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OTPACJIEBOM JOPOKHbBI METOJUYECKHWH JOKYMEHT

METOIUYECKHUE PEKOMEHIALIMA 11O PACYHETAM POCTBEPKA
C IIPUMEHEHUEM 'EOCUHTETHYECKUX MATEPHAJIOB.
OCHOBHBIE HOJOXEHUSA PACHETOB

1 O6aacTb, npuMeHEeHUsA

1.1 OTpacneBoit  HOpPOKHBIM MeToguyeckuid AokyMmeHT (mamee OJIM)
«MeToanueckrue peKOMEHAAIMU M0 pacdyeTaM T'MOKOTrO POCTBEpPKa C MPUMEHEHUEM
F€OCUHTETUYECKUX MaTepuanoB. OCHOBHBIE MOJIOKEHHS PACUETOBY» SIBIISIETCS aKTOM
PEKOMEHIATENBHOTO XapakTepa B JOPOKHOM XO3SICTBE.

1.2 OAM conepXuT peKOMEHJAIMh 10 METOJUKE pacueToB THUOKUX
apMOTPYHTOBBIX POCTBEPKOB M3 TE€OCHHTETHYECKMX MAaTE€pUaJIOB Ha CBalHOM
dbyHIaMeHTe J11 BO3BEJICHHS 3€MJISTHOTO TMOJIOTHA aBTOMOOWMIIBHBIX JOPOT OOIIEro
MOJIb30BAHUS Ha CJIA0BIX TPYHTAX (32 UCKIIOYEHUEM BEUHOMEP3JIBIX TPYHTOB).

1.3 Hactossmmit OJIM  mnpemHasHadyeH Ui WCIOJIB30BAHUS — OpraHaMu
yIpaBieHUs] aBTOMOOUIIbHBIX JIOPOT ¥ OPTaHU3ALMSAMU, BBITOJIHSIIOMIUMHI Pa0OThI IO

IMPOCKTUPOBAHUIO U BO3BCACHNIO 3CMJIAAHOTIO IIOJIOTHA aBTOMOOMJIBHBIX A0por.

2 HopMaTuBHbBIE CCHLUIKH

B nacrosmem OJ/IM wucnonb30BaHbl HOPMATHUBHBIE CCHUIKM Ha CIEAYIOIINE
JIOKYMEHTBHI:

I'OCT 32960-2014 oporu aBTOMOOWIbHBIE OOIIErO  MOJIb30BAHMUS.
HopmaTtuBHBIE HArpy3KH, paCUeTHBIE CXEMbl Harpy>KCHUS

I'OCT P 55030-2012 Jloporm aBTOMOOWJIBHBIC OOIIETO0 IIOJIH30BAHHMS.
Marepuanbl  T€OCMHTETHMUECKHWE ISl JIOPOKHOTO  CTPOUTEIhCTBA.  Mertoj

ONPEAEIEHUS] TPOYHOCTH IIPU PACTSHKEHUH
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['OCT 27751-2014 HanexxHOCTh CTPOUTENBHBIX KOHCTPYKIIUNA U OCHOBAHUIA.

CII 22.13330.2016 OcHoBaHusl 3IaHUN U COOPYKEHHI. AKTyalu3HpOBaHHAas
penakius CHull 2.02.01-83*

CIT 24.13330.2011 Cgaiiubie (QyHIAMEHTHI. AKTyaIU3UpOBAaHHAS pPeIaKIIHs
CHullI 2.02.03-85

I[MTHCT 318-2018 Hdoporu aBTOMOOUIIBHBIE OOIIETO MOJIb30BaHUA. Martepuabl

T'COCHUHTCTHYCCKHUC. MGTOI[BI HUCIIBITAaHUN HA JOJITOBCYHOCTD

3 TepMHUHBI U onpeaeSIeHUsI
B nacrosimiem OIM nmpuMeEHEHBI CIIEIYIOMINE TEPMUHBI C COOTBETCTBYIOIIUMHU
ONpeICTICHUSIMU:

3.1 apmupywomuii 3jement: CocTaBHas 4YacTh apPMHPOBAHHOTO TPYHTA,
00€eCIeYMBAIOIIETO  BOCIPHUSTHE  MOBBIIICHHBIX  CKAMAIMX U (WIK)
pPaCTATHMBAIOIIMX HAMIPSHKEHUM;

3.2 6anounblii  pocTBepk: CraibHas WM JKeNe300€TOHHas  Oajka,
yKJIaJpIBaeMasi BIOJIb PSJOB CBai, M CIy)Kalllash B KAa4eCTBE >KECTKOW OMOPbI st
ITMOKUX POCTBEPKOB.

3.3 reocuHTeTHYEeCKUii  MaTtepuaa  (reomarepuan): Marepuan w3
CUHTETUYECKUX WJIM TPUPOJHBIX  TMOJHUMEPOB, HEOPraHUYECKUX  BEIECTB,
KOHTAKTUPYIOUIUNA ¢ TPYHTOM WJIM APYTHUMHU CpeAaMu, IPUMEHSEMBIN B JIOPOKHOM
CTPOUTEINIbCTBE;

3.4 TreoCHMHTETHYECKHH  MATepuaJd  OJHOOCHOOPHEHTHPOBAHHBIN:
Marepuan, IMEIOIINI MOBBIIIEHHBIE TOKA3aTEIM MEXAaHUYECKUX CBOMCTB B OJTHOM

HaIpPaBJICHUH - MPOJI0JIbHOM (HAMpPaBJICHUN PACKATKU PYJIOHA).
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3.5 reocuHTeTHYECKHH MaTepHaJl JABYXOCHOOPHEHTUPOBAHHBIN:
Martepuas, UMEIOIINI PaBHONPOYHbIE MEXAaHWYECKHE CBOMCTBA B MPOJOJIBLHOM H
MOTIEPEYHOM HaIpPaBIICHUSIX.

3.6 rulbkmii pocrBepk: YacTe cBaiiHOrO (QyHIaMEHTa, OOBEAUHAIOIIAS
TOJIOBHBIE YYAaCTKM CBail M CIy’Kalljas OMOPHOM KOHCTPYKIMEH IJisi BO3BOJMMBIX
AIIEMEHTOB COOPYKEHUS, BBINOJHEHHAS U3 T€OCMHTETUYECKOr0 MaTeprara.

3.7 rpannynbie yciaoBusi: CucremMa CBs3eii B pacueTHOW MOJIENH,
3aKPEIUIIONIMX 00J1acTh € y3JIaMHU O 3a/1aHHBIM CTENEHSIM CBOOO/BI.

3.8 rpyHTOBBIif pocTBepk: [ pyHTOBAst HACHIL WK €€ YaCTh, YKIIaIbIBaeMast
Ha OCHOBaHME M3 THOKOTO pOCTBEpKa IO CBasiM, B KOTOPOH IOJ Harpy3kou
dbopmupyroTcs 00J1acT CBOJ000pA30BaHUsA, MEpEepaACIPEICTAIONIUE HArpy3Ku Ha
apMUPYIOIIUHN 3JIEMEHT U CBau.

3.9 naBjeHMe Ha OrOJIOBOK CBaH, O ;. CXHUMalomMe HapsHKEHUs,
OrpaHUYEHHbIE ITUIOMIAJAbI0 OTOJIOBKA CBaW, BO3HUKAIOIIKE MO JECHCTBUEM BHEIIHEH
Harpy3Ku M pacrpeiesionieiicss yepe3 rpyHTOBbIA POCTBEPK HEMOCPEACTBEHHO HA
Or'0JIOBOK CBaH.

3.10 ne¢popmanMoHHBbIe pacyeTbl: 3aqayM, penIaeMble B TEOMETPUYECKHU
HEJIMHEHHOM TIOCTaHOBKE, YYMTHIBAIOIIEH HCKaxeHue (OpMbl KOHCTPYKIUU B
IIPOLIECCE HArpyKEHUs BHEIIHUM BO3JEHCTBHEM, U COOTBETCTBYIOLLEE H3MEHEHME
BHYTPEHHUX YCUJIUWA U HAINPSKEHUN B DJIEMEHTAX.

3.11 xecTKOCTHL APMHUPYIOLIEr0 dJieMeHTa, J;: CrocoOOHOCTh apMUPYIOIIETO
3JIEMEHTA COMPOTUBIIATHCS AeopMaly B YCIOBUSX MPOJIOJIBHOTO PACTIKECHHUS.

3.12 u3rubnasi KecTkocTh. CrHOCOOHOCTh KOHCTPYKTHBHOTO DJJIEMEHTA
COIPOTHUBIIATECSA AePOopMaIMi MpPU BHELUIHEM CHJIIOBOM BO3ACHCTBHM B YCIOBHSX
MOTEPEYHOro U3ruba, Mpu KOTOPOM B CEUECHMSX 3JIEMEHTAa BO3HUKAIOT BHYTPEHHHE

I/ISFI/I6aIO]_HI/I€ MOMCHTBI U TIOIICPECYHBIC CHUJIBI.
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3.13 mem0OpaHnHoe ycuiue, Fy: Ycunue, PaBHOJICUCTBYIOLIEE
pPACTATUBAIOIIUM HOPMAJbHBIM MEMOpaHHBIM HANPSDKEHUSIM, BO3HUKAIOIIUM B
apMUPYIOLIEM AJIEMEHTE, B MEKCBATHOM MPOCTPAHCTBE MO HATPY3KOH.

3.14 memOpanHoe HamnpsiKeHHMe, O,, ;. Hampskenue, BosHMKalollee B
apMUPYIOIIEM DJJIEMEHTE TMOJ BO3JCHCTBHEM BHEIIHUX HArpy3ok B o00JacTu
MEXCBaHOTO MTPOCTPAHCTBA.

3.15 mexcBaiiHoe ocHOBaHUe (MPOCTPAHCTBO): MacCuB IpyHTa B OCHOBAHUU
TMOKOTO pOCTBEPKA, OTPAaHUYEHHBIM OOKOBBIMU T'PAaHSMHU CBail, OTOJIOBKOB U OAJIOK.

3.16 Hecymiasi cmoco0OHOCTH APMHMPYHOILIEro 3jeMeHTa: MaKkCUMalbHbIN
3¢ (deKT BO3ACHCTBUSA, peaiu3yeMblii B apMUPYIOIIEM 3JIeMEHTE 0e3 MPEeBBIIICHUS
IPEEebHOTO COCTOSIHUS MIEPBOM TPYIIIBL.

3.17 oTHocuTeabHast nedopmaumsa, & OTHOCHUTENbHOE Y/UIMHEHHE TIpU
pacTsDKEHWH, BBIPAKEHHOE B IMPOILEHTaX, IOJyYEHHOE T'€OMAaTepHalioM IOJ
Harpy3Komu.

3.18 oTtHOcuTeabHBIN nporud, f/L,: Bennuuna, BeipaxkaeMasi OTHOIIICHHUEM
nporu0a onpeesieHHOr0 apMUPYIOLIETO AJIEMEHTa B MEX CBallHOM IPOCTPAHCTBE K
€ro CBOOOTHOMY TPOJIETY.

3.19 nepBas rpynmna npeaeJbHbIX cocTOsiHUI: COCTOSIHHE apMUPYIOIIETO,
IPEBBIILIEHUE KOTOPOTO BEAET K IOTEpEe MPOYHOCTH MaTepuaia Wi TPyHTa U
BO3HUKHOBEHUIO aBAPUMHON PACUETHOU CUTYaLIUH.

3.20 mpoyHOCTH, TreoMaTepuajia Mocjde  BO3AEHCTBUAA  Pa3JIUUYHBIX
¢axTopoB, T: IlpoyHocTh yYHWTHIBAIOIIAS YCIOBHS MOHTaXa W OJKCIUTyaTalluu
reomarepuarna.

