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A Study on Development of the Intelligent Bridge Maintenance
System Using RFID

ABSTRACT

The inspections that are being done on current bridges in our country are made to go through a process of being recorded on the
management system and then converted by the computer. This has deteriorated the credibility of manual-analog types of data,
inefficient care of information, and produced potential problems of the structures of bridges through subjective evaluations. In order
to solve these troubles, this research has aimed at effectiveness, management, and convenience so that the inspector at the actual scene
of the bridge structures will be able to achieve the primary purpose of infrastructure safety through precise supervision. To assist this,
this study has suggested a state of the art IT intellectual management system that has applied RFID. This system has been designed to
decrease the inspecting time on the actual scene, which will provide more time for efficient inspection and by using the converted DB,
managing and utilizing high quality data will come naturally and through the objective evaluation, it will be possible to make exact
judgments of the structures of the bridge. Also, regardless of the location, it has been found that the work performance was excellent
through highly effective management.
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Fig. 1. Bridge Statistics in Korea
(Ministy of Construction & Transportation, 2010)

Table 1. Configuration of RFID System

(MOCT, 2007; Bae et al., 2007).

upEhA] B dtelrls 7] opdR PR o]FoAd
AREAFRL] v ESAdS FEslaL, wRke] fAEe & S8
7 dele] #Hels SustelaL, fAlde] g AAe as3ke
#a}7] A FHEAARFA7]=2] RFID(Radio Frequency
Identification)2} WLAN(Wireless Local Area Network), Tablet
PCE o]§ 8 A%d ek flge] A28 T Slstol

A7E Sasigul.
2. =LHQ| RFID J|&58

2.1 =2L{2| RFID 7|=Ssk

RFID= odybd o 2 AL, f-5, B, 4v]o] 2 3ol st
ARE T2 Bl U Tag)E Aol T2kl Al A =2kd
ot Antenna)E 53l, T=7|(Reader) 2 sl o] AEE ¢
L, JIERolut o) s EA Y 5] HrAIRE} SAlEk] B
7} o] ARE A gfepslal ARgshs 7l Eah, Q14E0]
FaL, HIHFA] 7]zo)7] wjiel] g Mol gl =559] BRE
Bl ¢ = Qlow, v BAlse] APt 7] wieel
o] F& o] Slrk o]#gk RFID7 |2 WheA] 7lkeo] A&2R1
e o3k AFH 5H] 58 A x| §skE
Feko.2 oliAe] Al F4] ARSI g FHlo= AR
she] AL TPAIZ 2 gl MPIERA H2FET ATLee
et al.,, 2008; Pyo et al., 2004).

A9 © & RFID Al B, 2]t)7], nlEsiof, of&gjA|o]
o 2 gdEo] o m 8 AlRl] 509 4 Bl F2RE Table 17+
Zow, ol 7t 4 7e& §3s=RFID Bl 1= g5 4
I ARE- Furo]| whet Table 2$} 2o EHFEcHKim et al., 2004;
Pyo et al., 2004).

2 RFIDE "5 fgs SA0= AA| ZislA o] 714
8-S A o8 JPEEo] A8 Slrk el = Akt
DARPA$} NIST7} %35k HP, IBM, MS S9917t 714}
MIT, % st 5o] Fofehe FRIHEE s Z=AES

Tag Reader

Middleware Application

-

gl

- Item attached to each product
- Identified by the reader
+ Transfer data

- Device used to read and write data
to the tag using wireless frequency

+ Acquire information from the reader| - Provide service by connecting with
- Data Filter the existing system
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Table 2. Classification of RFID tag
Classification Remarks
Passive -a passive tag is cheaper and smaller because it has no battery.
- semi-permanent(more than ten years)
Power Supply N . . .
Active -an active tag has an on board battery and periodically transmits its ID signal.
- limited battery life(approximately 1-3 years)
LF(120 - 150 KHz) -daFaspe.edﬂow, range : 10 cm .
-animal identification, factory data collection
- data speed : low to moderate, range : 1 m
HF(13.56MHz
( ) - IC cards, smart cards(MIFARE, ISO/IEC 14443)
UHF(433MHz) - data speed : r.nod‘erate, range : 1-100 m
- defence applications, with active tags
Using Frequency Europe
(865-868MHz) - data speed : moderate to high, range : 1-2 m
North America -EAN, various standards
(902-928MHz) -$0.15(passive tags)
UHF
Microwave - data speed : high, range : 1-2 m
(2450-5800GHz) -802.11 WLAN, Bluetooth standards

