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< SUMMARY )

Purpose &
Contents

* Development of panel retaining wall for reinforcement of nail and anchor
that can secure the strength for maintenance and reinforcement of aged
retaining walls, can plant vegetation for exterior improvement and can
install maintenance Kkit.

* Development of reinforcement technology that can assemble and
construct lightweight materials made in factory in case of danger of
collapse without any influence on neighboring structures due to not
removed construction of existing structures, and to quickly repair and
reinforce them.

* Development of a maintenance kit consisting of LoRa—-based terminals
and instruments capable of low power long distance communication.

» Development of monitoring and warning system, which is easy to access
to the general public with low cost of measurement management.

Results

It is expected to improve the exterior, shorten the construction period, and
reduce the construction cost by using not removed retaining wall
construction method for the aged retaining wall structure and it is possible
to do vegetation using stable and ready—made lightweight material because
there is no influence on adjacent structures. In addition, it is expected to
reduce the cost required for system construction and operation with LoRa
based measurement management system which is a low power long
distance communication technology.

Expected
Contribution

It is expected to prevent accidents, aged retaining wall construction costs
and improve the exterior by applying the proven method to the
Destructible walls and slope that can be collapsed, and dramatically
reduce the construction and management cost of the measurement
management system. It is expected to play a leading role in the domestic
and international measurement management related market.

Keywords

aged retaining vegetation reinforced maintenance
. ) LoRa
walls retaining wal | construction technology
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2018 TEWS7|SETAHTPAIY 5 24 9 M= FAZRIE Qe AMSHE HIETA Al (& 2 LW & Lok [Eie| AR 71& ZHet
c. S HAFUFH X|Eol st M5 HE
ZE ESYE SN AFUFH X Lol oist = HEE 8oty ?I5to] SR YH X E
2 TMol= AMotF X|X[EHSkin)2t EZHEHCore)oll CHE SQIIBAIEE Fdlsi¥on], fMEoZ
7| Rltmrel SESIB0 Chet NS Stelsty| 9Ist0l Y 2N HBAIE cER Y AR
HE SEefZ 71| oty AEE SR CH WH 7|&H 2SA| R HElE JH- s X grat
o otMM AE&= #X| RCAILES otHM HAEA| JtEr LHIM o Z ALEsH= dholot
E 3.12 Sgaxd YH X[Ee| Skin Y Corell 22| EA
8 IFYE EhA 4 % u] 2
Skin 140MPa 9,806MPa
Core 140MPa 9,806MPa
/XX theHEZ JHESE SetaX] WF X|etmol =i HelZ ¥ 2o 2HE, Fof H2 Cts
Eqg. (1) ~ (3)oll wzt #+& = 20|, olufe| 2HME F.S= Eq. (4)d w2l 2.022 M= Yct.
H AgyHE=Z J1dst 28 A Y7 X tme|l xof HEF 2 X ZHE FCOf 25 zhzt
Eq. (3), (56) ~ (6)oll wma} 7& £ Ao, ojufe| FME F.S= Eq. (4)o wmal 2.7022 245
At
A max =5 X W X L" /(884 X E X ) e Ea. (1)
I\/Imax=w><|_2/8 ............................................................................................... Eq (2)
o max = M / AT P P P P P PP P PP PP PP PPTT PP PPTP PP TP TP S Eq (3)
F.S =/0max .......................................................................................................... Eq (4)
Amax=w><L/(8><E><|) .......................................................................... EQ (5)
MmaX=3XWXL2/8 ..................................................................................... Eq.(6)
E 3.13 Htalof| mE SEAx] d7HH XgEe Tx=ZHE A
75 g Az bl 3
& Z(mm) 8.6 5.2
EHE(N'mm) 2.8 E+0.8 2.1 E+0.8
zt222(N/mm?) 6,918.4 5,188.8
otME (F.9) 2.02 2.70
Q;EE%T KO — 42 - Iy, 2o
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ME =3