3.21 npoyHocTh reoMarepuana npu pacrskenus, T,,,0 MakcumanbHas

Harpys3ka Ha ¢JUHHUIY IIHPHUHBI I€oOMaTCpHralla, Ha6n}0)1aeMaﬂ BO BpEM: HCIIBITAHUA,

IPU KOTOPOM 00pa3el] pacTIruBaeTCs 10 pa3phiBa.
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3.22 npoaoabHOe HampaBJjieHue: HampaBieHne B TUIOCKOCTH apMHUPYIOIIETO
AJIEMEHTa, MapajuieIbHOE OTHOCUTENBHO JOPOKHOTO MOJIOTHA.

3.23 pacyerHoe cocTosiHue: HaGop reomerpuyeckux ©  (PU3UKO-
MEXaHUYECKUX TapaMeTpOB, PacCMaTPUBAEMOTO COOPYXKEHHUs, a Takxke (PaKTopoB
BHEIITHETO BO3/ICUCTBHS HA MOMEHT MPOBEACHUS pacueTOB.

3.24 pacuernoe ycuiame, E;: Ycuwine B reomarepuane npu MNpoAOJIbHOM
pacTshKeHUH, TpeOyeMoe i TOCTHKEHUS ONPe/IeICHHON BEIMUYUHBI OTHOCUTEIBHOM
nedopmariim, € o1 BO3ICHCTBHEM TIOCTOSHHBIX U TTIEPEMEHHBIX HATPY30K.

3.25 ceTka KOHEYHBIX 3JieMeHTOB: Habop y370B U 37€MEHTOB B pacueTHOU
MOJIeJI, COEIMHEHHBIX MEX]Ty CO00i, 1 00pa3yroMINX OOIIYIO CETh.

3.26 cBaiinblii pynaament: Komruiekc cBail, 00bEIMHEHHBIX B €IUHYIO
KOHCTPYKIIUIO, TIEPEIAIOIIyI0 Harpy3Ky Ha OCHOBaHHE.

3.27 ¢BOOOAHBIH NMPOJIET apMUPYIOIIEro djieMeHTa, Ly, . Paccrosaue Mmexmy
OTOJIOBKaMH CBail MM OalkaMu POCTBEPKA B CBETY.

3.28 cTpyiinasi ueMeHtanusa: MeToa co3gaHusi TPYHTOIIEMEHTHOTO MacCHBa
MaTepuaia, 00JIaJaoIero ONnpeaeICHHBIMU TTPOYHOCTHBIMUA U JIe(hOpMAITMOHHBIMU
XapaKTEPUCTHUKAMHU.

3.29 ¢uxTuBHble cBs3u: CBs3u wmanou kectkoctu (= 0,01 xH/m),
3aKpeIUISIONINE  y37bl  KOHEYHO-DJIEMEHTHOW  MOJENH,  pAaCHOJIOKEHHBIE B
MPOTUBOIIOJIOKHOM HAMPABIEHUA OTHOCUTEIHHO JEHUCTBYIOIIMX BHEIIHUX CHII,
MO3BOJISIIOT TEM CaMbIM, HE OOJIAJAIONMM TapamMeTpaMu H3THOHON KECTKOCTH
AJIEMEHTaM, B YCIOBUAX MOTIEPEUYHOTO M3THOA, TIOJIYIUTh HAYalIbHYIO AehOopMaIliio U
B XOJI¢ JAJIBHEHUIIINX PACUETOB M COMPOTHUBIATHCA €€ MaIbHEUIIEeMy pPa3BUTHIO B
TCOMETPUUICCKH HEJTUHEHHOM COCTOSHUM.

3.30 mupuna omopHoi 30HBI, bg,,: CTOpOHA KBagpaTHOTO OTOJIOBKA CBaw,

MpUBECHHAs! CTOPOHA KPYTJIOTO0, WU IIIMPHUHA OAJIKK pOCTBEPKA.
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4 OCHOBHBIE NOJIOKECHUS

4.1 B mnacrosmeM OJIM wu3nokeHbl PEKOMEHAAIMH IO pacdyeTaM THUOKUX
apMOTPYHTOBBIX POCTBEPKOB M3 TE€OCHHTETHUYECKHX MATE€pUajJIOB Ha CBalHOM
dbyHIaMeHTe s BO3BEACHMS 3€MIITHOTO MOJOTHA aBTOMOOWJIBHBIX JOPOT OOILEro
MOJIb30BAaHUSI Ha CHNa0bIX TPYHTAX (3a MCKIOYEHUEM BEYHOMEP3JIBIX TPYHTOB).
PacdeThl cBaii ciieyeT BBITOJHATH ¢ yaeToM TpeboBanuii [1], B coorBercTBHM ¢ CII
2413330 m CII 22.13330.2016. Ilpum BBINOJHEHHH pPACUYETOB C IMOMOIIBIO
OPUKJIAJHBIX ~ HPOrpaMMHBIX  KOMIUIEKCOB,  NpPOTpaMMHOE  OOecreyeHue,
WCIIOJIB3YEMOE ISl aBTOMATU3alMU MPOLETYPbl BBIYHACICHUS JOJKHO OCYIECTBIISITh
BCE OCHOBHBIE BBIUYMCIMTENBHBIE ONepanud, usiokeHHele B OJIM, a Takxke
BBINIOJIHATh TIOCTPOEHUE TpapUUECKUX 3aBUCUMOCTEH, W HMETh CepTU(UKAT
COOTBETCTBHS YCTaHOBJIEHHOTO 00pasla.

4.2 JIns cBaliHBIX (DyHAAMEHTOB PEKOMEHAYETCS] MCIOJIb30BaTh CBau OypOBbBIE
TEKCTUJIbHO-TIECYAHBIE, TPYHTOLEMEHTHBIE CBaW IIOTPYKAE€MbI€ I10 TEXHOJIOTUHU
CTpYHHOU IleMeHTalnuu, OypoHaOUWBHBIC, @ TaK XK€ CTalbHbIE M >KEJIe300€TOHHBIC
CBau, NMOrpy’kaeMble 3a0UBHBIM CIIOCOOOM.

4.3 KOHCTpYKTMBHBIMU PEUICHUSIMU CBAHOTO (yHIAMEHTA C MPUMEHEHHEM
ruOKOro pOCTBEPKa, B COOTBETCTBUU C PUCYHKOM 1, cliefyeT npeaycMaTpuBaTh:

— st GyHAAMEHTOB Ha OTIEIbHO-CTOALIMX CBasgX - OJAWH WJIM JBa CJOA
JIBYXOCHOOPHUEHTHUPOBAHHOTO reomarepuana W JBa cnos
JTHOOCHOOPHUEHTHPOBAHHOIO TreoMaTepHualla, YJIOKEHHBIX IEPIEHIUKYISIPHO ApPYT
APYTY;

— JJI CBaWHOTO (PYHJAMEHTa C KECTKUM OalOUHBIM JIMHEHHBIM POCTBEPKOM -
OIVMH WM JBa CJOSI OJHOOCHOOPHMEHTHPOBAHHOIO TE€OMATEPHUANIA,  YJIOKEHHBIX

NEPHNCHAUKYIIAPHO OCH NOJACPKUBAIOIINUX 3JICMCHTOB.
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4.4 DddexTuBHOCTH pabOTHI CBAaHOrO (QyHAAMETa C THOKHM POCTBEPKOM
JIOCTUTAETCS Ha OCHOBAaHUM PE3YJbTATOB PACUYETOB IPH BBINOJIHEHUH CIEAYIOLIUX
YCIIOBHUI:

— CHIDKEHHUE PACCTOSIHHSI MEXKIY CBasSMU;

— YMEHBLIECHUE PACCTOSHUS MEXy ApMUPYIOLUMU CIIOSIMU;

— YBEJIMUYEHHUE COOTHOIICHUSI Pa3MEPOB OTOJIOBKOB CBall K PACCTOSHUIO MEXKIY
HUMH;

— MOBBIIIEHUE MTPOYHOCTHU U KECTKOCTH apMUPYIOLINX JIEMEHTOB;

- TIOBBIIICHHE MPOYHOCTHBIX XapaKTEPUCTUK TPYHTOBOTO POCTBEpKA, MpHU
UCIIOJIb30BaHUU TE€OCMHTETUYECKUX MaTepuayioB ¢ yuyeTtoM TpeboBanuii OJIM

218.2.046-2014, a Taxxe Oojee BBICOKUMHU MPOYHOCTHBIMH M J1e(HOpMAMOHHBIMU

CBOUCTBaAMMU.
OcHOBaHUE U3 OTAETbHO-CTOSIIMNX CBail CgaifHOe OCHOBaHHE ¢ 0aTOYHBIM POCTBEPKOM
X Y
>—>
TpancnopTHas
Harpy3Ka
z Hacpims

I'pyHTOBEIH

ht
h

X banounslii-
POCTBEPK -

2 CrnaOsrit s

cIoit

N Heéyumﬁ

Caas CIIOH

Banounsnii
POCTBEPK
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Pucynok 1 - O611ast KOHCTPYKTHUBHASI CXeMa HACBhINK Ha CBaHOM (pyHIaMeHTe

4.5 Jlns >QQPeKTUBHOTO HCIONB30BAHUS TE€OCHMHTETHUECKUX MAaTEepHaOB B
Ka4ecTBE apMHUPYIOLIETO dJEMEHTa B COCTaBe THMOKOrO POCTBEpKAa Ha CBaHBIX
¢yHIaMEeHTaX W TNPUMEHEHHUS METO/Ja pacyeTa, MNPEACTABICHHOTO B HACTOSIIEM
JIOKYMEHTE, CclIeyeT obecnieunBaTh yciaoBus 1.a. 4.5.1, 4.5.2.

4.5.1 CooTHOILIEHHE >KECTKOCTEH 3JEMEHTOB CBAallHOrO (PyHIAaMEHTa JOJHKHO

YAOBJIETBOPSATH YCIOBUIO, onpeaessieMomMy no gopmyie (1):

k
P ~ 75, (1)
ks,k

rae kg, — oceBas KECTKOCTh CBau, KH/M, onpenensemas no ¢popmyiie (2):
ksp = 1/sy; (2)

S, — ocajika cBau oT enquHuuHoM cuiiel (1 kH), M, onipenensiemast B
cootBeTcTBUM ¢ TpeboBanusmu CII 24.13330.2011.
ks x — K€CTKOCTh IPyHTOBOI'O MEKCBAHOIO POCTPAHCTBA O/ THOKUM
pocTtBepkoM, KH/M, BErImciisiemas B ipeiesiax TPyHTOB, PACTIOI0KEHHBIX
BBIIIIE HIDKHETO KOHIIA CBal, MPECTAaBIEHHBIX HA PUCYHKE 2, TT0 opMyIie
3):

_ Eo1Eo2
ts1Eoz t+ ts2Eoq

ks,k (3)

rne  Ey, — monyne obmeit nedopmariuu rpyara, Mlla;

ts — TOJIIWHA MHXKXCHCPHO-I'COJIOTHUYCCKOI'0O 3JICMCHTA, M.

11 pHUMCUYaHUC - IOpU COOTBECTCTBYIOILICM 06OCHOBaHI/II/I, JUIA BBIYMCJIICHUA KCCTKOCTHBIX

NapaMeTpoB K p, U K ., IOMYCKAETCS NPUMEHEHNE UHBIX AHAIMTUIECKUX HITM YUCIICHHBIX METOJIOB.

