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Abstract

Shinwol rainwater storage and drainage system is a large—scale urban underground facility for flood protection
to supplement insufficient drainage capacity of the existing cities. For the smooth flow of flood water
into the main tunnel, several conditions are considered to determine the type of energy reduction facility
to be installed below the drop shaft. In this study, a hydraulic model experiment was conducted to calculate
the most appropriate depth of plunge pool for Shinwol rainwater storage and drainage system. The
experimental scenarios were designed with three depths of plunge pool and six discharges. It is found
that the maximum pressure on the bottom surface increased for all three depths of plunge pools when
the inflow discharge increased. The change in the location with the maximum and minimum pressure

according to the increase in the inflow discharge for each scenario was considered to be due to a rotatory
force in the upper drop shaft. This study found the scenario B as the optimal depth for Shinwol rainwater

storage and drainage system.

Key words: Shinwol rainwater storage and drainage system, plunge pool, bottom pressure distribution

AgstA] £l Eo] 27 EAIE(Urban flooding)

= E°] R3] Bt QUTHON, et dl,
2020). ©]9} Zo] tiEAlo A EAs= BN A
= TEASE 25| Al T A= it

I~

FUA 95, U A 24

2 7] H(Low impact development)Z-&, A= BIEA]

ARA A, A N

il <= A1 A (Rainwater storage and drainage system)-s-2
o7 x2ES st g&sta 9l
o 53] v, Q& SEol Aol A= A= HlEA
Tl QAT Saa) e glok wujolA]
T 2012 A EEA AAT 9 FHT Lo =AF

& o st ZEZQ 3F WekeZ 2013 FE

Aot =AZ

* The Ist author: Jun Oh Oh, Tel. +82-55-320-3432, Fax. +82-55-321-3410, e-mail. symmoh@inje.ac.kr
* Corresponding author: Sang Mi Jun, Tel. +82-55-320-3432, e-mail. sm-jun@inje.ac.kr



86 Crisisonomy Vol.16 No.12

FalaAEe A 2 1 d(Main tunnel), F=Ed
(Induction tunnel), %A (Inflow facility), Bl 7] A4
(Exhaust facility), W]<=A1Ad(Outlet facility)] SH-H#O.2
T2 F At 53] FHUAAEL EF-5(Bifurcation
part), +4(Inlet part), A 5-(Energy reduction part)=

TR 5 Y BRIE 7E S5 UA EE 71E

oA s BlEARHFAEE FUA717] 9
& &5 ERcte AEE A sleARHeA A
A ERFe BRSO} At e £l
A AR HEARIHFAEE FAA7E LR
TR, 7, JAA, 237 5ol ol #Fs= Al
Aot ZHAlH = T2 e T57H A= H
o & B Ex fEHEE s 2 o o

o
A&l slsts AEZE T2, 52 78(Drop shaft),
AN ‘3‘0] Atk B AFolA s AAAE S F4
H ZFAIA (Plunge
p001)°ﬂ/‘i~°4 %—/F ol mE AR ZolE A A
HeH o BluE J A A Zol& A4 st

7] fste] R LPE s

SIAE 2000dT) ZWEE BAlo] F7bstel @A
A7} 2| A= L ek S Y A3
EARNEALY T4 £ B 2 B oA
37100 1% 214 SAo) B3 A7} ol W
3 FANES AR, 53] BAA BE AT

523 Zo] Ao,

AN dE AFE = - H e ATAEIE A
HEH 2 A A ZAA O e AT o
He] o= S A E o' g Aot} =
Wellde A slEAFajeado] A=A AlA
< W= g AR vie o £ EA d7E0]
1Y =] A=l Park(2015) F 70| ZHAIA| o] Zlo]d
HEY EAS 4319 .21 Rajaratnam, er. al (1997)
Attt Edmonton®] HlEA FHl Al o] 20+
£ U dFslon diF s o A2
& AQfstale FAFUT Tl Bk AIERTL @
AstEg AT vigel] S AUAE ZHAA
71 NS AAstofof grtar &F3iH. Chanson(1999)
< ] Zriel Ao st Al gk AE )

A=t At 2ok sl {7 skl AAEo] ¢
TAAE v Alzg BR8] figkola Al st
5 FYT stdel AAEo] Qe AAAE Y=Y
FE A 2se Hastebr] A FH9US
B

AN FAE AR W= 559 43, o
UA| A E AH 5o 21 THH R 1Y
sto] AAstoo gt} F2 AMEH AL Qe AAIAA
o] g2l ZFAA| 9} ZHH A (Energy reduction room)3
Aol AR & Ao Al Al HIEAFHIFAALY
78T AR G Aol T el RP AP S St

PAAE da

>~1

¢

o z2
A

Yo

ri
o
e
A=)
o
N
3
i,
o
Ol
>
o
Alm
0 mE
ol
>
—
N
00
O
A
—

<Figure 1>3} 2T}



Characteristics Analysis of the Bottom Pressure Distribution by Depth of Plunge Pool in Shinwol Rainwater Storage and Drainage System 87

Inlat facility

iLow Drop shaft1) =
P y
3
| =1 Amang-cheon
| J & nduction tunmel 't | {Dramage}

High mdustion tunnel) e

L _Je- L=B7T.1m, D=5.5m _ ’

N Flow: direciion ﬁ .