ZEHCore)2 2 O|F0{Zl S YA X|gEo| LY d9ez DI E Xkl dx|&E ZH(2E
3.14(b)) 22 ZH It

AlZefold siAE fIet RRIAl HY AlS20|M M 2 J|E Y MAAME FEH=SIQUcH H
Ho| 49 2t MAY|ZEo s AlSaolM A Al X|Ete| sHAMAHAZ A ZAHZ ¢lst S
3 Hel Xt M3 x|AstelY| fstod HY AR 2 HE XA (D)el 2 ~ 3t ojde=z MA st
T8 st JSL(Ministry of Land, Infrastructure and Transport, 2016) YEtM oz oFMEFo| MAH
E 4D o|de 2 FRiMES AMst Uct 2 AFoM= YFH XLE = Be|l I37(7F HE

i
ol
~ =

X|4(D)oll dlsto{ o o=z 9 J|ED FX[sHAM Atzfof| Z=Sto] YF X|UE = Boll Cish 5B
4

Zole| B3tE xue FAYSIUCHIZ 3.14(b)). W2tM XIQUE = Boll tfst 5B Poiel x|gre
W3 olmeo| AtBYSOl 2ES JIFECR SHel x, yEC AP Uze| Fystel WIS THAIH
oo, 752 HT sl WIS TEAIF RUYSIUCH ZEAK Y XAWES 9| Ky AR £
OF PEBEA Yo PHEUS MHHA 2D YA AT ABA WYl WE ABVY Ly
of et & 4 UE= UYsct

(a) SEAT FTUA xIUE DAY (b) Alghex|QrE 222

=]

O8 3.14 SEax J7YA X|mo| oist AlE2olMd

E 3.14 S YH X[me| Skin ¥ Corell 22|18 &AM

T= QU EtM A 4= H| 1
Skin 140 MPa 9,806 MPa
Core 140 MPa 9,806 MPa
Steel Plate 400 MPa 200,000 MPa
Ground - 70 MPa

Q;‘EE%E': KO — 43 - 7, )X 200
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A0l siMAl EEE SHX= E 3.142
X

Mesh= Steel Plate= A

5Hiel 600kNS| W zIF2o| &5 300 X 300 X 30t mm T4 2|

=1 400kN< 3
steel plate® S5 6.7 N/mm®2| SEZSIZCZ SoAA YH X @l XEsts Wz 71H5}
ch flet 22 29 Es HY S2ad A X HEe| MASHES 2! 600 kN7ZEX| 200 kNe| 7+
3.113F Zo| WFH =B35Sl 400 KNOlA oM E 2.15,

E=E
ol ZoZ SAES, HEatEel 400 kNOJA]
PN

1.94 mm, A= 600 kNollA 2.90 mme| X Z&lo| gl A
M Aot Z2Z5HE Y SHSHEAA EFEASES 2ol en, HMES &5 EESIL U= A2

2 =4=Act

E 3.15 Sga™ ITYH ALE A[EolH &=t

H

T 200kN 600kN

= : I

(Mpa) I
32.9 Mpa 65.3 Mpa 97.4 Mpa

vl | | |

| | |
0.98 mm 1.94 mm 2.90 mm

a8 3.16 =2§AK ATUH X|Hmol Cf 3t KM ASAlH

ZE s - 44 - W, RO
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MAE SEan WA XYWl chst AlSal0lM A ZRt SESBOIM SH¥E WS HelsHe
Lb AR SHERISIAL LMEHE AT L THI FAS mOtstD, o8 ®eksty| 2Istel 1 3.16~17
T2 535t

on L
Ao
H
ol
o
|0
Hu
>
u
mn
il
N

AEMSAES a8 3.187F Zo| YFH s=o 7

g 29 & # JXEF StF Mstoo| =SciEg s EXE MEsiien(ad 3.18, I

3.19(a)), Ex <loll Saar HA X|gEpS HXISo] AlHSIcHaR 3.18, 28 3.19(b)). HH

ZIE MEA| H7{o| ZIEE 2 Anchor Head®t Steel PlateE Safl X0l ME=2=2, WFH MA S

& 400 kNoll AFEE&= M2l Steel Plate(300 x 300 X 30t mm)E SLsHH Mx|5l0], &=
o| AZotEE Aldg FASIcHad 3.18, O8 3.19(c)). Ald W2 ct33Th 2ol 45 <

of, & 33 A= ACE

Step 1 1 ExX SCtE(2E 3.19(a))
Step 2 @ SEAX WFH X|LE MX(2F 3.19(b))
Step 3 @ AZ7|7| M x|