11
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e Pt e e

el

==

_ T 0.
= =0 \—\ i—m—\l\
—==

tS,l

WUID-2 E,

tS,Z

OTtMmeTKa

Hecymwuii cnoit

HM)KHEro KOHIIa cBai

PI/IC}’HOK 2 — Cxema K OIIPCACIICHUIO JKECCTKOCTHU T'PYHTOBOI'O MEXKCBaMHOTO

IIPOCTPAaHCTBA 1104 THOKHUM POCTBCPKOM

4.5.2 CoOTHOIIIEHHE TMAapaMETPOB POCTBEPKA W CBAWHOIO TOJS CIEIYET

Ha3HayaTh U3 ycioBwuii (4-10):

h* = (s — d); (4)
h/(s —d) < 0,8 — s BEICOKUX HackIei (> 6 M),
h/(s —d) > 0,8 — nns Hu3KHUX Hacklnei (< 6 M), 6)
d/s = 0,15;
b;/s = 0,15;
0,5<h/(s—d) <4,0; (6)
s—d<3,0mMus— b; < 3,0 M— 11 BEICOKHX HachIei(> 6 M), (7)
s—d<25mus—b; <2,5M— 11 uuskux Haceinei (< 6 M); (8)

12
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z < 0,15 M — 19 OJHOPSTHOTO APMHUPOBAHUS, 9
z < 0,20 M — s ABYXPSITHOTO apMHUPOBAHUS, (10)
rae  h™ — TouIIMHA IPYHTOBOTO POCTBEPKA, M;
h — ToJKHA TOPOKHOM HACHIIH, M;
S — PacCTOSTHUEM MEXIY OCSIMH cBai, M (cM. Puc. 3);
S, — PACCTOSHHEM MEKIY OCSIMU CBaii B IPO0JIBHOM, OTHOCHTEILHO
JIOPOXKHOT'O MOJIOTHA, HAMIPABJICHUH, M (PUCYHKH 1,7);
Sy — PaCCTOSIHMEM MEK/Y OCSMH CBAil B IIONIEPEYHOM, OTHOCUTEIIBHO

JIOPO>KHOTO MOJIOTHA, HAIIPaBJiIeHUH, M (pUCYHKH 1,7);

d — quameTp Kpyriioro orojoBka cBau, uin d = /4 Ag/m B ciiy4ae
MPUMEHEHHS OTOJIOBKOB UHOW (DOPMBL, M;

b; — mupuHa 6aJI04YHOTO POCTBEPKA, M;

Ag — IIoma1b ONOPHOM MOBEPXHOCTH Or0JIOBKA CBaW WJIA 0aJI0YHOTrO
pocTBepKa, M?;

Z — TOJIIIMHA 3alIUTHOTO CJIOS, M;

Ag — Tpy30Bas mwomans ceau, M> (cM. Puc. 3).

['eomerpuueckue o003HaueHus B popmyinax (4-8) npeacraBieHbl Ha PUCYHKE 3.

13
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6)

Pucynok 3 — Cxembl cBaliHBIX OCHOBaHUH
a) — TIPY PACIIOJIOKEHUU CBall B KBAJPATHOM CETKE; 0) MPU PACIOIOKECHUH CBait
B TPEYTOJIBHOMN CETKE; B) MPU YCTPOHUCTBE OATOUHOTO POCTBEPKA
I'eomerpuueckue ob6o3HaueHus B popmynax (9,10) mpencraBieHsl Ha

pucyske 4.
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ApMHpYOIITi
SJIEMEHT
Cas® - [ToxomBa
IPYHTOBOI'O POCTBEpKa

OroJjioBok OroJioBok

a)

ApMupYIOLIHiA

SIIEMEHT
S ITogomBa

I'PYHTOBOI'O pOCTBEpKa

OroJjioBok OroJjioBoK

0)

Pucynok 4 — CxeMbl yCTpOCTBa apMUPYIOIIETO 3JIEMEHTa B COCTaBE THOKOTO
pOCTBEpKa

a) — OTHOPSTHOE PACIIONIOKEHHE; 0) ABYXPSATHOE PACTIOIOKCHHE

4.6 ApMmupyromye 3JIEMEHTHI B ABa psifa CleayeT pacioiaraTh Apyr HajJ IPyroM

C UCIOJIb30BAaHUEM TPYHTOBOM MTPOCIONKH TOJIMHON HE MeHee 0,3M.
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4.7 B xayecTBE HECYILIEIO CJIOS B TPYHTOBOM POCTBEPKE CIIEAYET UCIOJIb30BATh
TIeCUaHbIe M TPABENIUCTHIE TPYHTHI CO 3HAUCHUSMU YIjla BHYTPEHHETO @) = 30°. s
Hecymero ciosi TonmpHoi h* > 0,66(s — d) cienyer HMCHOAb30BaTh TPYHTHI CO
3HAYEHHUSIMH yIjIa BHYTPEHHETO @) = 35°.

4.8 BpicOTHOE TOJIOKEHUE TPYHTOBOTO POCTBEpPKa CJEAyeT Ha3HA4YaTh TaKUM
oOpa3oM, uTOObI TPOTHO3UPYEMBI ypOBEHb TPYHTOBBIX BOJA B Mpolecce
CTPOMTEIBCTBA U SKCIUTYaTalluH 3aJIeTal HUKE OTOJI0OBKOB CBa.

4.9 B xadyecTBe apMHUPYIOIIUX JJIEMEHTOB MPHUMEHSIOTCS OJHOOCHO U
JBYXOCHOOPUEHTUPOBAHHBIE T€OCHHTETUYECKHE MaTepuaibl B BUJE TKAHOTO
I€OI0JI0THA U T€OPEIIETOK.

4.10 IIpouyHocTs TeoMarepuasia NMpU PACTIKEHUH, MCIOJIB3YyEMOIO B KayeCTBE
apMHUPYIOILETo JIEMEHTa THOKOTO pOCTBEPKaA, B pabo4yeM HallpaBJI€HUU JOJKHA OBITh
He meHee 30 kH/m (ompenensercst pacyeTom).

4.11 Ilpu KOHCTPYUPOBAHUH OTOJIOBKOB CBail cCleyeT n30eraTb OCTPBIX YIJIOB U
KPOMOK, BO M30€KaHWE€ IMOBPEKICHUN apMUpPYIOIIEro 3JeMEHTa NpU YKIAAKe U

IKCILTyaTal1H.

5 OcHOBHbBIE pacyeTHbIE M0J10KEHUS

5.1 B xauectBe KpuTepus ISl OIECHKH HAJCKHOCTHU, OE30MaCHOCTH H
HKCILTYyaTalMOHHOM MPUTOJHOCTH TMOKOrO POCTBEpPKA SIBJIAETCS MPOBEpKAa HECyIen
CHIOCOOHOCTH apMHUPYIOIIET0 3JEMEHTa [0 MaTepHally, B COOTBETCTBUU pa3leioM 6,
C Y4ETOM CTaJIMNHOCTU MPUIOKEHUS BHEIIHEN HAarpy3Ku U PEeOJIOTMYECKUX CBOWCTB
Ir€OCUHTETUYECKOr0 Marepuana. B cooTBeTCTBUM ¢ pa3aesnioM 7 TPOU3BOAMUTCS
OINPENEICHNE MUHUMAJIBHO JAOMYCTUMBIX KOHCTPYKTUBHBIX [TAPAMETPOB COOPYKEHUS
(ITMHBI  AHKEPOBKH apMHUPYIOIIETO dJEMEHTa) i OOecredyeHusl HecyIleu
CHOCOOHOCTH TPYHTa HACBINMM 3€MJISTHOTO TMOJIOTHA aBTOMOOWIBbHOM goporu. Pacuer

BBIIIOJIHAETCS 110 NEPBOM IpyHIe NpeaeiabHbIX COCTOsAHMM, B cooTBeTcTBUU ¢ ['OCT
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27751 ¢ y4eroM HOPMATHUBHBIX HArpy3oK aBTOTpaHCHOpTHBIX cpeactB no ['OCT
32960.

5.2 B xozxe pacueToB rMOKHMX POCTBEPKOB IO MEPBOU TpyIIE MPEAESIbHBIX
COCTOSIHMM, KakK IPAaBUJIO, PACCMATPUBAIOTCS PACUETHBIE COCTOSHMS, OIMCAHME
KOTOPBIX MPUBEJEHO B Tab. 1.

Tabmuna 1 - PacueTHble cCOCTOSTHUSA

Pacuernoe 0 .
COCTOSHIE HHCaHKe HeiictByromue Harpy3ku (Py)
Pacuetnast Harpy3ka ot
la Crpourensnbiii nepuoa (10 yacoB**) ¢ CTPOUTENIbHOM TEXHUKHU U padoT 1o
BBICOTOU OTCHIMMAaHHOM HackInu A0 0,45 m. YIUIOTHEHUIO, P k, IPUHAMACTCS
paBHoit 30 kKH/M>**,
Crpoutensnsiii nepuoa (500 yacop™*) ¢ Pacuetitas HarpysKa ot 6
16 HACBITNbIO, OTCHIIIAHHON Ha TIOJTHYIO CTPORTEILHOM TCXHIIH 1 paboT 1O
BEICOTY. yrIJ'IOTI:IeHI/IIO, sz, k> IPUHUMAETCS
paBHo#t 30 kKH/M“**,
Okcruryarannonssiid nepuon (1 000 000 Pacuernas TpaHCIOpTHas HArpyska,
1B gacos/110 ner**) ¢ yuerom otmopa PG+Qk> NPHHUMAETCS TI0
TPYHTOB B MEXKCBaliHOM ITPOCTPAHCTBE. I'OCT 32960**.
Okcruryaranunonssiid nepuon (1 000 000 PacuetHas TpaHcnopTHas Harpyska,
Ir* gacos/110 ner**) 6e3 yuera ornopa PG+Qks TPHHUMAETCS 10
TPYHTOB B MEXKCBaliHOM ITPOCTPAHCTBE. I'OCT 32960**.
[IlpuMmeuanus
* — cocrosgHue Ir paccMaTpuBacTCA IJid CJIydacB, KOrjJa CHCeHUaJIbHBIMHU HCCICAOBAHUAMU
YCTaHOBJICHA BCPOATHOCTb IIOHWIKCHHSA YPOBHA TPYHTOBBIX BOJ B TIIPOHECCE OKCIUIyaTaluu U
CTPOUTCIILCTBA.
** — NpU COOTBETCTBYIOLIEM OOOCHOBAaHUM JOMYCKAeTCs NPUHUMATh HHbIE MapaMeTpbl
PACUYCTHBIX COCTOﬂHHﬁ, B TOM 4HCJIC 3HAYCHHUA CTPOUTCIIbHBIX IICPHUOA0B, SKCILTYAaTallTUOHHBIX IEPUOAOB,
Harpysok OoT CTpOHTeJ’IBHOﬁ TCXHUKHU U pa60T 10 YIJIOTHCHHIO, a TAKKC TpaHCHOpTHOﬁ Harpy3kKu.

