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POU3NYECKOE MOJAEJINPOBAHUE U DKCHHEPUMEHTAJIBHBIE
UCCJIEJOBAHMS MOJEJU METAJIMYECKOI'O OJJHOCJIOMHOI'O
NUJINMHAPHYECKOI'O CTEP2KHEBOI'O TIOKPBITHUSA

PHYSICAL DESIGN AND EXPERIMENTAL RESEARCH OF THE MODEL OF
METALLIC SINGLE-LAYER CYLINDER BAR COVERAGE

Ha cnpoekToBaHili i BUrotoBneHivi 6e3po3nipHivi Mogesi MeTaneBoro O4HOLLIaPOBOro LUMIiHAPNY-
HOro CTEePXHEeBOIro MOKPUTTS 3a AOMNOMOIrol0 crieliasibHO CKOHCTPYHOBaHUX rnpoctopoBux [1-noai6-
HUX pam MpPOBELAEHO CEPIViHI BUNPOOYBaHHSI TPbOX E€KCNEPUMEHTAJIbHUX CUCTEM Ha fit0 MOBHOIMO i
OAHOBIYHOro 30BHILLHLOrO HaBaHTaXeHHs. 3a pe3ysbTaTtamu rNPOBEAEHUX LOC/IAXEHb MigTBepaXe-
HO e@eKTUBHICTb 3arporioHOBaHUX aBTOPOM KOHCTPYKLINA MOKPUTTIB 3 3aTsXkaMu Ta 3 ropu3oHTa-
JIBHUMU hepMamMu, O TPOSIB/SIETLCS Y 3HUXEHHI HarpyXeHb B eJleMeHTax | 3MeHLUEHHI rnepemi-
weHb BYy3/iB. BCTaHOB/IEHO 3aKOHOMIPHOCTI HarpyxXeHo-AepOopMOBaHOro CTaHy T[OKPUTTS B
3a/1eXXHOCTI Bif] KOHCTPYKTUBHOI (pOpMU | CXeMU HaBaHTaXEHHS.

Ha cnpoekmupoeaHHoU u u3zomosneHHol 6espacropHol Modenu Memaninudyecko2zo 00HOCI0UHO20 Yu-
JITUHOPUYECKO20 CMEPXKHEB020 MOKPLIMUS C MOMOWbIO CrieyuanbHO CKOHCMPYUPOBaHHbIX MPOCMpPaHCMBeeH-
Hbix [1-10dobHbIX pam nposedeHb! cepuliHbie UCrbimaHUsi mpex 3KcriepuMmeHmarsbHbIX cucmeM Ha delicmeue
rnosnHol u 00HocmopoHHel eHewHel Hazpy3ku. 1o pe3ynbmamam rnpoeedeHHbIX uccriedosaHull noomeep-
X0eHa aghgpekmusHOCMb NPeOioKeHHbIX a8mopPoOM KOHCMPYKUUU MOKPbIMUU C 3amsiXKaMu U C 20pU30OH-
marnbHbIMU ¢hepMaMu, Ymo MPOSIBISIEMCS 8 CHUXEHUU HanpskKeHUl 8 anemMeHmax U yMeHbWeHUU repeme-
weHul y3n08. YcmaHoeneHbl 3aKOHOMepHOCMU HarnpsiXeHHO-0eghopMuUpOB8aHHO20 COCMOSIHUSI MOKPbLIMUS 8
3a8UCUMOCMU OM KOHCMPYKMUBHOU ¢hOpMbl U CXEMbI Hagpy3KU.

Testing of three experimental systems, intended for control of the influence of complete and unila-
teral external loading was performed using the designed and manufactured physical model of metal
single-layer cylinder shape bar coverage using specially designed spatial [1-shape frames. The results
obtained proved the efficiency of coverage designs equipped with tie-bars and horizontal girders. The
results allowed to determined regularities of stressed-strained state of coverage depending on design
form and loading scheme.

Beryn

ExcnepuMenTanbHi TOCTIHKEHHS METAICBUX OTHOIIAPOBUX ITMITIHAPHIHUX CTEPIKHEBHUX ITOKPHUTTIB,
SIK1 BIJ3HAYAIOTHCS CKIIAAHICTIO IPOCTOPOBOI T€OMETpii Ta PI3HOMAaHITHICTIO KOHCTPYKTHBHUX PillIeHb, B
IJIOMY BHCYBAIOTh 33714y BU3HAUCHHS JIHCHOTO XapaKTepy HaNpyKeHO-Ie)OPMOBAHOTO CTAHY CUCTEMH
3a YMOBH [Iii peajibHOTO eKCIUTyaTallifHOro HaBaHTaKeHHs. Taki JOCHiPKeHHsI MOXKHA MPOBOJIUTH SIK Ha
MOJIEJISIX, TAaK 1 Ha HATYpabHHUX 3pa3Kax, OJHAK €KCIICPUMEHTH, BPaXOBYIOUH BEIUKI PO3MIPH HATYPHUX
3pasKiB, MOTpeOyIOTh OaraTo KOWITIB i 4acy, a 3 ypaxyBaHHAM IL€ i HEIOCTaTHHOro (hiHAHCYBaHHS €KC-
MEPUMEHTAIBHOTO OY/IIBHUIITBA i BUTTPOOOBYBAHHS BEIMKHUX 00’ €KTIB, IIEH MPOIIEC CTAE TYXKE CKIIaTHHIM.
Kpim Toro, ¢izudne MoenoBaHHS MONIOHUX TTOKPHUTTIB BXKE BUKOPHCTOBYBAJIOCH B €KCIIEPUMEHTATBHIN
npaktui [ 1] 1 mig yac BUNpoOyBaHHs HaBAaHTAXKCHHSM TOKA3aJI0 IPUHHSTHI pe3yIbTaTH.

[MocriiiHe yIOCKOHAIEHHS TAKHX TOKPHUTTIB, HAWYACTIIIE 38 paXyHOK BUKOPUCTAHHS JOAATKOBHX (TIi-
JIKPIIUIIOBAIHUX) €JIEMEHTIB, 3yMOBJIIOE HEOOXiHICTh IPOBEJCHHS HOBHUX €KCIIEPUMEHTIB. SIKIIO Taky
KOHCTPYKIIIIO HE JOBOJUTH J0 pyWHYBaHHS, a OOMEXHUTH JOCIKEHHS JIUIIE IPY>KHOIO POOOTOI0 TOK-
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PUTTS, IO € NPUHHATHUM 715l BA3HAYCHHS HANIPY>KEHb B €JIEMEHTAaX 1 IepeMillleHb y By3JaX, TO 10CTaT-
HBO 3MOJICITIOBATH TIIBKH OJHY CHCTEMY M IIPOBECTH €KCIICPUMEHTAILHI JOCTIHKCHHS Ha Hill 1T pi3HUX
BapiaHTIB KOHCTPYKTUBHHUX (POPM.

VYV crarTi HaBemeHa MeTonWKa (DIZUIHOTO MOMAEITIOBAHHS METAJICBHX OJHOIIAPOBUX ITMITIHAPUIHIIX
CTEP)KHEBUX MOKPUTTIB, K 3BUYAaHHUX, TaK 1 3 PI3HUMH KOHCTPYKTHBHUMH HOBOBBEJCHHSMHU, ITOCIIiOB-
HICTh NMPOBE/ICHHS €KCIIEPUMEHTIB T4 OCHOBHI Pe3yJIbTAaTH, OTPUMaHI B X0/ JIOCITI/KeHb (i3UIHOT MOjie-
i HOKPHTTS, @ BUNPOOYBaHHS MMPOBOJMIIOCH B HAYKOBO-IOCIiAHIN JabopaTopii eeKTHBHUX OyIiBEIbHUX
koHctpykuiit (HJI EQBK) BiHHUIIBKOTO HAIlIOHATBHOTO TEXHIYHOTO YHIBEPCHTETY.

