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Annomauusa. Hcneimanue O0OABWOro KoAuuecmBd U3rubaemMblx NpegBapumeAbHO HANPSUKEHHbIX KeAe300eMOHHBIX HAe-
MEeHMOB U 9AeMeHmOoB 0e3 NpegpapumeAbHOr0 HANPSUKeHUS NPOJOABHOU apMamypkl € paspywleHueM UX NO HAKAOHHbIM
CeuenusiM, d MAKXe aHAAU3 MHOTOUUCAEHHbLIX 2KCNepuUMeHMAAbHLIX U Mmeopemuieckux UCCAegoBaHUl, KaK omeuecmBeH-
HbBIX, MAK U 3apyOeKHbIX, NO3BOAUAU NOAYUUMb NOGPOOHYI0 KAPMUHY HANPSKEeHHO-ge(dopMUPOBAHHOIO COCMOARUSA B Oe-
moHe u apMmamype B 30He gelcmBUsl NONEpPeuHbIX CUA. YCMAHOBAEHbl 3HQUEHUs BAUAHUS HA HeCyuyl0 CnocoOHoCmb
u3rubaemplx Keae300eMOHHbIX 9AeMEeHMOB MAKUX (paKmMoOpOB, KAK CUAbl 3aUeNnieHus ulepoxoBamoll noBepxHocmu Oepe-
I'OB B HGUKAOHHOU mpeujuHe, HAreAbHbll 3¢dexkm B npogoAbHOU apmamype B MECIAX nepecevyeHusl ee HAKAOHHOU mpe-
WuHOl, NpegpapumeAbHOE HANPsUKeHUe B NPOGOABHOU apmamype B 3aBUCUMOCMU OM WUPUHbL NONEPEeUHOIo CeveHUs
2AeMeHmoB U B nonepeuHoll apmamype B 3aBucumMocmu om ycuAull obxxamus b6emoHna Hanpsraemoli npogoAbHOU apma-
mypot u gp. Ilo pedyabmamam uccaegoBarHull CgeAaH BblBOG O UeAecoobpa3HoCmu COBepWEeHCMBOBAHUA MemMOguKU pac-
yema NpouHOCMU U3rubaemblx XKeAe300eMOHHbIX 5AeMeHMOB NO HAKAOHHLIM CeYeHUsIM, 3AA0KEeHHOU B HOPMAMUBHbIX
JOKyMeHmax, ¢ y1emoM BAUSHUSA BCeX OCHOBHBIX (PAKMOPOB.

KaioueBnbie caoBa: usrubaemble 30eMeHmMbl, HECyujass CROCOOHOCMb, 3KCNepuMeHMAaAbHble UCCAegOBANHUS, HAKAOHHbIE
ceuenUs, HANPsSUKeHHO-ge(hOPMUPOBAHHOE COCMOSIHUe, MemoguKa paciemad.

IMPROVEMENT OF THE METHOD FOR CALCULATION OF REINFORCED CONCRETE
BENDING ELEMENTS BY INCLINED SECTIONS

Ivan N. STARISHKO, e-mail: starishkoi@mail.ru
Vologda State University, ul. Lenina, 15, Vologda 160000, Russian Federation

Abstract. Testing of a large number of bending pre-stressed concrete elements and elements without pre-stressing of
longitudinal reinforcement with their destruction by inclined sections, as well as analysis of numerous experimental and
theoretical studies both domestic and foreign made it possible to obtain a detailed picture of the stress-strain state in
concrete and reinforcement in the area of transverse forces action. Values of influence on the bearing capacity of the
bending reinforced concrete elements of such factors as cohesion forces of the rough surface of the banks in the inclined
crack, the dowel effect of the longitudinal reinforcement at the intersection of its inclined fracture, pre-stress in longi-
tudinal reinforcement, depending on the transverse width of the elements, and in transverse reinforcement, depending
on the forces of the elastic compression of concrete by stressed longitudinal reinforcement, etc. are set. According to the
research results, it is concluded that it is expedient to improve the method of calculating the strength of bending con-
crete elements by inclined sections, laid down in the regulations, taking into account the influence of all major factors.
Key words: bending elements, bearing capacity, experimental studies, inclined sections, stress-strain state, calculation
method.

BBepeHue

Meton pacueta M3rnbaembix
»Kene300€TOHHbIX  3/1IEMEHTOB B
CTafiMi pPaspyLIEHUs MO HaKJ/IOH-
HbIM CEYEHWSIM C UCMOJIb30BAHWEM
paBHOBECHSI NPeLesbHbIX YCUIUK,
npepnoxeHHoit B 1946 r. A. A.
'Bo3gesbim 1 M. C. BopuiuaHckum,
SIBU/ICA KPYMHbIM LLIAroM Bhnepeg, no
CPaBHEHMIO C pacyeToM Mo Metoay
depmeHHOM aHanoruu, paspabo-
TaHHoMy E. Mepuem (Fepmanus) u
B T€ rofbl NPUHATOMY B KauyecTee
OCHOBHOMO MeToja pacuyeTa B
CCCP. Hoebi#t MeTon Aan BO3MOX-

HOCTb NEPEWTH OT YC/NOBHbIX Ha-
NPSKEHUM K (PAKTUUECKHUM YCHIIW-
AM B HaK/IOHHOM CeUeHWH, KOTO-
PbIN BNOCNEACTBUU OblN BK/IIOYEH B
HopmaTuBHble gokymeHTbl CCCP.
B 1960-e—1970-e rr. 6onbLiok
BKJ1aZ, C Lie/Iblo NPOBEPKH U pa3BU-
TUA YKa3aHHOro MeTofa, BHEeCIH
3KCnepUMeHTasIbHble U TeopeTHue-
CKWe UcClieloBaHWs MHOTUX oTeue-
cTBeHHbIX aBTopo — C. A. ImuT-
puesa, C. C. Jasbigosa, B. B. Mu-
xannosa, A. . Bacunbesa, [. A.
puropbesa v ap.

U3 3apybexkHbIX UccnenoBaHmi
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B 06/1aCTH pacueTa NPOYHOCTHU Ha-
KJIOHHbIX ~ CEYEHUH W3rubaembix
»Kene3o00eToHHbIX 3/IEMEHTOB Ce-
ayet otMetutb pabotbl @. JleoH-
raparta v P. Banbtepa (['epmanus),
k. . Mak-Tperopa u k. M.
XeHcoHa, a Takxke E. M. 3soiepa u
C. M. Cuecca (CLLUA), H. Piowa u
K. Burepycra (Fepmanus), P. Inb-
ctHepa (CLLA) v ap.

OpHako Bce 3TH UCCNenoBaHWs
UMEIOT CYLLECTBEHHbIE HEJOCTATKH,
W B NepBYylO o4yepedb M3-3a Y3KOM
Hanpas/IeHHOCTU MHOMUX 3JKCrepH-
MEHTa/IbHbIX WccnefoBaHWK. Ha-
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npUMep: BAWSIHWE NpenBapUTESIb-
HOrO HanpPsDKEHUS Ha MPOYHOCTb
HaKJIOHHbIX CEYEHWH M3rMbaembix
YKeNe300eTOHHbIX 3/IEMEHTOB WC-
cnenoBaHo 6e3 yueta LWMPHHDBI No-
NEepPeYHOro CEYEHWSi U KOIMYECTBa
nonepeyHoOM apmartypbl B 3/1€MeH-
Tax NPSIMOYro/ibHOrO W TaBPOBOro
npodpuns; BAUSIHWUE NOMNEPEUHOM
apmatypbl — 6e3 yueta npeagapu-
TENIbHOIO HanpPsiKEHWUs1 B NPOAO/Ib-
HOM apmartype, (hOpPMbl nonepey-
HOro Ce4YeHus, OJIMHbl nposeTa
Cpesa; B/MsiHAE CBECOB CXKaTbIX
nonok B BGanKax TaBpPOBOro npo-
chuna — 6e3 yueta AnMHbI NposieTa
cpesa M T. 4.

Takue HenosHble 3KCnepUMeH-
Ta/lbHble WUCCNEfOBaHWS MNPUBE/H
K TOMy, 4TO B OEWCTBYIOLLEM CEro-
aHa CM 63.13330.2012 «CHwI
2.03.01-84" BeToHHble W >keneso-
GETOHHbIE KOHCTPYKLMH» B pacue-
Tax MPOYHOCTU MO HAKJ/IOHHbIM Ce-
ueHusM BasloK TaBpPOBOro NPO-
NSl BNIMSIHAE CBECOB CXKATbIX MOJIOK
BOBCE He YyuuTbiBaetcs. Buaumo,
TaKoe peLleHHe MPUHATO Ha OCHO-
BaHWK WUCMbITaHWK BasoK C MasibiMK
nponetamu cpesa, TO/CTbIMU pebd-
paMu 1 6ObLIOKN LUIMPUHON TOHKKX
CBECOB.