17



OJIM 218.3.1.001-2020

6 IIpoBepka Hecymieii CHOCOOHOCTH APMHUPYIOLLIET0 3JI€MEHTA 110
MaTepuaJy
6.1 Hecymas crnocoOHOCTb apMHUPYIOLIErO 3JEMEHTa O0ECIeunBaETCs
IIPOBEPKOM O yCIOBUIO MPOYHOCTH (11).
6.2 YcioBHe NPOYHOCTH apMHUPYIOLIETO 3JIEMEHTa MPOBEPSAETCS HCXOI U3

ycious (11)

E;<T, (
11)
r E,— pacueTHOe ycwiiMe€ OT MOCTOSHHBIX U TIEPEMEHHBIX HArpy30K B
ne apMHpYyIoIeM dieMeHTe, KH/M, mpuHIMaeMoe B COOTBETCTBHH C II. 6.4;
T — 0OpoyHOCTh TreoMarepualia TOCIE€ BO3ACUCTBUS Pa3IUYHBIX

¢akropoB, kH/M, nprHIMaemasi B COOTBETCTBUM C M. 6.3
6.3 IlpouHocTh reomaTepuajna IOCIE BO3IACHCTBHUS pa3IMUHBIX (AKTOPOB

onpezensercs no popmyne (12)

_ THOp (
'K
o611 12)
r Tyop — POYHOCTH TeOMATEpHUAa MpU pacTsukeHuu, KH/M, onpenensemast

Ae o ['OCT P 55030-2012;
Koo = K1K3 ...Kg — 00mmii k03(pPUIMEHT, yINTHIBAIOIMI BIMAHHE
(GakTOpOB YXYIIICHUS CBOICTB, OMpEACNsAeTCS B BHUAC MPOU3BEACHUSA
OTIENbHBIX KOA(P(UIUEHTOB, IPUHUMAEMBIX B COOTBETCTBUU C YKa3aHUSIMU
I[THCT 318-2018;
6.4 PacyerHoe ycwine B apMHUPYIOIIEM 3JIEMEHTE OT TIOCTOSHHBIX U
NePEeMEHHBIX HArpy30K omnpenensercs mo ¢opmye (13)

Eq = Ecrye + (EG+Q,k — EG,k)YQ ) (
13)

18
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E¢ ,— pacdeTHOe ycuime B apMUPYIONIEM DJIEMEHTE OT IOCTOSHHBIX
Harpy3ok, kH/m, mpuHumMaemoe B COOTBETCTBUU C 1. 6.5;
E¢ +k— PaC4ETHOE YCHIIME B APMHUPYIOILEM DJIEMEHTE OT HOCTOSHHBIX U
NEPEeMEHHBIX Harpy3ok, kH/Mm, mpuHumaemoe B COOTBETCTBUH C II. 6.5;
Y¢ — K03hUIIMEHT HaKHOCTH JIJIsl TOCTOSIHHBIX HArPy30K, MPUHUMAEMbIN
paBsbIM 1,15, cormacuo CII 20.13330.2016;
Yo — KO3GQUIHMEHT HaEKHOCTH JUIsl IEPEMEHHBIX (TPAHCIIOPTHAIX) HATPY30K,

npuHuMaeMblil paBHbIM 1,2, cormacno CIT20.13330.2016

[IpuMedaHue — IpU CO HAIPABIEHHOM JABYXPSITHOM PACIIONOXKEHUH apMUPYIOIIUX 3JIEMEHTOB

o0riye 3HaueHNs] TOPU3OHTATEHBIX 1 MEMOPaHHBIX YCHIIMH CIIEAyeT yMEHBIIATH B IBa Pa3a.

rac

6.5 PacueTHOe ycuiine B apMUPYIOIIEM 3JIEMEHTE OmpeensieTcs o popmye

(14,15)

Eck = Eanci t Emcr (14)
Ecrokx = Eanc+ox + Emc+oi (15)
Eanc ik Ean.c+ok — YCUIIHE B aDMUPYIOIIEM DIIEMEHTE IIPU OOKOBOM CIIBHTE,
kH/m, npuHrMaemoe B cOOTBETCTBUU € T1. 6.10;
Ev 6o EmG+ok — MEMOPaHHOE yCHIIME B apMUPYIOILEM dJieMeHTE, KH/M,

IIPUHAMAEMOE B COOTBETCTBHH C M. 6.6

6.6 MeMOpaHHOE yCWJIME€ B apMUPYIOIIEM DJIEMEHTE C Y4€TOM IMOJ3Y4eCcTu

MaTepuaia B MPOJOJbHOM U MONEPEUYHOM HAIpaBICHUH OMpeesieTcss o Gopmyie

(16,17)

rne

Ever = €k Jk (16)
EM,G+Q,k = €G+0,k Tk (17)
G k» €EG+Q,k — OTHOCUTENbHAA Ae(OPMAIIKsA APMUPYIOILETO DJIEMEHTA OT

MOCTOSIHHBIX M EPEMEHHBIX Harpy3o0k, kH/M, mpuHumMaemMas o rpaduky puc.

5,6;
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Jx — oceBast )KECTKOCTh apMUPYIOIIETo AieMeHTa, KH/M, onpenensemas mo
nuarpamMme e(opMHUpoBaHKS TeoMaTepraia B IPOIeCCe HarPYKEHUs B
TEUEHUHU PACUETHOTO MEPUO/JIa;
B 3aBuCHMOCTH OT COOTHOIICHHS >KECTKOCTEH MEXKCBAaMlHOTO OCHOBAHMS U
apMUPYIOIIETO JIEMEHTA, a TAK)XKE B 3aBUCUMOCTH OT JCUCTBYIOIIMX YCUIUMN, JJIs
ONpPENEIECHNs.  3HAYEHUM  OTHOCUTENbHOM  nedopmarmu € (Egk, E+ok)

UCITOJIb3YIOTCS TpauKH, IpeICTaBICHHbBIE HA pUCYHKaX 5,6.

00 02 04 06 08 1,0 15 20— KsLw
6.0 5 I
| [ fmife f 0,16
55— __/ 016
AT 2,5
e e 0,14
u’ e =
S 40—
z . 3,0
£ 35
- /_/fIL, /012
= 3.0 = g .
& ]
Z 25 ’
5 1 7~4 L/ /L /010 40
S 20 2= S A O A
o m
= 50
£ 15— 0,08
o =S R -~ =
1.0
777 — o o 006
05— - 0.04 10,0
1/ == 002 =
I SR U ) | ; i Rlbs

f — mporu6 apMupyroLIero IeMeHTa, M, onpezeisemMbli o Gopmyne f = L,/ 3&,/8;
Ly — cBOOOHBIN NPOJIET apMUPYIOLIETO JIEMEHTA, M, OTIPENETAEMBIH 110 popMyiie Ly, = Sy, —

bETS;
bErs — HIUpHUHA OHOpHOfI 30HBI, M. I[JBI KPYTJIBIX OI'OJIOBKOB cBan OMpCACIIACTCA 1O (bOpMyJ'Ie

bgrs = 0,5d+/TT, B OCTaNBbHBIX CITydasX IPMHUMAETCS PaBHOM CTOPOHE KBAJPATHOTO OTOJIOBKA
cBau MO0 MUPUHE OATTOYHOTO POCTBEPKA;

Fj, — MeMOpaHHOe ycuiiie B apMHUPYIOIIEM JIEMEHTe 0e3 ydeTa moyisydyecTy Marepuana, kH/m,
IIPUHUMAEMOE B COOTBETCTBUHU C II. 5.7.

Pucynok 5 — I'paduk s onpeaesneHus: OTHOCUTEIBLHOM AedopMaliuu

ApPMUPYIOIIETO JJIEMEHTA
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0.0 10 15 20 25 30 35= kL,
0.50—7 B 0 ’ ) ) ) T Jk
— 4.0
X 0.40
o
= f/L, /0,04
= e A A S o R
S 030
Z 030 5.0
o
=
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=
& 02
S 0.20
o
=
L —
[
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= T A A~A A= ——- 10,0
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f — nporu6 apMupyIOIIIEro 3jIeMeHTa, M, onpeaensemsiii mo hopmyine f = L,+/3&,/8;

Ly — cBOOOHBIN NPOJIET aDMUPYIOLIETO JIEMEHTA, M, OTIPENETAEMBIH 110 popMyiie Ly, = Sy, —
bETS;

bg,s — MpYHA OMIOPHOM 30HBI, M. J1JI1 KpYTJIBIX OTOJIOBKOB CBaif ompeensercs no Gopmymne
bgrs = 0,5d+/TT, B OCTANBHBIX CITydasX IPHHIMAETCS PABHOH CTOPOHE KBAJPATHOTO OTOJIOBKA
cBau OO MIUPUHE OATIOYHOTO POCTBEPKA;

F}, — MeMmOpaHHOe ycuiive B apMHUpPYIOILIEM JIEMEHTE 0€3 ydeTa royisydecTy Marepuana, kH/m,
NPUHUMAEMOE B COOTBETCTBUHU C 1I. 6.7;

Pucynoxk 6 — ®@parmMeHT rpaduka Jyuist orpeaesieHuss OTHOCUTENIbHOH e opManuu

apMUPYIOLIETo 3JeMEHTA (3HAUEHHSI 10 BEpTUKAJIbHOM ocH 110 0,5)

[IpuMeuyaHue —3HaAYCHUE OTHOCUTENBHON nedopMaLuy, &, apMHUPYIOLIETO JIEMEHTA, JJIs
OIpe/IeIeHHs] BEIMYUHBI OTHOCHTENIbHOTO Tporuba f/Ly, sIBISETCS HEM3BECTHOW BETMYMHOM,
ompezeNeHNe KOTOPOW CIIeAyeT BECTH HTEPAllMOHHBIM CIocoOoM. [l 3Toro 3amaroTcsi Ha4dalbHOW
BENWYMHOW &, = 2,5% u B mnpouecce NpuOMwKeHHH (YBEJIMYEHUs WIM yMEHBIICHHS HayaJlbHOU
BEJIMYMHBI) HAXOIAT TAaKOe 3HAYCHHE HAYAIBHOW &, KOTOpOE OBl OTIHMYaJIOCh OT pacdyeTHoro & (1o
rpadukam, puc. 3,4,5), B COOTHOIICHHUH, HE OoJiee uem Ha 15%.
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Apy Apy —pacyeTHas paboyas 001aCTh APMUPYIOLIETO HJIEMEHTA B IIPOJIOJILHOM U TIOTIEPEYHOM
HaIpaBJIECHUN;
bgys — IIUpHUHA ONOPHOH 30HBI,

Ly« Ly x — CBOOOIHBIN TIPOJIET apPMHUPYIOIIETO HJIEMEHTa B IPOJAOIHLHOM U TIOTIEPEUHOM
HaIpaBJICHUU;

Sy, Sy — paCcCTOAHUECM MCIKIY OCAMU CBail B IIPOAOJIBHOM U IOIICPECYHOM HAIIPaBJICHUH

F, ., F, ;, —-MeMOpaHHO€E YCUJINE B apDMU IIEM DJIEMEHTE B IIPOJOJIbHOM HAIIpaBJICHUH
x,k' Uy k
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Pucynoxk 7 — PacueTHas cxema apMHPYIOIIETO MJIEMEHTa B COCTaBE THOKOTO

PpOCTBEpPKa
-
P L

ks.k

/ s )

kg ;. — XKECTKOCTb IPYHTOBOI'O MEKCBAl{HOTO OCHOBAHMS;
O 25 k— JABJICHUE HA OTOJIOBOK CBau;
0 20,k— MEMOPAaHHOE HANIPSKEHHUE,;

Z — TOJIIIMHA 3aI[UTHOIO CIIOS, M;
h — ToymHA TOPOKHON HACKHITIH;
S— pacCTOSIHHEM MEXKIY OCSIMH CBall B TIPOJIOJILHOM HalpaBJICHUU

Pucynok 8 — PacueTHas cxema apMHUPYIOIIETO 3JIEMEHTa B COCTaBE THOKOTO

pocTBepKa

6.7 MemOpaHHOE yCUJIME B apMUPYIOILIEM dJIEMEHTE 0€3 yueTa MoJI3yuecTH

Marepuana B Mpo0JIbLHOM U MorepeyHoM Hanpasieaun (Fy) onpenensercs mno

dopmynam (18-21)

Fx,G,k = ALXO-ZO,G,k (18)
Frcrok = Arx0z0,6+0k (19)
Fyex = ALy0z06.k (20)
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Fy 6ok = ALy0z06+0k (21)

rac pacucTtHasi pa60qa51 001aCTh APMHUDPYIOUICTO 3JICMCHTA, IIPCACTABJICHHAA HaA

pHUCyHKe 7, onpenensiercs o gopmyinam (22,23).

d? S,\ T

ALy = 0,5(s,sy) — arctg( y) T80 (22)
d? Se\ T

Apy =0,5(sys,) — arctg( x) 180 (23)

[IpuMedanue — i OCHOBaHUM HA OAJJOYHOM POCTBEPKE BMECTO d CIIEAyeT NMPUMEHSTH b,
6.8 MeMmOpaHHOE HaNpsHKEHUE (azo,k) onpenensercs no popmynam (24,25) B

COOTBETCTBHUM C PUCYHKOM 8.

