHOHHOTO CIIOSl Ha
OCHOBE MMHEPAJIbHON BaTbl WM I[EHONOJUCTHPOJIA,
mpeacTaBisieT co0oif KOHCTPYKIHIO, KOTOpas o0iamaet
MaJbIM BECOM, BBICOKMMH TEIIO3BYKOU3O0JIILIMOHHBIMU
XapaKTepUCTUKAMHU, JIOJIFCOBEYHOCTHIO, 3KOHO-
MHYHOCTBIO, TIO3BOJIAI TEM CaMBIM OBICTPO U C
MHUHAMYMOM Tpyao3aTpar BO3BOJIUTH 31aHUS
pa3IuM4HOrO HasHaueHus. TeM He MeHee, HECMOTpsl Ha
WHTEHCUBHOE  Pa3BUTHUE  OTEYECTBEHHOTO  pBHIHKA
COH/IBUY-TIAHEJICH, B VYkpaune NIPaKTUYECKU
OTCYTCTBYEeT HOpMAaTHBHas 0a3a MO pacyeTy U
MPOCKTUPOBAHUIO  COHJBHY-TIAHEJEH Kak 000co0-
JIEHHBIX CTPOMUTENBHBIX KOHCTpYKUMH. VMeromascs
HOpPMAaTUBHAs JOKYMEHTalusl JMIIb PErJIaMEeHTHUPYET
TpeOOBaHUSA K TEM WIH WHBIM TEIUIOM3O0JSIIHOHHBIM
MarepuaigaM, HCIHOJb3YEMBbIM IpPU  IPOU3BOJCTBE
COH/BHUY-TIAHEJIEH, U MX XapaKTepUCTHKaM. [ JIaBHBIMU
HOPMAaTUBHBIMM JOKYMEHTaMH B JIaHHOM oTpaciu
spisioress JIBH B. 2.6-31-2006 «TemmoBast M30JISIINS
3nanmit», IBH B.2.6 - 33:2008 «KoHCTpyKIUH 31aHHHA
u coopyxeHuil. KoHCTpykuMM BHEIIHHUX CTE€H C
(dacagaOM TEIUIOU3OJISIIIUEN. TpeboBanus K
MIPOCKTUPOBAHUIO, YCTPOMCTBY M DOKCILTyaTalldu» H
mekotopeie JICTY ©Ha wmx O6ase. OmpeneneHHyIO
LIEHHOCTb  TPEACTABJIAIOT  TEXHUYECKUE  YCIIOBUS
MIPOU3BOJUTENIEH COHJABUY-NIAHENEH, OJIHAKO, JaHHbIE
HOPMATHBEI UMCIOT OTpaHWYCHHYIO cdepy IeHcTBuS,
[IOCKOJIBKY ~ TpeJHAa3HA4YeHbl HMCKIIOUUTENBHO IS
BHYTPEHHET'O MOJIb30BaHUSI.

B 10 xe Bpemsa, B Espomeiickom Coroze
HE0OXOUMBIE HOPMBI CYILECTBYIOT yxke Ooisee 20 neT.
IlpenBaputenbHble €BPONEUCKHUE pPEKOMEHJAUUU IO
NPOEKTHPOBAHUIO M TECTUPOBAHHUIO COHJBUY-TIAHENEH
Obutk  omyOsmKoBaHbl EBporeiickoil KOHBeHHHMEH o
Crampupix Koncrpyknusx (European Convention for
Constructional Steelwork (ECCS)) eme B 1991 roay. B
HHUX COIEPKHUTCS JeTalbHOE OTIMCaHUE
KOHCTPYKTHUBHBIX pemeHnit COHIBHY-TIAHENEH. ,
METOZOB TPOSKTHPOBAHWS W pacdera, TPeOOBaHUS K
OTHEBBIM, AaKyCTHYECKHM, HPOYHOCTHBIM U JPYTUM
ucnbiTanusaM. Kpome Toro, manHbiii HOpMaTuB [1]
pernaMeHTHpYeT TakKe 4YeThbIpe THUIA IpPeeibHbIX
COCTOSIHMHM, B pe3yJibTaTe HACTYIUICHHS OJIHOTO U3
KOTOPBIX WM WX KOMOWMHAIIMM MOXET IPOU3OUTH
ucyeprnaHue Hecymied crnocoOHocTH maHenu. B
[IpeaBapuTEnbHBIX PEKOMEHIALMAX TAKXKe MPUBOAUTCS
METO/IMKa OTIpeIeTIeHUs COOTBETCTBYIOIINX
MIPEAENbHBIM  COCTOSIHUSIM ~ KPHUTHYECKHX HAarpysok,
OJTHAaKO, CYIIECTBEHHBIM IPOOETIOM €BPOIICHCKUX HOPM,
C HAIlle TOYKH 3pEHUs], IBJISICTCS OTCYTCTBHE METOJUKH
OIIpEZEICHUs] PALMOHAIBHBIX IapaMeTpOB COHIBHY-
HaHeJei, KOTOpbIe BIMSIOT Ha JOCTHKEHHE KaXJI0r0 U3
MIpEeAENIbHBIX COCTOSTHUM.

