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THE USE OF VARIABLE MODULUS OF DEFORMATION
IN NONLINEAR COMPUTATIONS

OF HETEROGENEOUS FOUNDATION

There is the examination of a heterogeneous physically nonlinear elastic foundation the
load on which is transmitted through a linear-elastic beam slab. Nonuniform medium is de-
signed as a layered foundation. For each layer there is a model of an elastic layer (EL) of
finite thickness with variable modulus of deformation. The law of nonlinear-elastic deforma-
tion is described by a power function and hyperbolic tangent function. To solve Hertzian
“slab-foundation” problem the variational-difference approach (VDA) is used: the modifica-
tion of the variational method of static calculation — in a nonlinear formulation and applica-
tion of FDM. Because of nonlinearity the calculation is carried out by the method of elastic
solutions which involves the iterative process. The convergence of the iteration algorithm is
being examined.
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KOHEYHOJ3JIEMEHTHOE MOJEJINPOBAHUE
CJIO)KHOT'O HATPYKEHUS APMUPOBAHHOM BAJKH

Paccmotpenbl 0coOeHHOCTH eOpMHUPOBAHUSI APMHUPOBAHHOW HECyIel OalKu MpH U3-
rube ¢ kpydeHueM. VceaeqoBaHo BIMSHNE TPEHUS MEXIY apMaTypoll U MaTpuield KOMIIO3H-
Ta Ha HANpPsHKEHHO-Ie(GOPMHUPOBAHHOE COCTOSHHE KOHCTPYKIHMH H IapaMeTpsl 00pasyro-
MIKXCSl BHYTPU HEe 3a30POB.
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HecMoTpst Ha 3HaUUTENBHBIA HHTEpPEC, MPOSABISIEMBI K aHAIH3Y AehOpMUpPOBa-
HUSI apMHPOBAHHBIX KOMIIO3UTOB, B H3BECTHBIX ITyOJHMKALUSIX OTCYTCTBYIOT pe-
3yJIBTAaThl PAacUETOB HAMPSHKEHHO-IE(OPMUPOBAHHOTO COCTOSIHUS CTPOUTEIBHBIX
KOHCTPYKIMH TIPH OJHOBPEMEHHOM YdeTe CIeAyIomuX (akTopoB: 1) sBIEHHS MOII-
3y4ecTH W pelaKkcalluy MaTPUYHOTO MarepHana; 2) HeJIMHeWHOCTh nedopmupoBa-
HUSI MaTepraia MaTpHIBl; 3) HapylIeHHe U HEOJHOPOAHOCTh MEK(a3HO! CBS3H B
KoMnosure; 4) COBMECTHOE 1e(OpMHPOBAHHE IEMEHTOB KOHCTPYKIUH U3 APMU-
POBAaHHOTO MOJMMEpa M U3 TPAAUIMOHHBIX CTPOUTENbHBIX MarepuanoB [1]. Kom-
TUICKCHBIH y4eT JaHHBIX ()aKTOPOB BO3MOXKEH TOJBKO B PAMKax UYHCICHHBIX METO-
JI0B MeXaHUKH. Tak, UCIOIb30BAHNE METO/1a KOHEUHBIX JIE€MEHTOB MO3BOJISIET MOJ-
pOOHO omHcaTh HANPSHKEHHO-AE(POPMHUPOBAHHOE COCTOSIHAE KOMIIO3UTa B 00JIACTH
rpaHunbl pazgena ¢as. IIpu 3ToM UMeeTcst BO3SMOKHOCTh 3a/aTh XapaKTepHBIE IS
UCCIETyeMBIX KOMIIO3UTOB 3aBHCHMOCTH CBOMCTB KOMIIOHEHT M TPaHUYHBIX YCIIO-
BUI OT MapaMeTpOB HATPYKEHHUS.

MogenupoBaHue apMaTypbl TOHKUMH CTEPKHAMU, BOCIPHHUMAIONIUMHU TOIBKO
IpPOJOIbHBIE HArPY3KH, HE MO3BOJSET JOCTOBEPHO OLIEHUTH HANpSKEHUs B obisac-
TSAX B3aMMOJCHCTBUS apMaTyphl U MaTPHUIbI KOMIIO3UTA, IIOCKOIbKY HE YUUTHIBAET
HEPaBHOMEPHOCTb PacHpeeNIeHHs] HANPSKEHUH 10 CEYEHHIO apMaTyphl, U HE JaeT
BO3MOJKHOCTb y4ECTh BIMSHHE TPEHUS MEKAY KOHTAaKTUPYIOUIMMH (ha3aMH KOMIIO-
31MTa Ha €ro HalpsDKeHHO-Ie(OPMHPOBAHHOE COCTOSIHUE. PellleHne MmocTaBiIeHHOMN
3aJaull BO3MOXHO TOJBKO MPU MOJAETMPOBAHUM apMaTyphl TPEXMEPHBIM Je(hopMu-
PYeMBIM TBEpABIM TENIOM, KaK 3TO CAETaHO B MPEABIAYIIMX HAIINX MyOIHKaMIX
[2-4]. OnHako B HUX pacCcMaTPUBATIOCh HAMPSKEHHO-Ae(OPMHPOBAHHOE COCTOS-
HHE KOMIIO3UTOB B pe3ynbTaTe M3ruba, B NMPeACTaBICHHON paboTe MOCTaBlIeHA 3a-
Jlava Mo OMpe/IeNICHNI0 XapaKTePUCTHK KOHCTPYKIIUH IIPU U3THOE ¢ KPYIECHHEM.