0z0,G,k = (Vk Zk)
—X (24
{h(/ll Fh)F +hy ( ) (4 hy2) H
070,G+Q,k = AX (yk+ A 2 )
X (25

: {h(ll +hy?2) "+ hy

h22,\ _
<)Ll+ 94 2) — (44 + hy?2y) X]}

rIe D¢ x — PacueTHas pacnpe/ielieHHas CTaTudecKas Harpyska, kKH/m?;
DG+q,k — PACUETHAs paclpeiceHHas CTaTHIECKas M IEPEMEHHas HarpysKa,
kH/M?;
hg, — BBICOTa CBOJI0OOPA30BAHUS, M:
mah=s/2 - h;=5s/2,
mah<s/2 — hy;=h;
Yk — YIEIbHBIH Bec JOpOKHOM Hackimy, KH/M?;

Kyrit — K0P GUIIMEHT TACCUBHOTO JIaBJIEHUS (COOTHOIICHUE MEXKTY TIIaBHBIME
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HapsOKCHUSAMUA IS TPEACIBHOIO, KPUTHYCCKOI'O COCTOHHI/IH), OIIpCACIIAACTCA

o ¢hopmyie (26).

KkTit = th <4‘50 + %) (26)

rac (,0],( — YI'O0JI BHYTPCHHCTO TPCHUS I'PYHTOBOI'O pOCTBCPKA,

_ d(Kkrit - 1)
X A,s

re reoMeTpuieckre Ko3gduiueHTs onpeaestorces no popmysiam (28) — (29).

(27)

1
/11 = g(s —_— d)z (28)
s? +2ds — d?
=210 (29)

[IpuMedanue — g OCHOBaHUM HA OAJIOYHOM POCTBEPKE BMECTO d CIIEAyeT NMPUMEHSTH b,

6.9 IlpoBepka 3HaYEHMI, MOTYUYEHHBIX 110 opMynam (24,25), mpoBOaUTCS U3

Oz0,k
COOTHOIIIEHUSI ——— 110 Tpadukam, corjiacHo [Ipunoxenuto A. O603HaYeHUS B
Yih+pg
COOTHOILICHUM T€ K€, UTO U B 1I. 6.8, 4.3.2.

6.10 Ycunue B apMUpyIOIIEM 3JIEMEHTE IIPU OOKOBOM CABUTE OTPEIEIISICTCS 110

dbopmyie (30).

AEgr = Eqngi = (0»5Vk(h —z)* + Pc,k) (h—2z)- Kagn; (30)
AEG+Q,k = Eanc+ok = (0'5Vk(h - Z)Z + pG+Q,k) (h—2z)- Kaghi (31)
TIe Kagn — KOO QUIMEHT aKTMBHOTO JIABJICHUSA TPYHTA.
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7 Omnpenenenne KOHCTPYKTHBHBIX IAPAMETPOB APMUPYIONIET0 3JIEMEHTA €
1eJbI0 o0ecnevYeHus1 Hecyleil ClocOOHOCTH O IPYHTY
7.1 MunnMambpHas Tpedyemasi JITMHA aHKEPOBKH apMHUPYIOIIETO dJIEMEHTA TSI
oOecrieueHust MPOYHOCTH TPYHTA Ha KOHTAKTE C apMUPYIOIINM 3JIEMEHTOM (PUCYHOK
9) onpenensiercs o hopmynam (32,33).
_ 05Kugnh(yxh + pr)1,3

¢ Ykh-a'tgo, (52
L, = 1,3E, ’ (33)
Yeh-a' tg gy
rae @), — TO %Ke, uto U B hopmyite (26);

a'— k03 PUIHEHT YUUTHIBAIOIINI 3aKIMHUBAHUE aPMHUPYIOIIETO
JJIEMEHTA B TPYHTOBOM HACBINYU, IPUHUMAEMBIM HA OCHOBAaHUU JAHHBIX

MMPOU3BOAUTECIIA TCOCUMHTCTUYCCKOTO MaTCpHraia.

T P

L.

['pyHTOBBII

'pOCTBEpK

Ve

\\

—————— — — —— —— {3 — o—

\ Apmupyromuii

[ | T 3JIEMEHT
Ly ! |

; s

PucyHok 9 — PacueTHas cxema K ONpeAeeHUI0 YCUIIUS B apMUPYIOIIEM
AJIEMEHTE U JIJIMHbI AHKEPOBKH
7.2 B cnydasx, Korjga MHUHHMAJIbHYIO TpeOyeMmyro [JIMHY aHKEPOBKHU

apMHPYIOIIEro dJeMEeHTa, corjacHo 1. 7.1 obecnedynTh HE NPEACTaBISETCS
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BO3MOXXHBIM, I o0ecreyeHus YCTOIZHHBOCTH COOPYKCHUA CJICAYCT BBLIIIOJHATD
CIICHUAJIBHBIC KOHCTPYKTHUBHBIC MCPOIIPUATHUA, KOTOPHIC 3aKIIIOYAI0TCA B YCTPOfICTBC
OCTOHHOTO POCTBCPKA B 00/1aCTH OTKOCHBIX YacTeH WU YMCHBUICHUU IIIara CBall B

OTKOCHOH 30HE.

8 Omnpenesnenne HaArpy30K Ha OroJIOBOK CBau
8.1 Pacuer cBaii M HMX OrOJIOBKOB IPOBOJUTCA HAa OCHOBAaHWU TpeOOBaHUM
CII 24.13330, npu 5TOM Harpy3ka Ha OTOJIOBOK CBau ompeensercs mo ¢popmye (34,

35)

8.2 JlaBneHue Ha OrOJIOBOK CBau (azs,k) onpenensiercs mo opmynam (34, 35)

A
Oz5Gk = [(Vk “h + pG,k) — Uzo,c;,k] A_]j + 00,6,k (34)
Ag
Oz5,6+Q,k = [(Vk “h+ PG+Q,k) — Uzo,G+Q,k] A_s t 020,640,k (35)
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[Ipunoxenue A

I'paduku 17151 npoBepky MeMOPAHHBIX HANPSIKEHUI B AapMHUPYOLIEM

3JIEMCEHTE

Ouok
Yih+py

¢, =30°
1.0

0.8

0.6 d/s =0,20

0.4 ds=033
0.2 dJs = 0,50
0.0 ¥ 1 1 T 1 ‘ 1 T 1 ] 1 T T T T 1 I h/s
0.0 1.0 2.0 3.0
O-E“:,k,
Yih+px
vl ¢} =32,5°
1.0

0.4

0.2+

d/s =0,50

0.0 | ! | | L h/S
0.0 1.0 2.0 3.0

Pucynok A.1 — I'paduku s npoBepkrd MEMOPaHHBIX HAMIPSKEHUH B apMUPYIOILEM 3JIEMEHTE Ha

OCHOBAHMSX M3 OTAENBHO-CTOSIMUX cBalt (@ = 30;32,5)
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9, =35°

0.0 h/s
0.0 1.0 2.0 3.0
670.k
h+py
L ¢, =37,5°
1.0
0.8
0.6
d/s=0,15
0.4
d/s =0,25
02 d/s =033
d/s =0,50
0.0 1 I I | | I I 1 | T I ‘ I 1 I T W T T ‘ T 1 { T h/s
0.0 1.0 2.0 3.0

Pucynok A.2 — I'paduku s mpoBepkrd MEMOPaHHBIX HAMPSKEHHUH B apMUPYIOILEM 3JIEMEHTE Ha

OCHOBAHUSIX M3 OT/IEIBLHO-CTOSIIMX cBail (@) = 35;37,5)
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Gzo.k
h+p
L o} = 30°
1.0
. b,/s=0,10
0.8 b/s = 0,20
b,/s = 0,25
0.6 - b,/s =0,33
0.4
0.2
OO T T 1 ‘ T T 1 ‘ T ‘ T | L T h/S
0.0 1.0 2.0 3.0
Glmk
h+p.
Lk ¢} =32,5°
1.0
N b,/s=0,10
0.8
b,/s = 0,20
ji b,/s = 0,25
0.6
b,/s =0,33
0.4
0.2
0.0 h/s
0.0 1.0 2.0 3.0

Pucynok A.3 — I'paduku /U1 MpoBepKU MEMOPAaHHBIX HANPSXKEHUN B apMUPYIOLIEM dJIEMEHTE Ha

CBaMHBIX OCHOBAHUAX C 6aTOYHBIM pocTBEPKOM (@), = 307;32,5))
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Ok

h+p.
W oL =35°
1-0 ]
b,/s=0,10
0.8 |
i b/s=020
/ —
o b/s =025
i b/s=033 |
04 |
0.2 =
0.0 +— e — 1
0.0 1.0 2.0 3.0
Gllhk
h+p.
st oL =37,5°
1.0
0.8 b/s=0,10
b /s = 0,20
0.6 b/s =025
b/s =0,33
0.4
02 o
0.0 — e ”
0.0 1.0 2.0 3.0

Pucynok A.4 — I'paduku 1151 mpoBepKr MEMOPAHHBIX HAMPSDKEHUH B apMUPYIOIIEM JJIEMEHTE Ha

CBalHBIX OCHOBAHUAX ¢ OATOYHBIM pocTBEPKOM (@) = 35;37,5)
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[Ipunoxenue b
Oco0enHocTH pacyera rHOKOro pocTBepKa NP MOMOIIU YMCJIEHHBIX

METO/10B

b.1 Jns pacdyera ruOKMX pPOCTBEPKOB UMCIEHHBIMH METOAAMM CJENYET MCIIOJIb30BaTh
BepU(UIUPOBAHHBIE BHIYNCIUTEIBHBIE KOMILICKCHI.

b.2 [Ipu npoBeaeHNHU pacueToB YMCICHHBIMU METOAAMH CIIEAYET pacCMaTpUBATh PacUETHbIE
COCTOSIHUS, IPEYyCMOTPEHHbIE YHKTOM 5.1.

b.3 MogenupoBaHue peKOMEHAYETCsl NMPOU3BOAUTH B TPEXMEPHOW (IPOCTPAaHCTBEHHOM
MocTaHOBKE.  JlomyckaeTcsi HCIONb30BaTh IUIOCKHE  (JIIBYXMEPHBIC) pacyeTHbIE MOJIEIH,
Ipe/CTaBiIeHHble Ha pUCyHKe b.1 mpu yclioBHMM HCHOJb30BaHUS CIELUUAIBHBIX 3JIEMEHTOB IS
MOJICJIUPOBAHMs CBal, UMUTHUPYIOIIMX OTAEIbHBIE CTEPKHU C BO3MOXHOCTBIO ydeTa IIara Hx
PacCTaHOBKH.

b.4 B nnockux Mojensx rpyHTOBbIM MaccuB, Kak MPaBUIIO, 3aJ1a€TCSl B BUJI€ MHOTOY3JIOBBIX
KOHEYHBIX 3JIEMEHTOB F€OMETPUYECKOM, KBaJIpaTHOM U MPSIMOYrOJIbHON reoMeTpudeckoi (popMmsbl.
ApMUPYIOLIH 2JIEMEHT U CBau 33JAK0TCS CTEP)KHEBBIMU KOHEUHBIMH 3JIEMEHTAMH.