Table 3. RFID Application of Domestic and Foreign(Kim et al., 2005; Lee et al., 2005)

Classification Institute/Country RFID Development Condition
Ministry of Commerce l{/(;lg]l;;(;z sltlss;;ogrp;sogga;; rir;i] ;rr:g;orting and exporting countries
) Korea Airports Corporation Airport baggage tracking control system
Domestic Ministry of National Defense Army ammunition management system
Public Procurement Service Inventory management system
Ministry of Maritime Affairs and Fisheries|Project to increase efficiency of port logistics
USA Container security system
Denmark Bus terminal management system
Foreign England Mobile phone tracking system
China Traffic and vehicle management system
Japan Baggage handling system

R SRF, Y, 589 AR T A k2ol RFID
g2 s Slsle] 200655 A7 19]9] AveEd
A1) Ark= g vigsto] G 9] 3000) 71i] RFIDA§-S
o) rslstdtkPark, J. S., 2006). A= Tesco, Metro,
BMW 5] RFID =918 Flai9lom, s} mhbhalz
&, 2ok amlig, SIL 584 T ofdl AFSdiEeklA RFIDE
g3k QlekPark, J. S., 2006).

TUjol A= 20008 EHHEE] RFID7|<0]] Tigh #Halo] o]
waA Bl B3t 9 A8 S A7 AR,
T2 HSEFES T2 Y W VeI |He ThHeE
2% 2971 9179) RFID 4770 A15l0] F415]0]ghekKim ot
al., 2005; Oh et al., 2010).

2.2. 4L RFID 2 =LY Q| S SE!

nj2f FH]HEZ AN T8 AN Ve o ARE
RFID 7|&e Ef-alE- o5 5 TR ol &84 A=
wout ol AAFAl] S 714 Hole] A8 BA 4
2Ao|tiKim, C. G., 2008; Bae et al., 2007; Lee et al., 2008).
o] 79 714 21939} RFID 287 )%3} dedd dpes 144
FAF RS o2 g RFID 9121233 (Han et al., 2004)3}
A VAN =rdeeh AEY AL vl SAE BEARY
Z 34} 59l RFIDS] A8-7d HE(Lee et al., 2006; Jang et
al,, 2004)$} RFID A]l2Ele] viEs 9 292 97}t $37(Jang
et al., 2009)7}F e v} Ik Sole] S w= Fh)7) e
thei(Camegie Mellon University)ol|<] RFIDE o]-8-3} 2}z 2z
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AlZ=HlE AABFaL(Han et al., 2004), W= Gk cgtae] o d

7P 2FAITA(CI) oA #ElAke] Red Hills ZVd3ALE tPde vERA Aotk

2 29 91| et 9 2ol RFID 7kes 288k T4 HIHE2] 712l RFIDE A HB Fp2lo] 7hsste] &
s AT et al, 2007). Q2] B9 (ALY IHEZE Hel| @2 gl1o] ARE FA1 g 5 Jom, EEE uj-
A RFID $37-3]7} =-5|o] RFIDS] 3dfolol|xe] &8 Holupr] whiol 214 dgolels B35t et Ay &
of Bk el A7) XY=L o, BF 2 AT XIS A S0 st 9912 SRs = Q1Y) ulFe] Hol oA
AT AR 1l ok 5 T RokllA ZEA A U ellx] ot Vies 7V Aol HESW] S8t 7 ks
2 2857 9JtkBae et al., 2007). Table 4= & 3729} SAKSH tetoli} G717 1Ho N FEF o 2 XA JTkBae et al.,

Table 4. RFID Research Trend of Maintenance Field in Japan(Bae et al., 2007)

Classification Details
. . Attach various sensors to bridges to monitor the status, thereby enabling efficient maintenance and quick
Bridge Monitoring System . .
action in case of accidents
Identification of Buried Items Identify the location of buried items by reading the RFID tag attached to the items using the reader device

Detection of Concrete Debonding | Verify debonding by reading the RFID tag attached to the concrete using a sensor

Management of maintenance information

Maintenance Support System . .
pport 5y Recording of notes for future maintenance

slope stability

. Constant monitoring of ground collapsing using nanoprocessors installed under the sloped ground
Information Management gote psing e P pec r

Table 5. Domestic and Foreign Research Trend

Classification Researcher Research Content

Develop RFID system appropriate for construction site, evaluate its performance through tests, and provide

Choi, C. H.(2004 . .
ol ( ) directions for improvements

A preliminary step for developing a system for applying RFID to finish materials and monitoring it. Conduct

Han, J. G.(2004 . - . .
an. ( ) RFID recognition performance test on ceiling finish materials.