B cBasu ¢ BBIHICU3JIOKCHHBIM, MNPAKTUYCCKYIO

OEHHOCTh IMPEACTABIACT 3aaa4da paluoOHaIU3aluu
KOHCTPYKIIUH IIaHCIIN, KoTOpas 3aKJII04YacTCA B
BBIpABHUBAHUN KPUTUYCCKHUX HArpy3okKk IO BCEM

YCTBIPEM THUIIAM NTPEACIBbHBIX COCTOSIHUH
. o npezensHoMy nporudy - Py;

. M0 CKIIAJAKO0OpPa30BaHUIO CXKATON OOMIMBKH -

. 10 COMPOTHUBJIEHHIO CABHIY yTEIUINTENS - Fipz;

° IO COIIPOTUBJICHUIO MAHCIIN CKAaTUIO Ha OIOpE
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Tak, B myxe pabot nmpodeccopa A.P. Pxxanumnuna,
paIoHaIbHOW KOHCTPYKIHEH COHABHY-TIAHETH OyIeM
mojaraTb ~ TaKyl0  KOHCTPYKIHIO, IUII  KOTOPOWM
KPUTHYECKHE HATPY3KH IO KaKAOMY U3 MpEIeIbHBIX
COCTOSIHUH COBIAAYT, MO0 pa3HUIA MEKIYy HUMH
JIOCTHTHET HIKHEH Tpanu [2]:

P; — Py = inf
P; — Ay — inf
P; — By = inf 1)
Py — By — inf
Py — By = inf
Py — By — inf

B cBs3u ¢ 3THM, BBOANTCS BEKTOP YNPABISIONUINX
apaMeTpoB:

0GT = {h: 6: (EN)yeg: €2, )

rie — h — Beicota naHeny; ¢ — TOJIIMHA METALINYECKOM
obmmBky; (El)..s — npuBeneHHas )KECTKOCTH MaAHEINN;
C; - napuuanbHblii  KOIQOHUIMEHT  IOCTEINH,
npenonpeaeNeHHbI 00)KaTHeM CPeIHEro CJIOs MaHelH
(yrennurenem).

Hnst perieHus KOMIUIEKCHOM 3a7a49u
PpaIMOHATII3AIHN HEO0X0AUMO pEIuTh psx
BCIIOMOTATENBHBIX 3a/1a4 HCIIONB3Ysl TIPEeAIaracMblit
AKCIEPUMEHTAIbHO-TEOPETUUECKUN OJIXO/I. B
KauecTBe OOBEKTa pallMOHAIN3AINN PACCMATPUBAIOTCS
TPEXCIIOMHbIE COHIABHY-TIAHETH cepur «Asrorepm» [3],
npousBogumbie  mpeamnpusitueM 000 «HTK» B
XapbKOBCKOM 001acTH.