BeepeHue

JkcneprMeHTarnbHble NccneaoBaHus MeTannmMyYeckux OOHOCIOMHbBIX LUMAMHOPUYECKUX CTEPXKHEBbIX
MOKPbITUNA, KOTOPbIE OTNINYAKTCH CNOXHOCTBIO NPOCTPAHCTBEHHOW reoMeTpum U pasHoobpasmem KOHCT-
PYKTVBHbIX peLleHui, B LENOM BbiABUraloT 3agavy onpefeneHns eiCcTBUTENbHOrO Xxapakrepa Hanpsi-
YXEHHO-Ae(OPMMPOBAHHOIO COCTOSAHUSA CUCTEMbI NMPU YCIOBUN AENCTBUSA peanbHON dKCnnyaTaunoHHOM
Harpysku. Takne nccnefoBaHUsi MOXHO MPOBOAMTL Kak Ha MoAernsiX, Tak U Ha HaTypanbHbIX obpasuax,
0OHaKO 3KCMEepUMEHTbI, y4MTbIBas 6onblumMe pasmepbl HaTypanbHbix 06pasLoB, TPeOyT MHOro CpeacTB
W BpEMEHHU, a C y4eTOM eLle N HeJOCTaTOYHOro hMHAHCUPOBaHNS AKCNEPUMEHTANBHOIO CTPOUTENLCTBA
W UCnblTaHUs 6onbLIMX 0O BEKTOB, 3TOT NPOLIECC CTAHOBUTCSI O4EHb CMOXHBIM. Kpome Toro, huamyeckoe
MoAenvpoBaHne NoAoOHbIX MOKPLITUI YKe UCMOMNb30Banoch B 3KCNepUMEHTanbHowm npaktuke [1] n Bo
BpeMS UCMbITaHNA Harpy3kon nokasano npuemMrnemMble pe3ynbTaThl.

lMocTosiHHOE ycoBepLUEHCTBOBaHME TakUX MOKPLITUIA, Yalle BCEro 3a cYeT MCNOMb30BaHMSA OOMOSNHU-
TenbHbIX (MOOKPENMNSAOLMX) ANIEMEHTOB, BeAeT K He0OXOAUMOCTH NPOBeAEHUsI HOBbIX 3KCNEPUMEHTOB.
Ecnun Takyto KOHCTPYKUUIO HE AOBOAMTbL OO paspyLleHUs, a OorpaHuYuTb UCCredoBaHWe Nullb YNpyrow
paboToW MOKPbLITUS, YTO NMPUEMMNEMO AN ONpeAeNeHnss HanpPsKEHUA B 3NeMeHTax 1 nepemeLleHuii B
y3nax, TO JOCTaToO4HO CMOAENMPOBaTb TOMNBbKO OAHY CUCTEMY M MPOBECTM 3KCNEPUMEHTAarbHbIE UCCre-
[0BaHWA Ha Hel Ans pa3HblX BApUAHTOB KOHCTPYKTUBHBIX (DOPM.

B cratbe npenctaBneHa metoauka (U3NYECKOrO MOAENUPOBaAHWUS METanM4eckMx OAHOCMOWMHbIX
UMNUHAPUYECKMX CTEPXKHEBbLIX MOKPLITUMA, KaK OBbIYHbIX, TAK U C Pa3HbIMU KOHCTPYKTUBHbIMWU HOBOBBE-
OEeHUsIMK, NocrefoBaTenbHOCTb NPOBEAEHUS] SKCMEPUMEHTOB U OCHOBHbIE pe3yrbTaThbl, NOMyYeHHbIE B
X0[e wuccrnenoBaHU  OU3NYECKOW MOoAEenu MOKPbITUS, a WCMbITaHUs NPOBOAWMMOCH B  Hay4yHO-
uccrnegoBaTenbckon nabopatopun apdeKTUBHBIX CTPOUTENbHbIX KOHCTPYKUnA (HUJT 3¢pCK) BuHHMUKO-
ro HaLuMoHarnbHOro TEXHUYECKOro yHMBEpCUTETA.

Introduction

Experimental research of metallic single-layer cylinder bar coverage, distinguished by compli-
cated spatial geometry and variety of structural designs, put forward the problem aimed at deter-
mination of the real character of stressed-strained state of the system, influenced by real opera-
tion loading The research can be carried out using both models and full-scale specimen, but the
experiments, taking into consideration large dimensions of full-scale specimen, require important
resources and time, and, taking into account lack of financial resources needed for construction of
full-scale specimen and its testing, this process is rather complicated. Besides, physical modeling
of similar coverage has already been applied in experimental practice, [1] and showed acceptable
results during testing.

Constant improvement of such coverage, as a rule, due to application of additional (support-
ing) elements, leads to the necessity to carry out new experiments. If such structure is not de-
structed, but the research is limited by investigation of elastic work of the coverage, that is quite
acceptable for determination of stresses in elements and shifts in nodes, then it would be suffi-
cient to model only one system and carry out experimental research in the given system for dif-
ferent versions of constructive forms.

The given paper presents the technique intended for physical modeling of metallic singe-layer
cylindrical bar coverage both for conventional and of coverage containing various innovations,
stages of experiment procedure and basic results, obtained at research lab of efficient building
structures of Vinnytsia National Technical University.

1. ®izuuHe MOIEJTIOBAHHSA

3 METOI0 TPOBEIEHHS CKCIEPUMEHTAIBHUX TOCHTIKEHb TOKPHUTTIB, 3MaTHUX NEPEKPUBATH BEIIHUKI
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IUTONIi, a caMe, OiNBIII HiX JOCTimkeHi B pobortax [1—S5], pos- 1-1
pobrnieHa ¥ BumpoOyBaHa MOEIh METAJICBOTO OXHOIIAPOBOTO ST Iy
. . 24 64

OIITIHAPUYHOTO CTEPIKHEBOT'O MOKPUTTSA 3 MONEPEUYHUMH 1 M03- 74 L 74
JIOBKHIMU peOpaMy Ta HU3XITHUMHU PO3KOCaMH, KA 32 T'€OMET- A
PUYHUMH apaMeTpaMH y CIiBBiIHOLICHHI PO3MIpiB 3 HATYpHH- Iy 2 31 el 5L 6l a7
MU 3pa3kamu B 1,5 pa3u mepeBuIye paHimie CIPOEKTOBAaHY i r ¥

o . . . 12 22 32 42 52 62 N\i72
CKOHCTpyHoBaHy (¢i3muHy wmonens [6]. ['aGapuTHi po3mipu
HOBOI MojieNi B IiaHi npuitaaTo B x L =1,8 x 2,4 m, cTpina mia- 13 23 733 1 43N] 53N 63N 73
oMy B momepeunomy mepepisi f = 0,42 m (1:20 mo peanbHOi B AV ADNPNPNP
cuctemn) (puc. 1). CriBBiIHOIIEHHS AOBXUHH L 0 MHUpUHU B T T]S
nokputts L/B = 1,3; KinbKicTh rpaHeil m B34T0 6, a KiIbKIiCTh L DALB LB I BN 3
naHene n — 8§, MO MO3BOJMIIO OACPKATH ONTHMAIBHUH KYyT 16 26\ 36 16 |/ 561/ s6l76

. . — 0 !
HaxXWIy PO3KOCIB JI0 MOsCIB B rpaHax ¢ = 47° 37'. Enementu 1 RN i A R
MOJIeJli BUKOHAHI 31 CTepKHIB TpyOdacToro nepepizy (30BHILIHIH
niametp 21 MM, TOBIIMHA CTIHKH 3 MM). PeGpa BUKOHaHI Hepo3- B EL L W A
PI3HUMH, CTOSIKH 1 PO3KOCH IPUETHAHI 10 pedep 3a A0IMOMOroio 195k N 20\ 30 w0 L/ 50 Lol
. 4 Y o
KOCHHOK, 1110 BHKOHAHI 3 JIICTOBOTO METAIy TOBIIUHOIO 4 MM. | B=1300
, . . ;
3’e/HAHHS €NEMEHTIB y By3/ax 3/IHCHIOBAIOCH 3BAPIOBAHHAM. p. | Cyema (bisHHOT MOZIei HOKpHTTS
Martepian koHcTpykuii momeni — cranp C245. Enementn ans Puc. 1. Cxema chusuieckoint moaenu
. . . .. MOKPbITUS

MiAKPITUIEHHS! — 3aTSDKKK Ta TOPU30HTAJIbHI (PepMU 3 MiIBICKaMH Fig. 1. Scheme of the physical model
B MPUONOPHIN 30HI KOPCTKO MPUKPIIUIEH] IO MOJENi ITOKPHUTTSL. cover

3aTsHKKH BUTOTOBIISIIMCH 13 CTaJIeBUX TPOCIB, a MIJBICKK I YTBOPEHHSI OOPTOBOTO €JIEMEHTa — 3 TJIaj-
KHX apMaTypHHUX CTEPXHIB JiaMeTpoM 6 MM,

m 3 MPUYOMY E€JIEMEHTH TOPU3OHTANBHHUX (epm

= : — TpyOuacToro mepepisy (30BHIIIHIN AiameTp

- 5 18 MM, TOBIIMHA CTiHKH 3 MM) BUKOHYyBa-

JUCH i3 TOrO CaMoro marepiaiy, 1o i Mo-
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700
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JieNb MOKPUTTA. /{151 KOHTYpPHOIO ONMpaHHs
KOHCTPYKIIi JI0 CHelialbHO CKOHCTpYHOBa-
HOI OmMOpHOi cTaneBoi pamu (TiIBaTUHH
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®

MOJIeJIi) BUKOPUCTOBYBAINCH KAaTKH 13 TJal-

(T

g KOi apMatypHoi craji giamerpoM 20 MM, 110
N

B Mpolieci BUMPOOYBaHHs JO3BOJSUIO YHH-
KaTH HeOa)KaHUX PO3MUPAHb.

