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I'ngpaBanyeckuii pacuer 3au/IeHHbIX BOJOIPONYCKHbIX TPYO

AHHOTALIHS

B cratee mnpeacTaBiICHB OCHOBHBIC MOJOKCHHSI [0 THAPABIHYCCKOMY PaCUCTy
3auNicHHBIX TPyO. Pacuersl mHpOBEmCHBI MPH PA3IMYHBIX VPOBHAX 3amiacHUs. MTOroseie
pe3yabTaThl CBEIMCh K Oe3pasMepHOMY BHAY. B pesynprare 3Toro rpadMKH MPOIYCKHON
CMOCOOHOCTH KPYIJIBIX TPYO pPa3lTuuHBIX JHAMECTPOB COBIAIH, YTO TOBOPUT BCPHOCTH
BBIOpaHHEIX B pacuerax mnpeamonoxenui. Ocoboe BHHMaHme ciaenyer obpatute Ha 30 %
3auncHue TPYO, MPH KOTOPOM IPOHMCXOJUT CMCHA THAPABIHYCCKOrO pekuma padoThl €
OC3HAMMOPHOrO HA MONYHAMOPHBIH PEKUM.

[MpeacraBacHHas ~ METOOMKA  JACT  BO3MOXKHOCTH  IPOTHO3MPOBATE  PadoOTy
BOJOMPONYCKHBIX TPYO NPH pPa3THIHON CTCIICHH 3AHJICHUS M BBUSIBUTH BEPOSTHOCTB
BO3HHUKHOBCHHS HCTATHBHBIC MOCICACTBHUN OT HKCILTYATALMH 3aUJICHHBIX COOPYKCHHH.

KuroueBnbie cioBa: BOAOMPOnyCcKHas TpyOa, 3auICHUE, aBTOMOOUIbHAS JOPOra.

OCHOBHBIMH THITAMH BOZOIPOITYCKHBIX COOPYKCHHIH, 3 BCETO MHOrO0OPa3Hs HCKYCCTBCHHBIX
COOPY’KCHHH, PACTIONOKCHHBIX HA aBTOMOOUITBHBIX TOPOrax, sSBILFOTCS BOJOMPOITYCKHBIE TPYyOsI. Ha
COBPEMCHHBIX ABTOMOOHIIBHBIX JOPOrax OHHM COCTaBIMOT 10 90 % OT oOWEero KOmMYecTBa
HCCKYCTBCHHBIX COOPYKCHUH. B TEeXHHUECKHX HOpMATHBAX M PYKOBOACTBAX MO MPOCKTHPOBAHHIO
JOPOXKHBIX TPYO, BONPOCH!, CBA3AHHEIC C BOHUKHOBCHHUEM 3aWIICHHS Tela TPYObl U PEKUMAMHU
UX paOOTHI IPHU Pa3IUYHON CTCIICHH 3aUICHUS COOPYKCHHUS KaK He BCTpeuaroTes. B muteparype
[1, 2] BcTpeUaroTCst TOMBKO CPOKH MPOBEACHUS PEMOHTA U CITY3KOBI TPYO.

Pesynprarer HaTypHOrOo 06CICOOBAHUS BOXOMPONYCKHBEIX TPYO BBISBHIM, YTO 3aHICHHC
BEpxHEro Obea BOZOMPOIMYCKHBIX TPYO JOBOIBHO YACcTOC SBICHHEC B MPAKTHKE SKCILUTYATALIHH.
3auncHue oOHapyxeHo v 17-22 % obcnexoBanubix Bogonponyckabix Tpyd [3]. [loatomy stor
BOMPOC UMEET OOMBIIOE 3HAYCHHUE, U B PacueTaxX HCOOXOAMMO MPEAYCMATPUBATE BO3MOKHOCTh
3aHMJICHUS BOAOMPOIYCKHBIX TPYO.

B HekoTophix pabotax paccMaTpHUBAIOTCS BOMPOCH 3aUNICHHS TPYO U KaHAIOB, H JAACTCS
pacucT KAaHAJIOB HA HC3AWITICMOCTD [4].

s ruapaBIndeckoro pacuera ObLTH BEIOPaHBl BOJOIPOITYCKHBIC TPYOR HaHOo0IEe YacTo
BeTpeuaromuxcs ceucHuil. Takumu okazamuck TpyOsl amamerpamu 1,0 m 1,5 M. [nga maHHBIX
TpyO OBLT NPOBEICH THAPABIHYCCKUH pacuer [5].

B pacuerax npuHATH CICAYIOINE JOMYIICHNS U IPCANONIOKCHHUS:

- pexuM paboThl TPYO — OC3HAIOPHBIN;

- TpYOBI ABIAIOTCS «KOPOTKUMEUY (Y TAKHX TPYO CIKATOE CCUCHHE HE 3aTAIIMBACTCS U Ha
MPOMYCKHYIO CIIOCOOHOCTE HE BIMSCT UX JIHHA).