HsLAs FH™HsH| st dMeE #HeIEdES  2Ist LVDT(Linear Variable Differential
Transformer), B8 &8 F&5I7| {8t Strain gauges AFSSIFCE B9

oo =x
== T o

o

%
Plate(ZtX[&)oll 270, Srar) B7 X (e =ZAof 27HE Mx|sto] FH5I¥M 20, H

Sk7| fl8t Strain gauge

QEEE%E! oo — 45 — I, D)ok
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Algl An} Test 1~32| Z|CH 3= 835.9~964.3kNollA Steel Plate(7}

SR AF K|QPE Lk

=
=
x

(c) YA
a8 3.20

He solst

E(59)

82| 3.8~4.8mm7}
400 KN2| 1.58)ollA Steel Plate(7FX|
2 3.7~4.8mm7} LMSICE 350 HE AME

5t=0l 800 kN Of&ke

X FTUH ALYE AEL

dystien], dAstES

X&) #Hel 14.7~18.4mm,
600 kN(%i‘—_r”’c'i?‘I A5t
AN oHH Xt

¥ 3.16 oA WFH X Eel A A1
e o}y sHS #H2 (mm)
= (kN) Steel Plate X|QHEF ket
Test 1 835.9 17.3 4.8
Test 2 976.1 18.4 41
Test 3 964.3 14.7 3.8
x 3.17 X dH X UEe| A sHZ 3 MAH SIS
S )3 515 | (mm)
- (kN) Steel Plate X|Qtmr ket
Test 1 589.0 11.2 4.8
Test 2 601.7 13.0 41
Test 3 598.8 11.1 3.9
SEATE — 47 -
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—LVDT (1) —LVDT (1)
00.0 LVDT (2) o, — L LVDT (2)
8000 gsmu —LVDT() = w00
g E “LVDT(2) %
I e i
2000 2000 2000
QQO-OO 5.00 10.00 15.00 20.00 DDDw 5.00 10.00 15.00 20.00 Dnm’;” 5.00 10.00 15.00 20,00
Displacement(mm) Displacement(mm) Displacement(mm)
Anchor Bearing Plate 1 Anchor Bearing Plate 2 Anchor Bearing Plate 3
(a) Steel Plateoll M 2| 3tE-H2] =M
1200.0 LVDT“) 12000 —LVDT(']) 12000
10900 LVDE (2) 10000 e ° _tzgl 2:
AMO.D = 800.0 Agmu
£ g z
= T eo0 T 00
gfmu § §
Displacement(mm) Displacement(mm) Displacement(mm)
Anchor Bearing Plate 1 Anchor Bearing Plate 2 Anchor Bearing Plate 3
(b) X|IE cHROAM S| stE-He M
1200.0 1200.0 12000
—SIG (1) —SIG (1)
10000 SIG (2) 10000 / SIG (2) B
e = o e -
%mo /_ % 6000 % 5000 SIG (2)
g g E
200.0 2000 2000 &‘
0.0 00 00
Strain(ps) Strain(ps) Strain(ps)
Anchor Bearing Plate 1 Anchor Bearing Plate 2 Anchor Bearing Plate 3
(c) X MF stE-HEg M
a0 —wem ™ p— e~
0000 SIG (2) — sic(2) i —sIG (1)
SIG (2)
g £ gm
Emﬁo Eme ":“,smc /__
3 s /— s
Strain(ps) ’ Strain(ps) Strain(ps)
Anchor Bearing Plate 1 Anchor Bearing Plate 2 Anchor Bearing Plate 3
(d) x|t st stE-HEg IM
a8 3.21 Sgad %A XL MASHSAE ot
SR W XE MF X[X|HHskin)ollA SHE HEgs (T8 3.21(c))22 o|F0f AststE
of 500 KNZHX| t%2{o| Atg5ix|g 1 o|F = =EAK %3 xetel E #Hyo=z olst ool
A2EE WS Y £ Y20, 0|9t 22 HSe| HIXEoR SHAX Y X|Qme| Atgel Bof
Z12dioll Mx|El LVDTOlM st&E st whake| ditfjutsto Z o 7{z0| O3 3.21(b)dlA ZHEHE ATt
stH, AlEAl st&0| A st=|= Steel Platedl AX|E LVDT (1)t LVDT (2)2| st&5-#He Jei=Z&
s dx|sHA| te As gold £ Aeni(ad 3.21(a)), ol= AAH stE0| A st=l= Steel Plate
7b SEtan] Y7 XLE Mol Hoted 9Ax|six| elol ARl 285 W2l HeE X
Hech olefzh Halol datoR olsle] =R U XYW Alwel Boolieol wels Zme
O%EE%E KA 48 — U At bl o]
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TEST 1