Bb.5 OcHoBHOl pa3Mep CETKHM KOHEYHBIX 3JIEMEHTOB 3aJaeTcs TakuM o0pa3oMm, uToObl IpH
JAIbHEWIIEM €€ YMEHbIIEHWU BHYTPEHHUE YCWINMS M HalpsHKEHUS B DJJIEMEHTAaX CXEMbl HE
oTanyanuck dosee, yem Ha 5%.

b.6 CeTky KOHEYHBIX RJIEMEHTOB CIIEAYET pa3Melb4arh B 2-3 pa3za MecTax KOHICHTpaluH
HaNpsDKEHUH (OroJ0BKH, HAKOHEYHHUKY CBal, IPUMBIKAHNUS OTKOCHOM YaCTH HACBIHU U T.1.).

b.7 Pazmep pacueTHOll 0o0nacT 3aJaercs TakUM 00pa3oM, 4TOOBI MpPH €ro JHajbHeiieM
3HAYUTEIBHOM YBEJIIMUEHUHN PE3YNIbTaThl pacueTa He OTIHYAINCh Ooiee ueM Ha 5%.

b.8 Ha pacueTHoil cxeme ¢ Tpex CTOpPOH (JIEBO, MPaBO, HU3) 3a/1al0TCSI TPAaHUYHBIE YCIOBHS

3aKPCIUIAIOIIME MOACIIb OT MOCTYMMATCIIbHBIX nepeMemeHHﬁ BO BCEX HaIIPaBJICHUSAX.
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Harpyska

[ PYHTOBLIN POCTBEPK

Hecyuwiuii crnion

3akpenneHue no X
3akpenneHue no X

3akpenneHue no Z
VYV YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY YV YV YYYYYY YV YV VY Y YV YV Y VY YV Y YV Y YV Y VY VYT Y VY YV VYV VY VYV Y VY YV Y VY YV VYV YV Y VY Y

PI/ICYHOK b.1 — KoneuHno-3neMeHTHas pacd€THas MOJCJIb

b.9 Jlns monenupoBaHMsI MOBEIAEHMSI €CTECTBEHHBIX M HACBHIMHBIX I'PYHTOB HCIOJB3YETCS
ynpyromiactudyeckass moaenb Kynona-Mopa. KoHcTpykTuBHBIE 371eMeHTHI (CBaw, Oalku M T.I)
MOJIEIUPYIOTCS U3 MAaTEPUAJIOB C TMHEHHO-YIIPYTUMH CBOWCTBAMH.

b.10 XKecTkocTh apMUPYIOIIUX 3JIEMEHTOB PEKOMEHAYETCS YUMThIBATh, UCHOJB3Ys YIPYro-
IUTACTUYECKYIO MOJI€Nb, OMMCHIBAIOLIYIO (U3NYECKU-HEIMHEHHOE TIOBEJCHHE Marepuaia IoJ
Harpy3koil. Jlomyckaercss UCIOIb30BaTh JUHEHHO-YIIPYTYI0 MOJENb JUIsl apMUPYIOLIETO 3JIEMEHTa,
OpU 3TOM JKECTKOCTh CIIEAyeT YTOUHATh HTEpalUsIMU B 3aBUCUMOCTH OT BBIYHUCIEHHOTO
OTHOCHUTEJIBHOTO YIJINHEHUsI TEOMETpHasa, B COOTBETCTBHUU C II. 5.6.

b.11 Tak kak apMUpYIOUIUN 3JIEMEHT HE 00JIaJaeT CBOMCTBAMU HW3TUOHOM >KECTKOCTH, B
cocrossanu 1t (Tabmuma 1), B coorBerctBHHM C¢ M. 6.1 corymacHo m. 5.6 cieayeT NPOBOAWTH
neGopMalMoOHHbIE (T€OMETPHUECKU HETMHEHHBIE pacyeThl), a TAaKXKe Y3JI0Bble KOHEUHbIE 3JIEMEHTHI
(puxTuBHBIE cBsizu) Manoi sxectkoctd (= 0,01 xH/M) B ocHOBaHMHM apMUPYIOIIETO 3JIEMEHTa,

MPECTAaBICHHOTO Ha pUCyHKe b.2.
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CeTka KOHEUHBIX
DJICMEHTOB

Apmupyromuit
3IIEMEHT
ST Secee e s PP e
g;I;III;I"fII/IBHHe 7 Jv 1{ T I Ii I%LII 1 ]I' B \ gpslllglnBHme
@l ] B
] e
Cpas Cpas

Pucynok b.2 — ®ukTuBHbIE CBSI3U
b.12 Ilpu npoBeaeHUU pacyeTOB YHCICHHBIMU METOIAMH PEKOMEHYETCS MOJEINPOBATh BCE
BO3MOYKHBIE THIPOT€0JIOTMYECKUE TTPOLIECCHI.
b.13 B Mecre KOHTaKTa CBas/TPyHT, apMHUPYIOIIHNA 3JIEMEHT/TPYHT 3aar0TCS CIICIIUATBHBIC
SNIeMEeHTHl  (MHTEepQENChl), XapaKTePH3YIOUIHNE IKECTKOCTh COCOUHEHHUS, YYUTHIBAIOIIETO

3aKIIMHUBAHUC apMUPYIOLICTO 3JICMCHTA B I'PYHTC U croco0 YCTpOﬁCTBa CBai.
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[Ipunoxenue B

IIpumep pacuera ru6Koro pocrpepka

Pacuer rubkoro pocTtBepka HpPOBOJUTCS IO TEPBOM TPYIMIE IMPENEIbHBIX COCTOSHUH C

MPOBEPKOI HECyIlel CIIOCOOHOCTH apMHUPYIOIIETO AJIEMEHTa M0 MaTepuaity, B COOTBETCTBUH C II.

5.1 HacTosImMX peKoMeHaanui. PaccMaTpuBaroTCs pacueTHbIE COCTOSTHUS cocTosiHus 1a,10,1B.

Pacuernoe cocrosinue - la

z Py, = 30 kH/m?

X y

—>
Py, = 50 kH/m?

I'pynTOBBIi

PacyerHoe cocrosiHue - 16,

1B

7

® & &

Sx= 1500 \,

Pucynoxk B.1 — PacueTtnas cxema

Ta6muma b.1 - ®u3nko-MexaHWYeCKre XapaKTePUCTHKUA TPYHTOB

POCTBEPK %
S (=}
% y ApMHpYIOIIHIT S
o P, = 30 kH/m? SACMeHT &
ITITTIIITT] =
e — e e e e e o —
(=4

n i
i §
N i1 i o
7 CraGprif ciofi —— A

Hecymwmii croii
Sy= 1500

L.,

XapakTepucTuka Cnalpblit croit ['pyHTOBBII pOCTBEPK
Ej, kH/m? 500 -
Vi, KH/M3 - 18
Ppo° - 35
B KauecTBe apMUPYIOILIErO 3JIE€MEHTA HCTIONb3YETCS reomMarepuan

OIHOOCHOOPUEHTHPOBAHHBIN C IIPOYHOCTHIO TIPH PACTSDKEHUH, Tyyqp:
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- 400 xkH/M, B Tpo101bHOM HAINpPaBIICHUH,
- 200 kH/m, B onepeyHOM HaIpaBICHUH;

[Tpo4HOCTB T€OMOI0THA MTOCTIE BO3ACHCTBUS PA3ITUUHBIX (PAKTOPOB:

T, 200
— TP _ Z T _108,1xH
* = Kogm 1,85 kH/mM
Taop 400
T, =% - " _ 2162 «H
Y~ kogm 185 kH/mM

[IpumMedaHnue — UHACKCH X U Y 0003HAYAIOT MEXaHUYECKHE CBOWCTBA M YCHIIUS B

ApMUPYIOIIEM 3JICMECHTE B IIPOAOJIBHOM U ITOIICPECYHOM HAIIPABJICHUAX

100

Kpartkocpodrast
90 N (1 Mum.)
80 A
ow— |
molx'./C__
70 1000 4.
S
=
5 0] L
<]
oot
N
g 50 A
=
=
o
8 40
o
=
30 A
20
10 A
0 T T r T " T " T " T ‘ ; ; " T " T T T T ; " T "
0 1 2 3 4 5 6 7 8 9 10 i} 12 13

Vmunenue [%]

Pucynox b.2 - Jluarpamma aedopMupoBaHusi apMUPYIOIIETO AIEeMEHTA
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Ta6mmma b.2 - OceBas )KeCTKOCTh apMUPYIOIIETO JIEMEHTA

Bpems Aeopmani, Jxr, KH/M Jy ) KH/M
g% ’ ’
25 21,1 200 = 1688 21’1400 = 3376
’ 2,5 B 2,5 B
104 1,4 200 = 1928 ’5400 = 3857
' ’ 1,4 N A4 N
30 30
4 TZOO = 1500 T400 = 3000
25 20,6 200 = 1648 20,6 400 = 3296
’ 2,5 B 2,5 B
1,4 ’-200 = 1785 400 = 3571
500 4 1,4 1,4
| 32 245 200 = 1531 24‘5400 = 3063
’ 3,2 B 3,2 B
17,3 17,3
2 T200 = 1703 T400 = 3460
25 2 200 = 1520 2 400 = 3040
’ 2,5 B 2,5 B
1 000 000 1,5 12, 200 = 1640 12, 400 = 3280
* ’ 15 - 15 -
27,5 27,5
4 T200 = 1375 T400 = 2740

JXecTkocTh rPYHTOBOTO MEKCBAHHOTO OCHOBAHHS MO THOKUM POCTBEPKOM BBIUUCIISETCS 110
dopmyne (3):
E; 500 3
kex = — = — = 143 kH/m
tw 3,5
2 Pacuem Hecywelli cnocobnocmu apmupyrowje2o 3leMeHma no mamepuany O0uas

cocmosanuil la, 16, 1s.

Pacdet npou3BOaUTCS B COOTBETCTBUU C MOJ0KEHUAMHU P. 6 HACTOAIIUX PEKOMEHIAINMN.

2.1 Pacuem necyweii cnocoonocmu apmupyrouje2o snemenma no mamepuany. CocmosiHue

la

PaccTosHue Mexny ocsiMu cBail onpezenseTcs no popmyiie
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s =4/152+ 1,52 = 2,1213 m

BricoTa cBo1000pazoBaHus: hg =h=045mMmT1K. h =045 <s/2=1,06mM

KoadduumeHT maccMBHOTO MaBJICHUSI M AKTUBHOTO JIaBJICHHUS TPYHTA ONpEACSIeTCS II0
bopmyie

Kopie = tg? <45° + %) = 3,69
Kogn = 0,271

1 1
A =5(s = d)? = £(21213 - 0,7) = 0,2525

_ s? 4+ 2ds — d? _ 2,121324+2-0,7-2,1213 — 0,72

= = 0,7755
2 252 2+2,12132
d(Kpy — 1) 0,7(3,69— 1)
_ - = 1,1447
X 1,5 0,7755 - 2,1213

MemMmOpaHHOE HaIPSHKCHHUE OT MOCTOSIHHBIX HArpy30K OIMpeesieTcs mo gopmyse

— X .
GZO,G,k - /11 Yk

: {h()ll +hy?2,)  +hy

n2a\ X _
<Al + 94 2) - (Al + thAZ) X]} =
— 0,252511447 . 18 .

