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Development of Maintenance Prototype for Dam Facilities Using
NFC Technology

ABSTRACT

Construction industry becomes large and complicated as that occurred in the construction processes and operations, and the growing
social demand for more systematic and efficient methods of integrated management increases. Current facility maintenance system has
been regarded as large labor-intensive and fairly stagnant, and faced on several issues including inefficiency in cost and time to collect
and utilize various field information. Thus, this paper presents a maintenance prototype utilizing NFC technology and smart devices
to efficiently collect and manage the field information in the course of the construction processes. By choosing dam facilities as a case
study, construction data for dam inspection and maintenance were classified according to dam maintenance guideline, and database
structure was constructed to incorporate with the NFC tags and smart device interface. The system prototype presented in this paper
would improve the quality of the dam facilities maintenance system and provide business convenience and usability by contributing
increased efficiency of field information management and sharing
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Fig. 1. Step 5 Research Methods
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Table 1. Maintenance Facilities (FMA, 2012)

Category Maintenance Facilities

Bridge, Tunnel, Subway, Covered open Structures,
Overhead Road, Road Facilities, ect.

Route Structure (Track, Bridge, Embankment, Overhead
Railway |Road, ect), Station and Station Square, Car Shed, Tunnel,
Subway, ect.

Road

Suburb Facilities(Breakwater, Coastal Levee, Groyne,
Jetty, Lock Gate, Revetment, ect), Harbour
Facilities(Ocean Lane, Mooring basin, ect), Berthing

Harb: e . .
arbor Facilities(Quay Wall, Pier, Dolphin, etc), Land
Facilities(Unloading Facilities, Storage Facilities,
Harbor Railway, Harbor Road, ect)
Dam Dam Foundation, Dam Body, Water Intake, Spillway,

Feed Canal, Effluent Facilities, Gate, ect.

Underground Mall, Apartment House, Airport Office,
Building | Terminal, Hospital, Accommodation, Viewing &
Meeting Facilities, ect.

Gate, Dyke, Revetment, Erosion Protection Facilities,

Ri .
tver Beam, Water Way Tunnel, Estuary Dike, Floodgate.
Water Source Facilities, Water Intake Facilities, Sewage
Sewage | Treatment Plant, Water-cleaning Facilities, Drainage and

Waste | Water Supply Facilities, Sewer Facilities, Sewage
Disposal |Treatment Facilities, Waste Storage Structure, cut-off
Facilities |wall Facilities, Storm drainage Facilities, Leachate
Treatment Facilities ,ect.

Retaining Road, Railway, Harbor, Dam or Building's Additional
Wall, Cut e ..
Slope Facilities as Retaining Walls and Cut Slopes.
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Check
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Fig. 2. Facilities Maintenance Process (Shin, 2011)
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Table 2. Sample of Inspection ID Code (KISTEC, 2011)

heck
Item |Code Chec Code Details Code
part
Operating Status of Buried BO
Instruments
Dam DI Leaks and ’A.bnormal LA
Internal Conditions
Management Status of
. BM
Buried Instruments
Dam
Body DB Displacement Status DS
Soil Erosion SE
Dam DF Railings Strain RS
Flooring Surface Cracks SC
Subsidence SB
Aging AG
Table 3. Example of Code Assignment
Area Code | Dam No. Items Check List
Dam
Code Name | Gyeongbuk 01 Dam Body Internal
Code 054 01 DB DI

33 "ol 28 2 ID EFAA

A A A E B 7S Faste] | SRk A3 599
gk FAAeR S dEEE Bkl Jue] FUT Hekd
FHE A =t Ags Atk
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Table 32 ] APdEw} AHE 7+ 5 JRES 7Rko 2 F=3}
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Fig. 7. Diagram of DB Classification
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Fig. 11. Screenshot of Smart Maintenance Web Page