TEST 3

A H 5= (600kN)oll A2

o}Xq

1.44

835.9/600
=1.39

976.1/600
=1.63

964.3/600
=1.61
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Skin

A x| g RC HAt= X|H#

Core

100
(6.3%)

1,580

12.8 (100%)

26.8
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L
>
>

3,005 x 1,068mm AL =2 MZEt=o{, ASAl 74

= =2
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Data sheet: Technical data

IMAB4520
Rev. 10, 04/2016

MMAS8452Q, 3-axis, 12-bit/8-bit
digital accelerometer

The MMABAS20 s a smiart, low-power, three-ads, capacitive, mi i

accelerometer with 12 bits of resolution. This accelerometer is packed with
user options,

interrupt pins. Embedded interrupt functions llow for overall power savings

reijeving the host processor from continuously polling data

The MMAB4520 has user seleciabl ful scales of +2 gutd /48 g wilh high-pass
a5 well as non-filler el
configured Io generate inertial wakeup interrupl signals from any combination of
the configurable smbedded functions alfowing the MMABA52Q o monitor events
and remain in & low-power mode during periods of inactiity The MMAB4520) s
available in a 16-pin OFN. 3 mmx 3 mm x 1 mm package
Features
1.95V to 3.6 V supply vollage
1.6V 1o 3.6 ¥ intarface voitags
2 gid gi+8 g dynamically selectable full-scale
Outpud data rates (ODR) from 1.56 Hz to B00 Hz
99 ughHz noise
12-bit and B-bit digital output
1C digital output interface
Two programmable interrupt pins for six inlemupt sources -
Thres embedded channets of mation detection
—  Freefall or mofion detection: one channel
—  Pulse detection: one channel
—  Transient datection: one channel
Orientation {porraitiandscape) detection with sat hysteresis
Automatic ODR change for suto-wake and return to sleep
High-pass filter data avalable real-ime
Self-test
Curment consumption: § wA to 185 A
w-plmn applications
E-campass applications
+  Stalic ofientation detection (portraitlandscape, upidown, leftright, backront
position idenficaion)
Notebaok, € feader, and laptop tumble and freafall detection
Realiime orientation detection (virtual reality and gaming 30 wser position feedback)
Real-time activity analysis (pedometer step counting, freefall drop detection for HDD, dead-reckaning GPS backup)
Motion detedtion for portabla product power saving {auto-sleep and auto-wake for cell phone, PDA, GPS, gaming)
Shack and vibratian menitoing {mechatronic compensatian, shipping and warranty usage logging)
User interface (menu scrofling by orientation change, puise detection for button replacament)

16-pin GFN
3 mm x 3 mmx 1 mm

Top view
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Pin connections

Ordering information

Temperature range
0 1o +85°C

Part number
MMAB2520T

Package description
QFN-16

‘Shipping
Tray

Intemal | | Cloek ik
osc [7] cen

VIOE—
VDDIOE—#
=] e = e
Coosrter : K s
Funetions
MMA8452Q L
o two Top and bottom view i
Freetal ;:;m Orlertaiion with Sth;nDehum Sngle, Double
e e and Matian (e, ismetion Sat Hystafesis Mam and Disectionl
time jevice can be L&, ast.metin, } b
Deteclion i) anil Z-ockout Theshoid P
I I I [ [
¥ ¥ ¥ ¥ ¥

| Aulp-wake/mio-sleap configurable with debounce counter and miuipée mafion inferrupts for control |

MODE O

L Pt

Low Howe + Low Power
‘High Resolulion
Norrial

MQODE Dptians

Low Power

Low Noise + Law Pover
High Resolution
Notmal

Active mode
we

Active moda
sleep

Autswaksiseap

Figure 1. Block diagram

U

l Earth Gravity

Bujuin]e]
nAann

i

(BOTTOM VIEW)

