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B oannoii cmamve nposedeno cpagnenue ocobennocmeri nosedeHus c600d U3 6aabYO-
8aHHBIX NPOGhUTEl, ¢ OOHOU CHOPOHDBI, 3ASPYIHCEHHBIX BEMPOBOU HASPY3KOU NO HOPMAM U, C
Opy20il cMopoHbl, HA2PY3KOT, NOJYYEHHOU KOMNbIOMEPHbIM Modeauposanuem. Hccnedosanue
nPOBOOUNOCH 8 Cledyloweli noCc1e008amenbHOCIMU: 8HAYale NPOBOOUNACL 3AMEHA C800d U3
sanvyosannwvix U- 06pasnbix npoghuieil Kk 21a0komy c6ody ¢ HOOKpenjeHuem, daiee - 3azpy-
Jcenue c800a 6emMpoBoLl HAZPY3KOU NO OAHHBIM pACcYema 0OMeKaHusi eMpPOM 8 GUPMYAbHOIL
aspoounamuueckou mpybe u, HaKOHeY, NPoBeodeHUe AHAIU3A U CONOCMABNEHUsS. NOJYYEHHbIX
pesynomamos. Mooenuposanue ceooa uz U- obpasnvix npoguneti 6 supmyanbHoU aspoou-
Hamuueckou mpybe blNoAHANOCH 8 npoepammnom komniexce Solid Works no uznooicennoii 6
DaHHUX nyonuKkayuax memooux. Teopemuxo-memooon02utecKol OCHOBOU UCCIe008AHUS S6U-
auce ypasrenus Hasve-Cmokca u ypasHeHusi cocmosiHus KOMROHEHMOo8 mekyuel cpedbl. Pe-
3YALMAMOM AGUTUCH BbIOEEHIE MPEX 30H 0AGIeHUsl HA CB00 8 3ABUCUMOCTIU O MPAEKMOPUL
U CKOpoOCMU 6empa u CPAGHEHUe Pe3yIbmamos no MAKCUMATbHLIM PAOUATbHBIM NepeMeuyeHi-
SAM ONI5 08YX BAPUAHINOE 6ETNPOBLIX HAZPY30K.

KJIFOUEBBIE CJIOBA: BupTyansHast a9poArHaMHU4ecKas Tpyoa, CBOJ U3 BaJILIIOBAHHBIX
METAJIIMYECKHX TOHKOJIMCTOBBIX Hpoduiei, jxecTkas 3ajenka, ypaBHenus Hasre— Crokca,
BETPOBask HAarpy3Ka, KOMIIbIOTEPHOE MOACIHPOBAHNE, OOTEKAHHE BETPOM.

3amena cBoja u3 BanbnoBaHHbIX U-00pa3HbIX npoduJie riaakuM cBooM ¢
pedpaMu IKBUBAJEHTHOW U3rHOHOI JKEeCTKOCTH U 3arpy:KeHHe ero BeTpoBoii Ha-
rpy3Koii o HopMaM

MonenupyeM cBon u3 BajblioBaHHBIX U-00pa3Hbix mpoduieit (cucrembr MIC
120) B BHae riaiKkoro cBoja ¢ peOpaMu M IPHUBEIACHHBIMH HMX TOJIIMHAMU B MPO-
rpaMmMHOM Komiuiekce Solid Works. Meronnka Takoro mepexoja ObUla H3JIOKEHA
panee[1]. Buag cMogennpoBaHHOTO CBOJla MoKa3aH Ha pucyHke 1. CBog MMeeT JkecT-
KYIO 33/IeJIKY B OCHOBaHHH, MPOJIeT 17 M U CcTpeny moabema B 8,5 M.