HaBanTtakxeHHS IPUKIAANI0Ch A0 BY3JiB

L 3HM3Y (pHUC. 2) K CHMETPUIHO TIO MTOBEPXHI,

7 1800 1 TakK i Ha 1/2 MOKPUTTS, MPUYOMY MOCTYIIO-

(T
\
il |
A W
~ [

Puc. 2. Cxema excriepuMeHTaNbHOI YCTAaHOBKH: 1 — IHIUKAaTOpU BO, 0€3 MOImTOBXIB 1 yaapiB 3 THM, 100
IT"-10; 2 — mporunomipu I[TAO-6; 3 — BepxHs pama;
4 — remzonarunku [1KB-10-200; 5 — Mozens HOKpUTTS;
6 — TIABiCHI KOIIMKH; 7 — HIDKHA pama SHCXTYBATH.

Puc. 2. CxeMa aKcrnepuMeHTanbHoM ycTaHoBKuM: 1 — nHankaTopbl M4-10; IpucTpoi ajsi HABAHTAKCHHS 337]0BOJIb-
2 — npornbomepsl NMAO-6; 3 — BepxHsAs pama; K .
4 — tensonatumkmn MKB-10-200; 5 — Mogenb NOKPLITUS; HSJIM TaKl OCHOBH1 BUMOTU:

6 —roABecHbIe KOP3UHKY; 7 — HIKHAA pama — JIaBAJIM MOKJIMBICTB YiTKO BU3HAYATHU
Fig. 2. Scheme of the experimental installation: 1 — indicators

BIUIMBOM CHUJ iHepuii MoxHa Oyno 0

IF-10; 2 — deflectometers MAO-6; 3 — upper frame, HaIpyKCHHs, TIEPEeMIllleHHs 1 Aedopmariii,

4 — strain gauge NKB-10-200; 5 — model of coverage; s S _

6 — suspended basket: 7 — lower frame AK1 3’SBJSUTMCH B MOJENI MiJx 4ac BUIPOOY
BaHHS,

— HE BUMaraJjii 3HaYHUX BUTPAT 4acy /IS HABAHTAXXEHHS 1 PO3BAaHTAKCHHS,;
— miJ 4ac BUIIPoOyBaHb 3a0e3nedyBaiach cTaOiIbHICTh HABAHTaKEHHsI, TOOTO HE3MIHHICTH HOTO B
Jaci.
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Puc. 3. Po3miliieHHsI Ipriia/iiB: ® — MPOTHHOMIPH; O —
IHMKATOPH; = — TEH30JaTINKH
Puc. 3. Pa3melleHne npubopos: ¢ — npornéome-
pbl; 0 — WHAWKATOPbI; = — TEH304aTUYMKN
Fig. 3. Location of devices:e — ductilometers;
o — indicators; = — tension indicators

Jliis criocTepexeHHsI 3a MOBEIHKOK MOJENTI IiJ] Yac
MIPOBEICHHS BUIPOOYBaHh BUKOPHUCTOBYBAIHCH TTPOTHHO-
mipu [TAO-6 3 ninoto moxinku 0,01 MM, iHAUKATOpPH TO-
nuaHMKOBOro THiy I'-10 3 Tounictio 10 0,01 MM i TeH30-
natunku [1KB-10-200 3 6azoro0 10 mm. [Iporunomipu i
IHAMKATOPH KPIMMMWJIKUCh JO CHELiaIbHO BHIOTOBJICHUX
JIOTIOMDXKHHX CTalleBUX paM, a TEH30JaTYMKH HAKJICHOBa-
nHch Oe3nocepelHbo Ha CTEpXKHI MOKpUTTS. Peectpartis
IMOKa3aHb TEH30JaTYHKIB 3IHCHIOBAJIACh 3a JTOTIOMOT'OIO
BUMiproBaya nedopmariiit nudposoro (BJLI-1) Ta mudpo-
BOro TeHzoMmerpuyHoro mocty (L[TM-5). Po3mimenns
NIPUIAJIB 1 TATYUKIB BiJIIOBITAI0O TUM MICI[IM 1 TOYKaM B
KOHCTPYKIIii, € TIepen0oavaaich HalOUTBII TepeMillieHHs
i nedopmanii (puc. 3). Bei BumiproBanipHi mpunaan Oynu
3aKpITUIeH]I Ha MOET 3a3alerifp s 3a0e3MeYeHHs cTa-
OLTBHOCTI iX ITOKa3aHb.

2. [TocTtanoBKka 3alla‘li, ONMUCAaHHA NMpOorpamMu i METOAUKH EKCIIEPUMECHTAJIBbHUX )IOCJ'IiII)ReHb

[lepen mouatkoM BHITPOOYBaHb CTaBMJIACh 3a/1a4a — BU3HAYUTHU BIUIMB PI3HUX CHCTEM i CX€M HaBaH-
Ta)XCHHS Ha HaNpy>KEHHS B ellEMEHTaX 1 MepeMIlIeHHsI BY3JiB 3 METOI0 MOPIBHSHHS 3aKOHOMIpHOCTEH
HaNpyXeHO-Ie(OPMOBAHOTO CTaHy cUCTeM Oe3 migkpimieHb (auB. puc. 1), i3 3aTspKKamu (puc. 4) Ta 3

TOpU30HTAIBHUMH (hepMamu (puc. 5).
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Puc. 4. Cxema MoJieli 3 3aTsHKKaMU:
1 — 3aTsKKa (CTaneBuil Tpoc)

Puc. 4. Cxema mogenu ¢ 3aTskkamu:
1 — 3aTskKa (CTanbHoM Tpoc)

Fig. 4. Scheme of the model with tie-bars

1 — tie-bar (steel rope)

BunpoOyBanHa Mozemni BUKOHYBaJOCh Ui Oe3-
PO3MIpHOT CHCTEMH, fKa CHpUsIa BBEICHHIO 0
CKJIQJTy TIOKPHTTS 3aTsDKOK (pHC. 6) Ta TOPU3OHTAIb-
HUX ¢epMm (puc. 7). EkcriepuMeHT IpoBOAUBCS MPH
temnepatypi +20 +2 °C i BosorocTi, mo Giu3bKa
10 HOpMajbHOI. J[o mouyaTKy BHIIPOOYBaHb BHKO-

HYBaJIOCh TapyBaHHS MPUIATIB.

[Iporiec mpoBeneHHST EKCHEPUMEHTY mependa-
YaB: HABAHTAXXEHHS MOJIETI MOKPHUTTS; BUTPUMKY

BicHuk BiHHMLBbKOrO MoniTexHiyHoro iHcTuTyTy, 2006, Ne 1

Puc. 5. Cxema Mozeni 3 TOpU30HTaIbHAME (epmamu: 1 —
niziBicKa; 2 — ropu3oHTaIbHA hepMa
Puc. 5. Cxema moaenu ¢ ropusoHTanbHbIMU hepMamu:
1 — noagBecka; 2 — ropusoHTanoHas pepma
Fig. 5. Scheme of the model with horizontal girders
1 — suspension; 2 — horizontal girder

216 .
1,5x43

M12x1,5

Puc. 6. 3arskka
Puc. 6. 3aTspkka
Fig. 6. Tightening
15
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i1 HAaBaHTKEHHSIM; BUMIPIOBaHHSI IIepeMillieHb 1 AedopMariii; 3HATTS HaBaHTa)KEHHS.

Jlns BU3HAYCHHS 3aKOHOMIPHOCTEH 3MiHHM HaIpy>KeHO-1e()OPMOBAHOTO CTaHy IOKPUTTS NMPUHMaNach
crenianbHa NOCTiJOBHICTh HABAHTAXKEHHS 10 eTanax. [licis 3aBeplueHHs KOXKHOTO €Taly HaBaHTaKESHHS
3HIMAJIMCh MTOKA3HUKH BEPTHKAIBHUX 1 TOPU3OHTAIFHHUX MEpEMIllleHb BY3JIiB 3a JOIMOMOTOK MPOTHHOMI-
piB Ta IHIUKATOPIB, a TAKOX BITHOCHI Aedopmallii B eleMeHTax 3a JIOTIOMOTO0 TEH30aTUUKiB, pO3Mi-
2440 IIEHHS SAKUX [TOKA3aHO Ha pHC. 3.

f Jns mopnenmi Oe3 MigKPIIUTIOIOYHX EIIEMEHTIB
3MIIHCHIOBAJIOCH TIOCTAlHE HABAHTAKCHHS 10
—— 180—220 H Ha By301 3 BUTPUMKOIO 7151 KOKHOTO

g eramy mo 10 XBHJIMH, MICIs 9OTO 32 JOMOMOTOIO
o~

NpWIaAiB 3HIMAIMCh BiIHOCHI nedopMmalii € i

HepeMiI].IeHHfI 0. MakcuMalibHe HaBaHTa)KEHHS Ha
2o Bysou cranosuio 1000 H.