Jin, S. Y.(2005) Propose a strategy for applying RFID to curtain wall construction and considerations involved

Overview the mechanism of RFID and its applications, and describe the potential of RFID for managing

Park, H. J.(2005) facilities and the procedure for facility management

Domestic Kwon, S. 0.(2005) Analyze domestic and international RFID-related technical trends and the market forecast, survey projects
T that employed RFID, and analyze construction projects that employed RFID

Apply RFID technology to management of manpower, export of sediments, ready-mixed concrete, steel

Jo, C. Y.(2006 . ..
0 ( ) frame, and curtain wall at the actual construction sit

Identify factors for activating RFID at construction sites in the southeastern distribution complex to propose

Yu, H. C.(2008 . . . . L
u, ( ) solutions and improvements to problem and deactivation of RFID in construction sites

Evaluate satisfaction and importance of the RFID using the satisfaction-importance matrix created by site

Jang, S. W.(2009) managers, who are the end users of the RFID system

Refer to Worshop (1998) to propose applications in the following subfields: engineering/design resource

CII1(2000) . .
management, maintenance, and site work
Cawly(2003) Identify the. status of concrete curing in highway construction sites by measuring the temperature of the
concrete using RFID
Foreign Jaselskis(2003) P.rovide a RFID technology selection model during the process of Bechtel Red Hills Project and Baytown
pilot test
Goodrum(2005) Attach a.lctlve R.FID ta.gs t9 .constructlon tools for their management, and conduct recognition performance
test for improving their utility
u-Frontier of S Suggest wide applicability of RFID with focus on main materials and labor management in construction

Company(2006) works

2110 Journal of the Korean Society of Civil Engineers
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2007; Jang et al., 2009; Ju et al., 2007; Pyo et al., 2004).
Table S22 714 21elx] RFID 28 g d7asks Aejgh
Ao APUEGS AT AR 8BRS FAoR
3 A} e sk glrks A @ 5 qlekPark
et al.,, 2007; Yu et al., 2008; Jang et al., 2009; Ju et al.,
2007; Han et al., 2004).

3. RFIDJ|Et XI5 S QXD AAE

3.1, iR
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Q) ARFA] H713te] Eellr defdide] 7153k tlolHE
PCo] 943

@ Aot MR 2.

© SEEe Zuxg dEFAd A

® HeFAE A Baxs A Baskal, zvelE
Hjo] o] vlolE .

@ EIE AV Isede] APdEEaEAR)(EMS)
ol Y=

oA 7)Ee] opdEL Ao el F53F H4 dle]
[e]
H

b dejse dxke uet 2k E)7} AP S e AI=EI(FMS) ] DBAH o = wj7}A]
FARde] ofe] W WL glow, o] = Q1% Xq] F8<] Alsh,
O wge] &4& 2ARY] 918 Papers 71E AA=ES 3 dlelEe] YEQF 7FsA, a8 vloly ¥ Bl 53"
3Rlsle] CADS} 28 Z2139s S43le] 24 tojEle] a32Ql &8-S 7Ifelr] ofHtk 7IE o= e
I Periodical Inspection I
In case of emergency (heavy rain, typhoon, earthquake, etc.) or
malfunctioning of facilities
In case of unnecessary : PSD Detailed Inspection Emergency Inspection
At least Conduct if deemed required by the
once in fwo vears management or when requested by
‘ the head of the relevant institution
| In case of need : PSD
Precision Safety Diagnosis
Conduct according to the results of
precision inspection or emergency In case of need : PSD
inspection
Result of Inspection and Diagnosis
Check
Countermeasures such as
comprehensive evaluation, grading, | In case of unnecessary : PSD
and restrictions on use
Conduct of Safety Measure In the case of limited of
usage
Confrontation action
Conduct of Repair and