Puc.1. I'mankuii cBox ¢ MIPUBEICHHBIM CEUEHUEM

3arpy3uM CMOACITHPOBAHHBIM CBOJI BETPOBOW HATPY3KOM B COOTBETCTBHU C
nopmamu (CIT 20.13330.2011 «Harpy3ku u Bo3aeicTBusi», Tabm. 11.1, 2-it Berpo-
BOH paiioH); XapaKTep Harpy3Kd IMOKa3aH Ha puc. 2 u 3.
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Puc.2. Cxema Bo3eicTBUS BETPOBOM HArpy3KH Ha CBOJ IO HOpMaM

Puc.3. BeTpOBOC 3arpy>K€Huec CMOJCIIMPOBAHHOI'O CBOAA

OmnpenenuM BeTpoBOe AaBieHne Ha cBoj B coorBercTtBuu co CII20.13330.2011
«Harpysku u BozaeiictBusi» (AkryanusupoBanHas pemakuuss CHull 2.01.07-85%)
JUIA BTOPOTO BETPOBOT'O paifoHa (THUIl MECTHOCTHU A):

H/L = 0 — oTHOIIEHHE BBICOTHI CTeH 31aHus K npoiiery; /L =8.5/17=0.5 — ot1-
HOIIICHUE CTPEITbI ToIbeMa cBojia k nporiery; Wo= 0.3k[1a — HopmMaTHBHOE 3HAYCHHE
BeTpoBOro nasieHus 1o Hopmam; K = 0.8 — koo punmenT, 3aBUCAIINN OT BBICOTHI
(axBuBanentHas Beicota 0.7f = 0.7*%8.5 = 5.95 m, npu. [1.1.3. CIT1 20.13330.2011);
cel =0.8; ce2 =-1.2; ce =-0,4 — adponuHamuyeckue KodpuimenTs! (puc. 2).

BerpoBass HOpMaTHBHAsI Harpyska Mo 30HaM COCTABHT:

w, = 0.3%0.8%0.8 =0.192 kIla; w,=0.3*0.8%(-1.2) = —0.288 xI]a;
w3 = 0.3*%0.8%(—0.4) =-0.096kI]a.

3arpy3uM CMOJETUPOBAHHBIN CBOJ HArpy3KOH B COOTBETCTBMHU C HopMmamu. B
pe3yibTaTe pacdera IONyYUM XapakTep JepOpMHPOBAHUS U BEIWYHHBI TIEpeMellle-
HUH, IpeICTaBIEHHBIE Ha puc. 4.

3arpy:;keHue cBo/ia BETPOBOI HAIPY3KOii B COOTBETCTBHU C JAaHHBIMHU

pacuera 00TeKaHUS ero BeTPOM B BUPTYAJIBLHOI adpoAMHAMUYeCKOii TpyOe,
npou3sBeaeHHoe Ha DBM
MopenupyeM BUPTyaJbHYIO a3pOAWHAMHYECKYIO TPYOYy C MOMEHICHHBIM B Hee
CBOJAOM. B COOTBETCTBUM C BO3MOXXHOCTSIMH BBIYMCIUTENBLHOTO KoMiuiekca Solid
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Works «00ayBaem» CBOJ] OMEPEK €ro JUTMHBI M MMPOU3BOJMM HTEPAIIMOHHBIN pacuer
TPAEKTOPHUI M CKOPOCTEH ATOTO MOTOKA IO JaHHBIM 2-TO BETPOBOro paitona. Ilo atum

pe3yJIBTaTaM BBIYUCIIAAEM KOJIMYCCTBCHHBIC 3HAUYCHUA BeTpOBOI‘O JAaBJICHUA HA CBOI.
URES (m)

a) 9.6560e-003
&.8r4e-003

. 80E7e-003

. 7.260e-003

. B453e-003

_ 5/47e-003
|_ 4 B40e-003
L 4.033e-003

| 32272003

L 2420e-003
16132003

8 067e-004

1.000e-033

URES (m)
9.680e-003

6.8748-003

. 8.0672-003

6) . 7.2602-003
. 6.4532-003

. 5E478-003

F 4.840e-003

| 4.0332-003

| 3.207e-003

. 2.420e-003

1.6132-003

8.067e-004

1.000e-033

URES (m)
96506003
874e-003

| B0BTe-003
. 7.2608-003
. 6453003
| 5B4Te-003

|4 48406003

| 4035003
| 3.227e-003
. 24208003

1 613e-003
&067e-004

1 000e-033
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LRES (m)
9 B&0e-003
§.874e-003

| BUETe-003

| 7.260e-003

| 64538003

| SE47e-003
48406003
4.0332-003
|| 3227e003
. 2.420e-003

1 613e-003
£.067e-004

1.000e-033

Puc. 4. Ilepememnenus cBoja OT BETPOBOM HAarpy3KH B COOTBETCTBUH C HOPMaMHU
( a — omepeyHoe cedeHne cBoJa; O — aKCOHOMETPHUs CBOZIA)
=T ]