Jna pacuera mpUHATA CICAYIOMAS pacueTHasd CXEMa!

- OC3HAMOPHBIH PEKUM COXPAHSICTCS MIPU YCIOBUH:

H <(08..09h,. (1)
rae H — Bobicota BoABI miepea TpyOoid, M;
h  — nuamerp TpyObL, M.
B pacuerax mpUHATO OTHOLICHHC:
H/h, <085. )
[Mpu Ge3HANOPHOM PEKUME PACXO ONPEACIACTCS 1O hopmyIe:

Q:mbk@}]%, 3)

rac b , — CPEAHSIS ITUPHHA MOTOKA B CEYEHHH C KPUTUYECKOH TITyOMHOM, M;
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H — noanepras riayGrHa HA BXOJAC OTHOCHTEIBHO JIOTKA TPYOBI, M;
2
£ — VCKOPEHHE CHIIBI TSDKECTH, paBHoe 9,81 m/c™;

m — ko3 PuueHT pacxoaa nmpu GE3HATIOPHOM PEKHUME.
J1s1 MOTYHANIOPHOTO PEXHMMA PAcXo ONpeaeIeTCs Mo hopMyIe:

Q = /uHa)coop \/2g(H0 - 8Hhm) > (4)

rae [l; — Ko3(hQUIMEHT Pacxoa IpHU MOTyHATIOPHOM PEKHME;

2
w — [mjomanb rnonCpCIHOro CCUCHUA COOPYKCHUA, M |

coop

g — YCKOPEHME CHIIBI TshKeCTH, paBHoe 9,81 m/c’;
H | — Hariop mepes coopy:KEeHHEM, M;

&y — KO3QPUIMEHT CHKATHSL,

h_ - BbICOTA TPYOBL, M.

Ucxonsa u3 dpopmynsl (2) onpeaensaercs pacueTHBIH pacxod U NOATICPTas ITyOrHA.
Jns BBISICHEHHS BO3MOXKHOCTH MEPETIHBA BOABI UEPE3 JOPOKHYIO HACHIIb ONMPEACTIACTCS
MUHHMAJIbHAS BBICOTA HACHIIIH:

H =h,+0+A,+h,,, %)

Hacmin
rae A, — BbicoTa TPYOBL, M;
0 — TOJNIIMHA 3BEHA TENA TPYOBI, M.

A, — vuanManeHas TommuHa 3aceinky, A =0,50 m

h,  — BBICOTA JOPOXKHOM ONCHKABL, M.

Hnsa ganpHEHIINX 3aWUNCHHBIX BOJOMPONYCKHBIX TPYO OBUTH NPHHATHL CICAYIOIINC
JONYILICHUS W MNPEINOTI0KCHU. 3aHICHHBIC TPYOR paboTaroT HpH TeX KE PeKUMax, 4To U
HE3aWJICHHBIE, HO TP HEKOTOPOH KOoppeKkTHpoBKe. /g aToro pemaercsa cucteMa ypaBHEHUH:

0 =mb J2gH", (7

rae & — kodddunuent Kopuonuca, o =1,1;

B, — cpeanss muprHa NOTOKA B 3AMICHHOM CEYCHHHU C KPUTHUCCKOI TTyOHHOM, M;
O — pacxox BogbL, M/C;

@, — TIOMA/b TIOTIEPETHOTO CEUCHHUS BOAHOTO TIOTOKA HAT 3AHICHHEM, M ;

b, — cpenHsis IIMPUHA OTOKA B CCUCHHUH C KPUTHYCCKOI TITyOHHOM, M;

H - noanepras riayGrHa HA BXOAC OTHOCHTEIBHO 3AHICHHS TPYOBL, M;
2
£ — VCKOPEHHE CHIIBI TSDKECTH, paBHoe 9,81 m/c™;

m — ko3 PuueHT pacxoaa nmpu GE3HATIOPHOM PEKHUME.
TMowaroBo 3a1aBasch KPUTHICCKON riyOuHOi /1, (puc. 1) mpu OnpeaencHHON TOMIIMHE

3auICHUs /1, OIPEACISCTCS IUIOMAAb 3aAWICHHs @, U pacxox O

3
w8
0= - ®)
aB,
Janee onpeaensercs: CpeaHss WHPUHA TOTOKA b,
b, =awlh,. ©)
3aTeM HAXOAUTCS MOATICPTAs IIIyOHHA HA YPOBHE 3awiIeHuUst TpyOnl H
2
=i (10)
mb. 2g

OTHOCHTEIFHO HUKHEH TOYKH BXOJHOTO CEUCHUS TPYObI OMPEACSICTCS OANICPTAst NTyOHHA!
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H, . =H+h, (11)

ﬁ'_?'ﬂ.-‘.-l! b i

|
H | — _ T

Puc. 1. Cxema 3anieHHON TPyObI KPYIIOTO CEUCHHUS

Pacuetsl BBIONHEHB! TPYO PasnUYHOM CTEICHW 3aMICHHOCTH. MTOroBeIC pe3ynbrarhl
cBeAcHbI K Oe3pasmepHomy Buay. 'uapasiauueckue pacuerst mpu 30 % 3auncHue teaa TpyOst
guamerpoM 1,5 M mpuBeneHs! B Tabm. 1.

