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ABSTRACT

When domestic sewage and rainwater runoff are discharged into a single sewer pipe, it is called a “combined sewer
system.” The sewage design standards in Korea specify the flow velocity based only on the volume of rainfall; therefore,
sedimentation occurs on non-rainy days owing to the reduced flow rate and velocity. This sedimentation reduces the
discharge capacity, causes unpleasant odors, and exacerbates the problem of combined sewer overflow concentration.
To address this problem, the amount of sewage on non-rainy days, not just the volume of rainfall, should also be considered.
There are various theories on sedimentation in sewer movement. This study introduces a self-cleansing velocity based
on tractive force theory. By applying a self-cleansing velocity equivalent to the critical shear stress of a sand particle,
sedimentation can be reduced on non-rainy days. The amount of sewage changes according to the water use pattern
of citizens. The design hourly maximum wastewater flow was considered as a representative value, and the velocity
of this flow should be more than the self-cleansing velocity. This design method requires a steeper gradient than existing
design criteria. Therefore, the existing sewer pipelines need to be improved and repaired accordingly. In this study, five
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types of improvement and repair methods that can maximize the use of existing pipelines and minimize the depth of
excavation are proposed. The key technologies utilized are trenchless sewer rehabilitation and complex cross-section
pipes. Trenchless sewer rehabilitation is a popular sewage repair method. However, it is complex because the cross-section
pipes do not have a universal design and require continuous research and development. In an old metropolis with a
combined sewer system, it is difficult to carry out excavation work; hence, the methods presented in this study may

be useful in the future.
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Table 1. Specification and design discharge of A line in test-bed

Item Quantity Description
Diameter of pipe 450 mm By investigation
Length 35.03 m By investigation
Slope (S) 0.00628 By investigation
Manning’s roughness coefficient (n) 0.013 Hum pipe
The number of residents 110 person By investigation
Design hourly maximum wastewater flow (Qq)| 0.000963 m?®/s By calculation
Runoff coefficient (C) 0.9 Pavement
Design rainfall intensity (I) 221.5 mm/h | Ministry of Land, Infrastructure and Transport, 2020
Watershed drainage area (A) 700 m’ By investigation
Design volume of rainfall (Q) 0.0388 m%/s By calculation
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Table 3. Discharge capacity and self-cleansing velocity by pipe condition of A line in test-bed

Kind of pipe Concrete pipe PVC complex cross section
Weather condition non-rainy’ rainy* non-rainy rainy
Velocity (m/s) 0.351 1.06 0.491 1.19
Water level (mm) 21.2 126 25.1 140
Allowance rate (%) - 336 - 277
Self-cleansing velocity (m/s) 0.356 - 0.462 -

"Condition of Design hourly maximum wastewater flow
‘Condition of Design volume of rainfall
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Fig. 6. Test-bed installation of complex cross section using
stainless steel.

3.3.2 SitHH Sl

AZFA & WSkA] EelA o] e &
FotH =2F WA E sfiof sh=tl, AAEE =o17] ¢
off =22+ Zlol& 43}t st ek Aol gt
B3 S A28 Table 337 ZHo] AZA|7HH &
ko] A1) 8-220] 0.351 m/sollA] 0491 n/sE Z7}5H
o} TkoF A4 450 mm YFTS IE AFREHHA
TUT 5S4V flsiA = BAFE 00165747 o
of 3ta1, 1 A¥} FH WAL A 361 mm ¢ F2S

shok Bk 2§ F7ko] 353 m F FZel7] we]
F7b 2% Qol7k LA, 1 kme] Sh4we 2H
Agrera st A B3 Zolsk Ay 102
W 458 4 ol 28R AERE 2AL
Fawe gt 22 ol Aohe 24 &

) g
= Zo] ARl

s3hehele Ugaolu AR Zo] B 7h WA
& 2H o] ohUek ofe] 7H wule] FHE o] T4
sz golth. spto] kel o2 Thare HAL)
wheo] AMgElo] ShtEl, B AToAL shite] 2
BRI AT ZHs B3l 28sta) dek

[S]
o] k2 HU‘%‘I‘& } T FHl= -
SRUESUCEEE
i, (b= Lol EZ&%—% EZHS AL, (o)== T+
Foll Rxys FaRs3ih Fuo v Fo] Roj2td
B2 WA E-2 ro|th. AHA] ©47F HEyoA
W EREE A w2, ¥ e Pl
glo] A fr59] 42 BExEol 1}l Hhelg o] B

o ZEALY 7

£ QIR §457H Stk v o] BEpo] 2
L oot Agwol v e Wolrt WeldAl §

Seetuto] S7beto] 22 ol ol Stk

(©

Fig. 7. Shapes of complex cross sectional pipe having sub
pipe. H: height, R: radius of main pipe, r: radius of
sub pipe.

218

ole=atel2| A34 d A 3= 20204 62



Fig. 8. Mock-up test of complex cross section concrete pipe.
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