. {0,45(0,2525 + 0,452 - 0,7755) " 11447

0,452+ 0,7755) " , ©1aar
+ 0,451 0,2525 + — —(0,2525 + 0,45% - 0,7755)™ "
= 6,87 kH/m?
[TpoBepka npousBoauTcs no rpapukam, [pun. A
o
206X — 0,85 = 0,061 = 6,89 KH/M? -
Yih

MeM6paHHOC HaMpsDKCHUE OT TMOCTOAHHBIX W HNCPEMCHHBIX HArpy30K OIPCACIICTCS I10

bopmyne

020,G+Qk = Af (Vk + pQTk) '
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: {h(/ll +hy?,) "+ hy

hZa\ X _
<,11+ 94 2) — (A4 + hy?2y) ’1}:

30
— 0252511447 (18 ) -
+ 045

. {0,45(0,2525 + 0,452 - 0,7755) " L1447

0,45%-0,7755

-X
4 ) —(0,2525 + 0,452 - 0,7755)—1,14471}

+ 0,45 l<0,2525 +

= 32,29 kH/m?
[TpoBepka npousBoauTCs 10 rpagukam cornacHo Ilpunoxenuto A.

020,G+0,k

=0,85 - o = 32,39 kH/m?
yk . h + pQ‘k ZO,G+Q,k /

Cocrosinme 1a. Cragusn 1
IInockoctsb - X Ilnockocth - Y
OnpenensieTcs MUPUHA OTIOPHOH 30HBI:
bgrs = 0,5d\Vm =0,5-0,7-,/3,14 = 0,62 M
Onpenensercs: CBOOOHBIN MPOJIET ApMUPYIOIIETO JIeMEHTa:
Lyx =Sy —bgrs =15-0,62=0,88m Lyy =Sy —bgrs =1,5—-0,62 = 0,88 M

OHpe,Z[eJ'IerTCSI rpy3oBas mjiomalb:

A = O,S(sty) — d—zarctg (S—y)i Ay = 0,5(5y5x) — d_zarctg (S_’C)L
2 5,/ 180 2 sy) 180
) (())'52(1’5 | 1'5)1 5\ 3,14 ) 8’52(1’5 | 1’5)1 5\ 3,14
~~areta (75) 10 -~ rets (5) 150
= 0,933 m? = 0,933 m?

OHpe,I[CJ'IﬂeTCH MeM6paHHO€ YCUJIME B apMUPYIOIIEM 3JICMCHTC 663 y4eTa noJI3ydeCTHU:
Feor = ArxOzo6k = 0933687 = 6,41 kH/M  Fy g, = A10,06x = 0,933 6,87 = 6,41 kH/m

Omnpenensiercs geopmanus reomarepuana;

kg - L2 143 - 0,882 kg - L2 143 - 0,882
S'kz 5%""" = = 0,0656 S’kz S%Wy = = 0,0328
I 00 1688 Iy 0n 3376
F. b 6,41/0,62 F. b 6,41/0,62
x,G,ZkS/%Ers — / — 0,0061 y,G,st/D/ Ers — / — 0’0031
Jx104 1688 JaSen 3376
&6k = 1,4% (Puc. 3,4) &yck = 1,3% (Puc. 3,4)
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Cxomumocts — 1,4/2,5-100 = 56% < 85%
ko1, 143-0,882

— = 0,0574
4% ’
]x,lo‘{ 1928
Fx,G,k/bErs _ 6,41/0,62 = 0,0053
]1,4% 1928 ’
x,104

&6k = 1,3% (Puc. 3,4)
Cxogumocts — 1,3/1,4 - 100 = 92% > 85%

Cxomumocts — 1,3/2,5-100 = 52% < 85%
ki L5x 143-0,882

= = 0,0287
1,4% !
]y,10q 3857
F. b 6,41/0,62
Y,G,1k4/%Ers _ 38/57 = 10,0026
]y,loq

&k = 1,2% (Puc. 3,4)
Cxomumocts — 1,2/1,4 - 100 = 86% > 85%

Omnpepensiercss MEMOpPaHHOE YCHIIME B apPMUPYIOILEM JIEMEHTE C YUETOM I0JI3Y4EeCTH:

14% _ L3
EMxck = €xck ../x,]_()q = m 1928

= 25,06 kH/Mm

4% ’
Emyck = €6k ']31;_41}0[{ = m 3857

= 46,28 kH/M

Omnpenensiercst ycuiane B apMUPYIOLIEM 3JIEMEHTE IPH OOKOBOM CIBUIE

Eangr = 0,5vk(h —2)* - Kygn

=0,5-18(0,45 —0,15)%- 0,271
= 0,22 xkH/Mm

OmnpenensieTcss CcyMMapHO€ YCHIIME B apMUPYIOIIEM 3JIEMEHTE

Exck = Emxcr = 2505 kH/m

Eyck = Eanck + Emycrx = 0,22 + 46,28

= 46,5 kH/M

Cocrosinmne la. Ctagus 2

ILnockocrs - X

ILnockocers - Y

Omnpeaensiercs MEMOpPaHHOE YCHIIME B apPMUPYIOIIEM 3JIeMEHTe 0e3 yueTa MOoiI3y4ecTH:

FrG+ok = ALx0z06+0k = 0,933 32,29
= 30,13 kH/m

Fy,G+Q,k = ALszo,G+Q,k = 0,933 " 32,29

= 30,13 kH/m

Onpepnensiercs pedopmarys reoMaTepuaa:

ki - L3y 143 0,882

WX = 0,0656
]ifo/f{ 1688
F, b 30,13/0,62
x,G+g,;cO// Ers — / — 0,0287
]x,'wz 1688

8x,G+Q,k = 4,00/0 (PI/IC 3,4)
Cxomumocts — 1,4/2,5-100 = 56% < 85%
s+ L3, 1430882

. = =0,0738
;,qu 1500
F b 30,13/0,62
x,G+Q(,’k/ Ers — / — 0,0324
4% 1500
x,104

Ex,c+ok = %2% (Puc. 3,4)
Cxomumocts — 4,0/4,2 - 100 = 95% > 85%

Ksi - Lyy 143-0,887

= =0,0328
]321,'?0/?{ 3376
F b 30,13/0,62
y,G+géc()/{ Ers — / — 0’0144
J2S 3376

8y,G+Q,k = 2,5% (PI/IC 3,4)

Cxomumocts —2,5/2,5-100 = 100% > 85%

Omnpenensiercss MeMOpaHHOE YCHITME B ApMUPYIOIIEM JJIEMEHTE C yYETOM TOJI3yUEeCTH:
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Evaxc+ok = Exci " Janon = m 1500 Evycror = Eyc+ok 'Jﬁjfg/i’, = m - 3376
= 63,0 kH/m — 84,4 kH /M

OHpeﬂeHHeTC}I YCUIIME B apMUPYIOLIEM 3JIEMCHTC IIpU 6OKOBOM CABUIC
Eang+ok = 0,5vi(h —2)% - Kogn + o - (h — 2)
' Kagh
=0,5-18(0,45—0,15)%- 0,271
+30-(0,45—0,15)- 0,271

= 2.66 kH/M
OHpeI[eJ‘IHeTCSI CYMMAapHO€ yCHUJIUC B apMUPYIOLIEM 3JICMCHTC
Exc+ok = Emxc+ox = 63,0 kH/Mm Eycror = Eanc+or T Emyc+or = 2,66 + 84,4
— 87,06 kH/m
OnpeienseTcs pacdeTHOE yCHINE B APMUPYIOIIEM SIEMEHTE
Exa = EgiYre + (Ecrox — Eck)Yro Eyq = EgiYre + (Ecrox — Eci)Yre
= 25,05- 1,15 + (63,0 — 25,05) — 46,5 1,15 + (87,06 — 46,5)
-1,2 =74,34 kH/m -1,2 =102,14 kH/m

2.2 Pacuem necyweli cnocoonocmu apmupyrowe2o snemenma no mamepuany. Cocmosnue 16

Bericora cBonoo6pasosanus: T.k. h = 2,5M > s/2=1,06M - h; = 1,06 M

MemOpaHHOE HaNpsKEHUE OT TOCTOSTHHBIX HArpy30K ompenessercs no hopmyine

h, 22\ * _
<A1 + g4 2) — (A4 +hy"25) X]} =

— X .
Jzo,G,k - /11 Yk

AR(A +hy%2,) " + by

= 0,252541447 . 18 -

-12,5(0,2525 + 1,062 - 0,7755) L1447

1,062 - 0,7755

+ 1,06 [<0,2525 + 2

—1,1447
> —(0,2525 + 1,06% - 0,7755)—1,1447]}

= 14,05 kH/m?
[IpoBepKa NPOU3BOJUTCS IO TPapUKaM, TIPUIOKEHHT A

UZO,G,k

Y h = 0,31 > 0,06 = 13,95 kH/M? -
"
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MeM6paHHO€ HAIPsZKCHUE OT MMOCTOSAHHBIX U IIEPEMECHHBIX HAIpy30K OIIPEACIACTCA 110

dbopmye
ka).

I (Vk +—
h2a\ * .
<,11 + 9T2> — (A4 + hy?2y) X]} =

h
30

— 0,252511447 (1 )
0,2525 8+2’5

: {h()ll +hy?2,) F + hy

' {2,5(0,2525 + 1,062 - 0,7755)~ 11447

1,06% - 0,7755

-X
4 ) —(0,2525 + 1,06* - 0,7755)—1,14471}

+ 1,06 [(0,2525 +

= 23,41 kH/m?
[TpoBepka mpou3BOIUTCS 1O TpaduKaM MPUIOKEHUS A.

GZO,G+Q,k

= 0,31 = 23,25 kH/m?
Vi h +pQ,k ™ 020,6+Qk K /M
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Cocrosinue 10. Ctagus 1

IaockocTh - X Ilaockocth - Y
Omnpenensiercss MEMOpaHHOE YCHIIHE B apMHUPYIOIIEM JIEMEHTE 0€3 ydeTa MoiI3y4ecTH:
Fyer = Arx0z06k = 0,933 - 14,05 Fy ek = ALy0z0,6x = 0,933 - 14,05

= 13,11 kH/m = 13,11 kH/m

Omnpenensiercs nedhopMaliisg reoMaTepuana;
ks + L2y 143~ 0,882 ksy ' Liy 143~ 0,882

R T 0,0672 [ = —50c = 00336

Frci/brrs 13117062 0,0128 Fyax/bers _ 1311/0,62 0,0064
J200s 1648 ' i 3296 '
Ex6k = 2,2% (Puc. 3,4) &k = 1,4% (Puc. 3.,4)

Cxomumocts - 2,2/2,5-100 = 88% > 85%  Cxomumocts — 1,4/2,5 - 100 = 56% < 85%
Ksi* Ly,  143-0,88

= = 0,031
4% :
]y,500q 3571
F. b 13,11/0,62
y,Gl,Z{A) Ers _ 35;1 — 0,0059
]y,SOOq

&xck = 1,35% (Puc. 3,4)
Cxomumocts — 1,35/1,4 - 100 = 96% > 85%
Omnpenensercs MEMOpPaHHOE YCHITHE B apMHUPYIOIIEM 3JIEMEHTE C YUETOM MOJI3yIECTH:

2,5% 4 1,4% 1’35
EM,x,G,k = &x,Gk "Jx,500u — W 1648 EM,y,G,k =&k ']y,sooq = 100 3571
= 36,25 kH/m = 48,2 kH/™m