2. Kpurnueckass cuia CKJIaJKooOpa3oBaHUs

O0IIMBKHM  CIHABHY-TIAHEIHM TPHM  PaBHOMEPHO-
pacnpeeaeHHOH Harpy3Ke
Jnsa  npubmmkeHHOW — (MHXKEHEPHOH) — OICHKH

KPUTUYECKON CHJIbl IOTEPU YCTOMYMBOCTH C3KAaTOM OT
n3rnba OOUIMBKY NPEJJIaraeTcs CIIEAYIOUIUN alrOPUTM.
PaccmarpuBaercs 1mapHUpHO omepTas TpEXCIOoWHas

COH/IBUY-TIAHEb, HarpyxKeHHast pPaBHOMEPHO
pacripeeneHHoi Harpy3Kko# (puc. 1).
q
[T T T T T ITITTTTTTT] []
L
7 7

Puc. 1. Tpexcnoiinas naHenb, Harpy>KeHHas
PaBHOMEPHO PACHpPEENCHHON Harpy3Koi

Jannas Harpyska YCTaHOBJICHA
OKCIICPUMEHTAJIBHBIM IIYTEM, NOPUYEM €€ BECIIMYHNHA
COOTBETCTBYET MaKCUMAaJIbHO JIOILyCTUMOMY

(nopmaruBHoMy) mnpornOy mnanenan [4]. Ilycrs ator
nporud paBeH:

L
fagm = (3)

DD
rae L — nponer nanenu.

B kagectBe pacueTHOW MoOAenH  OOIIMBKHU
MIPUHUMACTCS CHCTEMAa B BHJIE KOHCTPYKIIUH, Jexaleit
Ha YyOpyroMm ocHoBaHmd (puc. 2). 3mech clemyer
OTMETHTH JIBE€ OCOOCHHOCTH, SBISIONINECS (paKTHIecKH
PpaboYMMU TUIIOTE3aMH:

e TOHKas OOIIMBKA YCIOBHO NPEICTaBIsAETCS
0aIKOM;

e KOXQUIHEHT TMOCTENH OCHOBAHUS OJDKEH
oTpaxaTh cienuduky neGopMHUpOBaHHs KOHCTPYKTHBA.

e l

i e ?

Ay TYXTFFTTTYY

Y

s

¥

Puc. 2. banka Ha ynmpyroM OCHOBaHUHU

[lepBas rumoTe3a OOOCHOBHIBACTCS OTCYTCTBHEM
IeOpMHUPOBaHHUS  pacCMaTPUBAeMOTO JJIEMEHTa B
IUIOCKOCTH, NEPIICHANKYJISIPHOMN MPOJOJILHOM OCH JIUCTa
oOmmBKkKM (YyCTAaHOBJCHO 3KcrmepuMeHTanbHO [5]). B
CBOIO oOuepelb, Ui ompenesieHus KkoddduiueHra
OCHOBAHHMS NpeAJIaraeTcsi CIACAYIOMN NPHOIMKEHHBIN
npueM. B ero OCHOBe JIGKUT IIPEIIIOJIIOKEHUE O

JTMHEHHOCTH nedopmupoBanus, JIOITyCKaroIIee
ClIeIyIolIee TPeICTaBICHHE!
C=C+ C-b, (4)

rne C — unTerpanbHeli koddduuuent nocrenu; Cp —
napIyatbHbIA k03 durmeHt ITOCTEIH,
MPEAONPEICICHHBI MAKCUMAJILHBIM [IPOTHOOM MaHETH
[KH/MZ]; C; — nmapumanbHeii KO3(GQUIMEHT MOCTENH,
MPEAONPEICIICHHBIA 00XKATHEM CPEHEro CIIOs ITaHeIH
(yrerumarenem) [kH/M’]; b — mmpnna mamesnu [m].

[Myctp MakcuManpHBIN Npormd maHenu 3aaaH
BBIPaKCHUEM:

ogL®
fmax = Ehos’ (5)

rae o — usBecTHbId Kod3(duument; (Ellpeq - ycnosHas
JKECTKOCTh TaHenu; § = q+b, q - pacnpenenenHas no
IUIOIIAM HATPY3KA.