3.6 A0IE FARUE| AAH JHE

2nfEET} 2nlE S| 7)7Re AnfE fAgE] Al2E e
2 285 sl Do)tk 2wl 71719 FhE), e
TVs0 2 Blokt 2 S B4l NFC B2 <12jele] o g
2] ARe] Jle, =HAR, 3D AlEde)Ad S ANz 3klo]
7Fssin] T 2wt 718k 33 3R Sl oigk fAldErt
7Fs3te] oldl gk HRE ArRIe 2 WEBS.E % & PHP
A 2ES E3) glo|eju|o] o] ATk 9o zheje] wkEuw
Holele £33 &5 fXTeRE 53 AgRlo] 7Fssat

SAll o] QP AlE 919 BE ARSI ek

Vol.34 No.1 February 2014 267



\:l

SPA NFC e 3739 &9 T12al Azl 3714
TSI, Ak HEik 7] AL 712191 HE wek
< fEMe F FAE QAT o Sl thlel s B AZES|oP}
SAoF k. Fig. 102 2vkE fA|ghe] A28 7448 917
PAIE =S HERL Aotk & el NFC Hs
g3 e AR A T5S ffsl NFC Bloo} sirjel=
b s w3l FHY 2 glo] ke A JEielER
o]Fd T A=F TSR

A Alzgle] F5o] g Fig 113} 2& 2mpE
FAEE] o)A} FYE 2nkEr]ZlE S8 NFC gls
IAsk AnkE || sl = AAH uolA|dl=
] Freh A, HAR-91E, He] w4, o), Ao, A8
s FAPIRE B 5 3lo] S el ARk A<
W8-S L 4 ol 5= SIS T gelSInk Bk 34
o) a&S dYste] fARtele] T dE Al kvt 7hsst
B Aol AAC AR oo R AEste] o) )
SHE ARSI oS RE A} S]IstaL, At
2l = sk L @ ¢ =S Stk

3.7 NFC 7[dt ADIE QX[2i2] A[AEIS| ADIE 7|7 M
o] A7 Hojo]] Bk NFC B8 AnfEY]7)2 ¢14] 3P
Fig. 113} o] EXslE]o] ZIth 2nfe 213 Pujolr] F48
A= 5’—/\}7]1& AAEH 7g_HL, A]gg 3D VIEW, Z}A o241,

Bl S, T 8% 5 A Aus AT,
AAERARS) 3DAEAOIHE AFAR) A0S AT 2A
Ayl UiE A1) olslE wolET) W) o) An X7
o) A ] glstel A%E AL B S Es AT s
A= 5 4 A HelB AFTCE SEE PR A|=ap8o]
EE-?”QPE A ARle] v T L 2 5] AN
o GEz valslo] gik

oJel B B IAE T FLE B0
AZse] F7hE AT SoPlre AHES BlAE ke
A Slek o] Faje] AR Thee] S7151E Helee)
SIS S5k ofFe] S S ket Bl el Ak
ek 409k A7 7 7Fsela slolek @eln] vl
PN e fAee] AR vl o] AHows %
o] B ARG 4 glon, 5719} o]F T A
9 4 gl AR 0F, Feke vle) PN & gla, B
A QS aRle] Was ol ARE WAl A
9% 9 Bsp)el) ie] fAghe] Azsinch Ak 564
& 7 4 Ik

268 Journal of the Korean Society of Civil Engineers

AAdE-2] NFC 7|9t o]g]

e A AE ZREE] A

Smart Maintenance System

4

Work Code
054-01-FF

777777777777777777777777 Basic nformation T ’m'

i Locaton Ve Good 1.very good
Area Dam Body TP g Hei Maintenance 2.Good
Lengtha Height ooy
Code Name Floor 1.Catchment Area Record 3 Novmal 3 Fﬂ.’,m
5.Tota Storage.
Copasity Shou 5.Poor
corporation1 1.Plan 1 Very good
2 Ri M Pla i i
corporation2 South Pane F“’"'Wm S0 Snuiciion Zijacod s Other Inout
corporation3 4Sedlo al View 4. Fair
5 Elevational View 5 Poor

