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4 HIT58R &7, OJT [ TSG (Draft) X, Vo Z7HIAL L, 450F0OFRKE AL 45 THIT 5
ZETESHLEXBILLT VWL D TRL,

F7o, TSG X, OJT MOBATIEHORER., S OICEIREREND D3 A 2 b & K SR b 21T
WY, 2013 4 6 H T A dRH L7z, TSG X, X M AUl D RFHIEOMMER e L Hlc= 37
MZHRI L TR LW E OFERH Y | AS A X, N—RIN—DL AR E U TER LEEH L
7oo F7o. FERLL7Z TSG 1%, ANNEX-5 ([ZiRfI3 %,
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4.1

TuYxs FTIE, £32ITRT LB 7 HOTMIEREE K LTz, SAEERRIE, DUFIORT
LBV THD,

4.2 TSG (Draft) 1

421 O&M TSG

NRFATIE, ZRETICEONOEFIERK O&M BE kM (LIF MERYE] L4 5,) 1%
i, INHERNFLAOFEEER O&M HEHEL LD, —MMIC, mEERK O&M HHET,
MRS R, BB, BRI O 3 RIS DAL, S HICEDEIE, OO EBK BT
Mobsnsd, ZHUHOMKRIE, KALITRTEBY THhD, £ T, TSGIE, 0&M EHKIZIH W
T, EE KON OBERRBU S DT fik, fHEFIEEZBUE L, O&M BELMHTET D728
DEEHELLESTT B D,

Expressway O&M l. General
Standards <TSG>
|11 Maintenance Works 1. AAA Work
| |2. BBB Work
| [N Traffic Management and 3. CCC Work
Traffic Control Works
| |4. DDD Work
| |[IV. Toll Collection Works 5. EEE Work
Note: Gray shaded portion are not covered in the Temporary Expressway O&M L 6. FFF Work
Regulations

auliiik JICA B ARANBEPIE F— A
41 O&M TSG

422 0O&M TSG

— XA 72 mHOE B O&M HEVENHEET 2B X, K427 &8V THD, Loy, mE
EEO 0&M ¥#EHK1T, K& 3HBITHT b, SHIZEONOERSBFICHMbsnDd, KA
WCEB SN HIIBEICEERETER L TWDLI D, BATEAISNTWAHIT T rny
N CIERR L7= b D& RT,
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Expressway O&M I. General

Standards

|| TI. Maintenance Works

1. Cleaning Works and Planting Works

2. Restoration Works after Traffic Accidents

3. Earth Work and Drainage

3'. Land Slide and Embankment Collapse

4. Pavement (Asphalt Concrete)

5. Structures (Bridges, Box Culverts)

6. Electrical Facilities

|| 7. Other Special Road Facilities (such as tunnel, special type of

bridges, etc.)

8. Other Road Facilities (such as traffic management and traffic
safety facilities etc.)

9. Maintenance Works' Safety

10. Traffic Engineering (traffic volume and traffic accidents” data
collection and analysis, traffic accidents counter-measures etc.)

