NnaBa 9. PacyeT aepeBsiHHOM Kpbiwn B APM Wood

3adaHue

BbINONMHUTL MPOYHOCTHOW pacyeT BHYTPEHHel depMbl AepeBaHHON Kkpbiwn (puc. 9.1-9.2). lMo-
[obpaTb ceyeHust BCex CTepXkHew OpycbeB M coenatb pacyeT COeAMHEHWI B y3nax mMeTaninyeckumm
3y64yaTtbiMu nnactuHamm (M3).

Mecto ctpoutenbcTBa: MockoBckasi obnacTe (lll cHeroBol paioH; | BeTpoBOW panioH, TUN MecT-
HocTu B).

MaTepuan 6pycbeB: cocHa.

KoHCTpyKTUBHas cxema: chepma, Lar 3feMeHTOB KpbILWW B NPOAONbHOM HamnpasneHun 2 M.

MoKpbITWE KPOBMM BKIOYAET MeTannovepenuuy, obpelueTky, yTennutens, rmapo 1 naponsons-
umto. MocTosiHHanA Harpyska oT Beca NokpbiTusa kpoenu G = 0,5 kH/M?.,
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Puc. 9.1. PacyeTHas cxema hepmbl KpbILLn

Pwuc. 9.2. 3D-moaens Kpbilum

O6wuti nopsidok pacyema
1. MNocTpoenwne pacyeTHon mogenu (2D-chepma).



3apaHue 3akpenneHui.
3apaHve matepuana 6pycbes.
3apaHve Harpysok.

4.1. 3arpyxeHus.

4.2. MNMocTosAHHbIE Harpy3Ku.
4.3. CHeroBas Harpyska.

4.4. BetpoBas Harpyska.

4.5. KombuHaums 3arpyXeHun.

MpoyHocTHOM pacyeT moaenn n nogbop M3IT.
MpocmoTp 1 NeyaTb pe3ynbTaToB pacyeTa.

1. MocmpoeHue pacyemHoli modesnu (2D-¢ghepma)

Mpy NOCTPOEHMM pacyeTHON Moaenu yaobHO BOCMONb30BaThes WabnoHoM. Ons Bbi3oBa Avarno-

roBOro OkHa BblOOpa NapaMeTpu4eckon MOLENN CIYy>XUT KOMaHAaa G La6noHb!l koHcTpyKuui. C no-
MOLLbIO BbiNagatoLwux CrUCKoB 1 Nonen BeBoga nosiBuBLLErocs okHa (puc. 9.3) HeobxoamMo BbliGpaTh
cxeMy bepMbl U BBECTU NapaMeTpbl B COOTBETCTBUM € puc. 9.1. HaxaTune kHonkvu [lononHUTenbHbIe
napameTpbl... MPUBOAMUT K OTKPbLITUIO OOQHOUMEHHOTO ANAnNoroBoro okHa (puc. 9.4) ons sagaHvsa OnNuvHb

cBeca 1 Bblbopa ceveHnst 6pycheB.
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Pwuc. 9.3. NapameTtpunyeckas mogens epmbl KpbILLn
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Puc. 9.4. lnanorosoe okHO JlononHuUTenbHbIe NapamMmeTpbl

& 3ameyvyaHue:

st mo2o umobbi 6pychbs MOXHO 6b1r10 coeQUHUMb ¢ roMmowbio M3F, ux ceyeHus OOrmKHbI
umemsb 0OUHaKo8Yyr WUPUHY. B paccmampusaeMoM ripumepe wupuHa ecex cedeHul pasHa 100

MM.

