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Development of a Self-Pressure-Controlled Smart Manhole System Using
Motor-Driven and Lifting Mechanisms for Disaster Preparedness Purposes

Su-Min Lee*, Ji-Ho Kwak*, Seong-Kyu Kim*, Ji-Kyum Kim*, Chan-Hyuck Park*,
Sung-Hak Lee* and Joo-Hyun Moon™"

* School of Building and Plant Engineering, Hanbat Natational University
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Key Words: Manhole Fall Prevention(h= % WX]), Arduino Coding(®}7°]l% YJ), Water Pressure
Sensor(=$4 A1 4]), Step Motor(Z~E L E]), Moment of inertia(ZA E# E), Bernoulli's Theorem
(M Z%°] A1), Extreme Rain(= 35 %
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Abstract: The 'Smart Manhole' is engineered to prevent manhole dislodgment during heavy rain by
autonomously regulating internal pressure with a rotating wing and cover elevation supporter. Computational
fluid dynamics analysis demonstrates its effectiveness in reducing flow velocity and pressure compared to
traditional covers. Integration with urban flooding maps and GIS systems enhances cost-effective drainage
system maintenance and management. Furthermore, this innovative approach to manhole cover design improves
safety during extreme weather.
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Table 7 Smart manhole product quotation
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Fig. 2 Urban flood map and legend(Seocho-gu)
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Table 8 Calculation results for the speed and pressure of the designed manhole before opening, primary
pressure control, and secondary pressure control

X (m/s) A 4 (kPa)
g A 38.5 740
12 b 7.57 28.6
22 gExd 2.62 3.4
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Fig. 5 Table of area, pressure, and velocity
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Fig. 6 Flow and pressure change graph
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Run2 0.05014 1604 1736 754 087 _1sor ]
Run 3 0.06029 104 1443 6.272 0.87 P
Run 4 0.07043 76.22 12.35 5.368 0.87 = 100L 1
Run 5 0.08058 58.24 10.8 4692 0.87 o 1
Run 6 0.09072 4594 9.59 4.168 0.87
Run7 0.1009 37.16 8.625 3749 0.87 501 ]
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Run 9 01212 2676 7181 3121 087 D
Run 10 01313 2193 6.626 288 087 0 L L L L
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Fig. 7 Table of pressure, speed, force, and
flow rates according to changes in area Fig. 8 Area and pressure change graph
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i} Z+ = WslsF 0.396rad
HENEE = R ;} © 1sm = 0.396rad/ s
AE4Ew - 271 24E% 0.
21_7]_4_‘\__5:;: §]O = = ]“1 :0396rad/820396Tad/82
13+ 1s

o,
td
=,
[

7 £ Fusion 3602 F8) 2.72kg o m* Y-S FAA L 24 (5 T3 EAES AstsiR gt
EJ=3ARUNE X2} 7}E % =2.72kg o m® < 0.396rad/s> = 1.0752kg » m?/s> =1.0752N o m  (5)
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Fig. 10 Manhole frame
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Fig. 12 Propeller with bottom manhole cover
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Fig. 13 3D printing model
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2.8.1 3D ZEHZ

Table 10 Three-dimensional and plan view of manhole for pre-opening, primary and secondary pressure
regulations
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Fig. 19 Manhole propeller
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Fig. 20 Upper manhole cover
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Fig. 21 Manhole structure diagram

Fig. 22 Complete manhole
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Design of

Smart Manhole

Top manhole cover —— |

Cover System Using

Arduino and Water rotating blade — =
Pressure Sensor 5

Bottom manhole cover

Pressure Regulating
Manhole Frame

Fig. 23 Schematic
Fig. 2308 1Qt¥ ~ntE wiEe A5 WE 7y, g, st W& 9, 9 S AAY F
7 A 2 FdH