MHOrouMcIeHHble 3KCMEPUMEH-
Tbl, NPOBefeHHble aBTopoMm [1 u
Ip.], nokasanu, 4To C yBesMUEHU-
eM nposieTa cpesa Hecylias cro-
cobHOCTb BanoK MO HaK/IOHHbIM
CEUEHHUSIM CHWXKAETCSI, OLHAKO BJW-
SIHWEe CBECOB CKaTblX MOJIOK Ha WX
HecyLyto cnocobHocTb, Haobopor,
MOBbILLIAETCA, W, KOrA4a C yBesuye-
HUEM AJ/IMHbI NposieTa cpesa Hasnka
CTAHOBWTCS  PABHOMPOYHOW MO
HOPMaJIbHbIM W HaKJ/IOHHbIM Ceve-
HUSIM, B/IUSIHUE CBECOB [e/laeTcs
O[IMHAKOBbIM KaK Mo HOPMasibHbIM,
TaK W MO HaK/IOHHbIM CEYEHUSM.

CrpaluvBaeTcs, KaKk MOXHO COr-
nacHo CIM 63.13330 8 6ankax, pas-
HOMPOYHbIX MO HOPMAJbHBIM U Ha-
KJIOHHbIM CEUEHWSIM, NPU pacyeTax
NPOYHOCTH MO HOPMAasIbHLIM Ceye-
HUSM  YU4WTbIBATb  CYLLECTBEHHOE
B/IMSIHWE CBECOB CXKaTbIX MOJIOK Ha
MPOYHOCTb HOPMAJIbHBIX CEUEHWH,
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a B pacyeTax MPOYHOCTH MO Ha-
KJIOHHbIM CEYEHWUSIM BOBCE €ro He
Y4WTbIBaTb, XOTS 4acTo B M3rubae-
MbIX MPEBaPUTENBHO HaMpPsKeH-
HbIX >KeNne300ETOHHbIX 3/7eMeHTax
B 30He uucTOro u3ruba paspylue-
HWE OLHOrO W TOro e O6eToHa
CKaTOM 30Hbl MPOUCXOAWUT OAHO-
BPEMEHHO W Haj HOPManbHOM, W
Haf, HAKJIOHHOW TpeLLUHaMMU.

JToT npuvMep NoKasblBaeT, uTo
3anoxeHHbi B Cl 63.13330 me-
TOA pacyeta MNPOYHOCTU MO Ha-
K/IOHHbIM CEYEHUSIM UMeeT BosbLue
HELOCTaTKOB, YeM METOJ pacuyeTa,
npuHATbIM, Hanpumep, B CHuUI
2.03.01-84* «BetoHHble W >kene-
300ETOHHbIE KOHCTPYKLMH».

C yueToM COBpeMeHHbIX pe3y/b-
TaTOB 3KCNepUMEHTasIbHbIX MCCe-
[OBaHWK, NPeACTaBNsSeTCS Leneco-
obpa3HbIM paccMoTpeTb BOMPOC O
HeobxoaumocTu Bosspara K CHull
2.03.01-84*, noka He 6yper yco-
BepLUeHCTBOBaH M31oxeHHbIM B CI1
63.13330 metop pacueta npoyHoO-
CTU MO HAK/IOHHbIM CEYEHUSIM C
TOUKW 3PEHUs ydeTa B/IUSHWUS CBe-
COB CXKaTblX MOJIOK Ha HEeCyLLyto
CMNOCOBHOCTb MO HAaKJ/IOHHBIM Ceve-
HUAM Ganok 6e3 nonepeuHou ap-
mMaTypbl U T. .

OcHoBHas 4acTtb

[ns coBepLUeHCTBOBaHWS MeTO-
IUKW pacueTa M3rvbaembix >xene-
300eTOHHbIX 3/1€eMEeHTOB MO Ha-
K/IOHHbIM CEYEHUSIM aBTOPOM CTa-
Tb1 BblNM UCTbITaHbI BasIKKM NPAMO-
Yro/IbHOrO W TaBPOBOro NPOchuNS.

B cooTBeTCTBMM C NOCTaBNEHHOM
3ajayer NpoBedeHO McnbiTaHWe 24
OMbITHbIX MPEABAPUTENBHO Hanpsi-
>KEHHDbIX >ene300eToHHbIX BasoK.
Banku npsMoyrosbHOro ceueHus
paamepom 15x30 cm, ceobogHo
onepTble MO KOHLAM, 3arpy»asmcb
OBYMS CUMMETPHUHO PaCnoIOXeH-
HbIMU OTHOCWTEJIbHO CepefamHbl ee
OJIMHbl  COCPeAOTOYEHHbIMU CUNa-
mu. Kybrkosas npouHocTb 6eToHa
I8 BCeX OMbITHbIX obpa3LoB npe-
IYyCMOTpeHa OJIMHaKOBOW — B Cpe-
oHem 50 Mla. HwxHsaa npogonb-
Has apmatypa — M3 cranu 218

AT-V, BepxHas — w3 cranm 210
AT-VI. Hats>keHue apmartypbl Bbl-
MOJIHANOCh Ha CTEHe, COCTOSLLEM
U3 Ttpex nuHun. Kakpasa cepwus
OMbITHbIX OOPa3LOB U3 LEeCTH Ba-
JIOK M3roToB/SNaCh Ha OTAE/bHOM
JIMHWM, YTO NO3BOJIMIIO BO BCEX 0O-
pa3uax cepud WMeTb OLMHAKOBOE
NpeaBapyTE/IbHOE HaMpsKEHWE Npo-
JONbHOM apmatypbl. HatsykeHue
apMarTypbl NPOU3BOAMIOCH MTMAPaB-
JIMUECKHUM [JOMKPATOM C MOMOLLbIO
HacocHoW cTaHuuu. [lepep Hats-
YKEHWEM NPOLOJIbHOM apMaTypbl Ha
BEPXHEN U HUXKHEMW IPaHAX KaK[o-
ro CTEPXKHS LIENOYKOM HaKIeuBasu
TEH30[aTUMKKU W  BbINOJHANN WX
TLWATE/bHYIO U30IALMIO OT B/aru M
BO3MOXKHbIX MOBPEXKAEHWUH NPU YK-
nafKe WU yniotHeHuu betoHa. Ycu-
JIUS HaTSXKEHUS B CTEPIKHAX NPO-
JOJIbHOW apMaTtypbl KOHTPOJIMPO-
Ba/IMCb TEH30JaTuMKamu, TeH30-
meTpamu ¢ 6azorn 100 MM, a Takxe
No MaHOMETPY HaCOCHOM CTaHLMK.

Kpome TeH3omatuMkoB, Hak/e-
€HHbIX Ha MPOAO/IbHOW apMartype,
C Uenbto KOHTpoNs AedopMaLui,
NpoTeKalolWMX B Npouecce cnycka
NPeABapHTE/IbHOrO  HaMpPsXKeHUs
apmartypbl, a Tak>Ke B TEUEHWe Xpa-
HEHWs 0OpasLoB [O MOMEHTA WX
UCnbiTaHKs, Ha GOKOBble MNOBEpPX-
HOCTU Gasiok nocne CHATUA ona-
NyOKU TaKKe OblM HaK/IeeHbl TEH-
304atumKku ¢ 6ason 50 mm.

Lna KoHTpons notepb npegga-
pUTENbHbIX HANPsKeHWH B Npo-
[IO/IbHOW apmaTtype OT peflakcaLmu
HanpsXKeHWM Oblna HaTaHyTa aHa-
JlorMyHas apmarypa Ha OTAe/IbHOM
cteHpe npu Temneparype 20 °C.
YKa3aHHbIM KOHTPOJIb OCYLLLECTB-
NSeTCs C NOMOLLbIO AMHAMOMETPOB
B TEUEHWE BCEro BPEMEHW TBepae-
HWUA 6eToHa, BMNIOTb [0 ChycKa
NpeABapUTENIbHOTO HATSXXEHWs ap-
marypbl.