Torma m3 (3) u (1) MOXXHO ONIpeNeNuTh YCIOBHYIO
KECTKOCTH ITaHCIIN

(EDpeg =200 -a-q-b- L3, (6)

HNmes BBHLy, 4YTO OCHOBaHHE NPEACTABICHO
nocrenso Bunknepa, pia C; nonnyuum:

C, = 200gb )

L

Koadhdumment C, ompenmensem B mabopaTopuu
9KCIEPUMEHTANIbHO, IyTeM BIaBIMBaHHs WITAMIA C
M3BECTHBIMH pa3Mepamu B o0Opasell U3 yTEIUIUTEeNs Ha
eAMHUYHYIO TIyOouny (puc. 3).
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Puc. 3. K onpeznenenuto koaddurmenta nocrenn C, (h
U b — COOTBETCTBEHHO BHICOTA U MIMPHHA 0Opa3na
yTeIUIUTENs, P — mpuKiIagsiBaeMoe K ITAMITy YCHIIHE)

OKOHYaTENbHO KOA(PQHIIMEHT IIOCTENN TNPUMET
BUJ:
2004

c=b(2+cy). ®)

Tak kak OOIIMBKA BBITIOJIHEHA K3 CTAJIBHOTO
JINCTA, C YYETOM IEPBOM BBEIEHHON T'MIIOTE3bI, MOKHO
3aMEHUTH BBIPAKEHUE AJI €€ )KECTKOCTH BhIPAKEHUEM:

(EDw =E, -2, ©)

rae E; — Mmonyns ynpyroctu cranu, 8 — tosmuHa
OOIINUBKH.

Pacnionarast Beipaxkenusimu (8) u (9) 3anuuiem

nuddepeHnuanbHoe  ypaBHeHHe — u3ruba  Oaiky,
JIeKallel Ha ynpyroMm ocHoBaHuH [6]:
d*v . d%v
dx’-+l{ dx:-l—r'v—ﬂ (10)
rae v - poru6; ki = —— r= —o
A P ’ B ':E:[:':h, B ':E:[:':h.

KpaeBsle yciioBus 3aja4i IMEIOT BHL:

(= 0v=0 IF g
npn};—ﬂ,v—ﬂ,dx:_ﬂ,

anX=L;V=U;d‘v=U.

dx?

Crienys pelieHUIO, IPUBEICHHOMY B [6], 3anumem

XapaKTePUCTUYECKOE YpaBHEHHE, COOTBETCTBYIOIIECE
(10):
p* +kpf +r=10 (11)
Baenem manee 0003HaueHHE:
- Ly
r=r" {;) (12)
Wiu ¢ yuerom (8) u (9)
s 2800 (g (LY (), Gt
F= 2 (@)-G) - (1+ ) (13)
Kopnu (11) 6ynyt

pr=-TE T (14)
Ipumem ¥ = Tim, rue
my = —Mmg = _“thT-I_"JIh:_T (151)
N
My = —hy = JT - -,III - (15.2)

Pemenne ypaBrenus (10) momygaer dpopmy

v=A-sinmx+E-sinmyx+ C -cosmyx +

D :cosm,x (16)
Hcxons M3 TIpaHUUYHBIX  YCJIOBHUH, IIOJIy4HM
cllelytoliee ypaBHEHUE
0 0 1 1
2 2
0 0 -m; -m; _
sinm, L sinm,L cosm, L cosm,L
mZsinm,L mZsinm,L m?cosm,L mZcosm,L
N
(mf —miy(mE —mi)sinm, L sinm, L =0 (17)

IMpuparuBas Hyro sinmy Ly sinmg L nonyuum:

m;l =nm, n=123 .. (18)
Omnpenensis k* mo (16) wu none3ysice  (18),

HaXoauM:

- i) nimt rit
=== —+ = 19
El L+ ns e ( )
I/ISOFHyTaH JIMHUSA COCTOMT U3 N IIOJYBOJIH
CHUHYCOHJIbL

. N
v = Asin —x

L

(20)

B oraumume oT CcBOOOJHO MPOTHMOAOIIETOCS
CTEPIKHS 3]€Ch YMCIO IMOJYBOIH " 1, OHO HOIKHO
OBITH OTIPEJICIIEHO M3 YCIOBUS MUHUMYyMa Harpy3ku. Ha

prc. 4 1o ocn abeumce oTIOKeH ! 3HaueHus T = 7(=)*,

a mo ocu opauHar — ortHomenue P /P, rtme Py —
SiepoBa CuiIa IS CTEPXKHS, HE UMEIOIIETO YIPYTroro
ocHoBanus. Ilpunumas n = 1.2,3...., monyuyuM cepuro
MPSAMBIX; YYaCTKH JTHX TPSMBIX, TIOKa3aHHBIE KUPHON
JINHUEH, SIBJISAIOTCS pacueTHbIMU. [lepexon ot N-i BeTBU
K (N+1)-# cCOOTBETCTBYET BENUUKHE I, OTMPEAEIACMON 13

paBeHCTBa
m+1y3w? ri?

neEe rL®

+ ===

12 nim? 12

(21)

(n+13x?