||l Traffic Management and
Traftic Control Works

1. Traffic Management Works

2. Traftic Control Works (ITS is excluded)

2'. Traffic Control Works by ITS

L[| TV. Toll Collection Works

1. Toll Collection Works

HANEMZE T — 4

\

B EE

[

TN

4.2

[Zv—] BEUCEEREETS R LT D HOERT,
I 7wy FTERLIE b DZRT,

O&M
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423 TSG

TSG OB LD HKIE, £A41LIRTERBY THD,

4.1 TSG

Chapter 1  Pavement (Asphalt Concrete)
1.1  Outline
1.11 Functional Requirements for Pavements
1.1.2 Damage to Pavements and Its Causes
1.1.3 Need (Lifecycle Costs) for and Objectives of Pavement Protection
1.1.4  Definition of Maintenance and Repair
1.1.5  Workflow of Maintenance and Repair
1.2 Inspections and Surveys
1.2.1  Types and Frequencies
1.2.2 Daily Inspections
1.2.3 Routine Inspections
1.24 Emergency Inspections
1.2.5 Detailed Surveys (Surface Conditions, Structures and Mixtures)
1.2.6 Road Surface Survey Methods by Damage Type
1.2.7 Methods of Surveying Pavement Structure
1.3 Diagnosis and Maintenance and Repair Plans
131 Evaluation and Determination
1.3.2 Maintenance or Repair Plans
1.4 Maintenance and Repair Work
1.4.1 Major Daily Maintenance and Repair Work
1.4.2 Regular Maintenance and Repair Work
1.4.3 History of Maintenance and Repair
1.4.4 Recommendations for Construction
1.5 Traffic Safety Measures
1.5.1  Traffic Safety Measures
152 Installations for Traffic Safety Measures
1.6 An Addendum: Maintenance or Repair of Concrete Pavements
16.1 Types of Damage to Concrete Pavements
1.6.2 Main Causes and Mechanism of Damage (Concrete Pavements)
1.6.3 Major Survey Methods by Type of Damage (Concrete Pavements)
164 Evaluation and Determination and Repair Planning (Concrete Pavements)
1.6.5 Maintenance and Repair Methods (Concrete Pavements)

Chapter 2 Road Structures (Bridges, Box Culverts)
2.1 General
2.1.1 Performance Requirements for Road Structures
2.1.2 Evaluation on Soundness of Road Structures
2.1.3 Causes of Damage to Structures
2.1.4 Necessity and Purposes of Maintenance Work for Road Structures
2.15 Maintenance Work Flow for Road Structures
2.2 Inspection
2.2.1 Daily Inspection
2.2.2 Routine Inspection on Concrete Structures
2.2.3 In-Depth Inspection on Concrete Structures
2.2.4 Emergency and Special Inspections
2.2.5 Record-Keeping System
2.3 Assessment and Maintenance Program
2.3.1  Assessment based on Inspection Results
2.3.2 Maintenance Program
2.4 Maintenance Works
24.1 Daily Maintenance Work
2.4.2 Routine Maintenance Work

43
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2.5

2.6

2.4.3 Repair Works on Bridge Accessories

2.4.4  Record-Keeping System

2.4.5 Feedbacks

Safety on Inspection and Maintenance Works

2.5.1  Safety Measures

2.5.2 Equipment for Safety Measures

Equipment for Inspection and Maintenance Work on Concrete Bridges
2.6.1 Equipment for Inspection

2.6.2 Equipment for Repair Works

3.1

3.2

3.3

3.4

3.5

Chapter 3  Electrical Facilities

Outline
3.1.1  Scope of Application
3.1.2  Overview of Work
3.1.3  Target Equipment
Inspection Work ITS excluded
3.2.1  Power Distribution Equipment
3.2.2  Checking and Inspection Work for Private Power Generation Equipment
3.2.3  Checking and Inspection Work for Road Lighting Equipment
3.24  Checking and Inspection Work for Warning Light Equipment
3.25  Checking and Inspection Work for Variable Road Information Board Equipment
3.2.6  Checking and Inspection Work for Mobile Radio Equipment
3.2.7  Checking and Inspection Work for Communication Line Equipment
Maintenance and Management Work
3.3.1 Daily Maintenance and Management
Emergency Responsive Work
3.4.1  Work Description
3.4.2  Types of Work
Appendix Standards Related to Checking and Inspection Work
3.5.1  Checking and Inspection Work (Facilities)
3.5.2 Inspection Items and Frequency for Checking and Inspection Work
3.5.3 Report Form

4.1

4.2

4.3

4.4

Chapter 4  Traffic Management

Traffic Management System

4.1.1  Outline

4.1.2  Patrol Stations

4.1.3 Deployed Staff

4.1.4  Frequency of Patrol

Traffic Patrol

421  General

4.2.2  Crews Organizational Setup

4.2.3  Traffic Patrol

4.2.4  Reporting after the Patrol

4.25  On-road Works

Traffic Control (Excluding ITS)

43.1  General

4.3.2  Comprehending the Traffic Conditions
4.3.3 Traffic Information Dissemination
Countermeasures to be Taken Against Unusual Incidents
4.4.1  Traffic Accidents