Cutlet facility | 87 4
{utlet shafty 3 E

t\/’ O N @5 i _
s 2l ﬂ F e {.-_-.I-"'--_-- —— --—-;;;m __ﬁuqu.*w"mﬂl' j
—~ e A — pil —
Inbet faciliny I L | |-" mrﬂ* D-.WB"" "
(High Drog shafg — 1‘1 | qabment®] g gaa.Trm
wJ P — ——
Induschion turnel O e -]

{Lowr insduction turnsel) | =
L=219.89m, [=55m

Irlet Eacdlity
(Law Drap shafi?)

¥ Source: Oh, et. al.(2020).

Exhaust facilivy
{Adr shaft)

Figure 1. Concept of Shinwol rainwater storage and drainage system
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Table 1. Design condition for each part of Shinwol rainwater Froude AP 213 ALE3H90m Froude AAFE. 013k

storage and drainage system

Data
Desi dition of each part < < w
esign condition of each pa Original (m) | Model (m) B ﬁ _—ry_oﬂ }\i /\}- _g_?—l_ ,5‘__1 gn 2= <F1gure 2> 9,]_ 7Lo]
Main tunnel Diameter (D) | 10.0 0.20 ATz, 1z D APFEF FAAFHY i Ad5
(Storage and drainage
tunnel) Length (L) 3,629.7 72.59 Eo]] :g-g—g].‘i %aok% 15':}_;1?, -] %?:}E]I:q _IQI_OAE]
Low induction | Diameter (D) 5.5 0.11 = garo 2alo]ol ~ERWEALY Ulsoflow 309S &
Induction tunnel Length (L) 887.1 17.74 TAZ o) Q] 2 =25 [¢) ZAA =
tunnel High induction | Diameter (D) 55 0.11 FAE olgstd A7]E SAsIANeH SAAEE
tunnel Length (L) 219.9 440 £1.0%°]t}.
Low drop | Diameter (D) 54 0.11
shaftl
LDSI Hight (H 462 0.92 , o
( ) gt @) Table 2. Scales for variables of Froude similarity
Low drop | Diameter (D) 54 0.11
Inlet - -
facility shaft2 . Variables Froude Similarity Scale
(LDS2) Hight (H) 458 0.92 — 5 IS
Hig}lll (fitrop Diameter (D) | 54 0.11 Discharge L2 11374
sha r ’
(HDS) Hight (H) 476 095 Velocity L\ 1/4.24
Exhaust Air shaft | Diameter (D) 54 0.11 Time L' 1/4.24
facility (AS) Length (L) 43 0.85 Area L} 1/324
Outlet | Outlet shaft | Diameter (D) 15 0.15 Length L, 1/18
facility (0S) Length (L) 39.8 0.80 Volume L’ 1/5,832

% Source: Oh(2019). % Source: Oh(2019).
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Figure 2. Experimental equipment setup with flow diagram

322 HAMY XA 9| k<=4l (Piezometer) & <Figure 3>3} 2] A x]3}

3 2
w ATolA AR rergdde dd 24 Ao

B APIAE £5 F90l BE ZAA Zold

ZAA vherE ot W ek ZAA wheto)

Table 3. Experimental scenarios of plunge pool depth

Depth of plunge pool
Scenario | Original Model Note
No. | (m) (m)
A 2.50 0.14
B 5.00 0.28 Design depth of plunge pool
C 7.50 0.42

Table 4. Experimental scenarios of discharge

Discharge
Scenario Original Model
No. m’/s Lis m’/s Lis
1 68.73 68,730 0.050 50.0
2 75.60 75,600 0.055 55.0
3 82.48 82,480 0.060 60.0
4 89.35 89,350 0.065 65.0
5 96.22 96,220 0.070 70.0
6 103.10 103,100 0.075 75.0 Figure 3. Pressure measuring points
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Figure 4. Experimental results for scenario A
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Table 5. Results of maximum, average and minimum pressure in scenario A

Experimental Maximum Average Minimum
oo No v G No. e P G No.
A-l 0.157 3 0.094 0.032 5
A-2 0.224 3 0.119 0.056 5
A-3 0.259 3 0.131 0.065 5
A4 0.263 3 0.130 0.060 5
A-5 0.268 3 0.138 0.067 5
A-6 0.281 3 0.145 0.076 2
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Table 6. Results of maximum, average and minimum pressure in scenario A

