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< SUMMARY )

Purpose &
Contents

In this research, we develope an adaptive management system for ground
deformation around construction site. To achieve this goal, the method to
effectively collect the measurement data would be developed using drone and
internet of things (I0T). The algorithm to back calculate the soil engineering
properties based on ground deformation that takes place during construction

also would be investigated.

Results

Drone approaches to the monitoring sensors, and downloads the data. Then
drone sends the data to the simulator.

Algorithm to optimize the soil engineering properties that evolves during
construction.

Numerical simulator that can conduct the algorithm.

Expected
Contribution

In the near future, the development results of this research can be used in
construction site after commercialization process. After conducting laboratory
scale tests for the proof and developing the interface between the developed
system and the measurements using in the field, this research results can be

utilized in the construction sites.

Keywords

Adaptive Internet of Constitutive Ground
. Drone i
management Things model deformation
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(@)

Developed cities are
Crowdedl!

%

Even UNDERGROUND!!

(b)
Ground deformation
dur'ing construction can
damage adjacent
structures

o WPL welsy] gAAE FE F Bl AW ABES WAL = glofol
& 2 0.1% olstelu,

2 st o

Sol gom A%

: Small Strain
1.0 On-specimen
' : LVDT .
8 Very Small Strain | ' . Large Strain
3 - - . -
Q Dynamic Conventional
) Methods Tests

0.00001 0.0001 0.001 001 0.1 1 10
£..(%)

(29 1.3] g Edd W& Ao A 74 244 (Kim 2011)
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daf Ak T Vs WHEE FE FET dHdES GEoto ANk g s W
At 23S wF] dEsgh. 1Yy Aol S0 AWkl mpa Ao 2x]A] e
AL, ARkl M7k A = e sfoksts Ve vt AAWY] A AR dE 50, =AA
o] Bg V& FExEEC] dA AT A9t Bol ks SR fEo FAIRE <
g QF FxREY vdd 2 FE T &7 A8 Ao WAL Hs)orgt
t}.

- FAL T Auke] Aol g 24 0] Burland (1989)°l 9js) o] o] At A & o]
FoAR AF, Y FAIAAA dAstE AW BEFES 01 % 8= Ao
gotE it ol 3 Al WA= WP EIHE T AolE HATH F, AN AFS
EA S oF et A5 mAg WP EANAMY Aol sk, o 71k Ak A4S =
2Zt~e - HstE Hole zo=m &#A] rt (Atkinson and Sallfors 1991).

Conventional Triaxial Tests
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Earth Retention Systems

0 1
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av

o wWagss A% WY R

(N -] U

L L T L. L L I . L L L T

2 3 <4
Mobilized Shear Strain (%)

|

SRR R

_16_



Offset from westbound tunnel axis: m
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%4 g Az gl
FRNA S ANAF FA
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- Adke] B S o537 fEiA B AN EE A ATEALS BAsE o
TE5o] APHEJY (eg., Burland 1989, Puzrin and Burland 1998, Clayton and
Heymann 1999, Gasparre et al. 2007, Jardine 1992, Kim and Finno 2012, Finno and
Kim 2012, Kim and Finno 2014). Yol7F A&<9l A d 1A A a1, o]& HEAFE &

= A rdEx sty o 9t (eg., Whittle et al. 1993, Stallebrass and Taylor
1997, Masin 2005).
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yield surface / hmvyurrm\ P |

=2 |

[29] 23] AHke] mAadE e vEdd = = v8aa 2do oAl (a) Bounding surface moc

(b) Two-surface model; (c) Three-surface model
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L 7 3 WE
7k B2 B ARERIHUE o83 dF weld =4 Vs

ARl ste] ©AE EAL ol gdte] AAd AdHo] At AS b

(1) IOTE o] &3 ASF AAF 4
b st=9lol 4
- MCU: AlAe] HeolHE A& st Micro Controller Unit(MCU)+= ©}©] %= (Arduino)
2=(Uno) B2S ARESISH ool 9] HAE =9 ¥, ofdr Aso]
AR = (19 31] 3 2o

_1

Digital Ground

Serial Out (TX)

Digital 1./0 Pins (2-13)
! Serial In (RX}

Analog Reference Pin

Reset Button

In-Circuit
Serial Programmer

ATmega3d28
Microcontroller

Analog In
3.3 Volt Power Pin Pins (0-5)

5 Volt Power Pin

s
- AYEE obFolwd A47%5E Folsty] e A=g Agsd AsE ofFolx
se

= dlo]HE SD uﬂ}i'aloﬂ A 73}

HR911105A |- *

[29 32] olful 4=
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= AARE AAL ool §e7h ZEA AL 9l MCUR AAIZE wide] Hoj9lr) 1oy ofFo)eo]
Aol A A5 ARPRIE 27184 7] wlel MCUol W= = AAIE HolHe| A=
Aol ARgsh7 1= @AIZE itk mhbA] o] AAIRE A AI(Real time clock, RTC)E o]
ol ddskal RTCE] Al7ke AISAIREel 2g-sfof 2ttt [27 34]= RTC EEs Hehdt:

N

[19 34] RTC 25

- AS A 2 Al s MCU, AR EE, 2748 84 2E 58 d43
B

A 7F A = o




(uh) s=ele] Felo 74

BHae = o
=T B

=

opiFolie] UAE 84 9

A2 Apgaar 89 We TXZ 9¥ ¥

< RX® A" sttt Serial's Al o2 Holy HdFEEHE= 9600 bps= Al® st
- RTCe 2% RSTE 3¥ ¥, DAT+ 49 ¥, CLKE 61 ¥z Adstd o GND&
6H Aoz VCCe 7H oz AAs T
- A% BEEd datalog.txt7t A AT Zdstg o, sld HAE mdo] gkl 3
ANk e E MEsET 5552 BEEo] &A% F HH Al&dA datalog.txtT}
Ao A dlolE e Aol o]FofA 1, EFF~V B3 & A ASS 152
AGE AZS EFFAE B3 dfsles Aoz HIYgoE A AY. o2 He
of =5 YedY, [17 36] 4 F4& e E s E =t}
#include <SoftwareSerial.h> dataFile.print(” ");
#include <SPLh> dataFile.print(myRTC.hours);
#include <SD.h> dataFile.print(":");
#include <virtuabotixRTC.h> dataFile.print(myRTC.minutes);

SoftwareSerial BTSerial(9, 8);

File myFile;

// Real Time Clock Setting//

virtuabotixRTC myRTC(5, 4, 3); //CLK, DAT, RST
const int chipSelect = 4,

void setup() {

Serial.begin(9600);
BTSerial.begin(9600);
port
while (!Serial) {
; // wait for serial port to connect. Needed for
USB port only
}
// RTC Pin setting
pinMode(7, OUTPUT); //Pinmode setting for VCC
pinMode(6, OUTPUT); //Pinmode setting for GND
myRTC.setDS1302Time(00, 12, 11, 4, 26, 6, 2017);
Serial.print("Initializing SD card...”);
// see if the card is present and can be initialized:
if (!SD.begin(chipSelect)) {
Serial.println("Card failed, or not present”);
// don’t do anything more:

// set the data rate for the

return;

}

Serial.println(“card initialized.”);

}
void loop() {

//RTC

digitalWrite(7, HIGH); //Set the pin 7 for VCC

digitalWrite(6, LOW); //Set the pin 6 for GND

int analogPin = 0;

int sensor = analogRead(analogPin);

float wc;

WC = Sensor;

dataString = String(wc);

File dataFile = SD.open(”datalog.txt”, FILE_WRITE);

if (dataFile)

{
myRTC.updateTime();
dataFile.print(myRTC.dayofmonth);
dataFile.print("/");
dataFile.print(myRTC.month);
dataFile.print("/");
dataFile.print(myRTC.year);

native

BT

}

dataFile.print(":");
dataFile.print(myRTC.seconds);
dataFile.print(” ");
dataFile.println(dataString);
dataFile.close();
Serial.print(myRTC.dayofmonth);
Serial.print("/");
Serial.print(myRTC.month);
Serial.print("/");
Serial.print(myRTC.year);
Serial.print(” ");
Serial.print(myRTC.hours);
Serial.print(":");
Serial.print(myRTC.minutes);
Serial.print(":");
Serial.print(myRTC.seconds);
Serial.print(” ");
Serial.println(dataString);

)

else

{
Serial.println("error opening datalog.txt”);

}

{
//BT -> Data —> Serial
if (BTSerial.available())
{

Serial.write(BTSerial.read());
Serial.println(dataString+"1");

}
//Serial —> Data -> BT
myFile = SD.open("datalog.txt”);
if (myFile)
{

while (myFile.available())

{
//dataString.toCharArray(datachar,64);
BTSerial.write(myFile.read());
Serial.println(dataString +"2");

}

myFile.close();

}
}
delay(1000);
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T
Hardware Initialization
(Serial, Bluetooth, RTC, Read value from
Sensor) soil moisture
T SENSOr
—  Update current time :
Formatting
v
Is Bluematl: o Wiite sensing
connected? value to file
L Yes 5
/ Send log file //— =3
Ma
Sleep - :

(2" 3.6] A= &A 54 34
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(7 o1 =g Al 4
- oy s AFEE AnfEES FERO|EES ARSI O, tEROE H
of mMAMZLE AMRSIGIT AvtEEY] BEFFA RES @A4ststal, AAFe] &
T EaEdh so]d(pairing)o] =W Elo]H & H % 295
Aolde 88kl [2d 3712 dHelE FH=
[Z29 38l ol &g 7lolde] ofel&, EFFX

B
§ OeRE B 0eREst $5E § AHE 252 e

Bluetooth enable ‘

i J Connection &
authentication

" Device scanning ‘

¥

Ready to receive data

- s avazlm Blocking

N L No Write recewed
Waiting ! ] / data to file /

Disconnection

Is Bluetooth
device
found?