488085
439277
39.0468
34 166
282851
24,4043
196234
14 6426
97B171
488085

1)
opocTe [M/s

48.8085
43.8377
39.0468
34 166
28.2851
24.4043
18.5234
14.6426
TTHHEFHBIA HaCCHEZ ar¥eE1T
488085

o
CropocTe [mis]

Puc. 5. Pe3ynbTaThl MOAETHPOBaHMS OOTEKAHHUS BETPOM CBOJA: a - BUJ CBEPXY,
0 - m3omerpus



Pe3ynbTaThl MoOIEIMpPOBaHUS TPAEKTOPUK BETPOBOIO MOTOKA U YUCIIOBBIX MO-
KaszaTeJell CKopocTel MpeIcTaBleHbl Ha puc. 5 [2].

Mo pe3ynpTaTaM MoAENUPOBaHSI BETPOBOTO ITOTOKA, O0TEKAIOMIET0 CBOJI, OBLIH
MOJTYYEHBI CIICAYIOIINE PE3YIbTATHI:

1. B 3aBHCHMOCTH OT TPaeKTOPUH M CKOPOCTH BETpa HAONIONAIOTCS TPH 30HBI
JIaBJICHHUS BETpa Ha CBOJ, YTO aHAJOIMYHO CYIICCTBYIOUIMM CTPOUTEIBHBIM HOPMaM.
30HBI JaBJICHUS TOKAa3aHbI Ha PHUC. 6.

2. B 3aBUCHMOCTH OT CKOPOCTH BETpa JaBJICHUE BETpa Ha CBOJ MO 30HAM Clie-

ayromee: w, = 0.14489 klla; w, = -0.4678 xlla; w3 = -0. 07334 klla.

Puc.6. Xapaxrep 3arpy>keHusi BETpOBOM Harpy3Koil CBOja B COOTBETCTBUU C KOMIIbIO-
TEPHBIM PacUeTOM BETPOBOI'O MOTOKA (TPHU 30HBI)

PesynpraToOM naBieHHs BETpa Ha CBOJ SIBJIIOTCS IEpeMelieHHs cBoja. Briae-
JIUM MaKCHMAaJIbHbIE paJMaJIbHBIE IIEPEMEILECHNS OT BETPOBON HAarpy3KH, IOJy4EH-
HOW O0TEKaHWEM CBOJIa BETPOM B BUPTYaJbHOU aspomuHamudeckor tpybe. Ha pu-
CyHKe 7 IOKa3aHbl IEPEMEILIEHMS CBO/Ia OT BETPOBOM HAarpy3KH, HAlACHHON KOMIIbIO-
TEPHBIM MOJIETTUPOBAHUEM BUPTYaIbHOW a3pOJJMHAMUYECKON TPYOHI.

AHau3 pe3yJbTaTOB

CpaBHeHHEe pe3yabTaTOB [0 MAaKCHUMAaJIbHBIM paJHaiIbHBIM IepeMeEleHUSIM
CBOZA [Vl JBYX BapUaHTOB BETPOBBIX HArpy30K IIoKa3ajno ux pasnuuue: 0,97 cM s
BeTpa o HopMaM U 1,7 cM Juid cMoaenupoBaHHoOro serpa. IlomydenHas pa3Huna co-

craBisier okom0 43%.
URES (tm)

1.700e-002
1.558e-002
. 1.416e-002
. 1.273e-002
- 1.133e-002
_ 9.9135e-003
. 5.498e-003
L 7.052e-003
_ 5.665e-003
_ 4.249e-003
2.833e-003
1.416e-003

1.000e-033
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URES: (m)
1. 700e-002
l 1.558=-002
L 1.416e-002
o 1.275e-002
_ 1.133e-002
. 9.815e-003
| 8.498e-003
L 7.082e-003
| 5.565e-003
L 4.249e-003
2 833e-003
1.4168-003