B pesynprare npuBexcHHS PE3YIbTATOB BBIYUCICHHH K Oe3pasMEepHOMY BHIY
MPOMYCKHAs CrocoOHOCTh TPYO Aamamerpom 1,5 u 1,0 M okasanace oguHaxoBoH. PesymbraTs
MPEACTABICHH B rpaduueckoit popme Ha puc. 2.

Tabnuma 1
I'mapasnmyeckmii pacyer Tpyos1 anamerpom 1,5 m u 30 % 3annennem
h, M Bem | oo [ Qwm/c | bom | Hum [ hom [ Hypem | Ho/H, | QQ,
1 2 3 4 5 6 7 8 9 10
30% 3amnenns H=1.28, M; Q=2.85 v’/c Be3HANIOPHBIH PeXKHM
0,05 1,43 0,08 0,06 1,60 0,09 0,45 0,54 0,42 0,02
0,10 1,44 0,15 0,14 1,50 0,16 0,45 0,01 0,48 0,05
0,15 1,47 0,22 0,25 1,47 0,24 0,45 0,69 0,54 0,09
0,20 1,49 0,29 0,38 1,45 0,32 0,45 0,77 0,60 0,13
0,25 1,50 0,36 0,53 1,44 0,40 0,45 0,85 0,66 0,19
0,30 1,50 0,44 0,71 1,47 0,48 0,45 0,93 0,73 0,25
0,35 1,50 0,52 0,91 1,49 0,56 0,45 1,01 0,79 0,32
0,40 1,49 0,59 1,11 1,48 0,64 0,45 1,09 0,85 0,39
0,45 1,47 0,67 1,35 1,49 0,73 0,45 1,18 0,92 0,47
0,50 1,44 0,74 1,58 1,48 0,81 0,45 1,26 0,98 0,55
0,55 1,43 0,81 1,82 1,47 0,90 0,45 1,35 1,05 0,64
0,60 1,35 0,87 2,09 1,45 0,99 0,45 1,44 1,13 0,73
0,65 1,34 0,95 2,39 1,46 1,08 0,45 1,53 1,20 0,84
0,70 1,28 0,99 2,60 1,41 1,17 0,45 1,62 1,27 0,91
TToayHAOPHBIA PEKUM
1 2 3 4 5 6 7 8 9 10
0,75 1,20 1,08 3,06 1,44 2,02 0,45 2,47 1,93 1,07
0,80 1,12 1,14 3.43 1,43 2,13 0,45 2,58 2,02 1,20
Iepenus uepe3 Hackms Hmin = 2,66 M
0,85 1,03 1,22 3,97 1,44 2,29 0,45 2,74 2,14 1,39
0,90 0,90 1,24 4,35 1,38 2,47 0,45 2,92 2,28 1,53
0,95 0,74 1,27 4,97 1,34 2,78 0,45 3,23 2,52 1,74
1,00 0,53 1,30 6,08 1,30 3,46 0,45 3,91 3,05 2,13
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Puc. 2. I'paduk mpomycKHOM CIIOCOOHOCTH KPYTIIBIX TPYO:
1 — HezamneHHOH TPYOSL; 2 — 10 %-¢ 3amncHue Tena TpyOsr; 3 — 20 %-¢ 3auncHue Te1a TPyOHI;
4 — 30 %-c 3anmcHue TeIa TPYORL, 5 — 40 %-¢ 3ammcHue Teaa TpyOsL; 6 — 50 %-¢ 3auneHue TeIa TPyOs!

Kak BugHO U3 rpaduka, 3auneHHbIC TPYObI HIMEIOT CYIIECTBEHHO MCHBIIYIO MPOMYCKHYIO
CIIOCOOHOCTD, UEM HE3AMJICHHBIC.