B kauectBe 00BEKTa HCCIEIOBAaHMS pacCMaTpHBalach KOHCONbHAs Oallka ¢
JUIMHOM 1 M M HpsAMOYTOJBHBIM HomnepeuHbIM ceueHueM 20x30 cMm, apMHUpOBaHUE
KOTOpO# 00ecrneunBanoch MAThIO CTAIbHBIMU CTEPXKHAMH AuameTrpoMm 2 cm. Ilpu-
HUMAJIOCh, YTO MOJIYJIH YIPYrOCTH MaTepHajia MaTpULbl U apMaTypHOi cranu 27 u
200 I'Tla coorBercTBeHHO. HarpyskeHue Gamku OCYIIECTBISIOCH CUIAMHU TSKECTH
€€ JJIIEMEHTOB UM PaBHOMEPHO pacmpeneneHHbM gaiaeHueM 170 klla, mpunosxeH-
HBIM K BEpPXHEH TpaHu.

Jnst pemeHnst paccMaTpUBaeMBIX 3a/1ad IOTPeO0BAIOCh YTOUHEHHOE pa3OueHne
apMaTypHBIX CTEp)KHEH, KOTOPOE BBI3BAHO HEOOXOJMMOCTBIO ITOTYYCHHS KadecT-
BEHHOIl CeTKM KOHEUHBIX 3JIEMEHTOB. MaTepHajbl apMaTypbl U MaTpPHUIIBI MOAEIH-
POBANUCH ABAALATHY3IOBBIMU MIPU3MAaTHYECKUMH KOHEUHBIMH 3JI€MEHTaMU.

Pa3smep snmemeHTa 1o JuimHE apMmaTrypsl He mpeBblman 10 MM, 4TO HO3BOJHUIIO C
JIOCTaTOYHOM CTEMNEHBIO TOYHOCTH ONPEACIUTh MOJI0KEHUE MIIOMAA0K BHYTPEHHE-
ro CKonbkeHHsa. TpeHue MexIy apMaTypoidl U MaTpUIEH yYUTHIBAJIOCH IIyTEM BBeE-
JICHUSI CIIEI[aIbHBIX KOHTAKTHBIX KOHEUHBIX JIEMEHTOB (pHUCYHOK 1). B pesynbra-
TE MOJEIMPOBaHMS OOIee KOIMYECTBO 3JIEMEHTOB MOJENN OKAa3aloCh PaBHBIM
144000.
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Pa3zpaborannas KOHEYHORIIEMEHTHASI
MOIeNb  e(OPMHUPOBAHHOTO  KOMITO3HTA
HCIONB30BaHa Ul aHalu3a HalpsDKEHHO-
ne(OpMUPOBAHHOTO COCTOSIHHS KOHCTPYK-
MM TpU Pa3IUyYHBIX CBOMCTBaxX aAre3uUOH-
HO-(QPUKIIMOHHBIX B3aUMOJIEHCTBUI MEKITY
apMatypod W maTpuie kommosurta. Pacuye-
ThI BBITIOJHEHBI UCXOSI U3 TOTO, YTO MEXIY
MaTepuajaMyd KOMIIO3MTa HUMEETCS CyXoe
TpeHue, onpeaensieMoe 3akoHoM Kynona.

B pesynbpraTe pacdeToB MHOIY4YEHO pac-
TpeZieTiCHre HanpsokeHHH 1Mo oOBeMy pac-
CUMTHIBaeMON KOHCTpyKumu. Ha pucynke 2
MpHUBEJIEHA CXeMa pacIpeleeHns >KBHUBa-
JEHTHBIX 10 Mwu3ecy HampspkeHuid B obiac-
TH KOHTaKTa 0ajKy cO CTEHOH.

Pucynoxk 1 — KoHTaKkTHbIC KOHEUHBIE
aneMeHTsI (Bcero 4000 a51eMeHTOB)

Ob6nactu ¢ pa3HBIMH 3HAYCHUSMHU HAIPSDKEHUN Pa3IUyaloTCsl HHTEHCUBHOCTHIO
1IB€Ta B COOTBETCTBUU CO IIKAJION HAIPSHKEHWH, IPUBEJIEHHOW B HWKHEHW 4acTH pH-
cyHka. [lomydeHHBIE Pe3yIBTaThl CBUACTEIBCTBYIOT O TOM, YTO HaWOOJBIIHE HATIps-
JKeHHs HaOmroAatoTes BOIM3HM 00JacTell KOHTaKTa C apMaTypHBIMHU CTEPKHIMH.