Reinforcement

In accordance with

the priority

Confirmation of Repair and
Reinforcement

Confirmation of repair and
reinforcement condition

3%PSD : Precise safety diagnosis

Fig. 2. Flow Chart of Maintenance Management Task(KISTEC, 2010)
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(D Selection of Inspection Bridge Basic, details information, drawing and etc input of bridge
@ Field ID Inspection using equipment in the field

@ Inspection Member Inquiry

@ Damage History Input and Photo Shoot

(® Condition Assessment Input

Reading of tag information using reader
Download visual inspection document of the inspection member using WLAN

Input of damage information using tablet pen
Photograph damaged parts and map photos using digital cameras and wired
communication

Damaged area check and input
Automatic condition assessment after analysis of damaged image

H Sw Upload to database using WLAN

’ @ Field Inspection Completion ‘

Fig. 3. Flow Chart(Intelligent Bridge Maintenance System Using RFID)
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A

SREAR] AARAE de7E ek S ] SEe
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W FRE FAFEE o] 7IE FE-oldE e
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RFID Tag 4
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Mainserver
Database

Reader

Site Inspector Office

Fig. 4. Basic Configuration(Intelligent Bridge Maintenance System

Using RFID)
Tag Issue Tagging ’—> Tag Cognifion

Facility DATA
Management DATA

Fagility Information
Inquiry

Evaluation DATA
Visual Inspection
Document

Facility

History Management

FacilityDB_|—————— Main Server

‘ Information of ‘
| tion and

Damage Condition Input
Condition Assessment Input
Visual Inspection Document Input
History of Inspection Input

Fig. 5. Work Process(Intelligent Bridge Maintenance System
Using RFID)
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Table 6. Management Data List of Facility Database

Classification

Facility Management Data

Design Documents

Design Documents

Shop and Drawing
As-Built Drawing

Specification

Design and

Execution of Works Related Data Picture

Front and Side
Major Defect Part

Major construction Picture

Quality Control Related Data

Certificate of Material

Quality Test Folios, Loading Test Data, Monitoring Data

Facilities Management Resister

History of Repair and Reinforcement

Result of Safety Inspection and Precision Safety Diagnosis

Limit of Usage Content

Inspection and Diagnosis Data

Subsidiary Facilities, Environmental Condition

History of Repair and Reinforcement

Etc

Damage Condition Assessment Data

Load Carrying Capacity Assessment Data

Condition and Stability Assessment Data

Monitoring Results Assessment Data

Load Carrying Capacity Reappraisal Data by Change of Condition

Table 7. Object Facility of Safety Diagnosis and Precision Safety Diagnosis(KISTEC, 2010)

Classification The Name of a Member
Superstructure Floor Slab, Girder
Substructure Abutment, Pier, Pylon, Footing
Primary Member Support Bridge Bearing
Cable Cable, Anchorage Device, Saddle
Member Expansion Joint, Drainage, Ha.ndrall, Curb, Bridge-Decks
Surfacing
Additional Member Secondary Member Cross Beam, Stringer

= sl wo- w7z FEa o) vl & RAje] A
Z}- J‘?—XH]?—;’E‘ Z?TO]HJBQQE 10m7 ]’ © 2 RFID Tag ZJI- =

3.2.1 RFID Tag2} User PC

A= Tablet PCol| §-3} H]oj)i= RFID Reader” & ©]-85}
of ueF 25 Ak FAE R §2%0|9)= RFID Tagel] Hvt
Z dhlska gl 98w ARE Tablet PCE H43HA dck
3.2.2 User PC2} DB

Tablet PColl A4 Tage] AHE 7122 WLANE o]g3}o]

Databaseol] #Pgo] Sl= 1w 7<) frARdeldl] dast AsS

o] Tablet PC2 AsHc) A4y A5 AdRy}) W 250
ok 712 ARG SISk W WA ek 715S F
% 7d0] a5 Databased]] Be] AF2E A Hupload)dHA] Hrk

4. RFIDJ[E 1ISY u= QXlXD] AIAR IS 9fot A
o017

4.1 RFID FCEMA
4.1.1 RFID I=HA|
A A AAE 22 AREEAL $li= RFID Z=AA(KISA, 2006)
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RFID Tag RFID Reader Tablet PC
.......... - Device fi ting photos of th