Puc. 7. TopusonHTaneHa epma: 1 — TpyOuacTi enemeHTH; Apyra excrepumeHTanbHa CHCTEMA nepe):[6a—

2 — ¢acoHKHn Yajla BBCICHHSA 3aTsXKOK, IIPOIEC HATATY SAKHUX

Puc. 7. FopwaoHTaanaﬂ (bepma: 1 —prGHaTble ANEeMEHTbI, BHKOHyBaBCH CTyHeHHMI/I y KiHBKOCTi HE MEHILIE
2 — chacoHkun

Fig. 7. Horizontal girder 1 — tubular elements; 2 — hapes

20 8x300=2400

10. IIpudomy 3ycwiuis HaTATy B KOXKHOMY TpOCi
nosoaunu ao 2000 H. BuxopucroByBanuch 3a-
3aJIeriap BiATapoBaHi TPyOUYacTi KiJIbI IIMPUHO 15
MM (30BHIIIHIN miameTp 51 MM, TOBIIMHA CTIHKH 6
MM), Ha sIKi, JJI1 BU3HAYCHHS BIIHOCHHUX HedopMaliiit
y Tpocax, OynM HaKJICE€HI TEH30METPUYHI NaTYHKH
onopy. IloeranHe HaBaHTaXXEHHS MOJEII, MiIKpirUie-
HOi 3arTsbkkamu, craHoBwio 180—220 H Ha By3on
(BUTpHMKa TSI KOXKHOTO erarmy 20 XBWIWH) 3 TOaTh-
MM BU3HAYCHHSIM € 1 0. MakcuMallbHe HABaHTAXKCHHS
Iu1st Takoi cuctemu ctanoBuwio 1000 H Ha By30.

Ha 3aBeprmenns Moaelb OKPUTTS Oyira miaKpiruie-
Ha TOpU3OHTATEHUMHU Qepmamu. [Ipu nboMy moeTarmHe
HaBaHTaXeHHS ckiagamo 180—220 H ma By3om 3 BU-
TPUMKOIO JUII KOXKHOTO eTamy 1o 15 XBHIMH, Ticis
YOro 3a JOMOMOIOI MPHJIAMIB 3HIMAINCh MOKa3HUKH

BiHOCHUX nedopMaliiii € 1 mepemiiiens 6. Makcuma-
JbHE HaBaHTaXEHHS Ha By30J ctaHoBmio 1000 H.

B pesynbrati 11 KOXKHOI €KCIIEPUMEHTAIBHOT CUC-
TEMU BUKOHYBAJIOCH TIOBHE 1 OJJTHOOIYHE HABAaHTAXKCHHS

Puc. 8. Cxemu HaBaHTa)XEHHS MOJIEII: a) O€3 i IKPITLTIO0- ) .
YHX eEMEHTIB; 6) 3 3aTsUKKaMu; B) 3 TopusonTa-  MoJien (puc. 8). Ane, ocKinbKkH mpuiaad Oynu BCTa-
JIHIMH hepMaMi HOBIICHI Ha 1/4 TIOKPUTTS, TO OJHOOIYHE HABaHTAXKEH-

Puc. 8. CxeMmbl 3arpyxeHns mogenu: a) 6e3 nogkpen- i .
NALWKUX anemMeHToB; 6) ¢ 3aTsbkkamu; B) ¢ ro- HSI BUKOHYBAJIOCH 3JI1BA 1 CIIpaBa. PeSy.HBTaTI/I KOXXHOI'O

PU3OHTamNbHLIMK (hepmamm

Fig. 8. Scheme of model loading: a) without tighten-
ing elements; 6) with tightenings; B) with ho-
rizontal frameworks TPHOX EKCIIEPUMEHTAIBHUX CHUCTEM 1 TPHOX CXEM Ha-

EKCIIEPUMEHTY 3alHCYBAIUCh Y JKypHaJld Ta BigoMOC-
Ti. [lpoBoamMiock, MO 5 eTamiB HaBaHTAXEHHS IS

BaHTakeHHs. [liclis KOXKHOTO eTary HaBaHTaKEHHsI poOWiachk BianoBigHa BUTpUMKA. [1if] yac BUTPUMOK
MOJIEJTh PETENBHO OTIIIAaNach 1 hoTorpadyBanace, GikCyBaluCch i BUMIpIOBAIKCH AedopMarlii, BH3HAUaB-
s X XapakTep, pOOWINCH BiAMOBIIHI BUCHOBKH.

3. JlaHi excriepuMeHTAJBHUX T0CiIKEeHD

B xoni excriepuMeHTaTbHUX AOCTIIKEHD 3’ ACYBajoCs, IO PO3IOALUT HANIPYKEHD 1 IEPEMIIICHHS BY3-
JB B MOJIEJI METAJIEBOTO OJHOIIAPOBOTO HMWIIHIPHYHOTO CTEPKHEBOTO MMOKPHUTTS 3aJIekaTh BiJl KOHC-
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TPYKTHBHOT OPMHU Ta CXEMH HABAHTAKCHHSL.

IIpoBeneHmii KOMILIEKC AOCTIIKEHD 1 MOgabiIa 00poOka oKa3aHb MPOTMHOMIpPIB, iHAUKATOPIB 1 Te-
H30JJaTYUKIB JO3BOJIMJIM BU3HAUYUTH BIUIMB PI3HUX CHCTEM 1 CXE€M HABAaHTAXCHHS Ha HaIPYKEHO-
JnepOpMOBaHUH cTaH KOHCTPYKITIT.

B pesynbprari BUIIpoOyBaHb 0yJI0 BCTAHOBIJICHO, 1[0 B CUCTEMI 0€3 MiJKPIMIeHh MAaKCUMaJIbHI HAIPY-
KEHHS K PO3TATY, TaK i CTUCKY Oynu mpubiu3HO B 1,3 pas3u OunbIii, HK B CHCTEMI 13 3aTsDKKaMU 1
Maibke B 1,2 pa3u Oinbli, HIXK B CUCTEMI 3 TOPU30HTAIBHUMH (EpMaMH.

st cucteMu i3 3aTSDKKaMHM MaKCHUMaJIbHI HANpYKEHHS PO3TAry Oynu 3aikcoBaHI B PO3KOCAx, CTHC-
KaHHJ — B CTOSIKaX, IO HE CIIOCTEPIrajaoch sl CHCTEM Oe3 MiJKPIIJIeHb 1 3 TOPU3OHTAIFHUME (hepma-
MU, Jie MAaKCUMaJIbHI HanpyXeHHS SK Ha PO3TAT, TaK 1 HAa CTUCK OYyJIH TUIBKH B TIOsICAX.

B cucremi i3 3aTshKkaMu y BepXHii 30HI OyJI0 BiqMI4€HO CKOPOYEHHS KiTBKOCTI CTHCHYTHX IOSICHHX
€JIEMEHTIB SK Y YBEPTSIX MOKPHUTTS, TaK 1 B CepeHiN 30Hi, 3HAUEHHS HANpPYXKeHb CTHCKY TOPIBHSIHO i3
CHUCTEMOI0 0€e3 I IKPITUIeHb 3MEHIIINCH B 1,5—2.4 pa3u.

I'opu3oHTaNBHI (pepMU ICTOTHO HE BIUIMHYJIM Ha 3MEHIICHHS KiJIbKOCTI CTUCHYTHX eJeMeHTIB. CBiit
3HAK 3MIHWIH TiJIbKW KpailHi eIeMEeHTH TOSICiB Y BEpXHiN 30HI. 3HAUYEHHS HANpy>KeHb CTHCKY 3MEHIIH-
JIUCH TOPIBHSHO 13 cucTeMoro 0e3 miakpimieHs B 1,3—1,7 pasm.