Hannpie OAO «MuaCTUTYT «TaTIopIpoeKT» MOKAa3bIBAIOT, YTO A1l TPYOB! AuamerpoM 1,0 m
pacueTHbI# pacxoa croka coctaBier Q=1,07 M’/c HpH BEPOATHOCTH TNpEBbIICHHS 3 Y%,
Oc3HANOPHOM pekuMe paboTel U BhicoTe Hackimu 2,10 M. BemuuyuHa pacueTHOro moAamopa
nepen TpyOoit cocraBaser Hp=0.,85 m. Ilo rpaduky Ha puc. 2 onpeaensercs 3HAYCHUA
MOANCPTOH TIYOMHBI HA BXOAE B TPYOy HPH Pa3NUYHON CTENCHH 3aWiCHUS Tela TPyOBl mpu
Q/Qp=1. U naxonsarca 3naucHue pacxoaa Q npu H/Hp=1. Peayasrarel cBencus! B Tabm. 2.

Tabnwa 2
Pacuernbie 3HAYEHHS AJIsT KPYIJI0ii TPYOBI
3aunncHue TPYOBI H/Hp H M Q/Qp Q. e
10 % 1,1 0,94 0,83 0,89
20 % 1,15 0,98 0,78 0,83
30 % 1,68 1,43 0,55 0,59
40 % 2,05 1,74 0.4 0,43
50 % 2.4 2,04 0,25 0,27

Kak BugnHo u3 Tabn. 2, npu pacyeTHOM HAMOIHCHHH MPOUCXOAUT YMEHBIICHHE PACXOJa B
1.2 paza mpu 10 % 3aunenny; B 1.3 paza npu 20 % 3auncnny; B 1,8 paza npu 30 % 3auncHuu; B
2.5 paza nipu 4 0% zauncauu u B 4 pasza mpu 50 % zauncaun. pu pacaerHom pacxone (Q/Qp=1)
BEJIMYHMHA TOANOpa nepe Tpyooit yeemmuansaercs B 1,1 paza mpu 10 % zauneHuu teaa TpyOsI; B
1,15 pasa mpu 20 % 3annenvn; B 1,68 paza npu 30 % samnennn, B 2,05 pasza npu 40 % 3anneHun
u B 2,4 paza npu 5 % 3amicHun tena Tpyost. CrienoBaTenbHO, BOAOMPONYCKHBIC TPYObh mpu 30 %,
40 %, 50 % 3ansIcHUH MPOAOITLKACT CBOIO PabOTY yKE B MOIYHAMTOPHOM PEIKUME.
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Ha ocHoBanuy aHaju3a MPOBEACHHBIX PACUCTOB MPOMYCKHON CIIOCOOHOCTH 3aMJICHHBIX
TPYO MOKHO PEKOMEHAOBATH YBEIMUCHUE OTBEPCTHS BOJOMPOITYCKHBIX TPYD, PaCION0KEHHBIX
B 30HE HamOOJIbIIEro 3po3uoHHoro BausHus. Ha noporax Tarapcrana B 30HaX ¢ HAMMEHBIICH
3PO3UOHHON MPOYHOCTHIO TPYHTA H BO3MOXKHOTO 3AUJICHHUS PEKOMEHIYCTCS MPUMEHSITh TPYOBI
muamerpoM He meHee 1,5 M. Takke peKOMEHIYETCS B 3THX 30HAX H30eraTh MHOTOOYKOBBIX
TpyO MajbIX JAMAMETPOB M IO BO3MOXKHOCTH MPUMCHSTH OJHOOYKOBBIC TPYOBI OOIBIIOTO
muamerpa. ECiu ke BBINOAHCHHUE MJAaHHBIX PEKOMCHIAMHM M0 KAKUM-THO0 MPHYHHAM
HEBO3MOXKHO, TPEIAracTCs YBCIHUYHUTh BBICOTY OpPOBKM 3EMIISIHOIO TMOJOTHA M VKPCIHTH
OTKOCHI HACHIITH OT BO3MOXKHOT'O Pa3MEIBA.
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Hydraulic calculation of silted culverts

Resume

The article presents the main provisions of the hydraulic calculation of the silted pipes of
round and rectangular cross-section.

Silting of headwater culverts is quite a common phenomenon in the practice of
exploitation of motor roads. Therefore, the question of calculating silted culverts able to skip the
current flood, is of great practical importance. Silted constructions work differently, than clean
pipes. Assumptions and adjustments adopted in the calculations allow to take the hydraulic
calculations for silted structures.

Calculations were carried out for different levels of silt pipes. The final results were used
to without size mind. As a result of the graphics bandwidth of round pipes of various diameters
matched that says about the correctness of the chosen assumptions in the calculations.

Special attention should be paid to 30% silting of pipes, in which the change of the
hydraulic regime of work with the gravity of the semi-pressure head operating mode. This
entails additional costs on the strengthening of slopes embankment and may affect negatively to
the operation of the pavement, causing frost heave.
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This article gives the opportunity to predict the work of flume pipes for the different
measure of silting and identify the likelihood of negative consequences from the operation of
silted structures.

Keywords: hydraulic calculation, culvert, siltation, the highway.
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