Details of Design

R /;’\ . ; :combined thread

. iron bead joint

. iron bead moving hole

Fig. 24 Schematic detail
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Fig. 25 Details during the CFD analysis process
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2.9.6 CFD
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Table 11 Static pressure, dynamic pressure, hydrostatic pressure, and total pressure according to hourly

precipitation
o ER
(Pa)
4 Sl 449t KNl
AV e
(mm)
20 180,000 919.4 24,525 205,444 .4
30 600,000 3,437.4 24,525 627,962.4
40 1,400,000 7,675.4 24,525 1,432,200.4
50 2,200,000 12,817 24,525 2,237,342
P+%pV2+pgh = Constant W|20] WAAS o] & Mt ALt
Joe e AGe P tExdo] dojupx] ks uwle] TElE CFDAA S FESIS T g
Table 119 & A3} 2t} E9o WEE 1,000kg/m° 0] T
Fhe Lot
20mme] AL FHQL  045m°/s, WAHAL WE AE 650mmE F &3] Altstd
2 3
i A ;
7XO65m) _ sgrolny, wheba, g ve Lo UM/ g, o)y,
4 A 0.33m
%va = %x 1,000kg/m> x (1.36m/s)? = 924.8 Pu
30mme] Ag FEHQE 087ml/s, WHAAL WE AE 650mmE H &3 Atstd
2 3/
7X065m) _ o sgrolny wheba), g ve Qo O8I/ g 6o o)y,
4 A 0.33m
%pvz = 5% 1,000kg/m® x (2.62m/s)* = 3,432.2 Pa
40mme A9 FFHQL  130m’/s, WHHALS WE AE 650mmES AL AxepA



olFwl - A% - A - AA A -9z - o8t - B E
2 3
i 1. ;
M = 0.33m’0]t}. wEhA], 44 Ve Q_ 307”445 = 3.92m/s °|t}.
4 A 0.33m
1 1
Epvz =5 X 1,000kg/m® x (3.92m/s)* = 7,683.2Pa
50mme] Ag  FEHQEES  1.68m°/s, WHAAL WE AE 650mm
2 3
i ) 1. ;
TXNOGM)” _ o aap0le. wepd, g e Do 1O/ g6 o
4 A 0.33m°
l 2 l 3 2 _
50V = x 1,000kg/m> x (5.06m/s)* = 12,801.8 P

BrdE oghE b AT b WE zZlol® 2.5mo|tt
20mm®] A% pgh = 1,000kg/m> % 9.81m/s* x 2.5m = 24,525 a
30mme] A pgh = 1,000kg/m° x 9.81m/s> x 2.5m = 24,525Pa

40mme] A% pgh = 1,000kg/m> % 9.81m/s® x 2.5m = 24,525Pa

ol A% ogh = 1,000kg/m* x 9.81m/s* x 2.5m = 24,525 Pa

74§~ 180,000Pa + 924.8 Pa+ 24,525 P2 = 205,449.8 Pa

745 600,000Pa + 3,432.2Pa + 24,525 Pa = 627,957.2Pa
40mme] 4% 1,400,000Pz2+7,683.2 P2+ 24,525Pa = 1,432,208.2 Pa

45 2,200,000Pz +12,801.8 Pa+ 24,525Pa = 22,373,326.8 Pa

2.500¢10°

2.00010° |

1.500x10° |

Pressure(Pa)

1000000/
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Hourly precipitaion(mm)

Fig. 33 Hydraulic pressure graph according to hourly precipitation
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Fig. 35% o}Fo]:=Z o]&3lo] HolE

Z o]

void loop() {

float a[1e];

float maxPressure;

while (1) {

static int i = @;

float pressure = readPressure();
a[i] = pressure;
Serial.print("Pressure: ");
Serial.print(pressure);
Serial.println(" mbar");

index = pressure;

i++;

if (i == 19) {
int stepCase = 2;
int stepCase2 ;
i =@
Serial.print(" 1y
for (uint8_t k = @; k < 18; k++) {
if (maxPressure < a[k]) {
maxPressure = a[k];

¥
Serial.print(al[k]);
Serial.print(" ");

¥

Serial.print("maxPressure:");
Serial.print(maxPressure);
Serial.print(" "y;

//delay(1eee); // 120 o W 3 g2

if (maxPressure > 800 & stepCase == 2) {
rotateStepper();
stepCase = 1;
stepCase2 = stepCase;

maxPressure = @; [/EEEYE 0|5t
} else if(maxPressure<743& stepCase2 == 1){//MN 2 YA 743mbar=E 273,
RerotateStepper(); // 2E 9z|H g
stepCase2 = 2; //stepCase2 B0 2 HF
telseq
stopStepper(); // BE FX g

¥

Fig. 35 Arduino Sensing Code
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Fig. 38 Manhole shape after pressure regulation
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