OTcromga

40



Byoisnuymeo, koncmpykuis, pemonm oyoisesib ma cnopyo mMicbKozo 20cno0apcmea

7 7T
*r=*n‘{n+1]‘;. (22)
CoorsercTBytomne 3HaueHust K Oymyt
k* :i—:‘[».rﬁ +(n+ 1)7. (23)

Ecnu 4uceno moyBONH N JIOCTATOYHO BEJIUKO, TO
MOKHO 3aIHCaTh YCIOBHE MUHMMyMa K~ IpUpaBHUBAs
HYJIFO IPOM3BOAHYIO OT K° 1o n /1

(24)

IIpu aTom
(25)

Kputuueckass Harpyska mo (20) okassiBaetcs

paBHOM
P, = 2EINr = 2,[EI, (26)
B 6e3pa3MepHBIX BeMIHHAX
=247, @7)

®opmyne (27) orBeuaeT TmpenenbHas JIMHUA,
nmokasanHass Ha puc. 4 mynktupom. Cumras B (17)
{m} —m3) = 0, npuxoauM K cooTHOmeHHIO K* = 47
u, fanee, K npexHeit popmysne (27).

PfPy
3

Puc. 4. K onpenenenunto gyncia MoxyBOIH

IIpu ompeneneHUM KpPUTUYECKOW CHIIBI IOTEPU
YCTOHYMBOCTH C)KaTOM OOIIMBKHM, CJIEAyeT HOMHHTH,
YTO KPUTHYECKHE HANPSDKEHHS! B OOIIMBKE HE MOTYT
IIPEBBIIIATh IPEACI MPONOPLHUOHAIBHOCTH Marepuala
OOIINBKY:

Tp < Ony. (28)

3. Pemenne 3agaydM mNOTepH YCTOWYHMBOCTH
00IIMBKH COHABUY-NIAHEJH npu JAedCTBUM
COCPEAOTOYEHHOM CUJIbI

JasnpHeiiiee onpeaeaeHue KPUTHIECKUX CHI JIIs
MpEAENbHBIX COCTOSHUN OyJeM paccMaTpHBaTh Ha
ocHOBe Metoamku, npuBeneHHod B ['OCT 23486-79
«[TaHenn MeTaUTHYeCKHEe TPEXCIONHBIE CTEHOBBIE C
YTEIUIUTENIEM U3 TIEHOMOInypeTaHa». B cOOTBETCTBHH C
[7], paccmarpuBaercs ofbpaser HaHeNd «AIOTEPM»
pasmepoMm 250x1100 MM, BBIpe3aHHBIH W3 CEepUIHON

MaHeNW, KOTOPBIM UCIBITHIBACTCS Ha TOMEPEYHBII
m3rn6. McmelTanwe  MPOBOIAT — COCPENOTOUYCHHOM
Harpy3kol B COOTBETCTBUU CO CXEMOMW, NMPUBEACHHOU
Ha puc. 5.

" .;J’ -t >
lj 3y },_%-_
=T L
g-,;

|
os)

Puc. 5. Cxema ncnpiTanns o0pasna CHABUY-TIAHETH Ha
MOTIEPEYHBIN H3rU0

P/ZJ Pr2 ‘
A 1
L/3 L/3 L/3
7 7 7 e
UeHmp
KpusU3HbIT

p

Puc. 6. PacueTHast cxema HCIIBITAaHHS TTaHEIA HA
TTOTIePEYHBIN H3TUO

B cwiy wmamoctd mnporu6a, aepopMHpOBaHHAs
ympyrasi  OCh  allPOKCUMHPYETCS  OKPYKHOCTBIO.
Pacnomnaras pacdetHoit cxemoit (puc. 6), 3anuiiem:

."-": = :_; + (P — fnax) (29)
p=LL2 (30)
¥
1 M
; - [ENyed (31)
_ Fonax .
roe ¥ =", fngx — MaKCHMaIbHBIH NpPOTHO
(% no [8]), L - nnuna obpasua.
st nTaHHOM pacyeTHON CXEMBI:
M=— (31)

Torma IpuUBeACHHYIO )KECTKOCTh MTAHEIH MOYKHO
3aIMCaTh:
47 +1

(EN)yeg = aPI*- (32)

¥
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rjae O — U3BECTHBIH KOIPPHUIIMEHT, I  CXEMBI,
1

TPUBE/ICHHON Ha PHC. 6 COCTABIACT & = -
Koad¢punuenr mocrenn OCHOBaHUS Uil  IaHEINH,
Harpy>KeHHOW COCPENOTOYEHHOH CHJIOHN, omlpeaessercs
mo onucaHHoi panee ¢opmyre (4). U3 ycnosus
MakCHMaJIbHOTO  Tpornba maHenu  NaplUualbHbIA
k03 puient nocrean C; MOKHO 0003HAYUTS:

o= EL_P 2y7+1
T el 1y

(33)

Torma, wHTerpanbHeli ko3¢ ¢uuuent mnocremn C
MPpUMET BUA!
P oayi+l
C=———+0C b (34)
r

Jns Oanku Ha yNOpyroM OCHOBaHUH, HAarpyXeHHON
COCpelOTOUeHHON cuiiol, BeIpakeHHe (14) MOXHO
3alucaTh B BUJIC:

('@ ) e

(Eh, m 1wy TE,
DiinepoBa cuiia IS 0OILIMBOK MHaHeINn
oTpeeNsIeTcs mo GopmyIie:
7 Eog -5
B = = (36)

12-12

Jns onpeneneHuss KpUTUUECKON CUIIBI U3 YCIIOBUSA
MaKCHUMaJIbHOTO MPOTruda BBEIEM THUIIOTE3y O TOM, YTO
MPUBENICHHAs] KECTKOCTh MAaHEJM MEHbIIE JKECTKOCTH
METaNTMIECKUX OOMMBOK. JIJs OLEHKH KECTKOCTH

MaHenM B [EJIOM  CIEAYeT  BOCIOJIB30BATHCS
MOMPaBOYHBIM KO3 duimerTom K:
(ENyed
== e ’ (37)
(Eslish

rae (El};zq — npuBeneHHas »ecTkocTh nanei, {Ezl)an
— ECTKOCTb METAJUIMYECKUX OOLIMBOK.

Ucxons w3 (27), DiinepoBy cuily JUisl TaHENH
onpeaeauM o Gpopmysie:

_ Py a-k-El
F, = E-a— (38)
I o
e foor = Top~  MAKCHMAJbHbIH nporu6 obpasna
madend  umHoM 110 cm; K- mompaBouHBIR

KOO(QOHUIMEHT s OLEHKH JKECTKOCTH MHadenu; | -
JUTHHA 00pas3Iia, BBIPE3aHHOTO U3 aHEeIH.

Torma, Uit omnpejeNneHHs KPUTHUYECKOH CHIIBI
MOTePH  YCTOMYMBOCTH  METALIUYECKOW  OOIIMBKH
nmaHenn  (CKIagkooOp30BaHMS) — MOJ  JAEHCTBHEM
COCpPEIOTOYCHHON  Harpy3km i oOpasma B
COOTBETCTBHM CO CXEMOH, MpuBeaeHHOH B [6], u3 (34)
IOJy4YnM 3HaueHus T, a 3HaueHue P, onpenennm us:

Py

7 r
E=n?+-
-

3 (39)

[Tonyuaemble KpUTHYECKHE HANPSDKEHHS TaKKe
CJIEyeT MPOBEPUTH Ha COOTBETCTBHE HEPABEHCTRY (28).