! !!! GEEFO - S8GET0
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Pucynok 2 — Cxema pacnpeneneHus 3KBUBAICHTHBIX 10 Mu3ecy HampsoxeHuid, MI1a,
B 00J1aCTH KOHTaKTa CO CTEHOM

AHanmu3 COCTOSHUS KOHTaKTa MEXKIy COTNPHKACAIOMINMUCS MOBEPXHOCTSIMH II0-
Ka3aJ, 4TO MPOCKAJIB3BIBAaHHE OTCYTCTBYET TOJIHKO HAa HEOONBIINX y4acTKaX COTPH-
KOCHOBEHHUS MEX]ly apMaTypod W MaTpHIlell KoMmo3uTa. Pazmuuus B MOAymsx yri-
PYTOCTH MaTepHalioB KOMITO3HUTA IPHBOANUT K TOMY, YTO MEXIy apMaTypod M MaT-
puIiei oOpasyercs 3a30p, Kak 3TO TOKa3aHO Ha PUCYHKE 3.
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Pucynok 3 — 3a30p MeXIy apMaTypHBIMH CTEPXKHSIMH M MaTPHUIIEH KOMITO3HTa,
obpa3syromuiics mpu HarpyXeHuH Oayku

[Tonmy4eHa 3aBUCHMOCTH yTJIa 3aKpyYUBaHHS TOPIIEBOTO CeUeHHS OAIKH OT MpH-
JIOKEHHOTO KPYTSIIEro MOMeHTa. PacueTsl mokasand, 4To B AHala30He H3MECHEHHS
ot 0 10 160 xH M 3Ta 3aBUCHMOCTH OJIM3Ka K JUHEHHOH. [Ipu 3TOM 3HaueHHE yria
3aKpy4YMBaHUS OKa3ajoch Ha 20 % MeHsbIe, 4eM B Oaike 0e3 apMHUpPOBaHUSL.

TaxkuM 00pazoMm, B X0Ji€ BBITIOTHEHHUS paOOTHI OIYYSHBI CIEAYIOMIHE OCHOBHBIC
pE3yNbTaThl: YCTAHOBIICHO BIHUSHHUE TPEHHS MEXAY CONpHKAcaromuMucs (azamu
Ha MPOYHOCTh U JKECTKOCTh KOHCTPYKIUH, a TAaK)K€ Ha BEIUYMHY MaKCHMAJIbHOTO
3a30pa MEXIy apMaTypoil W MaTpHIEH, MOSBISIOIErocs MPH paboTe KOHCTPYKIUH
M0/1 HAarpy3KOM, BBEJCHHUE MPOJIOILHON apMaTypbl IPUBOJUT JIUIIb K HE3HAUUTEIb-
HOMY POCTY KPYTHJIBHOH KECTKOCTH OaJIKH.

[lonmy4eHHBIE pe3yIbTaTHl UCCIEIOBAHAN MOTYT OBITH HCIIONB30BAHBI MPOCKT-
HBIMH YUYPEXIEHUSIMH TP pa3padOTKe HOBBIX JKEIE300€TOHHBIX KOHCTPYKIUH W3
KOMITO3UTHBIX MAaTEepPHAaJOB JINOO MOMU(PHUKAIUU OTACIBbHBIX 3JIEMEHTOB CYIIECT-
BYIOIIHX.
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FINITE ELEMENT MODELING OF REINFORCED BEAM COMPLEX LOADING

The features of deformation of reinforced joist beam when bending combined with tor-
sion are being examined. The reinforcement and the composite matrix friction — the stress-
strain state of the structure and generated inside gaps parameters effect has been analysed.
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AN APPROACH TO IMPROVEMENT IN THE FRAME DESIGN
OF GO-KART CHASSIS

In this study, the frame design of Go-kart chassis was analysed and improved using
CAD/CAE system. The Go-kart chassis frame was modelled and analysed using Pro-
Engineer and ANSYS code. Frames with different sizes were analysed and an optimum di-
mensions were estimated. Finally an improvement in the frame existing design was carried
out to reach higher strengthened chassis. Furthermore different cross- section style frames
were also investigated and compared. The results showed that the circular cross section
frame is the optimum from point view of cost, strength and reliability. A high increase in
load carrying capacity is reached with 0,5 % increase in weight of the frame.

Introduction. Go-kart is a racing machine with lowest centre of gravity, wide track
width and no true suspension system. Its wheels spin at the same time and with the same
rate. In fact Go-kart has to use its tires and chassis flex to act as its suspension system. It
is the cheapest existing motor sport, which attracts the attention of youths. This sport
hobby became popular in the mid fifties. In 1970 having placed motor unit behind the
driver carried out a large improvement in this area. In 1990 motor companies subsidized
this sport and its racing field was spreaded around the country. Frame chassis is the car-
rying structure for all internal and external loads of the vehicle. In general chassis from
the point of structure could be divided into different types. These types are ladder, X,
fork and platform types. Each of these types or systems has its advantage and its appli-
cation field, see figure 1, a—d. Types a, b have the advantage of minimum weight/
strength ratio. Generally the ladder type chassis is the most popular type used in Go-kart
vehicle because of simplicity and low production cost [1, 2].
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