B stoT nepuop penakcauus Ha-
NPS>KeHUH B apMarype npoTekasa
Hanbonee WHTEHCMBHO, a nocne
CMyCKa HaTsHKEeHSi, K MOMEHTY MC-
nbiTaHMa Gafiok, BO3pOC/ia BCEro
nvwb Ha 3—5 % B 3aBMCHMMOCTH OT
BE/IMUMHbI  KOHTPO/IMPYEMbIX Ha-

MPOMBILLUIEHHOE N TPAXOAHCKOE CTPOUTE/ILCTBO 5/2019
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O6o3HaueHus:

———— — nepep pa3pylueHuem banku

— — =— —nocne o6pa305aHm| HOPMasibHbIX TPELLHUH;
————— — B Mpouecce pa3BUTUA KpVITVI‘-{eCKOFI HaK/IOHHOM TPEeLWHHbI;

Puc. 1. Pacnpedenenue npodossHerx degpopmayuii 8 6emoHe npu ucneimaHuu
npedBapumenvHo HanpsxcenHol 6anku b-1-1a (a) u 6aaku 6e3 npedBapu-

menbHozo HanpsxceHus b-1ll-1 (6)

a JleBblit cTep)KEHD

a — 0o 06pa30BaHUS HAK/IOHHBIX MPEUUuH
(0,3 Ppa3p.),'
6 — neped paspyweruem 6anku (Ppgsp )
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————— — cpepgHye aedopmauuu

| |
© 0 683420 30 40 65 75 98 /cm
St
4
|
|

— AechopMali1 No BepxHeW rpaHk NPOJO/IbHOW apMaTypbl;

-5 T 1 T1
S R e ——
10 T '

Puc. 2. Pacnpedenenue degpopmauyuii no daune npodoneHol apmamypel I, cm,
8 6aske b-1ll-1 6e3 npedBapumenbHO20 HANPANCEHUS

Npsi>keHWM B NPOLOJSIbHOM apmaTy-
pe W BPEMEHW BbIAEPXKKU Oanok
nocne crnycka npensapvTeNbHOrO
HaTS>KEHUS.

Banku wucnbiTbiBaM Ha pOM-
KpaTHOW YCTaHOBKE [BYMSl CHMMET-
PUYHO PaCnO/IOXKEHHbIMU OTHOCH-
TENIbHO CepefuHbl MposeTa rpysa-
Mu. [No nokasaHuaM TeH3omZaTyM-
KOB MOCTPOEHbI rpadhmku pacnpe-
aenenvst aedopmauui B HetoHe
(puc. 1) v apmatype (puc. 2u 3),
aHa/M3 KOTOPbIX MO3BOJIMA  Bbl-
sBUTb cnegytouee. MNocne obpazo-
BaHUsS HOPMaJibHbIX K MPOAO/IbHOM
ocu banku TpewuH (0o obpasosa-
HUS HaKJIOHHbIX) MO A/MHE Gankw
AeopMaLn  YKOPOUYEHUs Bepx-
HEW TpaHu pacnpefensiucb Nu-

HEWHO C MaKCMMYMOM NOg, rpy30M
W HYNIEBBIMWU 3HAYEHWUSIMU Y OMOPbI
(cm. puc. 1 — WTPUXOBbIE JIMHKUK).
Mocne o6pa3oBaHUA HAK/IOHHbIX
TPELLMH U B NPOLIECCEe UX Pa3BUTHS
C MOBbLILWEHWEM Harpy3ku, B 30He
JENCTBHS NOMepeyHbIX CU MPOUC-
XOOMNO mepepacrnpeneseHne yKa-
3aHHbIX aedopMaumri. Y mecT npu-
JNIOXKEHWs Harpysku pedopmaumu
YKOPOYeHUsi pe3Ko Bo3pacTasu, a
Ha  ydyacTKax, PacroJIOXKEHHbIX
6nMKe K Onope, MOHWXKAIUCh, ne-
pexons B fedopMauuy YAJMHEHNS
(cm. puc. 1 — WTPUXNYHKTUPHbIE
nuHun). B ctaguu passutus Ha-
K/NOHHbIX TPeWwMH, Ha OGOKOBbIX
rpaHsix 6asiok BUAHO, YTO C yBENH-
UEHWEM Harpysku, yem B6simxke Hop-
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MaJ/ibHble CeYEeHUS PacnosOXKeHbI K
onope 6anku, TeM HUXKe OnycKa-
Nacb HeWTpasbHas ocb. Makcu-
MaJibHble 3HaueHusi aedopMauui
YKOPOUEHUS B HOPMasibHbIX ceue-
HWSX MO O/IMHE 30Hbl AEUCTBUSA MO-
nepeyYHbIX CUA K MOMEHTY paspy-
WweHUss GasioK nepemMeLlannucb ot
BEPXHEW rpaHu B CEYEHWUH MOf, rpy-
3om go 1/3...1/4 BbicoTbl 3THX
GaNoK OT HWXKHEN MPaHW B CEYEHH-
X, PacrosIOXeHHbIX B/IMXKe K Ono-
pam (cm. puc. 1 — cnnolHble nu-
HuW). B npouecce pa3ButTHS Ha-
KJIOHHbIX TPELUUH B 30HE AEeNCTBUA
nonepeyHbIX CUA B OMbITHbIX Gas-
Kax Habnoganocb HekoTopoe 3a-
KpbITHE HOPMaJIbHbIX TPELLUH B 30-
He uucToro uaruba. lNpu 3tom BbI-
coTa ©kKaTtoh 30Hbl 6eToHa Hag
HOPMa/ibHbIMW  TPELMHaMK  He
yMeHbLUanacb BM/OTb A0 pa3pyLue-
HUA GasIKK MO HaK/IOHHbIM CeYeHU-
am [2].

B npouecce ucnbitaHus 6anok
uccnefoBaHve gedopMmauui B
NPOLONbHOM apMaType Ha yyacTke
MEXXAY ONOPOM U JIMHWEW LeNCTBUSA
Harpy3kM, OCYLLECTB/ISieMOe C No-
MOLLbIO TEH30AATYMKOB, HaKJ/ieeH-
HbIX Ha 4BYX AWAMETPasibHO NPOTH-
BOMOJIOXKHbIX CTOPOHax 3TOW ap-
matypbl (cm. puc. 2), nossosnsiet
NoMyunTb  3Mopbl  AedopMauui
BEPXHETO U HWXKHEro BOJIOKOH
CTEPXKHSI, HA OCHOBaHWWM KOTOPbIX
npeaycMaTpuBanocb  YCTaHOBWTb
Ha/uuMe B apmartype HarelbHOro
achpchbekTa B MecTax nepeceveHus
€€ HaKJ/IOHHOMW TPEeLLUHOM.

MNonepeuHass apmaTypa BbInos-
HeHa B BM[E 3aMKHYTbIX XOMYTOB
L1MamMeTpoM 6 MM M3 CTa/lM Kiacca
A-l. Ha kaxkgom M3 xoMyToB Obino
TaK)Ke HaK/IeeHO LUeCTb TeH3ohaT-
unkos ¢ 6a3zomn 20 MM (No TpH TeH-
30[aTyMKa Ha KaXkooM BETBU (CMm.
puc. 3).

[lo o6pa3zoBaHWs HAKJ/IOHHbIX
TPELLMH B Havasie 3arpy>keHus ban-
KM B XOMyTax Habniojaiotca He-
Bonblure AedopMaLMM  yKopoye-
Husa (cm. puc. 3). Mocne obpaso-
BaHWS HAKJ/IOHHbIX TPELLMH XOMYTbl
LedopMUpYIOTCS MO ANWHE Hepas-
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1 — Haepyska o06pa3oBaHus HAKAOHHIX
mpewun; T — mernzodamyuku (6e3 wmpu-
xa omHocamcsa Kk npaBou nonoBure 67Ku,
co wmpuxom — K n1eBol);

-wm — cumBos o3Hayaem, 4mo meH3ooam-
yuk npekpamus pabomameo

Puc. 3. OmHocumensxere degpopmayuu 8 xomymax npu ucneimaxuu 6aaxku

B-111-1

HOMEPHO, NPOUCXOASAT Pe3KHUe CKa-
uKM aedopMaumi YASIMHEHUS B Me-
cTax HenocpeAcTBEHHOro nepece-
UEHWA XOMYTOB 3TUMU TPELLIMHAMM.,
B 6ankax 6e3 npensapuTesIbHOro
HanpsiXXeHWUsi JOCTUXKEHHEe npenena
TEKYUYeCTH BO BCEX XOMyTax, nepe-
CEYEHHbIX HaKJIOHHOW TPELLUHOW,
Habmopanocb  Npu  Harpyske
70—85 % oT paspywaiouien (cm.
puc. 3).