2. 3adaHue 3aKpensneHull

Tunosas pacyeTHada cxema coaepXUT TONbKO ABe KpaﬁHme onopebl. Insa Toro 4ytobbl co3naBae-
Maa Modersrib COOTBETCTBOBala yCroButo, HeobGX0AMMO OOMONMHUTENBHO YCTaHOBUTb OB€ MNPOMEXYTOoY-




Hble onopbl. C 3TON Lenbio BbiOMpaeM KomaHay . l» CBoiicTBa opyca (MeHio [lepeBsAHHbIE KOHCT-
pykuun/CBomnctBa O6pyca) 1 Lienkaem NEeBON KHOMKOW MbIM Ha BEPTUKAINbHOM CTOWMKE, HWDKHIOW
YacTb KOTOpOM HeobxoauMmo 3akpenuTb. B rpynne 3akpenneHue MOSIBUBLLErOCS AMArioroBOro OKHa
CBoucTBa 6pyca (puc. 9.5) otmevaem Hauyano n Haxumaem kHonky OK. AHanornyHelm o6pasom 3a-
JaeTcsa BTOpoe NPOMEXyToyHoe 3akpenneHue. Mpu HeobxoaMMoCTM nepBoHaYanbHoe 3afaHue npo-
MEXYTOYHbIX 3aKpPEMneHNN MOXXHO OTMEHUTb, BbIMOITHUB €ro 3aHOBO.
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Pwuc. 9.5. [lnanorosoe okHo CBoicTBa 6pyca

3. 3adaHue mamepuana

KomaHga @ Matepuanbi (MeHio [epeBsHHbIe KOHCTpyKuun/MaTtepuanbl) no3sonsieT pabo-
TaTb CO CMUCKOM MaTepuanos paccMmaTtpusaemon mogenu. [Nocne Bbi3oBa KOMaHAbl HAa 3KpaHe MosiB-
nseTca ogHOMMEHHOe AmanoroBoe okHO (puc. 9.6). Haxmute kHonky Jo6aBuTh.... B nonsx ssoaa
NosIBMBLLIErOCS AManoroBoro okHa Martepuan (puc. 9.7) MOXHO 3anucaTtb napameTpbl Nnoboro mare-
pvana, Ho B JaHHOM cnyyae yaobHo Bocnonb3oBaTbesa 6a3on AaHHbIX. KHonka DB... Bbi3biBaeT guanor
Bblbopa maTepuana u3 6a3bl gaHHbIX (puc. 9.8). Beibepute 13 Boinagatowero cnvicka Tunbl matepua-
nos TN MaTtepuana [lepeBo, a B NosABUBLUEMCS BblNadaroLLEM CNUCKE AepeBAHHbIX MaTtepuanos —
CocHa, 1 noaTeepauTe Bolbop HaxxaTmem kHonkm OK.
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Puc. 9.6. Qnanorosoe okHo MaTepuansbl
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Puc. 9.7. nanorosoe okHo MaTepuan
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Puc. 9.8. basa gaHHbIX maTepuanos

Insa npuceoeHnst BbIbpaHHOrO MaTepuana BceM GpycbsiM BbibepuTe B cnivicke MaTepuanos (CM.
puc. 9.6) CocHa 1 HaxkmuTe KHONKy 3apaTb BCEM.

4. 3adaHue Haz2py30K

4.1. 3acpyxeHus

B cootBetcTtBUM co CHul 2.01.07-85* Harpy3ku u BO3AeACTBUA Ha Kpbiy OEWCTBYIOT cre-
aylolme Buabl Harpy3ok: NoCTOsiHHbIE, CHEroeasi U BeTpoBasi. Kaxabln B Harpysku LenecoobpasHo



i
pa3MecTUTb B oTAeNbHOM 3arpyxeHun. KomaHga =% 3arpyxeHusi... (MeHio [lepeBAHHbIe KOHCTPYK-

uMun/3arpyKeHus...) Bbi3blBaeT AManoroBoe OKHO pefakTupoBaHus 3arpyxeHun (puc. 9.9). C nomo-
LWblo KHONKM [l06aBUTb... 3TOr0 Ananora co3gamnTe 3arpy>keHns B cooTBeTcTBUM ¢ puc. 9.9. [ina yyeta
COBGCTBEHHOrO Beca KOHCTPYKL MK BblbepuTe 3arpyxeHue NMocTosiHHbIe, HaXXMuTe KHOMKY U3MeHUTb...
N B NOAABMBLUEMCS 4ManoroBOM OKHE BBEAUTE MHOXUTENb COOCTBEHHOrO Beca, paBHbIn 1.
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Puc. 9.9. lnanoroBoe 0kHO 3arpyeHus

& 3ameyvyaHue:
lpu pacdyeme KoMbUHayuU 3az2pyxeHull MHoXXumesb cobcmeeHHO20 eeca OomkeH bbimb yd4meH
morbKo 0511 0OHO20 U3 3azpyKeHud.