OLiHIOIOYM BIUIMB KOHCTPYKTHBHUX 3aXO/JliB Ha MEPEMIlIeHHs BY3IIiB, TpeOa BiJ3HAUUTH, 110 BCi TPU
€KCIIEPUMEHTAJIbHI CUCTEMH 3 NOBHUM 1 OJHOOIYHHUM HABAHTAKEHHSIM IOBOZATHCS T'€OMETPUYHO Helli-
HiliHO. MakcuMalbHI IepeMillieH s, SIK TOPU30HTAIIbHI, TaK 1 BEPTUKAIIBHI, B CUCTEMi 0e3 MiIKpIieHb B
1,9 1 1,5 pa3u Ginbmri, HiXk B cucTeMi 3 3aTspkkamMu i B 1,5 1 1,6 pa3u OumbIIi, HIXK B CHCTEMI 3 TOPU30HTA-
npHUMH (epMamu. B cucTemi 3 3aTsKKaMy MakCHMalbHi TOPU30HTAIBHI MepeMilneHHs Oynu 3adikcoBa-
Hi Y BEepXHii 30Hi, III0 HE CIIOCTEPIralioch B cucTeMax 0e3 MiAKPIIIeHb 1 3 TOPU3OHTAIBFHIMH (epMaMHu,
Jie MaKCUMaJIbHI MepeMillieHHs OyJIn BiAMiYeHI TUTBKM B HUJKHIX TPaHSIX MOKPUTTSL.

MaxkcuMaabHI BePTHKAIBHI MTEPEeMIIEHHS IS BCIX TPhOX E€KCIIEPUMEHTAIBHUX CHCTEM IIPH TOB-
HOMY HaBaHTa)XEHHI CIIOCTEPIrajJuch y BepXHii 30Hi. OgHak mpu 0HOOIYHOMY HaBaHTaKECHHI B CUC-
TeMi 3 TOPU30HTAIBHUMH (pepMaMi MaKCUMaJIbHI IIepeMillieHHs Oy/Ii BiAMideHi B OUISHIN rpeOeHs, a
B cucTeMax 0e3 MiAKPIIUICHb 1 3 3aTSHKKaMU — B HWKHIX TPaHIX MOKPHUTTSL.

301IbIIEHHS YKOPCTKOCTI CHCTEMH 3a PaxXyHOK BBEICHHSI 3aTsDKOK IMPHBEIIO JO 3MEHIIICHHS IepeMi-
IIIEHB BY3JIiB B CEPETHBOMY B 5,5 pasw, a 3 BBEACHHIM B CHCTEMY TOPU30HTAIRHIX hepMm — B 1,6 pazm.

1. dnsnueckoe mopgenuposaHue

C uenblo NpoBeAeHNs1 3KCMEPUMEHTASIbHBIX UCCNefoBaHUA MOKPLITUA, CMOCOBHbLIX MepekpbiBaTh
fOonbLuMe nnowaan, a UMeHHo, bonblue YeM uccnegoBaHble B pabotax [1—>5], paspaboTtaHa u ncnbita-
Ha MoZenb MeTanM4eckoro OAHOCIONHOIO LUIMHAPUYECKOTO CTEPXKHEBOIO MOKPLITUSI C NMOMNEPEYHbLIMU
N NPOAONbHBIMM pebpamMn N HUCXOAALWMMU packocamm, KoTopas Mo reoMeTpuyYecknM napameTpam B
COOTHOLLEHUN pa3MepoB C HaTypanbHbiMK obpasuamu B 1,5 pasa npeBbillaeT paHee CNpOeKTUPOBaAH-
HYHO U CKOHCTPYMpPOBaHHYK du3nyeckyto mogenb [6]. MabapuTHble pa3mepbl HOBOWM MoAenu B NnaHe
npuHATLl B x L =1,8 x 2,4 m, cTpena nogbema B nonepeyHom ceveHunm = 0,42 m (1:20 kK peanbHOn cuc-
Teme) (puc. 1). CooTHOLWEHME AnuHbl L K wnpuHe B nokpbitust L/B = 1,3; konnu4ecTBo rpaHen m NpuHSTo 6,
a KONMM4ecTBO MaHenen n — 8, 4To NO3BONWMO MOMYYUTb ONTUMarbHBIA YroN HakfoHa PackocoB K Mosi-
cam B rpaHsix @ = 47°37'. dnemMeHTbl MOAeNn BbIMONTHEHbl U3 CTEpPXHEN TpyGyaToro cevyeHus
(HapyXHbIi gnameTp 21 MM, ToNLWMHA CTEHKM 3 MM). Pebpa BbINOSHEHbI HEPA3PE3HLIMU, CTOMKN 1 PacKo-
Cbl NPUCOEANHEHBI K pebpaM C NOMOLLbI0O KOCLIHOK, KOTOPbIE U3rOTOBMEHbI U3 NMUCTOBOro MeTanna
TonwmHo 4 mMm. CoeanHEeHNe SNEeMEHTOB B y3Nnax OCYLUECTBMSASIOChH C MOMOLLLIO CBapku. MaTtepuan
KOHCTPYKUMK Mopenn — ctanb C245. QnemeHTbl Ans NOAKPENNeHUss — 3aTSHKKU U TOPU3OHTarbHbIe
depmbl C NogBeckaMu B NMPUOMNOPHOM 30HE XKECTKO MPUKPENEHbl K MOAENN MOKPbITUSA. 3aTSXKM U3ro-
TaBNMBanuCb M3 CTasbHbIX TPOCOB, a NOABECKM AN obpa3oBaHMs GOPTOBOro afnemMeHTa — M3 rnaga-
KMX apMaTypHbIX CTEPXXHEN AnaMeTpoM 6 MM, MPUYEM 3NIEMEHTLI FOPU3OHTamNbHbLIX ddepM TpybyaToro
ceyeHust (HapyXHbIn guameTp 18 MM, TONWMHA CTEHKN 3 MM) BbIMOSTHANUCL N3 TOTO e MaTepuana, YTto
1 MoZenb NOKPbITUSA. NS KOHTYPHOIO ONUPaHUSt KOHCTPYKLMMK K CrieumanbHO CKOHCTPYMPOBaHHOM OMnop-
HOW cTanbHOM pame (OCHOBaHMIO MOAENMN) UCNONb30BANNCh KaTKuU M3 rNagkon apMaTypHOM cTanm
anameTtpoM 20 MM, 4TO B MPOLIECCE MCMbITaHWS NO3BONSANO M3beratb HeXenaTenbHbIX PacnopoB.
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Harpyska npuknagbiBanacbk K y3nam CHu3y (puc. 2) Kak CUMMETPUYHO MO NOBEPXHOCTK, Tak 1 Ha 1/2
NOKPbITUS,, NPUYEM MOCTENEHHO, 6e3 PbIBKOB M yAapoB C TeM, YTOObl BAUAHWEM CWUM MHEPLIMN MOXHO
Obino 6bl NpMHebpeYb.

YcTponcTBa Ana NPUNOXEHNS Harpy3kv YAOBNETBOPSANY TakKuM OCHOBHbIM TpeboBaHUSIM:

— fAaBanu BO3MOXHOCTb YeTKO ONpPefensATb HanpsKeHus, nepemMeLleHns u gedopmManum, Kotopble
NosIBNSNUCL B MOAENWN BO BPEMS UCNbITAHUS;

— He TpeboBanu 3Ha4yMTeNbHbIX 3aTpaT BPEMEHUN AN UX NPUMOXEHUS N CHATUS;

— BO BpeMs ucnbiTaHu obecneynBanacb CTabunbHOCTb Harpysku, TO eCTb HEM3MEHHOCTb €€ BO
BPEMEHWU.

[ns nabniogeHns 3a noBeAeHNEM MOAENN BO BpeMs NPOBeAEHUS UCMbITaHUA MCNOofb30Banunch nNpo-
rm6omepbl MAO-6 ¢ ueHon genernnsa 0,01 mm, uHgmkaTopbl YacoBoro Tuna MY-10 ¢ TouHOCTBIO OO
0,01 mm un TeHsogaTumkm MKB-10-200 ¢ 6a3on 10 mm. MNporMbomepbl U MHAMKATOPbLI KPENUUCH K Cne-
LUManbHO M3roTOBMEHHLIM BCMOMOraTefbHbIM CTarnbHbIM paMaM, a TEH304aTYMKM HakneumBanucb Herno-
CpeacTBEHHO Ha CTepXXHU MOKPbITUS. Perncrpaums nokasaHui TEeH304aTYMKOB OCYLLECTBNSANach C Mno-
MoLLbIO namepuTens gecdopmauui uigposoro (MALU-1) n undpoBoro TeH3omeTpudeckoro mocta (LTM-5).
PasmelleHne npmbopoB 1 AaTYMKOB COOTBETCTBOBANIO TEM MECTaM M TOYKaM B KOHCTPYKUMK, rae npe-
AycmaTtpuBanucb Hanbornblume nepemeltenus n gecdopmauum (puc. 3). Bce nameputensHsie npubopsl
ObIny 3aKkpenneHbl Ha MoAenu Ao UcnbiTaHua Ansg obecnedeHns cTabunbHOCTM X NOKa3aHWN.