B npeasaputenbHo Hanps<eH-
Hbix Gankax npu Harpyske 85—
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90 % oT paspyLaloLen JoCTUXe-
HWe npefena TeKydecTu Habmopa-
JIOCb TOJIbKO B HEKOTOPbIX XOMY-
Tax, MepeceyeHHbIX HaKIOHHOM
TPELLMHOM, OOCTUXKEHWe npenena
TEKYUYECTU B OCTa/IbHbIX XOMYyTax —
HenocpeaCcTBeHHO nepeg W B Npo-
Llecce paspylieHus basok. B 6an-
Kax 6e3 npeaBapUTeNbHOroO Hanps-
>KEHWS B HEKOTOPbIX XOMyTax B
cTaguu paspylueHus nedopmaimu
YAJIMHEHWUS 3aXOOUU B 30HY YNpo-
YyHeHus cTanu. Takoe siBieHWe Ha-

6topanoch B61M3U onopbl Ha yya-
CTKax XOMYTOB, PacnoJIOXKEHHbIX
GU3KO OT HUXKHEH rpaHu Basiku, a
BOIM3U MecTa NPUIOXKEHUA Harpy-
3KM — Ha y4yacTKax XOMYTOB, pac-
NONOXEHHbIX B/IM3KO OT BEpXHEM
rpaHu (cm. puc. 3).

B mecTtax nepeceuyeHWsi HaKIOH-
HOW TpEeLLMHOM NpoAo/ibHas apMa-
Typa WCMbITbIBAET MECTHbIW U3rub:
JechopMauun Ha ee BEPXHEN U HU-
YKHEM rpaHsixX pasnnyaloTcs mMexxay
coboi. Mo mepe ynaneHus ot 3To-
ro mMecta pa3HOCTb MeXay 3Haue-
HUAMKW pedopMalmi Ha NPOTUBO-
MOMOXHBIX  TPaHsX  CTEPXKHSA
YMEHbLUAETCS M Ha HEKOTOPOM
PaccTosiHUM  CTAHOBWTCS PaBHOM
Hymo (cm. puc. 2).

C yBenuueHueM Harpysku nosie-
JIIETC HOBas HaKJIOHHas TpeLuu-
Ha, U B MeCTe MNepeceyeHus eio
NPOAJO/IbHOW apMarypbl Habnopa-
€TCA ClefyloWni CKayoK B pa3Ho-
CTM 3HauyeHWM pJecbopMaumi Ha
BEPXHUX U HWXKHUX TPaHSAX CTeprK-
Ha. [lpy 3TOM Ha yyacTke [OJiMHbI
NPOLO/NIbHOW apMaTypbl, OrpaHu-
UEHHOM HaKJ/IOHHbIMK TPELLMHAMMH,
anopbl  AedopMaLMi  HUXKHUX U
BEPXHUX BOJIOKOH OTHOCHTE/IbHO
JIMHUK OCEBbIX AehopMaLMi MeHs-
loT 3HaK (cm. puc. 2). Takon xapa-
KTep W3MeHeHus pedopmauui
YKa3blBaeT Ha TO, UTO MO B/USAHU-
€M MeCTHOro u3ruba B Mecrte nepe-
CEYEHWUS] HaKJIOHHOW  TPEeLLUHOW
npoaosibHasi apmaTtypa BOCMPHHH-
MaeT 4YacTb MOmnepeYyHor CW/bl OT
HarpysKku, T. €. B NPOAOJIbHOM ap-
MaType MNpOSIBASIETCS HaresbHbIM
adppeKT.

B onbiTHbIX 6ankax no pedop-
MaLMsiM NPOLOJIbHOW apMaTypbl Ha
L1aMeTpasibHO MPOTUBOMOJIOXKHBIX
BEPXHUX U HUXKHUX BOJIOKHAX ne-
pPexon, K HanpsiKeHWsM OCYLL,EeCTB-
NISIETCA C NMOMOLLbIO MOAYAs ynpy-
roctyu apmatypbl. Ecnv pedopma-
UMM Ha KpaWHWX BOJIOKHaX MpeBbl-
LWak 3HAYEHWs1 YC/IOBHOMO npege-
N1a NpOMNOPUMOHANIBHOCTH € gy, TO
Hanps>KeHWs onpepensiucb C no-
MOLLbIO AMarpaMMbl 3aBUCHMMOCTH
c,—¢

N s*
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Puc. 4. Pa3pywenue no HaknoHHOMY ceyeHulo 6anKku u3 necyaHozo 6emorHa 6e3 nonepeyHol apmamyper (a)
u ¢ nonepeuHol apmamypoi (6)

N, =% ; % A 1)
o — o
M=o 2 W, (2)

lNonepeuHas cuna (HarenbHbIM -
ekT) coctasuna: Q, = dM /dx.

3HaueHuWe nonepeyHor cubl Qg
K MOMEHTy paspylueHust 6anok, B
3aBMCUMOCTH OT NPOYHOCTH BETOHa,
KOJIMYeCTBa NPOLOJILHOW W nonepe-
YUHOM apMaTypbl, a TaKXke [pyrux
¢hakTopos, Konebnetcs B npeaenax
3—15 % npepenbHoW nonepeyHow
CWJbl, BOCTPHUHUMaeMOM Hankom.

B npouecce vcnbiTaHWi ycTaHo-
B/IEHO, YTO OMbITHbIE MPOAOJIbHbIE
yCuUnus B GeTOHe Haf HaK/IOHHOM
TPELLMHOM, NOJyYeHHble C YyUYETOM
(paKTHUYECKOM BbICOTbI CXKaTOM 30-
Hbl, OblIM MeEHbLLUE OMbITHBIX YCH-
/MK B NPOAOJ/IbHON apMaType B Me-
CTe MepeceyeHus ee HaKJIOHHOW
TpewmrHon. PasHuua B BenuuuHe
NPOLOJIbHBIX CXKUMAIOLLMX YCUWM
B OETOHE M pPacTArMBalOLLMX YCH-
/WK B apMaType CBUMAETENIbCTBYET O
HaJIMUUK [LOTOJIHUTE/IbHBIX YCHUIUK
B HaK/JIOHHOM CeYeHWH, CnocoOCT-
BYIOLMX WX YpPaBHOBELUWBAHHIO.
ITUMU  YCUNUAMU  SBASIOTCS CUJb
3auensieHns, BO3HUKalOLWME BAOSb
HaK/IOHHOM TPEeLLMHbI NPU CMeLle-
HWM LLIEPOXOBATOM NOBEPXHOCTH ee
6eperos. BepTtukanbHas cocrasns-
follas CUN 3auensieHusi NoBbilLaeT
MONepPeYHylo Cu/ly, BOCMpPUHUMae-
myto 6ankon. MpogonbHas W none-
pedyHas cocTaBfsloLMe CUA 3aLen-
nenust N; v Q, onpepensiotcs v3
YPaBHEHWM PaBHOBECUS TOPWU3OH-

Ta/IbHbIX U BEPTUKaJIbHbIX yCHﬂMlji,
NoJ1IydeHHbIX U3 OMNbITOB:

N, =Ny — Ngy; 3)

Q=0-0,-0.-Q,,. (4

3HaueHWs1 BepTHUKa/IbHOW COCTa-
BNSAIOLEN CWU/ 3aLENSIEHUS B 3aBH-
CMMOCTH OT MpOLeHTa nomnepeyHo-
ro apMMPOBaHWS, BEJIMUMHbBI NPO-
neTa cpesa M ycunus obxkatus be-
TOHa MNpPOJO/IbHOW HanpsiraeMowM
apmatypoil Konebanucb B npepe-
nax 5—35 % npepnenbHok nonepe-
YHOW CHWJIbl, BOCMIPUHUMaeMow Han-
kon. OfHaKo HeKoTopble Ucceno-
BaTe/IM BbIPKAIOT COMHEHWE B CY-
LEeCTBOBaHWM CUN 3aLensieHus B
HaKJ/IOHHOMW TpPELLMHE, a TaKXXe Ha-
relbHoro adpcpekta B NPOAOSbHOM
pacTsHYTOM apMaType, nepeceyeH-
HOM HaK/OHHOM TPELLUHOW.