1.0008-033

URES (m)
1.700e-002
' 1.5858e-002
. 1.416e-002
. 1.275e-002
. 1.133e-002
. 9.813e-003

| §.498e-003

| 7.0G2e-003

. 5 665e-003

. &.249e-003

2.833e-003

1.416e-003

1.000e-033

URES (m)
1.700e-002
I 1.558e-002
. 1.416e-002
_1.275e-002
. 1.1335e-002
. 9.915e-003
. 5.4958e-003
. 7 082e-003
. S6E65e-003
. 4.249e-003
2 833e-003
1.416e-003

1.000e-033

Puc.7. TlepemermieHus cBosia OT BETPOBOM HArpy3KH, HailleHHON KOMIIBIOTEPHBIM MOJETHPO-
BaHHUEM: a — [IOIIEPEYHOe cedeHne; O — aKCOHOMETpHUS CBOJA
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Yro ke Kacaercs BETPOBOI'o AaBJICHUA Ha CBOJ, TO OHO ITI0 XapaKTCpy I BCEX
30H COrjiaCoBaHO, HO 3HAYCHUA JAaBJICHUA pa3HATCA A1 BETpa 11O HOpMaM U CMOJC-
JIMPOBAHHOT'O BETpaA. BCTPOBI)IC OaBJICHUA Ha CBOA MJIs1 BETPaA IO HOpMaM:

w, = 0.192 klla;

w, =—0.288 klla;
w 3= —0.096 kIla ,

U, COOTBETCTBEHHO, ISl CMOJIEIMPOBAHHOIO BETpa:
w, = 0.145 klla;

w, =-0.468 lla;
wsz =—0. 073 xl]a.

Paznunia B naBieHmsix st 1-oit u 3-eif 30H coctaBiser B cpeaHem 24%, a s
2-o0if 30HBI - okosio 38%. Ilpum sToM mans cMomenupoBaHHOrO BeTpa B 1-0if u 3-eit
30HAaX 3HAYCHUS JABJICHUS MCHBIIE, & BO 2-0M 30HE, CaMOW MPOTSHKEHHOHN IS CBOJIA,
— OOJIBIIIE TI0 CPABHEHHUIO C BETPOM, OINPEACICHHBIM 10 HOpMaM. Bcriencreue aToro
XapakTepbl aeGopMUpOBaHUS CBOJA OTIMYAIOTCS JJIS MPEACTABICHHBIX JIBYX CIIyda-
€B BETPOBOTO 3arpYy>KEHUSI, B TOM YHCIIC CYIIECTBEHHO OTIMYAIOTCS ¥ MAaKCUMAaIJIbHEBIE
paauanbHBIC TEPEMENICHUSI, YTO MOXXHO 3aMETUTh I10 ITKajlaM PUCYHKOB 4 1 7. OT0
HECOOTBETCTBUE CTABUT PsJ 3a7a4 0 JaJIbHEHIIeMy, 0ojiee TIAaTSIbHOMY H3y4CHHUIO
BIIMSTHUSI BETpa Ha BaJbI[OBAHHBIC CBOJIEI.
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THE COMPARISON OF BEHAVIOR OF AN ARCH OF ROLLED METAL THIN-
SHEET PROFILES LOADED BY WIND LOAD ACCORDING TO THE STANDARDS
AND LOADED BY LOAD DERIVED WITH THE HELP OF
COMPUTER MODELING

Veselev Yu.A., Karabutov M.S.

There was made a comparison in this article of rolled metal thin-sheet profiles arch’s
behavior features, which was loaded with standard wind load on the one hand and with load,
obtained by means of computer modeling on the other hand. The research was carried out in
the following sequence: first of all there was made a substitution of the metal thin-sheet pro-
files U-formed arch for the plain arch with an equivalent flexural rigidity, then the load of the
arch with wind load in compliance with the calculating data of the wind flow in the virtual
wind tunnel and finally execution of analysis and comparison of final results. The arch model-
ing as well as the virtual wind tunnel modeling was based on the Solid Works software pack-
age by means of the method, stated in the previous publications. The theoretical and methodo-
logical basis of the research is the Navier-Stokes equation and the equation of the condition of
the fluid medium’s components. The results are the differentiation of three pressure zones on
the arch, depending on wind trajectory and speed, as well as the comparison of the maximal
redial arch shifts under two types of wind loads.

KEY WORDS: virtual wind tunnel, arch of rolled metal thin-sheet profiles, anchorage,
the Navier-Stokes equation, wind load, computer modeling, wind flow.
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