Ornpenensercst ycuiaue B apMUPYIOIIEM 3JIEMEHTE TP OOKOBOM CJIIBUTE
Eangi = 0,5vk(h — z)? - Kagn
=0,5-18(2,5—-0,15)?-0,271

= 13,47 kH/m
OHpeI[eJ’I?IeTCfI CYMMAapHO€ YCHUJIINEC B apMUPYIOIICM 3JICMCHTE
Ex,G,k = EM,X,G,k = 36,25 KH/M Ey,G,k = Eah.G,k + EM,y,G,k = 13,47 + 48,2
= 62,67 kH/m
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Cocrosinue 10. Cragus 2

IaockocTh - X Ilmockocetn - Y
Omnpenensiercss MeMOpaHHOE YCHIIME B apMUPYIOIIEM JIEMEHTE 0e3 yueTa MoJ3y4eCTH:
Fx,G+Q,k = Aon-ZO,G+Q,k = 0,933 ' 23,4‘1 Fy.G+Q,k = ALyo-ZO,G+Q,k = 0,933 ' 23,4‘1

= 21,84 kH/m = 21,84 kH/m
Ompenensercs nedhopmarys reoMaTepuana;
kg - L 143 - 0,882 kg L 143 - 0,882
= ieag = 00672 = =0,0336
Jx5004 Jozoa 3296
F, b 21,84/0,62 F. b 23,41/0,62
x,G+2(‘25,I(;)/ Ers — 1628 = 10,0214 y.G+2Q5,I:AJ/ Ers _ / = 10,0107
Jx5004 J3/5004 3296
&xc+ok = 3,2% (Puc. 3,4) &y6+ok = 1,95% (Puc. 3,4)
Cxoaumocts — 2,5/3,2 - 100 = 78% < 85% Cxomumocts — 1,95/2,5-100 = 78% < 85%
kg - L2 143 - 0,882 kg« L% 143 - 0,882
Slgz%wx T T 1531 0,0723 S’;co%wy = = 0,032
]x:SOO‘{ 3 ]y:500‘{ 3460
F b 21,84/0,62 F. b 23,41/0,62
x,G+3?2,I(;)/ Ers _ 1521 — 0,023 y,G+2Q(;I(;J/ Ers — / — 0’0109
Jx5004 135004 3460
Exc+o,k = 3,25% (Puc. 3,4) &yc+ok = 1,95% (Puc. 3,4)

Cxomumocts — 3,2/3,25 - 100 = 98% > 85% Cxomumocts — 1,95/2,0 - 100 = 97% < 85%
OnpenensieTcss MEMOPaHHOE YCUIIHE B APMHUPYIOLIEM JIEMEHTE C YYETOM MOJI3YYECTH:
329 _ 325 0 195
Emxc+ok = €xck Js00u = 100 1531 Emy.c+or = €y,6+0k " Jy5004 = 100 3460
= 49,75 kH/m = 67,47 kH/m
OnpeienseTcs yCHIME B APMUPYIOIIEM dJIEMEHTE NPH GOKOBOM CIBUTE
Eang+or = 0,5vk(h — 2)? - Kogn + poi - (h— 2)
' Kagh
=0,5-18(2,5—0,15)%2:0,271
+30-(2,5—0,15)- 0,271
= 32,57 kH/Mm
Onpenensercs CyMMapHO€ yCHIIME B aPMUPYIOIIEM DIIEMEHTE
Exc+ox = Emxc+or = 49,75 xH/m Eyciok = Eanc+okr + Emyc+ok
= 32,57 + 67,47 = 100,04 kH/m
OnpeienseTcss pac4eTHOE yCHIINE B APMUPYIOIIEM DIIEMEHTE

Exa = EgrkYrc + (EG+Q,k - EG,k)YfQ Eya=EgrYre + (EG+Q,k - EG,k)YfQ
= 36,25-1,15 =62,67-1,15
+ (49,75 — 36,25) - 1,2 + (100,04 — 62,67) - 1,2
= 57,88 kH/m = 116,92 kH/m

2.1 Pacuem necyweii cnocobnocmu apmupyoweo snemenma no mamepuany. Cocmosuue 16.

Bricora cBomooOpasoBanus: T.K. h = 2,5M > s/2 = 1,06 m - hy = 1,06 M
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MeM6paHHO€ HAIPsZKCHUE OT MMOCTOSAHHBIX U IIEPEMECHHBIX HAIpy30K OIIPEACIACTCA 110

dbopmye
ka).

I (Vk +—
h2a\ * _
<,11 + 9T2> — (A4 + hy?2y) X]} =

h

50
_ 1,1447 .
= 0,2525 (18 + 2,5)

: {h()ll +hy?2,) F + hy

' {2,5(0,2525 + 1,062 - 0,7755)~ 11447

1,062 - 0,7755

-X
4 ) —(0,2525 + 1,06 - 0,7755)—1,14471}

+ 1,06 [(0,2525 +

= 29,65 kH/m?

[TpoBepka npousBoauTcs no rpapukam, [pun. A

GZO,G+Q,k 2
— =10,31 = 29,45 kH
Yi* h+ Pok = O0z0,G+Q,k K /M
Cocrosinue 1B. Ctagus 1
IMnockocth - X Inockocth - Y
Ornpenensercs MeMOPaHHOE YCHIIME B ApMUPYIOIIEM dJIEMEHTe 0€3 ydeTa MoJI3y4ecTH:
Fyer = Arx0z06k = 0,933 - 14,05 Fy ek = ALy0z0,6x = 0,933 - 14,05
= 13,11 kH/m = 13,11 kH/m
Onpenensercs aedopmanus reoMarepuana:
kg L2 143 - 0,882 kgy - L2 143 - 0,882
o = = 0,0729 sk Wy — 0,0364
Jxci10n 1520 2k 3040
F. b 13,11/0,62 F. b 13,11/0,62
x,GZ,kS{/0 Ers — 1520 — 0’014 y,GZ,I;{/O ETs — / — 0,007
Jx110 Jy 210 3040
Ex6k = 2,45% (Puc. 3,4) &yck = 1,5% (Puc. 3,4)

Cxomumoctsb — 2,45/2,5 - 100 = 98% > Cxomumocts — 1,5/2,5 - 100 = 60% < 85%
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85%
kg L3, 143 0,882
o = = 0,0338
i 3280
Fygu/bprs  13,11/0,62
y‘;’;// brs _ BBAL/062 _ 0064
I 3280

Exck = 1,4% (Puc. 3,4)
Cxomumocts — 1,4/1,5-100 = 93% > 85%
OmnpepensieTcs MeMOpPaHHOE YCHUJIME B apMUPYIOIIEM 3JIEMEHTE C YUETOM IOI3yUYECTH:

2,5% 2,5 1,5% L4
Emxck = €6k Jx11on = - 1520 Evyck = €6k Jy110n = * 3280
100 100
= 38 kH/m = 45,92 xkH/m

Ornpenensercst yCuiaue B apMUPYIOIIEM 3JIEMEHTE TP OOKOBOM CJIIBUTE
Eangr = 0,5vk(h — z)? - Kagn
=0,5-18(2,5—-0,15)%-0,271

= 13,47 kH/m
Onpenensiercss CyMMapHOE YCHIIAE B aPMHUPYIOIIEM JIEMECHTE
Evcr = Emxcr =38 kH/M Eyck = Eancr + Emycr = 13,47 + 45,92
= 59,39 kH/m
Cocrosinme 1B. Ctagus 2
Ilnockoceth - X Ilnockocth - Y
Omnpenensiercs MeMOpaHHOE YCUIIHE B apMHUPYIOIIEM dJIeMeHTe 0e3 yueTa Moia3y4ecTH:
FyGiok = Arx0z06+0k = 0,933 29,65 Fy6+ok = ALy0z06+0k = 0,933 29,65
= 27,66 kH/m = 27,66 kH/M
Onpenensiercst neopmariinsi reomaTepuaia:
ksgs(;,‘z,vx _ 143 - 0,882 — 0,0729 ks_gs-o/Lﬁ,y _ 143 - 0,882 — 00364
]x:ll(())ﬂ 1520 ]y,'11(z)n 3040
Fx,G+2Q5',;/bErS _ 27,66/0,62 — 0,0294 Fy,GJ,Q,,:/bETS _ 27,66/0,62 — 0,0147
Jx 710 1520 ];fil/%ﬂ 3040
€xc+ok = 405% (Puc. 3,4) &y 6+ok = 2,5% (Puc. 3,4)
Cxomumocts — 2,5/4,05- 100 = 62% < Cxommmocts — 2,5/2,5 - 100 = 100% > 85%
85%
kS'ZO/. L2, _ 143 - 0,882 — 0,0805
Jx110n 1375
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Fx‘GJrQ,k/bETS _ 27,66/0,62
;,(’{01011 1375
Ex,G+0,k — 4,2% (PI/IC 3,4)
Cxomumocts — 4/4,2 - 100 = 95% > 85%

Onpenensiercds MEMOpaHHOE YCHIIME B aDMUPYIOIIEM JIEMEHTE C YYETOM IOJI3Y4ECTH:

= 0,032

Evxcrok = €xci " Jation = ﬁ 1375 Evmycrok = €640k ']55’01/%;1 = ﬁ - 3040
= 57,75 kH/m =76 kH/M
OnpeienseTcs ycuiIne B apMUPYIOIIEM SIeMEHTe TIPH GOKOBOM CIBUTE
Eang+ok = 0,5vk(h — 2)* - Kogn + ok

+(h—2)- Kagh
=0,5-18(2,5-0,15)?-0,271
+50-(2,5-0,15)-0,271
= 45,31 kH/m

OnpeienseTcs CyMMapHOE YCHIINE B apMUPYIOIIEM JIeMEHTe

Exc+ok = Emxc+or = 57,75 kH/Mm Eyc+ok = Eanc+or T Emyc+ok

=45,31+76 =121,31 kH/m

OnpeieNseTcs pacyeTHOE YCHIIHE B ApMUPYIOIIEM 3JIEMEHTE

Exa =Ecxve + (Ecrox — Eci)Yo Eya=Ecirve+ (Ecror — Eci)Yo
=38-1,15+ (57,75 — 38) =59,39-1,15
1,2 =67,4kH/m + (121,31 -59,39)- 1,2
= 142,6 kH/m
Pe3synprartsl pacuera
PacuerHoe IIpoBepsieTcst ycinoBue MpOYHOCTH
COCTOSTHHE [Tmockocts - X [Tmockocts - Y
la Eyq=7434xH/m <T, E,q=102,14xH/M <T,
= 108,1 kH/m = 216,2 kH/m
10 Eyrq=57,88kH/M <T, E,q=11692xH/M < T,
= 108,1 kH/m = 216,2 kH/™m
1B Erq=67,4xH/Mm <T, Eyq=142,6 xH/M <T,
= 108,1 kH/m = 216,2 kH/m

VYcnoBue mpoBepKH MO HECYIIEH CITOCOOHOCTH BBITTOTHSIETCS
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bu6smmorpadus

[1] Texuuueckuii periiaMmeHT TaMOKEHHOI'O CO03a

TP TC 014/2011 «be3onacHOCTh aBTOMOOUIBHBIX JOPOI»

48



OKC 03.220.20
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KitoueBbie cioBa: 3eMJISSHOE TMOJOTHO, THUOKHM POCTBEPK, clialble
OCHOBAHHsI, TEOCUHTETUYECKNE MATEPHUAIIBI.
PykoBoauTens opranuzauuu-pazpadoTyuka
00O «I'EO-ITPOEKT»
['eHepabHbBIN AUPEKTOP
Aprembes MLIO.
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