- Attach tag to span or member > Use of reader of usb type > . ev;:\:ar?crecziihfi II: eo osotthe
- Use of metal tag suitable for s compatible with tablet PC i Dpeifice for enterine information

bridge - EPC Gen2 / ISO/IEC 18000-6 . .. & .

in the digital format out at sites
Fig. 6. RFID Tag and User PC
Tablet PC WLAN Database

-Device for creating visual | — | - Device for wireless transmission | — | - Data required for maintenance of

inspection document at the site | «—— | of DB maintenance data and | «—— | bridges are stored
- Device for entering information other related data between the - Device for efficient management

in the digital format out at sites site and the office of maintenance information

Fig. 7. User PC and DB
Table 8. Major Code System of RFID Top Level Code ftem Code
code type Item Category Code
Serial Code
Classification Supervision Note Gompany:Code |
ISO/IEC 15459 ISO/IEC Definition by Application oor-er [INRGNN] [ cess | [IRGERN{ rcc i[ © i sc
12bit 4bit i ;
Mobile RFID Code MRF Online Content - Service

EPC EPC global Distribution FO0-FF ne || Reserved |
ucode ulD Center Object sample  Ef2 3 0012 00001234

o= Table 83} 7o) ISOAEC 15459, ISONEC 15963, ISO/IEC
11784(;523=), ISONEC 10374(AE|o]U==), EPC, ucode
o] Jom, el muld 2Hgellx]e] RFID A2 AlE-g <fa}
o] mulel RFID ¥Hox] ©&% ®ujel RFID F= So] 9l
th(TTA, 2006)

4.1.2 THIY RFID FE S2(3)

(1) mCode - mCodex= ¥} RFID A8]|2E 9j&) AAH
) afe] FEAAo|t) 71 1SO FEAAIE HHlY frgs
AL offal, EPC F=AAIS U8l Sl Z=2 A%
sk 2t 3]Abatet EPCglobalo) “s-53to] H]-8-3 A&l oksh=
Hejo] Qoitk wiite] Ml RFID EHAE mulel 3-8 3+
o] Hg317] golskal thE RFID F=AA|9} S50 oA
= A2E F=AAS mCodeS A2lEH HJATH(TTA, 2006)
Fig. 83} Table 9= mCoded] /N d+% 2 AAo]th

12 bitse] TLC(Top Level Code)= 23¢9 713l Sgdei)
000H ¢} FOOH#E] FFFHE S5 52 2 & $J3)] ojef=]o]
Atk FOOHYE] FFFH7EA|9] d%s- o]-8-3te] EPCuf TR ISO
=, IPv6 FA45 238 4= QJt) 4bitse] Classe TLCE &%

e 2] 71go] B Vel =S B @ 1) 3% 7jae)
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Fig. 8. mCode Structure

TR W FHze] 5 aeste] ofTRe] F=E e
&l AR&-Frh CC(Company Code), ICC(Item Category Code),
IC(Ttem Code), SC(Serial Code)i= Classel] w2} zkz} tj& Zo|
o} TS Zh=th

(2) micro-mCode - 32 bits A-¢ 21}l RFID FZ=A7A0]
micro-mCode®] 7Z(TTA, 2006)= Table 107} Zt}. micro-
mCode’= FA] A= 591 2349) Hhr=s) o] 2o 1= Aol
2 Wa= she Ak B ARIKPH R Belhe APl SR
AFg-E 4= 9tk 2 micro-mCode:= Local ODSo|A] 2E =27}
7¥sdt 79l AR&E = SlTk 3bitse] TLCE 23] 713ellA
gFE, TLCE &3 vk 2)9] 7|do] SAF o= MH|=E
AFeF] H5) 29 bitse] I=E A3 TFete] AREglih