Mo ycnosuio nponeTbl Mexay pamamu coctaensiT [ =2 M (cMm. puc. 9.2). Takum obpasom, pac-
cMaTtpuBaemas NPoMexyToyHas pama BOCNPUHUMAET Harpy3sky ¢ KPOBMAW LUMPUHON 2 M.

4.2. [TocmosiHHbIe Ha2py3Ku

MpenycmoTpeHo ABa cnocoba 3afjaHusa Harpysku Ha CTEPXHU: pacnpedeneHHas no anuHe (13-
mMepsiemas B H/MM) n pacnpegeneHHas no nnowagu (H/MMZ). B cnyyae perynapHoro pacnonoxeHusi
hepM KpbILK, Kak, Hanpumep, B paccMatpuBaemown 3afade, uernecoobpasHo BblibpaTb pacnpeneneH-
HYI0 HarpysKky no nnowaam 1 3agatb war dpepM. [py aTom Harpyska no nnowagu u war depm oyayt
NnepemMHOXeHbl aBTOMaTUYECKN.

[MocTosiHHbIE HArpy3kn OT NEPEKPbITUS BKNKOYAOT BEC MEeTanfMyeckoro Hactuna, yTrennutens u
ctponun. B pzaCCManMBaeMOM cryyae peaynbTypyioLLas NOCTOsSIHHAs Harpyaka pasHa G = 0,5 kH/M? =
0,0005 H/mm*,

KomaHpga ‘H' PacnpegeneHHas cuna (MeHio [lepeBsiHHble KOHCTpyKuuu/PacnpepgeneHHas
cuna) no3BonsieT CMOAENMPOBaTh pacnpeaeneHHyo Harpysky, AENCTBYIOLLYIO Ha rpynny BblAENEeHHbIX

cTepxHen. CaenaTb 3TO MOXHO criedylowmm obpasom. BHayane cneayeT akTMBuMpoBaTh koMaHay ki
Bblaenntb 06beKTbl 1 NocnegoBaTenbHO BbIOENUTL FIEBOM KHOMKOW MbILK BCe Oarnku BEpXHEro nosi-

ca, Ha KoTopble AeiicTByeT Harpyaka. [lanee HaxmuTe kHonky ‘¥ PacnpegeneHHas cuna u wwernkHuTe
Ha nboM 13 BblaeNeHHbIX CTEPXHEN. V3 BbinaaaloLLero cnmcka 3arpyXeHuin nosBuBLLErOCS AManoro-
BOro okHa PacnpepaeneHHas cuna Bbibepute MoctosiHHbIe (puc. 9.10). Bug Harpyskn — H/imm”2. B
nons sBoda 3HayeHue Harpy3ku, H/MM”2 3anucbiBaeM 4MCrnoBble 3HAYEHWUS OEWCTBYIOLWEro AaBne-
HWS B Ha4arne n koHue yyacTtka — no 0.0005. B none LWar cdepm, mm BBoanm 2000. C nomoLLbto nonen
rpynnel HanpaBneHue B rnmo6anbHOM cucteme KOOpAUHAT 3a4aeM HanpaBreHe AeNCTBUSA Harpy3ku
B rnobanbHom cucteMe KoopamHart no ocu Y: -1.

& 3ameyaHue: HanpasneHus oceli anobarnbHol cucmembl KoopOuHam: Y — egepx, X — erpaso.
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Puc. 9.10. [lnanoroBoe OkHO MOAeNMpOBaHUSA
pacnpegeneHHom cunbl

CHerosylo 1 BETPOBYIO Harpysku crieqyeT 3afjaBaTb aHanorMyHo, Bblbupasi cooTBETCTBYOLLME
3arpyeHus.