2. NoctaHoBKa 3apgaum, onucaHue NporpaMmMbl U METOAUKN
9KCcrnepuMeHTaNbHbIX UCcrieaoBaHuin

Mepen Havanom ucnblTaHW cTaBunacb 3afjada — onpedenuTb BAUSHWE pasHblX CUCTEM U CXEM
NPUIOXEHNS Harpy3ku Ha HanpsKeHUs B rieMeHTax U NepemMeLleHns y3noB C Lenblo CpaBHEHNs 3aKo-
HOMEPHOCTEN HanpsXXeHHO-4edPOPMMPOBAHHOIO COCTOSHMA cucTeM 6e3 nogkpenneHui (cm. puc. 1), ¢
3aTshkkamu (puc. 4) u ¢ ropnsoHTanbHbIMK pepmamu (puc. 5).

WcnbiTaHne mogenu BbINONHANOCL ANs 6e3pacnopHon cucTeMsbl, koTopasd cnocobcTBoBana Beefe-
HWUIO B COCTaB MOKPbITUSA 3aTskek (puc. 6) n ropnsoHTanbHbIX depm (puc. 7). SKCnepumMeHT npoBoauscs
npy Temnepatype +20 + 2 °C 1 BNaXxHOCTU, KoTopasa 6nm3ka K HopMarnbHoW. K Hayany ucnbiTaHuin Bbl-
NOMHANOCh TapupoBaHue Npnbopos.

Mpouecc npoBeaeHna aKCnepuMeHTa npeaycmaTpusarn:

— MPUNOXEHUS Harpy3ku K MOAENMN NOKPbITUS;

— BbIEPXKY M0 HarpysKkoi;

— n3MepeHue nepemeLLeHun n geopmaumn,

— CHSITWE Harpysku.

[ns onpegeneHnst 3aKOHOMEPHOCTEN U3MEHEHWST HaNPsPKEHHO-0ePOPMUPOBAHHOIO COCTOSIHUSA MOKPbLITUSA
npMHMUManach cneuuarnbHas nocnefoBaTenbHOCTb NPUNOXEHUS Harpy3ku no atanam. NMocne 3aBepLue-
HWUS KaXXOOoro atana NpUroXeHUst Harpy3ky onpeaensanvcb nokasaHnst BEpTUKaNbHbIX Y TOPU3OHTaNbHbIX
nepemeLLeHnin y3noB ¢ NOMOLLbIO NPOrMboMepoB U MHAMKATOPOB, a TaKkKe OTHOCUTENbHbIE Aedopma-
LMK B 3NIeMeHTax C MOMOLLbIO TEH304aTYMKOB, pa3MeLLieHne KOTOPbIX NoKa3aHo Ha puc. 3.

Ona mogenu 6e3 nogkpennsoLWwmx areMeHTOB OCYLLECTBMNANOCH MO3TANHOE NPUNOXEHUS Harpy3Kkn no
180—220 H Ha y3en c Bbligepxkon anga kaxgoro atana no 10 MyHyT, nocre 4yero ¢ nomoLbo npubopos
onpenensanvcb oTHocUTENbHblE Aedopmaummn € n nepemelleHns 5. MakcumanbHasa Harpyska Ha ysen
cocrtaenana 1000 H.

BTopas akcnepumeHTanbHas cuctema npegycmartpuBana BBEAEHUS 3aTsKeK, NPOLEeCcC HaTsKeHUs
KOTOPbIX BbINOMHANCA CTyNeHAMU B KonmyectBe He MeHee 10. MpuyeM ycunme HaTsHXXeHUS B KaKOOM
Tpoce posogunu go 2000 H. Vcnonb3oBanucb npeaBaputenieHO OTTapuMpoBaHHble TpybyaTble konbua
WnpUHOM 15 MM (HapyxHbIn anameTp 51 MM, TonwMHa CTEHKU 6 MM), Ha KOTOpble, ANa onpeaerne-
HWS OTHOCUTENbHBbIX AedopMauui B Tpocax, bbinn HakneeHbl TEH30MeTpUYeckMe gaT4MKnM ConpoTmB-
neHusa. loaTanHoe nNPUMOXEHWSI Harpyskn K Mogenu, NOOKPENNEeHHOW 3aTshkkamu, cocTaBnsina
180-220 H Ha y3en (Bblgepxka ansa kaxgoro atana 20 MUHYT) ¢ nocrneaylowmmM onpeaeneHmeM € u d.
MakcumanbHasa Harpyska ans tTakon cuctemsl coctasnsna 1000 H Ha y3en.

B 3aBepLueHve mofdenb NOKpbITUA Bbina nogkpensieHa ropusoHTansHbiMu doepmamu. Mpu atom no-
aTanHoe NpunoxeHusa Harpyskn coctaensano 180-220 H Ha y3en ¢ BblAEPXKKOW AN KaXgoro atana no
15 MUHYT, Nocne 4ero ¢ NoMoLLbio NprBopoB onpeaensanmcb NokasaHus OTHOCUTENbHbLIX AedopMaLuii €
1 nepemelleHni 6. MakcumarnbHasi Harpyska Ha y3en coctaensna 1000 H.

B pesynbTrate Ansa KaXOow 3KCNEPUMEHTarnbHOW CUCTEMbI BbIMOMHANOCH MOSIHOE U OAHOCTOPOHHEE
NpunoXeHus Harpysku Kk mogenu (puc. 8). Ho, nockonbky npubopbl Obnn ycTaHoBneHbl Ha 1/4 NOKpbI-
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TUA, TO OOHOCTOPOHHEE MPUMNOXEHUS Harpysku BbIMOMHAMNOCL CrieBa M cnpasa. PesynbTaTbl KaXaoro
UCMbITAHMS 3aNMCbIBanu1Ch B XypHarbl U BeaoMocTu. MpoBoannock Nno 5 aTanoB NPUNOXEHNS Harpysku
ONSA Tpex aKCNepuMeHTarnbHbIX CUCTEM U Tpex cxeM. [ocne Kaxaoro atana NpunoXeHUs: Harpysku ocy-
LLlecTBNANach COOTBETCTBYIOLIAA BblAepxka. Bo Bpems BbloepXek Modenb TwartenbHblM o6pasom oc-
maTpuBanack U doTorpadupoBanack, GUKCMpPoOBanuch 1 U3MepsSnNUcb gedopmMalnu, onpenensncsa ux
XapakTep, Aenanuicb COOTBETCTBYOLMNE BbIBOAI.

3. [laHHble 3KCNEepUMEeHTalibHbIX UCCneagoBaHum

B xode akcnepumeHTanbHbIX UCCNeAOoBaHUA BbIICHUIIOCh, YTO pacnpefeneHne HanpskeHun u ne-
peMeLLEeHNIN Y3rI0B B MOAENW METanfIM4eckoro OgHOCNONHOIO LMMMHAPUYECKOTO CTEPXXHEBOIO MOKpPbI-
TUS1 3aBUCAT OT KOHCTPYKTUBHOW (DOPMbI Y CXEMbI MPUIOXKEHUS HArpPy3Ku.

lMpoBeOeHHbIN KOMMMEKC uccrnegoBaHuin UM nocriegytowas obpaboTka nokasaHwuin npormbomepos,
WHOWKATOPOB M TEH304aTYMKOB MO3BOMWMM ONPEAENUTL BIUSIHUE PasHbIX CUCTEM U CXEM MPUIOXKEHUS
Harpy3ku Ha HanpsKeHHO-0ePOPMNPOBAHHOE COCTOSTHUE KOHCTPYKLIMM,

B pesynbTtate ucnbiTaHWi GbiN0 YCTAHOBIEHO, YTO B cucTeme 6e3 nogkpenneHuin MakcMmarbHble Ha-
NPsHKEHUS1 KaK pacTarMBatoLLme, Tak U ckuMatoLLme 6binu npubnusutensHo B 1,3 pasa Gonblue, Yem B CUC-
Teme c 3aTshkkaMu 1 noytn B 1,2 pasa bonblue, YeM B CUCTEME C FOPU3OHTaNbHbIMK hepmamu.