4. OmnpeaejieHHe KPUTHYECKHX ans
COH/ABUY-TIAHeJell MO0  00KATHI0 M CABHIY
YTEIUIUTEIs, 2 TaKKe MO0 KPUTEPUIO NpeleIbHOro
nporuda

CHJI

Pemenne 3amaum mowcka KPUTUYECKOM CHIIBI IS
MIPEAENBHOTO COCTOSIHUSI OOXKaTHA yTEIUIMTENs Ha
orope CBOAWTCS K peIIeHHI0, NMpuBeAeHHOMY B [1].
[IpuHMMas rumoTessl, 00O3HAUCHHBIE PaHEE, a TAKKE
JOMYIIEHHE O PAaBHOMEPHOM pAacIIPEAEICHHH ONOPHOU
peaxknuy BAOJNb MPOTOHA, HEPaBHOMEPHOCTH B ayxe [2]
MoxeT ObiTh yuTeHa Koddduimentom ¢ € (0.17).
Torna:

—al
Fr=w B (40)
[oes]ab
= 20"
P=2Q: @= 20
@ — peaxuys Ha omope, a — UIMPHHA MPOTOHA, LTq] —
mpeneNl  MPOYHOCTH  YTEIUNIUTENs  Ha  CXKarTwe,
(o] = 0.1Mma [1].

Kpurngeckyro CHITY cIBuUra YTEIUIATENS
JOMyCTUMO  ompenenuth mo  ¢opmyre  J.H.
Kypasckoro:

=% (41)

oi

rA€ T — KacaTCJbHbBIC HAMPSKCHUSA B YTCIUIMTEIE, Q —
MakCuMaJibHas nonpeycHas Cuia, | — MOMeHT HUHEpIUHN
CCUCHUA  YTCIIUTCIIA, S — cTraTUYecKuié MOMEHT

ceueHust  yreruutens, b — mmpuHa  oOpasia,
[crzp] = 0,05MIa [1].

Torpma, Ui onpezereHHe KPUTHYECKOW CHIIBI B
COOTBETCTBMM CO CXEMOH, IpUBEIEHHOW Ha pHC.0,
BeIpaxkenue (40) mpumer B

Thi 4Typlilt

=1 (42)

Py =2Q =27 =1

B cBoto ouepens, i onpeneneHus KpUTHUECKOH
CHJIBI M3 YCJIOBHSI MaKCHMaJIbHOTO MPOruda MpHUMEHUM
TUIIOTE3Y, IPUBEICHHYIO paHee, a UMEHHO, YTO CPEIHSIS
BEIMYMHA JKECTKOCTH TIaHENHW MEHbIIE >XECTKOCTH
OOIMIMBOK TMAaHENIH, YTO YYHUTHIBAETCS MOIPABOYHBIM
koo puimentom K. Torma, onpenenuM KpPUTHYECKYIO
cuty 1o ¢popmye:

P = ,:,._.lﬂ-n‘-rc-}::’ (43)

d [3

rae - =—
Pl Jnas -
nadend, K - monpaBovHbIA KOYG(UIKEHT 1 OLEHKH
JKECTKOCTH TTaHeu; | - JuinHa 00pasiia, BEIPE3aHHOTO U3

nanenu, (El},.z- npuBeneHHas )KeCTKOCTD NaHeNH.

- MaKCUMaJIbHBIH Iporu® obpasua

3akiaoueHue
Onpenenenre  KpPUTHUYECKUX  HArpy3oK s
YeThIpeX  MPEAENbHBIX  COCTOSHUH  TPEXCIOMHBIX

CSHHBH‘I-HaHCHGﬁ B COOTBETCTBHU C MNPUBCACHHBIM
OKCIICPUMECHTAJIbHO-TCOPECTUICCKUM 1oaxoaoM JJIsA
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Byoisnuymeo, koncmpykuis, pemonm oyoisesib ma cnopyo mMicbKozo 20cno0apcmea

PasHBIX  TONIIMH TAaHejeil  cepuu  «AJoTepM»
MpUBeACHO Ha puc. §-11.

WcxoiHble JaHHBIE [JIsi  pacyera  I[PHUHSTHI
cnenyromumu:  Ey = 3,1MIla - mopyns ynpyrocru

yremwmrens, E; = 2,1+ 10°MIla - moayms ympyroctu
Mmarepuana o6muBok, | = 110cm — pnunHa nanenu, b =
25cM — HMIMpUHA TTAHEIH.

