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ABSTRACT

Recently, as the occurrence frequency of sudden floods due to climate change increased, it is necessary to install the facilities that can cope
with the initial stormwater. Most researches have been conducted on the design of facilities applying the Low Impact Development (LID)
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and the reduction effect on rainfall runoff to examine with 1D or 2D numerical models. However, the studies on the examination about
flow characteristics and stability of pipe network systems were relatively insufficient in the literature. In this study, the stability of the pipe
network system in rainwater storage tank was examined by using 3D numerical model, FLOW-3D. The changes of velocity and dynamic
pressure were examined according to the number of rainwater storage tank and compared with the design criteria to derive the optimal
design plan for a rainwater storage tank. As a results of numerical simulation with the design values in the previous study, it was confirmed
that the velocity became increased as the number of rainwater storage tank increased. And magnitude of the velocity in pipes was formed
within the design criteria. However, the velocity in the additional rainwater storage pipe was about 3.44 m/s exceeding the allowable range
of the design criteria, when three or more additional rainwater storage tanks were installed. In the case of turbulence intensity and bottom
shear stress, the bottom shear stress was larger than the critical shear stress as the additional rainwater storage was increased. So, the
deposition of sediment was unlikely to occur, but it should be considered that the floc was formed by the reduction of the turbulence
intensity. In addition, the dynamic pressure was also satisfied with the design criteria when the results were compared with the allowable
internal pressure of the pipes generally used in the design of rainwater storage tank. Based on these results, it was suitable to install up to
two additional rainwater storage tanks because the drainage becomes well when increasing of the number of storage tank and the velocity
in the pipe becomes faster to be vulnerable to damage the pipe. However, this study has a assumption about the specifications of the
rainwater storage tanks and the inflow of stormwater and has a limitation such that deriving the suitable rainwater storage tank design by
simply adding the storage tank. Therefore, the various storage tank types and stormwater inflow scenarios will be asked to derive more
efficient design plans in the future.

Keywords: Low impact development, Rainwater storage tank, FLOW-3D , Numerical simulation, Dynamic pressure
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Fig. 1. Conceptual diagram for dynamic pressure
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Table 1. Maximum velocity standard for stormwater pipelines from Korea and foreign countries (Korea Land & Housing
Corporation, 2010)

Country (Reference) Maximum Velocity Remarks
Japan Sewage Facility Planning-Design Guidelines and Commentary (2001) 3.0 m/s

Wastewater Engineering: Collection and pumping of wastewater None Not specified
US.A Iowa State 4.5m/s

Michigun State 3.0 m/s
Australia Queensland Urban Drainage Manual (2007) P;Lt llf lﬂgi;w;o?;l;s/s
Europe (UK) BS EN 752-4 None Not specified
Korea Pipeline Design Standards (2017) 3.0 m/s
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Table 2. Mesh sizes and numerical conditions

Numbers 1,336,440 EA
Increment olm
(AX, AY, AZ) :
Mesh Axis Min. Max.
Range X 148
(m) y 129
70
. Ly Inflow
Boundary Conditions
Xup Xdown Yup Ydown Zdown Wall
Turbulence Model RNG model
Case 4
Case 3
Case 2
B O | case1
A
(a) Plan View (2D) (b) Stereogram (3D)

Fig. 2. Layout of rainwater storage tank in this study

Table 3. Case of numerical simulation

Case Number of Rainwater Storage Tank

1
2
3
4

1
2
3
4

Table 4. Parameters of inflow using the Rational method

Parameters Content
Discharge Coefficient ( C) 0.78
Design Frequency 10 year
Intensity (Z, mm/hr) 160.95
Area of Basin (4, km?) 7.14x107
Total Inflow (m’/s) 0.249
Inflow into Each Inlet (m’/s) 0.06225
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Table 5. Numerical results at observation points

Observation ~ Case  Minimum velocity (m/s) Maximum velocity (m/s) Average velocity (m/s)  Standard of design velocity