B 3toM cBs3M aBTOpPOM cCTaTtbu
NPOBefeHbl CrneunasibHble 3KCne-
PUMEHTa/IbHbIE WCCIEN0BaHWS BJIW-
AAHWA HarenbHoro acpdekTa B Npo-
LONbHOM pacTsHyTOW apmarype B
MecTax MepeceyeHUss ee HaK/IOoH-
HOM TPELLMHOM, a TaKXKe CuN 3aue-
MJEHUS LLUEPOXOBATON MOBEPXHO-
cTh GeperoB B HaK/JIOHHOW TpeLLu-
He, KOTopble NpH AEUCTBUM Harpy3-
KW CMOCOOCTBYIOT MOBbILIEHWIO He-
cywen cnocobHocTh BGanok no Ha-
KJIOHHbIM ceueHusaM. Nccnepyemblie
Gasiku W3roTOB/IEHbI MPAMOYro/b-
Horo cedeHus pasmepom 112x8x15
CM, KOJIMYECTBO NPOAOJIbHOM U MNo-
nepeyHor apmMatypbl BapbWpOBa-
nocb. Kybukosasi npouHocTtb beTo-
Ha B UCC/lieyeMbIx Bankax cyLect-
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BEHHO pa3fiMuanacb U B CPeJHEM
coctraensna 10—15 Ma. Huskas
NPOYHOCTb OGeToHa npuHATA W3
NPELNONIOKEHUS, UTO BJIUSIHWUE Ha-
renbHoro adpdpekta (CKon 3aluT-
HOro cflost GeToHa, KOTOPbIM Hauu-
HaeTca OT MecTa rnepeceyeHus Ha-
KJIOHHOW TPELIUHON MPOLObHOM
apmatypbl M pacnpocTpaHaercs
BLOJIb Hee B CTOPOHY OMopbl) MpH
Ha/IMYMK MasIoM NPOYHOCTH BeToHa
npocmarpusaeTcs Gonee Harnag-
Ho. Konuuectso kpynHoro 3anosi-
HWUTens usmeHsnocb or 0 (necua-
Hble 6eToHbl) o 130 Kr U3 pacyeta
Ha 0,1 m3 GeToHa.

ledopmaunm B GeToHe BAONb
obpaszoBaHu1s npegnosiaraeMom Ha-
KJIOHHOM TPELUMHbI U3MePSInU AaT-
YMKaMK COMPOTHBEHUS C Ga3ow
50 mm.

Ha puc. 4a BugHo, uto B Banke
U3 necuaHoro betoHa 6e3 nonepe-
YHOW apMartypbl, KOrga Hak/IoHHas
TPpeLlMHa nepeceKkna BClO ee BbICOo-
Ty CeUYeHUs U BEPXHUM BNIOK cMe-
CTHJICI OTHOCHTE/IbHO HUXKHEro Ha
BbICOTY 60sible TOMLIMHBI 3aLuT-
Horo cnos GeToHa, Ganka Obina
elwe crnocobHa HeKoTopoe Bpems
CONPOTUBNIATLCA OENCTBUIO BHELL-
HWUX Harpy3oK HeCMOTpPS Ha TO, UTO
HWXKHAS NMPOAO/IbHAsA YacTb apMa-
Typbl MOJIHOCTbIO OTAENMNach OT
BepxHero 6s10ka Ha 25 cm oT Haua-
Jla HaKJIOHHOW TpeLLWHbl. ITOMY B
3HaUMTENIbHOW CTeneHu cnocobcT-
BOBa/IM CWJibl 3aLIEN/IEHWUs, BO3HW-
Kalolpe Ha HWKHeM, GIM3KOM K
BEPTUKA/IM, YYaCTKE HaKJ/IOHHOM
TpewwuHbl. Ha 6onee nonorom yua-
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Puc. 5. PaspyweHue no HaknoHHomy ceueHuto 6anku b-15 6e3 nonepeunold apmamypesl ¢ He6onbwum KoauyecmBom
KpynHozo 3anosnumens (a) u 6aaku b-16 ¢ nnacmunoid, ycmarnoBaeHHOU N0 MPAEKMOPUU HAKAOHHOU MPeUuUuHbl
6anku b-15 (6)

CTKE HaK/IOHHOMW TPELLMHbI, pacrno-
JIO>)XEHHOM BbllE CepeHHbl BbICO-
Tbl GanKku, BAMSHWE CWN 3auensie-
HUA Ha ee HeCyLlylo CnocobHOCTb
NOHMXXaeTcs.

Kak nokasanu MHOrouucieHHble
3KCnepuMeHTaslbHble  UCCedoBa-
HWS aBTOpa CTaTbM, B M3rubaembix
>KeNe300eTOHHbIX 3/1eMeHTax o0b-
pasoBaHWe W PasBWUTHUE TPELLWH B
30HE [OENCTBUS MOMNEPEYHbIX CUJ
NPOUCXOAMT MO TPAEKTOPHAM, B1U-
3KWM K TPaeKTOPHUM IaBHbIX CXKM-
MaloLLMX Hanpsi>KEHUH, UTO YYMTbI-
BaeTcsA B METOAMKe pacueTa, npef-
naraemoi I. H. Kanu [3, 4], a Tak-
>KE€ HEKOTOPbIX APYrMX WccienoBa-
HusiX. OTKNOHeHWs B  Pa3BUTUM
TPEeLMH OT YKa3aHHbIX TPAEKTOPHH
NPOUCXOAAT B OCHOBHOM M3-3a He-
OfHOPOJHOCTH ©OeTOHa, Ha/Iuus
NPOAONbHOW U NOMepeyYHor apMa-
TYpbl, BE/IMUMUHDBI NpPeaBapHUTE/ibHO-
ro HanpspKeHWs B apMmatype W apy-
rmx hakTopoB.

Tak, u3s puc. 46 BuaHoO, 4TO Nnoc-
ne obpa3oBaHUs TPELIMH C He-
6O/bLIMM HaK/IOHOM B 30He [IeNCT-
BMS NONEPeYHbIX CHJl, BOIM3U 30HbI
UMCTOro U3ruba, AanbHeHrLemy Mx
Pa3BUTHIO MO HadabHOM TpPaeKTo-
pUM NPensTcTBYlOT OosbluMe yCH-
JIMS CKaTUs, HanpaBfieHHble MeX-
Zly OMopOW U MECTOM MPUJIOXKEHHWS
Harpy3ku. [ToaTomy ¢ ganbHerwmnm
yBE&/IMUEHWEM Harpy3KM yKa3aHHble
TPeLLuHbI, NOBOPaYMBasACh BbIMyK-
JIOCTbIO K BEpXHEeW rpaHu, 3axonat
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B 30HY YUMCTOro WU3ruba, rae 1 npo-
M30LW/O pa3pyLueHre BeToHa CxKa-
TOW 30Hbl HasioK.

CpasHuBas paspylueHue 6Hanok
U3 necyaHoro GeToHa C nonepey-
HOW apmMaTypoi 1 6e3 Hee, MOXKHO
YBUIETb, YTO MPU HA/IMUMK Nnonepe-
YHOM apMaTypbl BbICOTa CXATOM
30Hbl BETOHA Haf, HaK/TOHHOM Tpe-
LLIMHOM MOBbILLAETCA.

TpelmHbl, 0Opa3oBaHHble MO
cepeniMHe nponeta cpesa unu 6,u-
K€ K OMnope, TaKkyKe C yBeJIMUEHHEM
Harpyskyd NoBOpaYyMBaloOTCS BbIMyK-
JIOCTbIO K BEPXHEHW rpaHu Banok w
Pa3BMUBAIOTCA B CTOPOHY 30HbI YMC-
TOro M3ruba no TpaekTopuam, 6u-
3KMM K TPaeKTOpPUSAM  [NlaBHbIX
CXKMMAIOLLMX Hanpsi>KeHUH, HO pas-
pylieHue GeToHa Hap HaK/JIOHHOM
TPELLMHON MPOUCXOAUT B 30HE
LENUCTBUS MNonepeuHbiXx cun (puc.
5). 310 obbACHAETCA TEM, UTO YeM
GIMXKEe HaKJ/IOHHble TPEeLLMHbl pac-
MOJIOXKEHbI K Ornope, TEM TPaeKTo-
PWK TNIaBHbBIX CXXUMAIOLLMX Hanps-
>KEHWH, NO KOTOPbIM OHWU pa3BUBa-
toTCS, NPU AENCTBUU Harpy3Ku pac-
MOJIOXKEHbI Bblllie, @ BbiCOTa CXa-
TOM 30Hbl BETOHA Haf, yKa3aHHbIMM
HaK/JIOHHbIMK TPELLMHAMH, B MecTe
[eWCTBUS NonepeYHbIX CUJI, YMEHb-
LUaeTCs, YTO NMPUBOOMT K €ro pas-
pYLLUEHHIO.