Kpumuueckas Hazpysxa, K2

P1 P2 P3 Py
MpedensHoe cocmoaHue

Puc. 8. ITanens TommuHoN 80 MM

Kpumuueckas Hazpyska, k2

pedensbHoe cocmosHue

Puc. 9. ITanens Tommuaoi 100 MM

Kpumuueckas Hazpyska, ke
NN N N\ \ ‘\ \
Al | ‘
3
-‘o
N
bl
.N
.
: J

TpedensHoe cocmosnHue

Puc. 10. [Tanens Tommuaoi 120 MM

342
==

290

Kpumuueckan Hazpyska, K2

P2 P3 Py
Ipedensroe cocmosHue

Puc. 11. [Tanens Tommmuoi 150 mm

Awnanu3 npuBeAeHHBIX rpadukoB (puc. 8-10) wu
OLEHKa  BIWSHHS  KAKAOTO M3  YIPABISIOMINX
rapamMeTpoB Ha YyKa3aHHbIE MpEIeNbHbIE COCTOSIHUS,
MO3BOJISIET CJIeNaTh BBIBOJ O TOM, YTO KPUTHYECKHE
Harpy3Kd U Pa3HbIX THIIOB IPEIETbHBIX COCTOSHUI
OTJIMYAIOTCS  CYIIECTBEHHO. Pa30poc Harpy3ok B
HEKOTOPBIX CIIydasx MOXET COCTaBJATh mopsiaka 300%
(kaK [uIsl citydasi CpPaBHEHUS Harpy30K JUIsl IPEAEIbHOTO
COCTOSIHUS MIPEAEIBbHOTO nporuba u
CKJIaZIKOOOpa30BaHMs), UTO SIBJISAETCS HepalnOHAIbHBIM

C TOYKH 3PEHHS PEaIbHOTO MPOCKTHPOBaHUS. B cBs3H C

4yeM, ILel1ecoOOpasHbIM  CYHMTAaeTCs  paclIUpeHue
NPOCTPAHCTBA IApaMEeTPOB B YIPABIIOIIEM BEKTOPE
(2) myrem BBemeHHS B KOHCTPYKIHIO TaHEIH

KOHCTPYKTHUBHBIX M3MEHEHHH C IEThI0 MaKCHMAIbHOTO
BHIDABHUBAHUS KPUTHYECKUX HArpy30K II0 BCEM
YeThIpeM TUIIAM MPEeJEIbHBIX COCTOSIHUI.
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JIO OIIHKH TPAHUYHUX CTAHIB TPUIIAPOBUX CEH/IBIU-ITAHEJIEN
0.0. Iletpoga, 0.0. Kaamukos

Y cmammi poszensamymo excnepumenmanvHo-meopemuunull nioxio 00 6USHAYEHHS KPUMUYHUX
HABAHMADICEHb 3a YOMUPMA MUNAMU SPAHUYHUX CMAHIE MPpUaposux cenogiu-nanenei. Haeedeno
AneOpUMMU BU3HAYEHHS KPUMUYHUX CUTl 6UHEPNAHHS HeCYYoi 30amHOCMI CeHOBIY-NaHeNl NPU PIBHOMIPHO
PO3NOOINEHUX [ 30CePe0dNCeHUX HABAHMAdICEHHAX. Jlana nocmanoexka i nioxio 00 eupiulenHs 3a0aubl
payionanizayii napamempis ceHO8iu-naueell.

Knwuosi cnosa: cenosiu-namenv, epaHuunull cma, CKIAOKOYMBOPEHHS, 6mpama CMmilKocmi,
NPYHCHA OCHOBA, Koe@iyieHm nocmiii.

TO THE ASSESSMENT OF THE LIMIT STATES OF SANDWISH PANELS
0.0. Petrova, O.0. Kalmykov

The experimentally-theoretical approach to the determination of the critical loads for the four types
of limit states of sandwich panels is described in paper. The algorithms for the determination of the
critical forces of exhaustion of bearing capacity of sandwich panels under the uniformly distributed and
concentrated loads are shown. The formulation and approach for solving the problem of rationalizing of
the parameters of sandwich panels are given. The results of calculation of critical loads for each type of
limit states for panels with different thickness are shown. According to the given diagrams the
rationalization of construction of sandwich panel in the way of alignment of critical loads for all types of
limit states is proposed.

Keywords. sandwich panel, limit state, folding, buckling, Winkler foundation, modulus of subgrade
reaction.
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