4.3. CHezo08as1 Hazpy3ka

CHeroBas Harpyska C MOfHbIM pac4yeTHbIM 3Ha4YeHNMEeM OTHOCUTCS K KPaTKOBPEMEHHbIM Harpys-
kaMm. MonHoe pacyeTHOe 3Ha4YeHMe CHEroBOW Harpy3ku S Ha ropuM3oHTanbHY NPOEKLMI0 MOKPLITUS Or-
pegensetcs no popmyne

S=Se,
roe

Sy — HOpMaTVBHOE 3HAYeHVe Beca CHEroBOro NMokposa Ha 1 M? FOPU3OHTANLHOMN NOBEPXHOCTY 3eM-
nn, B AaHHOM cny4vae npuHumaemoe B cooTtBeTcTBUM ¢ N.5.2 CHWl ans lll-ro cHeroBoro pavoHa
S =1,8kMa;
M — KOs PULMEHT nepexoaa OT Beca CHEroBOro NoKpoBa 3eMiM K CHErOBOW Harpyske Ha MoKpbl-
THe, NPUMEHUTENBHO K paccMaTpMBaeMOMy Cry4varo paBHbI B cooTBeTcTBUM € NN.5.3-5.6 CHul
1 =1 (cornacHo cxeme 1 npunoxexus 3 CHwul, yron ckata Kpbllwm a<25°).

CnepoBaTenbHO, NOMHOE pac4YeTHOE 3HaYeHWe CHErOBOW Harpy3ku paBHO

S=1,81=1,8«Ma=0,0018 H/mv>.
HanpaBneHve 0encTBus CHEroBow Harpy3sku B rmobanbHON cucteMe KoopavHat — BAomnb ocu Y:

4.4. Bempoeas Hazpy3Ka

HopmaTnBHOE 3Ha4YeHue cpedHel CoCTaBnsAlLWen BEeTPOBOM HArpy3kn wy, Ha BbICOTe z Hag no-

BEPXHOCTbLIO 3eMNK cnegyeT onpeaensTs no opmyne

Wi = Wy ke,

roe
Wp— HOPMaTMBHOE 3Ha4YeHne BETPOBOro AasrneHus, pasHoe wy = 0,23 klla gn4a |-ro BeTpoBoro pam-
OHa;
k — K03 PMLMEHT, yUnTbLIBaOLWMIA U3MEHEHME BETPOBOrO AaBreHusi No BbicoTe, kK = 0,65 Ha BbIico-
Te 10 M gns TMNa MecTtHoCTM B — ropogckune TeppuTopuK, NeCHbIe MacCUBbI U Apyrne MecTHOCTH,
paBHOMEPHO MOKPbITblE NPENATCTBUSAMU BbICOTOM He Gornee 10 Mm;
C — aspogmHammyecknn koadpuumeHt, ¢ = -0,4 B COOTBETCTBUM CO CXEMOW 2 NPUNOXeHua 4
CHul.

MopcraBnaAs 3HadyeHnsa koadpuumeHToB B hopmyny Ans onpedeneHus BeTPOBOW Harpysku, no-
nyyaem

Wy = 0,23-0,65-(-0,4) = -0,06 ka = -0,00006 H/mMMm>.

HanpaeneHvne OencTBusi BETPOBOWM Harpy3ku B rnobanbHom cucteme koopguHat: no ocu Y: -1.
3HaveHne BETPOBOWN Harpyskn u KoapuuneHT HanpaeneHus B nporpammMe nepemHoxatotcd. MNoatomy
hakTuyeckoe HanpasrieHne BeTPOBOW Harpyskm — Beepx (puc. 9.11), 4To COOTBETCTBYET XapakTepHON
30He paspexeHust Hag KpoBnew.
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Puc. 9.11. Moaenb aepeBaHHON hepMbl KPbILLKM C |AEACTBYOLLMMM Harpy3kamm

4.5. KombuHauyus 3a2pyxeHul

Ona Bbi3oBa ananora KombuHauusa sarpyxeHun (puc. 9.12) Bocrnonb3yntecb KOMaHOon H
KombuHauus 3arpyxeHuit... (MeHio [lepeBsiHHbIe KOHCTPYKUUM/KoMOUHaLMK 3arpyxeHun...).