B 6ankax 13 necuaHoro 6etoHa
MPU KPYTOM MOBOPOTE KPUTHYEC-
KOM HaK/IOHHOM TPELLMHbI, Koraa C
yBeJIMUEHWEM Harpy3Kku NosiBNAOT-

cA nnactMyeckve paedopmauuu B
BGeToHe CXKATOM 30Hbl Haf, yKas3aH-
HbIMK  TPelMHaMK, CMeLLEeHHIO
BEPXHero 6/10Ka OTHOCUTENIbHO HMU-
YKHEro NpensTCTBYIOT CWJbl yropa
(3auennenus), BoO3HWKalOWME Ha
yyactkax, O/IM3KMX K BepTUKasb-
HbIM, PAaCrOJIOXKEHHbIM HWXKE OCH
6anku (cm. puc. 4a), vnn B obnac-
TH ee ocH U HWxke (cm. puc 46).
Cunbl cppura 6n0KoOB, pasfe-
JIEHHbIX  HAK/IOHHOW  TPELLMHOM,
NbITAIOTCA BbINPAMMUTb, T. €. cpe-
3aTb BEPTUKA/IbHYIO YacTb HaKJ/IOH-
HOW TPELIMHbl B BepxHeM 6/10Ke,
NO3TOMY C YBEJ/IMYEHUEM Harpy3KH
B/IUSIHAE CWJ1 3aLen/IEHUs Ha Hecy-
LWyl CnocobHocTb Ganok no Ha-
KJIOHHbIM CEYEHWSIM MOBbILLAETCS.
B 6ankax c He6onbLIMM KOMYe-
CTBOM  KPYMHOTO  3anoJiHUTeNs
(puc. 5a) npu [OCTWXEHWU Ha-
KJIOHHOW TPELUMHOMN 3anosIHUTENS
OHa orvbaeT 3anoJsIHWUTESb M, C yBe-
NMYEHUEM Harpy3KM, nepemeLLaeT-
cs pasblue K BepxHeW rpaHu ban-
k1. Korga B 6eToHe cykaToM 30HbI
Hag, HaK/TIOHHOM TPELLMHOM NOSB/S-
IOTCA nnacThyeckne pechopmauuu,
NPOUCXOOMUT  CMeLUeHUE  Mexay
BEPXHUM U HWXKHWUM Biokamu Gasi-
KW. 3anofiHMTeNb, OKasaBLUMMCA B
TpeliMHe, nPensATCTBYeT  3TOMY
CMeLLeHWo, B pe3y/bTaTe uero,
0COBEHHO MpPWU Masilol MPOYHOCTH
6eToHa, B 06n1acTH, pacnosioKeH-
HOW BblLLE 3arOJIHUTENS, NMPOUCXO-
OMT ee pa3BeTB/ieHue, T. €. obpasy-
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IOTCSl HOBbIE HAKJ/IOHHbIE TPELLMHDI.
Mpu HanMuMm BONBLLIOrO KOMYECT-
Ba KPYMHOro 3ano/iHUTENs BesUyu-
Ha CWn 3auenieHus Bo3pacTaer.
Takum 06pa3om, C pocTOM Harpys-
KM Npy 0Opa3oBaHWK faxke He3Ha-
uuTenbHoro cmelleHust Geperos B
HaKJ/IOHHOM TpeLUrHe (cm. puc. 4v
5) BO3HMWKAIOT CYLLECTBEHHbIE CH-
Nbl 3aLen/ieHus LIepoXoBaTor no-
BEPXHOCTH ee Beperos, Kak npasu-
N0, BbIMYK/bIX B CTOPOHY BEPXHEW
rpaHd OGasku W nepeceKaroLnx
6o/bLIOE KONMYECTBO 3arosiHUTe-
JIeN Pas/IMYHOM KPYMHOCTU U hop-
mbl. Kpome Toro, BosHukaroT none-
peuHble CWJbl, BOCMPUHWMaeMble
NPOLONbHOM apMaTypol B MecTax
nepeceyeHWss ee HaKJIOHHOW Tpe-
LLIUHOM.

Lns ycTaHOBNEHWS BAMSHWS CUN
3auenieHns U HarenbHoro adpdpek-
Ta B HaKJIOHHOMW TPELLUHE Ha NpoY-
HOCTb M3rnbaembix >enesobeToH-
HbIX 3/IEMEHTOB MO HAK/IOHHbIM Ce-
UEHWUAM [OMOJSIHUTENBHO MCMbITaHO
18 6anok. [leBatb M3 HUX UMenu B
HaKJIOHHOM CeYeHWW MeTasInyec-
KWe MNacTUHbl U3 KPOBENIbHOM CTa-
m (puc. 56).

MnactuHbl OO GeToHWpPOBaHWS
GasoK 3aKPenisiii K HWKHEH U
BEPXHEW NPOLONbHOW apMaType.
Hecsatb 6anok M3rotoeunu 6e3 no-
nepeyHor apmatypbl, AUaMeTp
NPOLONbHOW PacTAHYTOM apmary-
pol — 8 u 12 mm. B npouecce wc-
NbITaHWA BasKW UMENU pasuiHoe
paccTosiHWe OT onopbl fo rpy3a. B
ueTbipex Gasikax Luar nonepeyHbix
cTep>kHen S = 5 cMm, B ocTasibHbIX
— 9 cm. lNonepeyHas apmartypa Bbi-
nonHeHa us ctanu 4Bp-1. [na toro
utobbl Banku 6e3 niacTMH U KX
6nM3HeLpl C niacTMHaMM WMMenv
NPUMEpPHO OJMHAKOBOE Harnpas/ie-
HWe U L/IMHY HAaK/IOHHOM TPELLWHbI,
BHauYasie WCMbiTbiBaNM Oanku 6e3
NJacTWH, a 3aTeM C MaacTUHaMM.
Mpu atom cHauyana usydanu obpa-
30BaHWe W pPa3BUTHE HAKJ/IOHHbIX
TpewuH B Baskax 6e3 nnacTH 1 B
COOTBETCTBUU C UX Hanpae/IEHUEM
M ONMHOW YCTaHaB/WBaNU MeTasl-
JMUECKME MNNACTHHbI B aHasloruy-

HbIXx Oankax-6nM3Heuax. banka
B-15 6e3 nonepeuHor apmatypbl 1
6e3 nnactuHbl (cm. puc. 5a) npu
OTHOCHUTE/IbBHOM  PacCTOsiHUKM ~ OT
onopbl o rpysa ¢/ hy = 2,3 pa3py-
WwMnacb npu Harpyske 32 kH, pas-
pYLUIEHUE >Ke aHaNorMyHou OGasiku
B-16 ¢ 3abeToHUpOBaHHOMN NiacTh-
HOM (cm. puc. 56), roe cunbl 3aue-
MJEeHUs1 NPaKTUYECKHU OTCYTCTBOBA-
/1M, MPOMU3OLL/IO MO MIOCKOCTH Ka-
CaH1A NNacTuHbl U BeToHa NpU Ha-
rpy3ke 14 kH.

Takum ob6pa3om, ycTaHOB/IEHO,
uTo B Hankax NPSMOYrofbHOro ce-
ueHWs 6e3 nonepeyHoW apmartypbl
B 3aBMCMMOCTH OT Auamertpa npo-
[O/IbHOW apMarTypbl, KOJIMYeCTBa U
KPYNHOCTU 3anosiHuTesnen GeToHa,
OTHOCHTE/IBHOFO  PAcCTOSIHWUSI  OT
onopbl 40 JIMHWKU LENUCTBUA Harpys-
KW U Opyrux hakTopoB CU/lbl 3aLe-
MJIEHUS MOTYT MOBbILLIATb HECYLLYIO
CNOCOBHOCTb MO HaK/OHHbIM ceye-
Husm go 50 % u Gonblue.

IKCnepuMeHTamMH YCTaHOBJIEHO,
uTo B M3rbaembix >kene3obeToH-
HbiX Gaskax nocne obpa3osaHus
HaK/IOHHOW TPELLMHbI U nepeceve-
HUS el MPOLOJIbHOW apmartypbl
CMeLLEHUIO BepxHero 6/1oka OTHO-
CUTE/IbHO HWXXHEro MNpensaTcTeyer
npPomdo/sibHas apMarypa, No3Tomy B
npouecce cmelleHus 610KoB npo-
UCXOOWT OTKON 3alUUTHOrO CJlos
6eToHa BAO/b NPOAO/IbHOM apMa-
Typbl (cm. puc. 4 u 5). B onbITHbIX
Gasikax nepeg WX MCrbiTaHWEM Ha
3alLUMUTHBIN cnok HGeToHa nepneHau-
KY/IIPHO OCH MPOAOJIbHOW apMary-
pbl HaKNEUBa/IM JATUYMKKU COMPOTH-
B/IEHWUS W [OMNOJIHUTE/IbHO yCTaHaB-
NIMBaNU MHOMKATOPbI YaCOBOrO TH-
na. [lo u nocne nepeceueHus Ha-
K/IOHHOW TPELUMHOM HWXKHEN Mpo-
[ONbHOM apMaTypbl 3aMeps/iv Bep-
THUKa/IbHble Aed)opMaumu B HeToHe
Nno Ocu NPOLOJIbHOW apmartypbl W
onpeaensii yyacToK Ha BEpPXHEM
610ke Gasiku, Ha KOTOPOM BO3HW-
Kanu pedopmaumu. MNpu atom Ta-
Kue fedopMauuu nepen OTKOJIOM
3awmTHoro cnosi 6GetoHa BAOOMb
NPOLOJ/IbHOW apMartypbl pa3BWBa-
JIUCb OT Havyasia HaK/IOHHOM TpeLLH-
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Hbl B CTOPOHY OMOPbl Ha AJMHe
6—10d (rne d — pnuameTp npo-
JOJIbHOW apMartypbl).