Mo |

° (b)

BluetoothCtl
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ARshe o] AREETE ey 7]E9 S 283 doly FoA ZFHE ZJIE HA W
WES e MeR B AN wEEel duX A% Tes 9] B Py ¥
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4 5 JES
@ ZHF ZJE WA s
- A AN EAZY $He A AL 24 A4 mESe oA £RE B 44
= Aol Foal el TIEE Auk AN =S Hle] qux ARsE 27] g =&
o] "oy 3 F7|vith wAsh= Aol asith A 7IHoA = HHF ZJE HAHS 9l
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T(n) E™ 1—pXx (rmod;)
"R - ssy
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- oA ke 3 K wEe) duA Be) meve AR welas Rroa GE 4 g o
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5490] rolA 3L whe] Aol A4 s Ae] srebairh
- AA wEof B2 Alolo] AE whdEhs BE-S Received Signal Strength Indication (RSSI)
e Fal ARETE =8 AY A Z AN mrodld B2 HRENAY WAIAE FAYE
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ANA R ez A48 el Wolzik
- AkE 71 A FHlF ZRIE A NA gEol 7vks Fal g7 wEel
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Weight between residual energy and distance to the drone

The number of rounds
A set of rendezvous point candidates

RSSI between the drone and node n

Average residual energy of all nodes
Maximum range of RSSI

Current energy level of node n
Percentage of rendezvous points
Minimum range of RSSI

cur
ave

P
a
r
R

T(n)
E

E
RSSI.
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Drone visits A rendezvous point
construction site sends collected
data to the drone
"

Previous
rendezvous point is
reappointed or run

¥
Drone broadcasts

\'\ & tie-breaking
message to notify function(B(;)
its location %

l Is a new No
rendezvous point
Each node selected?

measures RSS/ ¥

h 4

New rendezvous
point broadcasts
message with
ES"and RSSI,

Each node calculate
Tin) to select a new
rendezvous point
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£
O

Al E Y o] A2 SIDnet-SWANSO A Hadstql o, d=ewy= o33 2
Configuration Value
Field size 1km X 1lkm
Number of
100
nodes
Communication
150m
range
Initial energy 2]
Tx energy 50n]J/bit * d2
Rx energy 50n]/bit
p 0.01
« 0.1
R /R . -40/-100dBm
[29 312]2 ZF 719d ge=d e AE wro 5 vust diojtt, LEACHS]
A5 oo Ao #ZHlF EZRJIETVE AR "o R A FulF EJE A
Aol AT Hol Ay 27t F358k= EA7F TS L-LEACHS] 4 §-ol= 2
ro] T =&89 oy 3 A= 7t oA i A-E aigste] 2
¥ ¥QEE AAs] uEe] LEACHS 2& EAE ZolEAw A=9 FUo )
¥ ¥JEV HF HE TAE FEdo Aot 7HA M= duyA] g oyt &
Al =29 YX7MA n#ste] FHF EJQEE AAs7] it tE Z|HE
¥ EQEJL #EEHA XA H1 YEFD $Ho] Frhet
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Network life-time
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—a— Qur scheme .
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(3) AEAE AaralA

7h

HS malo] euse] gsf the 42 ol §ate] CSS 4L A

wa

oL

rlo

A=Al WisiAl PLAXIS 2D& ARSste] ek aasiis dalstlth. 74
HSEAS AR&stion, A7tar W4 HAdEd disiA Hulsa5d5A1% (Triaxial
Compression, TC)¥ <1748 (Reduced Triaxial Extension, RTE) Hlo]E % Hduw¥d
& (Shear strain, eg), =2 3% (Deviatoric stress, @), A7+ (Excess pore

water pressure, u.)= #H= FHOZ AL

kA e

Ot

D (| oy, 9 1/2
B

S5, =
oy,
714,y = DEA AR g b A 9 W, Sl A A gl el e
j
WMo g3k MR w,E 1A B= 3ol 75X, NDE #3 gke] AFE 7z on)
gk HS mdel 4w g 2ok
Parameters Description Units

. Plastic straining due to primary
Ere! o . kN/m?
deviatoric loading

Plastic straining due to primary
)] , kN/m”
compression

Eret Elastic loading/unloading kN/m?