UT0o6bl 006aBUTL 3arpyxeHue B KOMOMHALMIO, HY>XHO BbiOpaTb €ro 13 BbiNagaroLlero crnvcka
3arpyxeHue, 3aTeM BBECTU B KQ4eCTBE MHOXUTENS KOIPMPULMEHT HAOEXKHOCTU MO Harpyske N HaxaTb
kHonky [lobaBUTb.
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Puc. 9.12. Inanor Kom6uHaums 3arpyxeHumn

5. MpoyHocmHoU pac4em modenu u nod6op M3I1
Mpu BbINOMHEHMN NpoUeaypPbl aBTOMATU3MPOBAHHOIO noabopa MeTannyeckux 3yb4yaTbix nna-

cTuH (M3I1) kHonka e Moabop nnacTuH NaHenu NHCTPYMeHTOB [lepeBsiHHbIe KOHCTPYKLMU OIMKHA
ObITb HaxaTa.

Komanpa @ Pacuer BbisbiBaeT nosiBneHne ogHOMMEHHOMO AMANOroBoro okHa (puc. 9.13), c no-
MOLLIbIO KOTOPOro HeobxoaMMo BblbpaTh 3arpyxeHve UM KOMOMHaUMIO 3arpy>XeHun, a Takke Tun nna-

CTWH OnA npoBefdeHust pacyeta. Belbepute B cOOTBETCTBYIOLMX Bbinagawowmnx cnuckax KomouHaums
3arpyxeHun v JnuHHbIN 3y6 1 Haxxmute kHonky OK.
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Puc. 9.13. lnanoroeoe okHo Pacuyet

B npouecce pacyeTta BCce OepeBSAHHbIE ANeMEHTbl MOAENU NPOXOAAT NPOBEPKY Ha NPOYHOCTL U
ycTonumBocTb B cooTBeTCcTBUM ¢ CTO 36554501-002-2006 (Pasgen 4. PacyeT anemMeHToB AepeBAHHbIX
KOHCTpYyKUMI). [pn 9TOM pacyeTHOe conpoTuBrieHne n3rmby npeanonaraeTcsi paBHbIM CONMPOTUBIIEHUIO
cxatusd. LleHTpanbHO-pacTaHyTble U LEeHTpanbHO-CXaTble 3NeMeHTbl NPOBEPSITCA Ha MPOYHOCTb OT
npogornbHoro ycunusa (n.n. 4.1, 4.2a). CxaTble aneMeHTbl NPOBEPSIOTCA Takke Ha YCTOMYMBOCTL (.M.
4.2 6).



Ecnun ycnoeue npoyYyHOCTM He obecnednBaeTcsi, Nporpamma Bbl4acT COOTBETCTBYOLLEeE npeay-
npexaeHne U yKaxeT Te aneMeHTbl, OAna KOTopbIX 3TO YCrNoBMe He BbiNonHeHo. Heobxoaumo ysenu-
YUTb ceYeHne Takux anemMeHTOB, UCMONb3ys KomaHay . i CBoWcTBa Gpyca, 1 NoBTopuTL pacyeT. Mpu
3TOM crieayeT MOMHUTb, YTO BCE CTEPXKHU AOMKHbI MMETb OZIMHAKOBYHO LUMPUHY CeYeHus.
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Puc. 9.14. Mogenb depMbl Kpbiwmn ¢ nogobpaHHbiMmn M3I

6. lf[pocmomp u ne4amb pe3ysibMmamoe pac4ema

Pe3ynbTaTbl pacydeTa oceBbIX CWU AOCTYMHbI Nocre Bblbopa KoMaHAabl b PesynbTtatbl. C no-
MoLblo koMaHabl @ann/MevyaTb AepeBAHHON KOHCTPYKUUU... MOXHO BbIBECTM HA MPUHTEP pacyeT-
HYIO CXeMY, MHOPMALMIO O KaXaoMm y3noBoMm coegmHeHun MBI n cxemy pacnuioBKM Kaxgoro ane-
MEeHTa MOAENM, a TakKe CBOAHble TabnuLbl Harpy>xeHusi, pacxoga nunomarepuana n M3r1.