B npoBefeHHbIX aKcnepuMeHTax
3HaueHUs TakWx dedopmauui 3a-
BUCE/IM OT AMaMeTpa NpPOLO/bHOM
apMartypbl, AMameTpa M Lwara rnone-
peYHON apMaTypbl, OTHOCUTE/IbHO-
ro PacCTosiHWS OT OMopbl A0 JIMHWUK
LEeNCTBUS Harpysku ¢ /hy U npou-
HOCTH GeToHa. ATOT hakT ocobeH-
HO HarnsigHoO NpOCMaTpUBaeTCs B
Basikax ¢ MeETa/IMUECKMMHU NIaCTH-
HaMH, roe 3apaHee U3BECTHO Hada-
JIO HaK/OHHOM TPELLMHbI, OTKyZa
Hauyanu W3MepsTb BepTUKasbHble
aedhopmaumun B GETOHe Ha ypoBHE
npoposibHoM apmartypbl. o 3Have-
HUIO YCU/IUSL PacTSXKEHWs, BO3HH-
KaloLero B 3aluTHOM crioe beTo-
Ha nepen €ro OTKOJIOM, MOXHO
NPUBIMXKEHHO ONpPeneuTb 3Haye-
HWe HarenbHoro adpchekTa B MNpo-
[ONbHOM apmartype.

MNpu aToM ycTaHoOBNEHO, 4YTO B
U3rnbaembix »Kene306eTOHHbIX
bankax (ocobeHHo 6e3 nonepeu-
HOW apMatypbl) NpW Ha/MUMU Ha-
KJIOHHbIX TPELLWH C MOMeHTa obpa-
30BaHUS W PasBUTUS  TPELLMUH
BAOJIb NPOAOJIbHOW apMaTypbl BW-
sIHWe HarenbHoro addekTa B Npo-
[JOJIbHOW apMaType Ha HecyLlyto
CMOCOBHOCTb U3rMBAEMbIX /1EMEH-
TOB MO HAKJIOHHbIM CEYEHWSIM MO-
HWxaeTca. BaunaHue ke cun 3auen-
JIEHWUS LLIEPOXOBATOW MOBEPXHOCTH
Geperoe B HaK/IOHHOW TpELUUHE C
YBEJIMUEHUEM Harpy3ku, HaobopoT,
noBbILLAeTCs.

P. M. Yexaeuutoc [5, 6] ucnbitan
30 >kene306eToHHbIX Hasok TaBpo-
BOrO CeYeHWsi C MOJIKOM, pacnoso-
YKEHHOMN B pacTAHYTON 30He BeToHa,
C Pa3/MyHbIM MPeLBapHTE/IbHBIM
Hanpsi>XeHWeM B NPOLOJIbHON apMa-
Type W3 BbICOKOMPOYHON MPOBOJIO-
KW, PacrosioyKEHHOW B PacTSHYTOM
30He B konruectee 125 Bp-ll, B cxa-
ToW 30He — 25 Bp-ll. B akcnepumen-
Ta/lbHbIX MCCIefOBaHUAX MO  Ae-
dpopMaLmaM Ha KparWHWX BOJIOKHAX
NPOLOJIbHOW PacTAHYTOM apMary-
pbl, pacnosioXeHHOW B ABa PsAa,
OblN10 YCTAHOBJ/IEHO, YTO NPU AENCT-
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Puc. 6. Bausnue unmerncuBHocmu nonepeyHoz2o apmupoBaHus Ha Benuyuny
paspywaruweld nonepeyHol cunsl 8 3aBucumocmu om npedBapumensHo20
HanpsjceHus B npodoavHolU apmamype B8 6anKkax NnPsAMoYy20/16H020 NPOGhUAs
¢ moacmeimu cmenkamu (b /h = 0,5). PaccmosiHue om onoper 30 AuHuu
delicmBus Hazpy3ku (dnuxa nposema cpesa) C=2,3h,

BUM CTaTUYECKMX HArpy3oK 3Haue-
HWe HaresibHOro adpdreKta [OCTUra-
no 10,6 % BceW nonepeyHoOm cunbl,
BOCMpUHUMaeMol Oankoi, a npw
MHOrFOKpPaTHO MOBTOPHbIX Harpys-
kax — 0o 38,7 %. Mpu atom P. .
UexaBuutoc npefesibHoe ConpoTUB-
neHue BeToHa cXKaTHio npu cpese R
(R") onpenensin U3 KpuTEpPHS MPOY-
HOCTW BeTOHa NpW NIOCKOM Hanpsi-
YKEHHOM COCTOSIHWM.

M. JlopeHcTeH [7], ccbinasicb Ha
[aHHble OMbITOB, CUMTaeT, uYTo B
KPUTHUUYECKOW HaK/IOHHOW TpeLLMHe
nornepeyHasl cuna BOCMPUHUMAETCA
YaCTMUHO CKaTom 30HOM BeToHa Q)
M YaCTUYHO — PacTSHYTOM apMarty-
por Q,, paboTaroLuen, Kak Haresb.

P. Banbtep [8] npu oueHke pa-
60Tbl CXXaToM 30HbI HeToHa, NOMU-
MO  HOPMAaJ/IbHbIX  HAaMPSAYKEHWH,
YUMTbIBAET TaK)Ke KacaTtesibHble Ha-
NPsKEHHA Ty, lMpu atom P. Basib-
TEp UCMONb3YET KPUTEPHUIM MPOUYHO-
ctv Mopa.

Takum obpasom, npu coeep-
LUEHCTBOBaHWW MPUHATON B HOpMa-
TUBHbIX AOKYMEHTaX MeTOLMKH
pacueTa u3rbaembix xenesobe-
TOHHbIX 3/IEMEHTOB MO HAK/IOHHbIM
CeueHUsIM CrieflyeT TaKxKe YOe/uTb
BHUMaHWe criefylowmm dpaktopam:
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° 3aBWCUMMOCTH B/IUSHUA MNpenBa-
PUTENBHOTO  Hanpsi>KeHWs  Npo-
[ONIbHOW apMatypbl Ha Hecyllyo
cnocobHOCTb M3rMbaembix Kene-
300eTOHHbIX 371EMEHTOB B 30HE
LENCTBUA MOMepeUHbIX CU OT LM-
PWHbI UX MOMNEPEYHOro CEUEHUS;
* 3aBWCUMOCTM B/IMSIHWS Monepey-
HOW apMatypbl Ha HeCylllylo Ccro-
COBHOCTb MO HAKJ/IOHHbIM CEYEHU-
AM OT MpefBapuTE/IbHOrO Hanps-
>KeHWs B NPOLOJIbHOW apmartype,
KOTOpas BrepBble yCTaHOB/IEHA aB-
TopoM ctatbu B 1970-x rr. npu npo-
BegeHun uccnegosarui 8 HUMXKB
(puc. 6). NoapobHO 3aBUCHMOCTb
usnoxena 8 [9, 10] u gpyrux pabo-
Tax aBTOpa CTaTbM.

OnbITbl, NpoOBeAEHHbIE aBTOPOM
8 HUMXKB c 24 »kene3obeToHHbIMU
6asnkamu cedenrem 15x30 cm [10],
nokasaJsiu:
o MpefBapuTE/IbHOE HanpsiKeHWe
NPOLOJ/IbHOWM apMaTypbl MOBbILLIANO
Hecywylo cnocobHocTb 6anok no
HaK/IOHHbIM ceyeHusiMm B 1,5 pasa u
bonee. M3ameHeHuwe nonepeyHoro
apmupoBatus B npegenax 0,0—
0,76 % noBbIWANO HECyLLYyO Cro-
COBHOCTb MO HAK/IOHHbIM CEYEHU-
AM NPeABapUTE/IbHO HaNPSAYKEHHDbIX
>Kene3006eToHHbIX 6anoK HesHauu-

TenoHo — no 15 % (cm. puc. 6).
N3meHeHHe npoleHTa nonepeyHo-
ro apMHMpPOBaHWUSA B TeX e npejae-
nax ans 6anok 6e3 npeasaputenb-
HOrO HanpsiXXeHWs1 MOBbLILLANO WX
HECYLLYIO CNOCOBHOCTb MO HaKJIOH-
HbIM CEUYEHWSIM BECbMa CYLL,ECTBEH-
Ho — po 2,8 pasa;

e [PaHUYHbIM 3HAYEHWEM nonepe-
UHOrO  apPMHPOBAHWSA  OMbITHbBIX
NpPeaBapuTENbHO  HanPSYKEHHbIX
)ene3obeToHHbIX Ganok cnemyert
cumtatb 0,3 % (cm. puc. 6). C
Ja/ibHEULIMM YBEJIMUEHWEM Mone-
pEeYHOro apMHPOBaHWS Hecyllas
cnocobHocTb 3TMX 6anok no Ha-
K/IOHHbIM CEUEHHUAM MPAKTUUECKH
He nosbillanach.