ur

Stress dependent stiffness

m _
according to a power law

c Cohesion kN/m*

o Friction angle ©

Dilatancy angle

ElE AEAY Al 8-y E FAoA Fro) 50%e sgsts mRlelo] Aol
Aol Aol e (Secant modulus)oll slF =, El/= At 2 AstE B8 AHA S
T Young's modulus ® ©3AES RASHY, EYE ol AAQHIWEE RALS

71918 AHgSHE MR dUAgoRRE e,
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- [29 3.15]° yebd wkel o], FAGEE G osh= v ¢o] CSSgtol 7H 2
7

oz veon, gl g, m, Ejfel £o2 CSS7F E Ao vyt

25+

19.95
20

15+

S
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—
o
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[0}
O 104

0.08 0.00

ref ref ref ’ ' '
E 50 Eoed E ur m c ¢ v

HS Parameters

[1% 3.15] HSE ] CSS

- o] Azte] wel AHAY AHE o] & QMFe] HHEE ¢ 9 gylel st
o7

Wstgom, mrsh EE ppfel AAS Asel we $540

(Wb =4 g Wsk Bt

Parameters Initial Optimized
Bt 5,000 kPa 7,877 kPa
Erel 3,500 kPa 5,514 kPa
Ere! 15,000 kPa 23,631 kPa

m 0.5 0.5
c 0 kPa 0 kPa
o 20° 28.8°
) 0° 0°

A
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—— Simulation (Inital parameters)
20 |~ Simulation (Optimized parameters)
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o] = 2d A (Synthetic excavation site)S A7 3Fe] Hlu]g el WA S A A
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NI NN,

Akiy shia

Stage No. Activity
1 Sheet pile installation
2 Excavation up to -25 m
3 Strut installation at - 2.5 m
4 Excavation up to -45 m
5 Strut installation at -45 m
6 Excavation up to -8 m

AEARo A HAstE B4 @S Fat(Reference parameter) &2 {FE3ko] 84 &
Alstel 1 A5 Gl = (Reference) = AH&stth HA st AMES 24 & CSSHt
| =& 48l gy & AFESATh ¢ SHAGEE o W AbEshe fgEW
TR, 7Pl =3 Aol o] o]z etk VM el o5 wiAlStaL B/ RS
e AT A4t e Aas ARy, TAE dauydEe] W
= 0~0.3%=, A|dko] v} O]EX] B AsE FAF F Al
“Sand” 5l tlsAl= Mohr-Coulomb®E &S 2831921, E=15000 kPa, ¢=25° c=0,
0=0.3& A&t 2 AT A= “Sand’F o AEAS T3 AHEWG HAs= AA
ShA] S Skt
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- Reference parameter 2| Ey/ #¥ th2 #S 7] 84 o= d=gsta 43 du

g52 o83 HA3E T d8 WS4 gho] Reference parameter gto 2 4~ 3}=4]
of el =A}sEAtt Reference parameter Elg/ #kel “1/4,7 “1/2,7 “27 w9 #& =
71 948 grog AL e, m, ¢, ¢, vol 34 = Reference parameter #S Lti

2 AL

Parameters 1/4 1/2 2
Ell (kPa) 1,969 3,938 1,5754
E7f (kPa) 1,378 2757 11,028
£ (kPa) 5,907 11,814 47,262
m 0.5 0.5 0.5

c (kPa) 0 0 0
¢ () 28.8 28.8 28.8

p () 0 0 0
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- [Z29 3.19]o Hdule} o] Zhzhel %7] dg WMFES Jgste] Ak sAS =)
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2, Fig. 60 thehd nhe} 2ol olajA e B3 JEwss A4 49 27 B4 @
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Horizontal Displacement, H (mm)
-100 0 -100 0 -100 0
ol 2] 0- 2
-5 -5
E
= -104 -104
a
3
-154 -15
-20 -20
O Reference
—o— Simulation(Initial parameters)
—e— Simulatoin(Optimized parameters)
(19 3.19] sl Ak wAe] $3us)
Hae] £HEY H7F 984S %3] Referenceo| @3S W &4 e e
Zo 98 BEA HES A Ed Reference® AFE3F 2= A] o A Optimized Z4 %t
3 A FAES g 4 gl

Parameters 1/4 1/2 2
EL! (kPa) 7,857 7,871 7,698
E; ] (kPa) 5,500 5,510 5,389

E'! (kPa) 23,635 23,631 23,647
m 0.5 0.5 0.5
¢ (kPa) 0 0 0
¢ (°) 28.8 28.8 23.8
Y (°) 0 0 0
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- A3 duEe TA 2 AFeolde] Aojd Zzadew MATLABS Al&3%
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