1 1.24 1.41 1.31 O.K
2 1.34 1.42 1.38 O.K
OBS1
3 1.36 1.54 1.42 O.K
4 1.38 1.55 1.44 0.K
1 1.20 1.34 1.26 0.K
2 1.24 1.34 1.31 0.K
OBS2
3 1.29 1.34 1.33 0.K
4 1.29 1.35 1.34 O.K
1 249 2.84 2.62 O.K
2 2.64 2.89 2.76 OK
OBS3
3 2.72 2.91 2.82 0K
4 2.75 2.89 2.82 0.K
1 1.26 1.45 1.32 0.K
2 1.32 1.41 1.37 0.K
OBS4
3 1.35 1.53 1.41 0.K
4 1.37 1.50 1.41 0K
1 1.24 1.42 1.29 O.K
2 1.31 1.43 1.38 0K
OBS5
3 1.35 1.43 1.40 0K
4 1.36 1.43 1.41 0.K
1 243 2.74 2.58 0.K
2 2.53 2.77 2.66 0.K
OBS6
3 2.61 2.80 2.71 0O.K
4 2.64 2.79 2.72 0K
1 - - - -
2 1.03 3.12 2.62 OK
OBS7
3 1.05 3.14 3.00 OK
4 1.10 4.20 3.44 N.G
1 - - - -
2 - - - -
OBS8
3 1.13 3.53 2.77 0.K
4 1.25 3.50 2.74 O.K
1 - - - -
2 - - - -
OBS9
3 - - - -
4 1.08 1.25 1.19 0.K
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Table 6. Turbulence intensity at each observation points for each case

Case T.I at OBS2 (%) T.I at OBS3 (%) T.I at OBSS (%) T.I at OBS6 (%)
1 5.98 5.97 5.29 5.26
2 3.26 3.25 3.53 3.31
3 1.94 1.96 2.15 1.98
4 1.29 1.03 143 1.13
12

-

= * OBS

—

=10t »

za

-

£

b 0.8 -

=

7]

g

= 06t

2

] *
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T o4l
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0 1 2 3 4 5

Increase Rate of Tank Volume (TV/TV )

Fig. 5. Effect of tank volume on turbulence intensity

Table 7. Bottom shear stress at each observation point for each case (dsp = 1.0 mm)

Case 7, at OBS2 (N/m?)  7,at OBS3 (N/m?)  7,atOBS5 (N/m?) 7, at OBS6 (N/m?) Sedimentation
1 048 0.84 048 0.84 OK
2 0.49 0.88 0.49 0.91 OK
3 0.49 0.92 0.50 0.93 OK
4 0.49 1.01 0.50 1.05 OK

234 M2 S &4
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L, guby o 2 943 AdA|of] ARSEl = YA EETH I} v W5t Ministry of Land, Infrastructure and
Transport. 2016). &2] 28 7Fs3t Heke] F71= B 1 ~ 10 kgy/em’ 02 78 PSR FU2 2F5.76 ~ 9.10
kgy/em?® ©17] WiZol] Fetoll ofgh o] Ado] WAYE]R] oFS A 0 & wheheith,

RET S, 95 A5 Sl et 5] 37182 ARSI Case 19 5U(F) D AFE SH(TV,)E 7]
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Table 8. Impact velocity at each observation points for each case

Case Vimpactat OBS2 (1m/8)  Vimpacrat OBS3 (1/5)  Vimpacrat OBS5 (112/5)  Vimpacat OBS6 (m/'s) Remarks
1 3.35 7.10 3.23 6.85 -
2 3.35 7.23 345 6.93 -
3 3.35 7.28 3.50 7.00 -
4 3.38 7.23 3.53 6.98 -

Table 9. Dynamic force at junction of pipes at each observation point for each case

Case OBS2 (kg;/cm?) OBS3 (kg;/cm?) OBSS (kg;/cm®) OBS6 (kg;/cm?) Remarks
1 6.19 8.88 5.76 8.26 OK
2 6.19 9.04 6.16 8.36 OK
3 6.20 9.10 6.25 8.45 OK
4 6.23 9.04 6.29 8.42 OK
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Fig. 6. Comparison of water impact increase with tank volume increase
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