4.1.3 ZHIY RFID ZE MA

k) REID AJH]2=0] S1Ei= 8 siso) ojgh 2efel 4l
AzLp Ap)20] 98 3] 98] Bas AuE AT
71Ee] 108} EPCE] st=allis vt -3kl Apee) A8
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Table 9. mCode Structure
mCode Explanation
TLC Class CC+ICC+IC+SC Length Class
(12 bits) (4bits) | 1ebits | 16bits | 16bits | lebits | l6bits | l6bits | I6bits (bits) Designation
000H Reserved N/A
OH e \ 48 A
1H cc | te 64 B
2H~3H Reserved 64 C
001H- EFFH 4H CC IC SC 96 D
SH CC IC SC 96 E
6H CC ICC IC 96 G
7H ~EH Reserved N/A
FH Reserved for class extension N/A
FOOH~ FFFH Reserved for other code structure N/A
Table 10. Micro-mCode Structure Table 11. Tag Performance
micro-mCode Label tag Metal tag
TLC(3 bits) 1C(29 bits) Protocol Gen 2 Gen 2
0002 Reserved Total memory 96bit 96bit
0012~ 1102 IC Size. 97x27mm 150x25%4mm
1112 Reserved gz:iaeirc‘f 860~960MHz 860~960MHz
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1, CDMA, d@dhs upgsiar glof 79 dlefe] “s-2le] 7hFsslaL
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Table 12. Apparatus for Measurement of Read Range

Maximum Recognition Distance 4m
Range of Reader Antenna -37cm ~+37cm
Range of Azimuth Angle -90° ~ +90°

Range of Tag Azimuth Angle -90° ~ +90°
Range of Elevation Angle -90° ~ +90°

ETRI Reader(2005), Matrics Antenna

1) Aluminium

Table 13. Result of Tag Recognition(Aluminium)

T AT AAE Aol BEE A

type
angle label(H) label(V) metal(H) metal(V)
0° X X 1.9 2.1
15° X X 1.7 2.0
30° X X 1.4 1.5
45° X X 1.2 1.3
60° X X 1.2 X
2) Wood
Table 14. Result of Tag Recognition(Wood)
PElabelH) | label(V) | metal(H) | metal(V)
angle
0° 1.7 1.5 1.8 1.9
15° 1.4 1.6 1.7 1.8
30° 1.5 1.7 1.7 1.8
45° 1.4 1.2 1.2 1.6
60° X 1.2 1 1
3) Glass
Table 15. Result of Tag Recognition(Glass)
type
label(H label I(H 1
angle abel(H) abel(V) metal(H) | metal(V)
0° 1.5 1.5 1.6 1.9
15° X 1.6 1.6 1.8
30° X 1.5 1.2 1.9
45° X 1.2 1.2 1.9
60° X 1 1.2 1.2
4) Acrylic
Table 16. Result of Tag Recognition(Acrylic)
PEllbelH) | label(V) | metal(H) | metal(V)
angle
0° 1.9 1.9 1.9 2.0
15° 1.8 1.9 1.8 1.9
30° 1.6 1.9 1.8 1.9
45° 1.2 1.4 1.2 1.7
60° X 1.4 1.1 1.2 Fig. 13. Distance Experiment by Angle(Acrylic)

5) Result of Experiment
% V : Vertical, H : horizontal
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Fig. 14. Comparative Analysis of Distance by Angle

Table 17. Tagging Range by Material

angle WPl abel(H) | label(V) | metal(H) | metal(V)
0° 1.9 19 19 2.0
15° 1.8 19 18 19
30° 1.6 19 18 19
45° 12 1.4 12 17
60° X 14 1.1 12

Fig. 15. Gate Environment Experiment
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Fig. 16. Field Experiment

Table 18. Result of Field Applicability Test
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Fig. 17. Menu of Intelligent Bridge Maintenance System Using RFID

Pier(Concrete) Shoe(Rubber) Girder(Concrete) | Handrail(Aluminium) Plain Concrete
Type of Tag Label Metal Label Metal Label Metal Label Metal Label Metal

Receive (0] (o) X (0] (¢} (¢} X (o) o (o)

RECEIVING RANGE 0.5 22 - 1.5 0.3 2.3 - 2.0 1.0 2.8
Angle(45°) 03 1.3 - : - i . . . B
Waterproof o o - - - - - - - -
Waterproof Distance 0.4 2.1 - - - - - - - -
Security Space of 1em 1.5 22 - - - - - - - -
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Fig. 20. Drawing Input(Initial Inspection)
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Fig. 21. Basic Data Input(Periodical Inspection) Fig. 22. Photographing and Editing(Periodical Inspection)

Fig. 23. Basic Data Input(Detailed Inspection) Fig. 24. Photographing and Mapping(Detailed Inspection)

structure grade

members grade

Fig. 25. Repair and Reinforcement(Site Inspection) Fig. 26. Damage Condition Assessment
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