All channels Each channel (MPa)
Experimental (MPa) Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
scenario No. Average Standard Average Standard Average Standard Average Standard Average Standard Average Standard
£ | Deviation £ | Deviation £ | Deviation £ | Deviation £ | Deviation €% | Deviation
A-1 0.094 0.005 0.051 0.004 0.131 0.010 0.149 0.004 0.101 0.003 0.040 0.002
A-2 0.119 0.006 0.108 0.007 0.098 0.007 0.209 0.008 0.118 0.003 0.063 0.003
A-3 0.131 0.006 0.128 0.005 0.091 0.006 0.235 0.009 0.126 0.003 0.073 0.005
A-4 0.130 0.010 0.126 0.012 0.093 0.009 0.234 0.017 0.125 0.004 0.073 0.006
A-5 0.138 0.005 0.143 0.004 0.086 0.005 0.251 0.009 0.132 0.003 0.079 0.004
A-6 0.144 0.005 0.154 0.004 0.084 0.004 0.261 0.011 0.138 0.004 0.085 0.003
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Table 7. Results of maximum, average and minimum pressure in scenario B

Experimental Maximum Average Minimum
scenario No. MPa Née:s;;cﬁzr.lt MPa MPa Née:lj;r:ergl]zr.lt
B-1 0.127 4 0.089 0.048 5
B-2 0.145 4 0.089 0.039 3
B-3 0.147 4 0.093 0.037 3
B-4 0.154 4 0.098 0.042 3
B-5 0.555 4 0.104 0.051 3
B-6 0.162 4 0.108 0.048 3
Table 8. Results of maximum, average and minimum pressure in scenario B
All channels Each channel (MPa)
Experimental (MPa) Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
scenario No. Average Standard Average Standard Average Standard Average Standard Average Standard Average Standard
Deviation Deviation Deviation Deviation Deviation Deviation
B-1 0.089 0.005 0.090 0.003 0.060 0.003 0.109 0.007 0.118 0.005 0.065 0.007
B-2 0.089 0.007 0.101 0.003 0.075 0.004 0.073 0.013 0.133 0.005 0.061 0.009
B-3 0.093 0.008 0.107 0.003 0.084 0.005 0.070 0.014 0.138 0.005 0.065 0.010
B4 0.098 0.007 0.116 0.005 0.093 0.005 0.069 0.011 0.142 0.004 0.069 0.010
B-5 0.104 0.006 0.123 0.003 0.102 0.005 0.072 0.009 0.147 0.005 0.074 0.010
B-6 0.108 0.008 0.128 0.006 0.106 0.005 0.076 0.009 0.150 0.005 0.079 0.012
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Table 9. Results of maximum, average and minimum pressure
in scenario C

Experimentl Maximum Average Minimum
s e S R L e
C-1 0.117 4 0.085 |0.034 3
C-2 0.129 1 0.103 | 0.069 3
C3 0.138 1 0.111 | 0.083 3
C-4 0.147 1 0.117 | 0.086 5
C-5 0.159 1 0.125 | 0.094 5
C-6 0.166 1 0.131 | 0.097 4
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Figure 6. Experimental results for scenario C

oIS Augke HagrEel A Fol of
0.062 MPaZ Atd o2 dAZ 7oz BALT

[e])]
=

2 geo] 2 Aol 1 Aol A 4 A, 2% A3

O Wk 2

Aoz EAFHAUY. ol S7Hal

2 24 Aol e BERA Bito] b 2 AU meh AT, HagE 24 947 WEse e
o caol AAYE 3 AYA Ao BAE AR FANeIH JAo) Wsh] o Ao B
otk R f3ol 27485E Augde) Y8 v,
A2 41 AAA 1 Aoz Helstal F A
Table 10. Results of maximum, average and minimum pressure in scenario C
All channels Each channel (MPa)
Experimental (MPa) Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
scenario No. Aver Standard Aver Standard Aver Standard Aver Standard Aver Standard Aver, Standard
VEIES | Deviation | V" | Deviation 1€ | Deviation 1€ | Deviation “1€ | Deviation “1%€ | Deviation
C-1 0.085 0.003 0.108 0.003 0.090 0.003 0.048 0.006 0.112 0.002 0.069 0.003
C2 0.103 0.004 0.121 0.003 0.112 0.003 0.080 0.005 0.116 0.003 0.088 0.005
C3 0.111 0.004 0.131 0.003 0.122 0.002 0.091 0.005 0.116 0.004 0.093 0.005
C4 0.117 0.004 0.140 0.003 0.130 0.003 0.102 0.004 0.115 0.004 0.099 0.005
C-5 0.125 0.004 0.151 0.003 0.138 0.002 0.119 0.004 0.111 0.005 0.106 0.005
C-6 0.131 0.004 0.160 0.002 0.145 0.002 0.131 0.003 0.107 0.005 0.112 0.005
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Figure 7. Results comparison for each scenario
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