Fig. 12. Information Structure of Smart Management System

Smart Maintenance System

Fig. 13. Smart Maintenance System

4. ADIE |XRMD ANAY 25

4.1 NFC A2M T}

2nfE o] AEl Fpde] Qlo] 7R Fagk 92 5 shie
NFC7|&olet & = Qlrk & Alsloll A ek W A1z

BaE NFCE 2y )2 2708k 24§28 7-s 3
SHA| €k o] el NFCE ARg8he ol 2mkEZ]7|$}

2l&slar Qe Falo] 7hssly] whelch

s NFC7F 2lE Al Alsl 7ol 28-de]
WA Fe] Sfal NFCe} 2nke7)7] 3F A] 9 Zhee]] ule
AXE AP ATk

Q215 213 NFCH|19} 2njEE Alo] Ael= 0-42.9mm7}
2] 3.3mmA 7} AZLoH, ZHes 0~45°714] 10°%] Z74x)71H
Skt



o

X
e

10 20 30 40 41 42 43 44

a5

18 120
17
16 S
15 d 100
14 < =N
15 Pid ~
! \
T 12 7 30
2 4 ’ 'l g
] — - \ 8
E . a=="x - 8
= - . | H
g 09 | 60 §
= 08 \ 7
s g
g 07 I 2
2 o5 { w0 =
05 |
04 === NFC Recognition Time |.
03 { 20
02 + -
s ReCOgNIION 'l
01 H {
0 T T T T T T T T T T T 0
0 33 66 99 132 165 198 231 264 297 33 363 396 4239
Distance(mm)
Fig. 14. Recognition Test for Distance
16 120
14 —=
-
L 100
.
12 -
/
v ’
i, , 80 g
7 8
]
£ ! g
- " =4
= 08 7 60 §
-
R :
|-
8 06 2
& a0 <
04 I
=== NFC Recognition Time
20
0z Recognition
0 —t 0

Angle{Degree)

Fig. 15. Recognition Test for Angle

Fig. 14 7gjel] W& Q1215 A5 A7E UER) A0 2 Q1A
ZE& NFC "1} 2nkE7]7] 3+ APt S7K) wlet QIR
A S7¥ehe IS BRIk @ =371 23.1mm w7}
2Rz 100%2] QJIAES Bglom, 23.1~-33mm7HA] Q121E0] 314t
shEfaith 29.7mm o)l oA E Q1AEA] etk

Fig. 15& 7= w2 A& A3 47E Jepd 3olth
At FAkHA 27t S7Fstel] wek NFC Q14 ARTo]
7R BES BArk IXES S 40°HEAE 100%
o] QMBS HYlom, 41-42°717] Q2lEe] HA} sletalct 4390]

73R oAM= Q12je] HA] stk

£ A3 58 NFCeF 2vke 7)7] 31 A2l 2em o]y

=
AN2E2

2P 40T R B A5 100%9] ANEL A RS 9

% 919lek o] Bl NFC7} 91 739 e wienh Beke
ke F)71sk B £ ofelgo] 9l Ao R By
wle fe] Al Rl glo] A8 st iS5

ATt

JPAET-E
FE=

ool
o
o
>

Table 4. Item of the Research

Classification

Survey Contents

Use of paper
Maintenance
Managing Business

a) Information Error and Missing

b) Communication Inefficiency

¢) Inefficiency in Storage

d) Inefficiency of Rework

e) Lack of Information Security

f) Maintenance Improvements

NFC Based
management system
used Maintenance
tasks

g) Record System Check

h) Information Accessibility & Security Check

i) Decision & Communication Check

j) Convenience Check

k) Time Saving Check

1) Right work evaluation Check

m) System Utilization Check

n) Important Function of the System

Table 5. Results of the Research

Item Agree Disagree
a 91.67 8.33
b 66.67 33.33
1 c 83.33 16.67
d 83.33 16.67
e 83.33 16.67
g 91.67 8.33
h 91.67 8.33
i 91.67 8.33
2 j 91.67 8.33
k 100.00 0.00
1 100.00 0.00
m 100.00 0.00
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