[TOP VIEW)
DIRECTION OF THE
DETECTABLE ACCELERATIONS

MMAB4520R1 —A0°C 1o +85°C QFN-16 Tape and Resl

3.48 Xz 7|E0

HEE ZAA MM At

Q =252 — 70
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(=% 59009 Ctyst 88 @i=]

a8 3.50 wX[&E FIEo ME HAA MM Atk

(2h dMel 71 HEd

AFINLAl HEE wA|ZE| 7IEQ HMM= StEA, ZAHA, XEHAA 35FOIXZ, F4 A

MAf ele{Blo|2 EZEHUART, GPIO, ADC)Z CieFet ASMAMS 0| JHs3tz = sfgsigion,
S5 2% obY IUEHIS 95l £IIHOR 2T & U= XERM, XBZAM Sol cryst
HMAME HSAIZ ofFolct,

Q) =252 D - 71 - I, (emI2oe

Geo Engineering & Consiruction



2018 TEWS7|SETATAIY SHAMSHE HIEHAM AP = 2 AW |E LoRa? 12| Rl | Tt i

(oh) M W
2tojof 4] He{A= 4

E i

2 MSsky| w2l ol F

#

e
]
_O'E
=
El
0z

(d) 2EA
MM 2t I™ AE 2

(c) 2= MA] Atz
a8 3.51

3t Al
sre 712

Calibration Sheet Calibration Record

FSG Load Cell

Long range crackmeter

W Model 4103

' Serial No - 763331

m Range: &0tonf

W Inputdutput terminal resistance © 3500
W Readout : ACE-600

W Col Dete ; 20181205
W ol Temp: 23

W Excitalon voltage | 2%
B Cable Langth - im

W cel D ; @75mm

Reading (Vv }

Caloulated

Load Error
Load e
ot Cycle 1 Cycle2 Average (tonf)
00 o a 0 0.00 0.0
200 768 786 767 2019 024
400 1524 1523 us24 4011 013
600 2260 2278 2218 58.98 001
5.0 38 3040 3038 s0.00 000
' Load({ton ) = Reading - Z
Zaro Resding - Intsl Reacing pror to Instaliation
® Sensituity (tonf ViV ) 0.026324
@ Intial Reading { ¥ ) 386
[ Connection of cable ]
Red : (+4vas Biack (v White : (+JSignal Grmen : (-JSignal
s T aticts ot
[ ——
Collorated By:  E.S.Kim/ e

Phone : B2-1-059-6753/7
Fem : 82-31-457-8758

E-maai : ocensenover.com

Web : www.cceinsinament.com

9, Dengeong1o Zibeon-gl
Gurpo-si Gyeanggroa.
115850/ Korea

[ACE

& Smucturs nstmentation

ACE INSTRUMENT CQ.,, LTD.

The first uoiue in Geatechnical

= Mode! - 5900
= Serial No. © 565888
= Range: 800mm
= Resistance 50

w Cal Date © 2018.12.05
w Gal Temp. | 25°C

= Readout - ACE-1500

= Input Valiage : DC 5V

Displacement Reading Calculated Disp, Error

{mm) (mV) (mm) (%% FSR)
o a7 0.208 0.034
100 864 100,358 oom0
200 1623 198 465 0088
300 2360 299.487 -0.085
a00 3158 399,639 -0.060
500 3021 499,531 0078
€00 4602 800,205 0034

= Displacement(mm} = { Current Reading - Offset ) / Sensitivity

= Sansitivity

= Offsat

[ Cable connection |

Resistance messuing © Red, Black

76583

95,43

Volage mensuring : +5Y < Red. Gommen Ground = Black, Signal Vaitage @ Whie

It any fastorioverioad temperatura humici
of maasuring instrumant, it 5 Ussicss

Callbratad 8y
9 Danglecng-1o Z7oson-gl,  Pnans : @
Gurpo-s, Gyeongarod, Fox - 82
115850 Kerea E-mai :
Web - www.aceinslument com

ity etc.) that affects to the precision, sccursey

.
5. H.Kimi

@ ACE INSTRUMENT COQ,, LTD.