B npeppaputenbHo Hanpsi>keH-
HbIX M3rubaembix xene3obeToH-
HbIX 3/1EMEHTax C YBeJIMUEHUEM
LUMPHHDBI  MOMEPEUHOrO CeUeHUs
B/IMSIHUE MNPEeABAPUTENIbHOIO Ha-
NPSXXEHWUS Ha Hecyllylo cnocob-
HOCTb MO HaK/JIOHHbIM CEYEHUAM
MOBbILLAETCH, a BAWAHWE nonepe-
YHOM apMaTypbl — MOHMUXXaeTCs.

Tak, no npepsioyKeHUIo U C ydya-
cTMeM aBTOpa cTatbh Ha Mockos-
CKOM 3KCMepUMEHTaIbHOM 3aBoje
»Kene3o0eToHHbIX uspenuin (1974
r.) 6bian ucnbiTaHbl MHOrOMYCTOT-
Hble >kene300eTOHHble  NAWTbI,
npuMeHseMble S8  NEepPeKpbITUI
rpakgaHCKWUX 3JaHWM, C LUMPHUHOM
nonepeuHoro cedenuss 120—160
CM 1 BbicoToM 22 cM. UcnbiTaHus
nokasa/ii, YTo Hecyllas crnocob-
HOCTb MNpPeABapUTE/IbHO  Hanps-
YKEHHbIX NMT 6e3 nonepeyHom ap-
MaTypbl MPEBbICK/IA HECYLLYIO CMO-
COBHOCTb aHaNorMuHbIX NAMT 6e3
npPeaBapUTENIbHOTO HaMPSXKEHWUS C
BO/bLIMM KOJIMYECTBOM nonepeuy-
HOW apMatypbl, NPUHSATONW B COOT-
BETCTBUM C TUMOBbLIM MPOeKToM. B
pe3ynbtate no peweHuto [oc-
ctposi CCCP MHoronycroTtHble >ke-
Ne300eTOHHbIE MNWUTbI NEPEKPbITHH
ONA TPaKOAHCKUX 30aHUWA OJIMHOM
6 M 1 6onee HayasM BbiNycKaTb
TONIbKO MpPefBapuTE/IbHO  Hanps-
YKEHHbIMM, F[e rnorepeuHas apma-
Typa, Kak NpaBW/io, yCTaHaB/iMBa-
€TCs TO/IbKO Ha MPUOMOPHbIX Yyua-
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CTKax Mo KOHCTPYKTUBHbIM Tpebo-
BaHMAM.

B npouecce paspabotku mccne-
JIyeMoW B CcTaTbe TEMbI C Lie/Ibto CO-
BEPLLEHCTBOBaHWSI METOAMKMU pac-
yeTa M3rnbaembix >ene3obeToH-
HbIX 3/IEMEHTOB MO HAK/IOHHbIM Ce-
yeHWAM BblnM yuTeHbl MaTepuanbl,
U3noXxeHHble B pabotax [11—13].

BbiBOABDI

1. UcnbitaHne Gonblioro Komu-
yecTBa OMbITHbIX BanokK, npuMeHe-
HUE YCTAaHOBKW OISl U3rOTOBJ/IEHUS
3TUX BaNoK C Pas3fIMUHOMN BEUUM-
HOM NpenBapUTENIbHOrO Hanpske-
HUS NPOAO/bHON apMaTypbl, WC-
nosib30BaHWe CrneuuasbHOM ycTa-
HOBKM OJ11 UX UCTIbITAHMS, a TaKxKe
6onee 4 TbiC. TEH30JATYMKOB W
APYrMX W3MEepHTENbHbIX NPUOOPOB
NO3BOJIMNIO MOJYYHUTb B KOHEYHOM
uTore NOAPOBHYIO KapTUHY Hanps-
YKEHHO-AehOPMHPOBAHHOIO  CO-
CTOSIHUSI B 30HE COBMECTHOTO [LeW-
CTBMSI M3rMOAIOLMX MOMEHTOB M
MaKCHMMa/IbHbIX MOMEPEYHbIX CHI
(Ha npuonopHbIX ydacTkax 6anok),
UTO [AEMOHCTPUPYET peasibHylo pa-
60Ty M3rubaembix 3/1EMEHTOB Npu
LENUCTBUM NOMEPEUHbIX CHIL.

JINTEPATYPA

2. Ycunue obkatus 6etoHa Hu-
>KHEW MPOAOoNbHOW MpeaBapUTe/b-
HO HanpPs>KeHHOW apMaTypoW CHU-
YKaeT BeJIMUMHY T/1aBHbIX PacTsru-
BAlOLLMX HanpsiPKeHUH B OeToHe,
BO3HWKAIOLLIMX NPWU AEUCTBUH Mnone-
PEUHbIX CWJ/l, MO3TOMY MOBbILLAET
TPELLMHOCTOMKOCTb HaK/IOHHbIX Ce-
yeHWH. HanpsykeHue B xomyTax pe-
3KO BO3pacTaeT TOJIbKO Mocne ne-
peceyeHusl X HaK/OHHOM TpeLLu-
HoM. Tak Kak B npenBapuTeNibHO
Hanps>KeHHbIX Gaskax obpasosa-
HWE HaKJIOHHbIX TPELLMH NMPOUCXO-
QT NPU 3HaUMUTENbHO BONbLIMX Ha-
rpy3Kax no CpaBHEHWIO C aHaoru-
uHbiIMM Gankamu 6e3 npeaBapu-
Te/IbHOro Hanpsi>keHus (korga Ha-
npsi>keHus B GETOHe C)KaToW 30HbI
LOCTUratoT 3HaueHuH, MHoraa 6,u-
3KMX K MpeaenbHbiM), To aedop-
MaLuKM BO MHOTMX XOMYyTax, nepe-
CEUYEHHDbIX HAK/IOHHOM TpeLLUHOM
NPEeOBapPUTE/IbHO  HaMpPS>KEHHbIX
6asioK, [OCTWraloT npegaesbHbIX
3HaueHWM TONbKO nepeg Uau B Mo-
MEHT pa3pylleHus BeToHa CXKaTou
3oHbl. CneposatesibHO, BMAHWE
nornepeyHon apmMaTtypbl Ha Hecy-
LYK CNOCOBHOCTb MO HaK/IOHHbIM
CeYeHUsM B M3rMbaembix Keneso-

BETOHHbIX NPefBapHUTENIbHO Hanpsi-
YKEHHDbIX 3/IEMEHTaX B 3aBUCHMMOCTH
OT WX WUMPHHBI U APYrHMX (DaKTOPOB
MOXET ObITb 3HAYUTENIbHO MEHbLLE
MO CPaBHEHUIO C €€ BJIMSIHWEM B
Hasikax 6e3 npeaBapUTENIbHOMO Ha-
NPSKEHUS.

3. MpepnsaputenbHoe Hanpsike-
HWe NPOAOJIbHOW apMaTypbl B W3-
rMbaemMbIx >KeNe300eTOHHbIX 3Jie-
MEHTax MeHSIET TPAEKTOPHIO rnaB-
HbIX CXKMMAIOLMX  HaNPsHKEHWH,
YTO NMPUBOAMT K YBEJIMHEHHIO BbICO-
Tbl C)KAQTOM 30HblI BETOHa Hag Ha-
KJIOHHOW TPELLMHOKW, a cnepoBa-
TENbHO, W MPOYHOCTb MO HAKJ/IOH-
HbIM CEYEHWAM B HUX CYLLLECTBEHHO
NOBbILLIAETCA.

ABTOPOM CTaTbW Ha OCHOBaHWM
00006LLLEHUS MHOFOYMCEHHbIX COB-
CTBEHHbIX, a TaK)Xe [APYyrux oreve-
CTBEHHbIX M 3apyOekHbIX 3JKCrne-
PUMEHTa/IbHbIX U TEOPETHUECKHX
UccnenoBaHWi paspaboTaHa MeTo-
OMKa pacueta Hecywiend cnocob-
HOCTM MO HAKJ/IOHHBIM CEYEHHSM
u3rnbaembix »KeNne3o6eToHHbIX
3/IEMEHTOB U 3/1eMeHTOB 6e3 npej-
BApPUTE/IbHOTO HaNPSXKEHWsI, KOTO-
pas B fanbHedweM byaet onybnu-
KOBaHa.
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