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Annotation: In this article, methods and principles of hydraulic calculation of
storm drainage networks are investigated for the purpose of effective wastewater
disposal in urbanized areas. Within the framework of the study, the influence of
precipitation intensity, surface infiltration coefficient, and relief features on the
pipeline capacity was analyzed using mathematical models. Issues of reducing the
risk of turbidity and flooding in pipelines by optimizing the permissible values of
the hydraulic slope and water flow velocity in the system were considered. Also, a
comparative analysis of modern hydrological calculation methods with traditional
formulas is presented, and recommendations for increasing the accuracy of
engineering projects are developed. As a result of the calculations, the optimal
diameter and slope indicators, ensuring stable network operation, were determined.
Keywords: collector, flow rate, water discharge, slope, equivalent diameter,
hydraulic radius, resistance coefficient.
AHHOTauMs: B [aHHOM cCTaThbe pacCMATPUBAIOTCA METOJAbl W MPUHIHIIBI
IruapaBIMICCKOIO pacucTta JINBHEBBIX KaHaJIN3alluOHHBIX ceTen HJIA
3(1)(1)6KTI/IBHOI‘O YAAJICHHUA ITOBCPXHOCTHOI'O CTOKA B yp6aHH3Hp0BaHHI>IX paﬁOHaX.
B paMKax HCCICAOBAHUA 6BIJ'IO IMpOaHAIIU3UPOBAHO BJIIMAHHUC HNHTCHCHUBHOCTH
ocasikoB, k03¢ duineHTa HHPUIHTPAIUKA TOBEPXHOCTH M OCOOEHHOCTEH penbeda
Ha MPOITYCKHYIO CIIOCOOHOCTH TPYOOIPOBOIA C UCTIOIB30BAHMEM MAaTEMAaTUYECKUX
MOI[GJ'IGFI. PaCCMOTpeHBI BOIIPOCBI CHHIKCHHA PHCKAa 3aWJICHHUA MW 3aTOIIICHHA
TpyOONIPOBOJIOB 3a CYET ONTHMH3ALUUA JOMYCTUMBIX HOPMATUBHBIX 3HAYCHUU
HAPaBINMYCCKOI0 YKIOHA MW CKOPOCTH TCUYCHHUA BOAbI B CHUCTCMC. Taxxe
npeacCTaBJICH CpaBHI/ITeHBHBIfI aHalIn3 COBPCEMCHHBLIX MCTOAOB THAPOJJOTHYCCKUX
pacyeToB C TPAJUIMOHHBIMU (OpMYyJIaMU MU pa3paboTaHbl PEKOMEHIAIUU IO
MOBBIIIIEHUIO TOYHOCTH WHXKEHEPHBIX MPOEKTOB. B pesynbpTaTe pacyeToB ObUIM
OIMpCACIICHLI ONTUMAJIBHBIC IIOKA3aTCIM AHaMCETpa W YKJIOHA, O6CCH€‘H/IB3IOH.II/IC
CTaOMJIBLHYIO PA0OTY CETH.
KurueBble €JjI0Ba: KOJUIEKTOP, PAacXOJ, pacxoJ BOJbI, YKIIOH, 3KBHUBAJECHTHBIN
JTUaMeTp, TUAPABINUECKUN pagunyc, KOdOPHUITUESHT CONMPOTUBICHUSI.
ENTRANCE. The purpose of the hydraulic calculation of the storm drainage
network is to determine the pipe diameters and slopes necessary to control the
approximate velocity of the storm water flow. In objects where rainwater flows
into the collector, part of the collector is calculated for the flow velocity formed at
its beginning. Only in rare cases, when calculations are necessary at the stage of
collector design, when the location of rainwater intakes is unknown and
calculations are based on large sections, their drainage capacity is selected based
on the flow velocity formed in the final section. [1, 2]
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Methodology. To determine the approximate flow velocity using the methods
discussed above, it is necessary to know the duration of the flow passing through
the collector. The duration of this flow is easily determined by sequential
calculation of collector sections starting from the upper flow section, depending on
the lengths and flow velocities in the previous sections.

Hydraulic calculation of pipelines is determined by the following formulas:

Q = w-v,m?3/sWater consumption:; 1)
Aw® o Aw®
| = P 81:{gSIope.. (2)

vw]AHere: Q - water discharge, m*/s; - flow velocity, m/s; - flow area, m?; - slope;
d - pipe diameter, m; R - hydraulic radius, m; g - acceleration due to gravity, 9.81
m/s®; - coefficient of resistance[12]

To determine the resistance coefficient, we use the following formula

proposed by N.F.Federov:
1 Ag a-
'-.Ti: _zg(3.42d+g)' (3)

Asa, Here: - absolute equivalent roughness, cm; - dimensionless value, depending

on the roughness and structure of the pipes; Re - Reynolds number.[3,4,5]

Pipelines carrying only industrial wastewater must have a diameter of at
least 150 mm. Full filling of such pipes (h/D) is permitted only for short-term
wastewater discharge. In other cases, the replenishment is carried out in
accordance with the standards for local networks.

For pipes with a diameter of 150 - 300 mm................ 0.6
350 - 400 MM..eviiiiiieieseieeiee e 0.7
500 - 900 MM...viiviiieiieiiiieeeeie e ere e 0.75

The flow velocity should ensure the self-cleaning of the pipes. Therefore,
they should be taken in the range of 1-1.5 m/s. Minimum permissible speeds

(critical) diameter 150 - 200 MM.........ccceevvvverveenne 0.7 m/s
300 -400 MM..ccooevieeeieieieeeeeee, 0.8 m/s
450 - 500 MM....coovvvveveveiirninnnnns 0.9 m/s
600 - 800 MM..ccoveeveeeieeeieeee, 0.95 m/s
900 - 1200 MM.uuveerereieiiieeeeennn. 1.25 m/s

In other cases, the critical velocity of wastewater of normal composition can be
determined by the formula of N.F. Fedorov:

Vip = 1.57VR,m/s. (4)
Where: R - hydraulic radius; n=3.5+0.5R
For pipes with a small diameter, the minimum slopes, regardless of the flow

velocity, are taken as follows; diameter:
150 mm.................. 0.007
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200 mm.......ccoeeeene. 0.005 [6,7,8]

According to the Construction Norms and Regulations, the maximum
calculated flow rate of wastewater is 8 m/s for metal pipes and 4 m/s for non-
metallic pipes. Taking into account the short duration of the flow in storm drainage
networks, in some cases, high speeds may be allowed. For example, 10 m/s for
metal pipes, 6 m/s for reinforced concrete pipes.[9]

Conclusion. As a result of hydraulic calculations and analysis, it was proven
that the capacity of storm sewerage networks directly depends on the correct
choice of hydraulic coefficients and the hydrological characteristics of the territory.
The final conclusions show that the implementation of modern calculation methods
serves as an important foundation for protecting urban infrastructure from floods
and achieving economic efficiency.
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