The firs! value in Geotechneal
& Structurg gtnumantation
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(3) LoRa 7|8t RX|&2| 7| E 7Hgt

(7} LoRa 7lgtel =% S 9 M=ol gxigel 7=

FXl2e2| 7|E LoRa &40l Ma3%== LoRa Module2 LoRaWAN EZF 1.0.28 FF5tL, KCYS
% UE TELEC ¢1&52 25 ME(SsATF7|EHE AM8stod, O &M @2 ct33T 2t
PLM100S Module, Board . .
I Specification I Specification
— ARM® Cortex®-M4 32-bit processor
. @ LoRaWAN 1.0.2, Class A/B/C ® Mechanical Information
with FPU, 64 MHz
® Bluetooth Low Energy 4.3/5.0 Dimension 22.0(H) X 19.00M) X 3mm({T)
— LoRa Transceiver : ® Gonersl Inforvstion Weight 39
- LoRa Technology RF modulation * ARME Cortex®-MA 32.bi processor Anientia Wecepiacls:| Muiras, MIDS2Y 2700
o denerid PCB Thick 1.0mm
- Frequency: 902 ~ 958 MHz weu bt el oy
- Quiput Power - +4 to -20 dBm in 4 dB sleps
- Modulation : FSK, GFSK, MSK, ~Fady: S0 ol 1 1 oo — o
GMSK’ LoRaTM * LoRa Technology RF modulation o[ ,, -—H‘
LoRa :qu‘mcyn:.suz ~ 958 MHz g 0P viEw
- 512KB Flash, 16KB SRAM TR oK, GF S, MSK GMSK, LoRa™ and 00K
~ LoRaWAN 1.0.2 e | i S ok N
* BKbit Se(u"e Storage §.50mm. nwé e
- UART, GPIO, ADC Interface Siouk. |2 S lens K54 008 A ‘1 L f! :
- Rx Sensitivity : =137dBm (BW:125kHz, Ouron Ange [ U to Y0 {LOS) . i i == =3 EI
LoRa Rx Sensitivity ~ Up to -136dBm (BW:125kHz, SF:13) - 5 —— --j =
SF:12) LoRa RF Tx Power | 010 14dBm (PA Boost mode : 20dBm) l* LA = _';"'_ = =
: OC input Voltage | +3.VD  Fr— ;";'.tmm ¥
- Power Supply : 19,000mAh Battery Dpsiaion Volkpe . | #2448 $38 £ Brmormo
Operating Temp. -WC ~+T0C
Maximum Current S0mA
a8 3.53 FX|&2| 7|E LoRa S LoRa Module
PLS100W REV 1.0
PLSIOOW MBS
Module pin map e - .
3
|
T
’\
(c) EAIF|E Power, USB 3|2% (d) S4I7|E LoRa Module QIE{E|O|A
J8 3.54 =% 34 2 MF FX[E2| F|E LoRa SAMF AA
- 73 - | Al o]
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o
(a) FXl&2| 7|E PCB ool (b) mX|22| 7|E 7|7 MA
J8 355 =¥ Y 9 MF RX[E2] F|E A £H 2
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(a) Al&HE (b) AX[ Atz
J8 3.57 LoRa ZEHM F|E A|EE

Gyro(3-Axis)
MM g

8 3.59 LoRa ZAHH 7|E AIZHE
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[E 2_1] LoRa Gateway (Al 8T

s E o
BEA IR S =y
% 3 EEELD
EYHF Lims: kemel version: Linus 3 4.86 OpenWET
EETT & Cors™i7-85650 CPU @ 2.30 GHz 1.00 Gilz
ARG EErrE Tnrel® Core™ i7-85651 CPLT @ 2.30 GHz 1.00 GHz
=T Dual 3 RAM 16 GB
i swW Tera Term + 83
LoRa &3
RAM
sW
B85

[Z 2 2] LoRa BTITE 318 (MM
e a7 A

e - 04 GiHzw4 GHz > 5045
- 4 GHz 10 § GHz — 60 dB

BEA

ZgaA PISC Architecrare
BE FF Sensinviry Al®
LoRa &5 Semrec 1276 -
RANM 128 kB flash/16 kB R4
RF 200Nz ransceiver

[E 23] NEE =

== = = [E 2.7 =6 2321
WE A e =
ELT) LGI4Z56 B FLUEE
EHMH TWindows 7 Professional ey 8
= Inrel® Cars™ 17-6500U CPU @ 2.50 GHz - BF:I00MA~I0A

Arg + D ETS:100pA

RAM 8GB - HBE-0050+0005(=H %i- A g

sW Ters Ternm 4.92 = T Auis wa
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