[nsa cuctembl ¢ 3aTsbkkamn MakcumarbHble pacTsrMBarolme HanpskeHust Obinn 3adrMKCMpoBaHbl B
packocax, CxXuMalolmne — B CTOMKax, YTo He Habnioganocb Ans cuctem 6e3 NOAKPEnreHnn U ¢ ropu-
30HTarnbHbIMU hepMamMu, rage MakCMMarbHble HanpsHKeHUs!, Kak Ha pacTsXKeHne, Tak U Ha cxaTtne Obinm
TONbKO B Mosicax.

B cucteme c 3aTtshkkamu B BEPXHEN 30HE OblfI0 OTMEYEHO COKpalleHWe KONMYecTBa CXKaTblX Mosic-
HbIX 3NTEMEHTOB KakK B YETBEPTAX NMOKPLITUS, TaK N B CPEAHEN 30He, 3HAaYEHNS CXKUMAtOLLMX HanpshKeHun
Nno cpaBHEHUtO C cuctemon 6e3 nogkpenneHmn ymeHoswnnucob B 1,5—2,4 pasa.

opusoHTanbHble epMbl CYLLECTBEHHOTO BNUSHWSA HA YMEHBbLUEHWE KONMYECTBA CXKaTbIX S1EMEHTOB He
okasanu. CBOW 3HaK M3MEHMUIN TONMbKO KparHWEe 3N1EMEHTLI MOSICOB B BEPXHEW 30HE. 3HaUYEHUST CKUMAIOLLIMX
HanNPsPKEHU YMEHbLUUINCb NO CpaBHEHMIO C cuctemon 6e3 nogkpennexui B 1,3—1,7 pasa.

OueHuBasi BNUSHWE KOHCTPYKTMBHbLIX MEPONPUATUIA Ha NEPEMELLEHNST Y3MOB, HY>XHO OTMETUTb, YTO
BCE TPU 3KCTMEPUMEHTASIbHbIE CUCTEMbI MPWU MOSTHOM Y OLHOCTOPOHHEM MPUNOXEHUAX Harpysku BeayT
cebsi reomeTpuYeCcKM HeNMMHENHO. MakcumanbHble NepeMeLLEeHUsl, Kak roOpu3oHTarbHble, Tak U BEPTU-
KanbHble, B cucteme 6e3 nogkpennenun B 1,9 n 1,5 pasa 6onblue, Yem B cMCTEME C 3aTshKkaMun U B
1,5 n 1,6 pasa bonblue, 4YeM B cUCTeEME C rOpu3oHTanbHbIMM doepmamun. B cucteme ¢ 3atskkamm Mak-
cuMarnbHble ropu3oHTarnbHble NepemMeLLeHns Gbinn 3adnKCUpoBaHbl B BEPXHEN 30HE, YTO He Habntopa-
nockb B cuctemax 6e3 nogkpenneHuii n ¢ ropusoHTanbHbIMM doepMamMu, rae MakcumarnbHble nepemeLle-
HUSA ObINM OTMEYEHbI TONLKO B HXKHUX FPaHsaX NOKPbITUS.

MakcumarnbHble BepTUKamnbHble NEepeMeLLeHnss s BCceX TpeX 3SKCMEpPUMEHTAasbHbIX CUCTEM Mpu
MOSTHOM MPUITOXEHUWN Harpy3kuM Habnoganuck B BepxHeh 3oHe. OgHako, Npu 04HOCTOPOHHEM MpUoxe-
HUWN Harpy3kn B CUCTEME C FOPM3OHTasNbHbIMM depmMamMm MakcumarbHble NepeMeLleHnst Bbinn oTMeude-
Hbl B 30HE KOHbKa, a B cucTeMax 6e3 NoAaKpenneHnii 1 ¢ 3aTsKkamm — B HYXKHUX MPaHsIX MOKPbITHS.

YBenuMyeHne XeCTKOCTU CUCTEMBI 3a CYET BBEOEHMS 3aTSXKEK MPUBENO K YMEHbLIEHUIO nepemMelLe-
HWIA y3roB B cpeaHeM B 5,5 pasa, a c BBejeHNeM B CUCTEMY FOpU30HTasbHbIX hepM — B 1,6 pasa.

1. Physical modeling

In order of carry out experimental research of coverage able to cover large areas, namely, lar-
ger than areas studied in [1—5], the model of metallic single-layer cylindrical bar coverage with
transversal and longitudinal ribs and descending diagonals, dimensions of which by geometric pa-
rameters, regarding dimensions of full-scale specimen 1.5 times exceed designed and con-
structed physical model [6] was constructed and tested.

Overall dimensions of new models in plane are taken as B x L =1.8 x 2.4 m, rise in cross-
section f =0.42 m (1:20 in real system) (Fig. 1). Length L-width B ratio of the coverage L/B = 1;
number of facets m is taken as 6, and the number of panels n-8, that permitted to obtain optimal
angle of diagonal slope-to belts in facets ¢ = 47°37'. Elements of the model are made of bars of
tubular section (external diameter — 21 mm, wall thickness — 3 mm). Ribs are made uncut, pil-
lars and diagonals are connected to ribs by means of gusset plates, made of sheet metal of 4 mm
of thickness. Connection of elements in nodes is performed by welding, material used for models
construction — C 245 steel. Supporting elements are tie-bars and horizontal trusses with suspen-
sions placed in support zone are rigidly fixed to coverage model. Tie-bars were made of steel
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ropes and suspensions intended for formation of edge element are made of smooth reinforce-
ment bars, 6 mm of diameter, the elements of horizontal girders of tubular section (external di-
ameter — 18 mm, wall thickness — 3 mm) were made of the same material that was used for cov-
erage model. For contour resting of the structure on specially designed steel supporting frame
(foundation of the model) rollers made of smooth reinforcement-bar steel, 20 mm of diameter
were used, this prevented the usage of thrust during the process.

The load was applied to the nodes from below (Fig. 2) both symmetrically along the surface
and on 1/2 of the coverage, without jerks and shocks in order to neglect inertial forces influence-

Loading devices met the following requirements:

— enabled to determine stress, displacement and deformations, emerging in the model in the
course of testing procedure.

— they did not require considerable expenditures of time for their mounting and dismounting;

— loading stability was provided during the test. i. e. its stability in time.

To control model behavior during the test deflectometer MAO-6 with scale factor of 0.01 mm,
dial indicator H4-10, with the accuracy of 0.01 mm and strain gauges NKB-10-200 with the base
of 10 mm were used. Deflectometers and indicators were fixed to specially designed auxiliary
steel frames, and strain gauges were bonded directly on bars of coverage. Registration of strain
gauges indications was performed by means of strain gauge of digital (MWQLU-1) and digital strain
measuring bridge (LTM-5). Location of instruments and sensors corresponded to places and
points in the structure where the most considerable displacement and deformations were likely to
occur (Fig. 3). All measuring instruments were fixed on the model prior the test to provide the sta-
bility of indications.

2. Experimental setup, program description and techniques of
experimental research

The problem to be solved during the test was to determine the influence of various systems
and loading schemes on the stresses in elements and nodes displacement in order to compare
regularities of stressed-strained state of systems without support (see Fig. 1), with tie-bars
(Fig. 4), and with horizontal girders. Model testing was carried out for frameless system, which
was convenient for introduction of tie-bars in the coverage (Fig. 6) and horizontal girders (Fig. 7).
The experiment was carried out at the temperature of +20 £ 2 °C and humidity close to normal.
Calibration of devices was performed prior to the experiment. The procedure of the experiment
included:

— loading of coverage model;

— holding at load;

— measurement of displacements and deformations;

— removal of loading;

In order to determine the regularities of stressed-strained state changes of the coverage, spe-
cial sequence of loading by steps was used.

After the completion of each stage of loading, the indications of vertical and horizontal dis-
placements of nodes were determined by means of indicators and deflectometers, and relative
deformations in elements were determined using strain gauges, their location is shown in (Fig. 3).

For the model without supporting elements step-by-step loading was carried out by 180—220 N
per node, holding for each step being 10 min, after that relative deformations € and displacements &
were determined using measuring instruments, maximum loading per node was 1000 N.

The second experimental system stipulated the introduction of tie-bars, their tension was per-
formed by stages, number of stages is at least 10.

Tension force in each cable was brought up to 2000 N. Calibrated tubular rings 15 mm of
width (external diameter 51 mm, wall thickness 6 mm) were used, bonded strain gauges were lo-
cated on the rings to define relative deformations.

Step-by-step loading of the model, supported by tie-bars, was 180—220 N per node (holding
for each step — 20 min), with further determination of € and &.

Maximum loading for such system was 1000 N per node: at last the model of coverage was
supported by horizontal girders. Step-by-step loading was 180—220 N per node, holding for each
step was 15 mm); after that indications of relative deformations ¢ and displacements & were de-
termined, using measuring instruments. Maximum loading per node was 1000 N. As a result for
each experimental system complete and unilateral loading of models was carried out (Fig. 8). But,
as the devices were installed on 1/4 of coverage, then unilateral loading was carried out from the
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left and from the right. The results of each loading were registered in test logs.

Five stages of loading for three experimental systems and three loading schemes were carried
out, after completion of each stage of loading corresponding holding was maintained. During
holding period the model was controlled and photographs were taken, deformations were regis-
tered and measured, their character was determined, conclusions were made.

3. Data of experimental research

The results of experimental research showed that distribution of stresses and displacements
of nodes in the model of metallic single-layer cylinder bar coverage depend on the form of design
and loading scheme.

The research carried out and further processing of data, measured by deflect meters, indica-
tors and strain gauges enabled to determine the influence of various system and loading
schemes on stressed-deformed state of the construction.

As a result of research it was found out that, in the system without support, maximum stresses
both tensile stresses and compression stresses were approximately 1.3 times greater, than in the
system with tie-bars and almost 1.2 times greater than in the system with horizontal girders.

For system with tie-bars maximum tensile stresses were reported in diagonals, compression
stresses-in pillars, that was not observed in systems without supports and with horizontal girders,
where maximum stresses, both tensile stresses and compression stresses were observed only in
belts.

In the system with tie-bars, the reduction of the number of compressed belt elements was ob-
served in upper zone both in quarters of the coverage and in the middle zone, values of com-
pressing stresses decreased 1.5—2.4 times as compared with the system without support.

Horizontal girders did not influence greatly on the reduction of the number of compressed
elements. Only boundary elements of the belts in upper zone changed their sign. The values of
compressed stresses decreased as compared with the system with out supports 1.3—1.7 times.

Evaluating the influence of design on nodes displacements, it should be noted that the behav-
ior of all three experimental system in case of complete and unilateral loading is geometrically
non-linear.

Maximum displacements both horizontal and vertical, in the system with out supports are 1.9
and 1.5 times greater than in systems with tie-bars, and 1.5 and 1.6 times greater, than in system
with horizontal girders. In the systems with tie-bars maximum horizontal displacements were ob-
served in upper zone, that was not observed in systems without supports and with horizontal
girders, where maximum displacements were observed only in lower facets of the coverage.

Maximum vertical displacements for all three experimental systems in case of complete load-
ing were observed in upper zone. However, in case of unilateral loading in the system with hori-
zontal girders maximum displacements were observed in the ridge zone, and in the system with
out support and with tie-bars-in lower facets of the coverage. Increase of system rigidity at the
expense of tie-bars introduction led to the decrease of nodes displacements on average 5.5
times, whereas with the introduction of horizontal girders — 1.6 times.

BucHoBku

1. Ha cnipoexToBaHiii 1 BUTOTOBINEHIH 0e3po3mipHii (i3nuHii MOJeNi METaJeBoro 0JHOLIAPOBOTO IU-
JTIHIPUYHOTO CTEPKHEBOTO MOKPHUTTS 32 JOMOMOIOI0 CIELialbHO CKOHCTpPYyHOBaHHX mHpocTtopoBux II-
MOIOHHUX paM MPOBEIECHO BUNIPOOYBAHHS TPHOX CKCIICPUMEHTAIBHIX CHCTEM Ha Jif0 TIOBHOTO 1 OJHOOIY-
HOT'O 30BHILITHHOTO HABAHTAXKECHHS.

2. OTpumaHi pe3yabTaTH MiATBEPIWIN €()EeKTUBHICTH 3alpPONOHOBAHMX aBTOPOM KOHCTPYKILIM MOK-
PHUTTIB 3 3aTSHKKaMU Ta 3 TOPU3OHTAILHUME (hepMaMH 1 JO3BOJMIA BCTAHOBUTH 3aKOHOMIPHOCTI Harpy-
KEHO-Ie(OPMOBAHOI0 CTaHy IMOKPHUTTS B 3aJIE)KHOCTI BiJl KOHCTPYKTUBHOI (POPMH 1 CXEMH HaBaHTa>KEH-
HSL.

3. 3a pe3ysibTaTaMd MPOBEICHUX CKCICPUMEHTAIbLHUX JOCHIHKCHb BCTAHOBJCHO ICTOTHHI BILIMB
€JIEMEHTIB MiAKPIIUIEHHS Yy BUIJISAAI 3aTSDKOK Ta TOPU3OHTANBHHUX (pepM Ha HamnpykeHo-aedopMoBaHuii
CTaH MOKPHUTTSI, IO MPOSBUIIOCH Y 3HW)KEHHI HalpyXeHb B €JIEMEHTaX 1 3MEHIICHH] NepeMillleHb BY3IiB,
NPUYOMY B CHCTEMax i3 3aTshKKamu 3a(ikCOBaHO 3HAYHE 3MCHIICHHS BiIXWIICHb 3’€JHAHb €JICMCHTIB
MOPIBHAHO 13 cMcTeMaMu 0e3 MiAKPIIUIeHb Ta 3 TOPU3OHTAIBHUMH (epMaMH, 0 TOTO 3K, ICTOTHO 3HHU3H-
JIMCh HANPYKCHHS B CTEPIKHSX.

BicHuk BiHHMLBKOrO NoniTexHiYHoro iHcTUTyTy, 2006, Ne 1 21



BYAIBHAUTBO

BbiBOAbI

1. Ha cnpoekTupoBaHHOM U M3roToBRNEeHHOW 6e3pacnopHoi usnyeckon MOAenu MeTannnm4yeckoro
OOHOCIOMHOrO LUNMHAPUYECKOTO CTEPXKHEBOTO NMOKPLITUS C MOMOLLIbHO CMeLManibHO CKOHCTPYMPOBAHHbLIX
NPOCTPaHCTBEHHbIX M-NOgoBHLIX pam NpoBeAeHbl UCTbITAHWUS TPEX 3KCMIEPUMEHTASIbHBIX CUCTEM Ha
AeNCTBME NOSTHOM U OOHOCTOPOHHEN BHELLUHUX Harpysok.

2. MNony4yeHHble pe3ynbTaTbl NOATBEPAMIN 3DEKTUBHOCTL NPEASIOKEHHBIX aBTOPOM KOHCTPYKLMIA
MOKPbLITUIA C 3aTsXKKaMU U C FOPU3OHTamnbHbIMU hepMamMn U MO3BOSUIIN YCTAHOBUTbL 3aKOHOMEPHOCTU
HanpskeHHO-AePOPMMPOBAHHOIO COCTOSIHUS MOKPLITUSI B 3aBUCUMOCTU OT KOHCTPYKTUBHOW chopmbl 1
CXeMbl Harpysku.

3. Mo pesynbTaTam NPoOBEAEHHBLIX 3KCNEPUMEHTANbHbIX NCCNEAOBAHWI YCTAHOBIEHO CYLLECTBEHHOE
BIMSIHNE SNEMEHTOB MNOAKPENNEHUss B BUAE 3aTsKEK U FOPU3OHTamnbHbIX (epM Ha HanpshkeHHO-
AedOopMMPOBaAHHOE COCTOSIHWME MOKPLITUSI, YTO MPOSIBUNIOCh B CHWXXKEHUWU HAaNpPsHKEHW B 3nemMeHTax u
YMEHbLUEHMN NepeMeLLeHNIA Y3MoB, NPUYeM B CUCTEMAX C 3aTskkaMu 3adoUMKCUPOBaHO 3HaYUTENbHOE
YMEHbLUEHME OTKIOHEHUN COEANHEHWIA SIEMEHTOB MO CPABHEHMWIO C cUCTEMaMK 6e3 NOAKPENIEHUA U C
ropM3oHTarnbHbIMK hepmMamu, K TOMY Ke, HanpsPKeHUS1 B CTEPXKHAX CHU3UITUCH CYLLECTBEHHO.

Conclusions

1. Testing of three experimental systems intended for control of the influence of complete and
unilateral external loading was performed using the designed and manufactured physical model
of metal single-layer cylinder-shaped bar coverage applying specially- designed spatial -shape
frames.

2. The results obtained proved the efficiency of coverage designs equipped with the tie-bars
and horizontal girders, suggested by the author, and allowed to determined the regularities of
stressed-strained state of coverage, depending on the form of design and loading pattern.

3. The result of the experimental research showed considerable influence of supporting ele-
ments, namely, tie-bars and horizontal girders on stressed-strained state of coverage that re-
sulted in reduction of stresses in elements and decrease of nodes displacements, in systems with
tie-bars considerable reduction of deviations of element joints as compared with systems without
supports and with horizontal girders, besides tension in bars is considerably lower.
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