4.4.2 Disabled Vehicles

4.4.3 Road Obstacles

4.4.4  Vehicle on Fire

445  Traffic Jam

4.4.6  Sudden Change in the Weather
4.4.7  Other Unusual Incidents
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424 TSG
1) TSG

TSG {ERRDEAT#HE, RO LBV & LT,

- TSG i, BEFOEERMEIZESEIERT 5,

- EREEREECBWLTERINTORWESE, N M AEO—HEK O RELHEE BE(1C

- ERIEV2IZBNTHE RS TH WL, mb%Al@m@E%mgﬁ” _@%
T&E 2 EEDILD HARD NEXCO K UMBLE OB R O %2 5B 12+

(2)
TSG 1%, # 42 1R THERFIAIZ L0 1ERk LT,

42 TSG

FIE N EZ
AT w71 | TSG D HRAEERT %,

AT 72 [MEE LI BRN G, AEAZER IS W THABEZ O
HHZRET D,
AT w73 | BE LA &2 RAEO®mOIAERICIE~ S,

A7 v 74 | TSG L, LRt H OEEIRMICHE > T, BIFEEZUET 5 2
&L ORI ER SN D 2 &I J:W’EEJZ?‘ZD

4.2.5

TSGER A7 ¥ —vid, 352 % THINHG IO DR 2kt 0 THD,

4.3 oJT 2-1

431

YER & 7= TSG (Draft) 1%, 4 %fAmm@ﬁ%o&wﬁﬁ&LfﬁEMSMt%i EA
DML L TREORBHERK O&M OREEMLEF I\ LIS, 22T, BIfE A
R OEEERE D O&M 75 ;%$¢é&mﬁﬁoﬁxﬁ$¢éi EMED B D Bl IZ TSG @
NAEZ BIRCHAT 2 2 L E6ICTSG IS BB TOMEEELAIEET L 2 LIZEETH
Lo I T, Ir¥=l FTEHERGHEHINFIZR L, TSG ONEZ LV EE 572010, HLE
TOBALET TliE/e <, RS TORBRNZREE LT O OIT 3l L7,

OJT X TSG (Draft) |ZFE# SNz 2 TONFERG L L, - B - BRI OV TR

HEFFEHY A 7 LD —HE DTN, QLB@“%&OVTﬂMLABHHW AIME R, B
HEROXSE, EHER O&M ¥EBICBW T HLE AR REEA2£ 43 O LBV EE LT,

45



TrZx 2 N EEL TR
NPT ANE E R B R E R AR T = 2

2013 =7 4
43 OJT
No. Sar i HHEEE RS
1 | AlEHERTE B O&M D Sk L N2 ik, wiE ik
2 | MRS B
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4.3.3
1)

FHEAEDORETE X, PMUTA &N VEMO 23 T- 72,

EBETHLIBELL,

- WHEAITEINRIEE L L, OIT &S cE 52 &,

- WHEAIE, BUEEKO 0&M EHICHFE LTS, £ F T REOH DA T
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)
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(University of Transport Technology) D iElDOZ NN Eak L7=,
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HLGWHE
3 E R A% HE R | R 10
=gail HGHE
4 A2 B JE 10
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Fert A0k .
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7
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5 | ik, HXH, HY HARNBEMZENIHEA 1K °
Ur=R(EE ¢ o
[E-1]
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7.1.1

HARIZEBT 2 ki - J{E - ~= =27 VEOF eI —%2 5L 710
LB LD,

7.1
LTI F— AR Tl E R R B
AR Act HEORFZRTHES | BEE
N5 BB,
wme Cabinet Order, | EEDRFBEERRIRNT, 1T | BATEAEES
Ordinance of BUE T NI E T B iR,
the Ministry,
Rule
EES National FHEREDHIET D, FATEREBE | JIS (Japanese Industrial
HHuE . Bk | Standard Standards) %
+ 7 & — J& | Sector BATEE T RHIET D, BATBE RS
Ui Standards
R Specifications | {EZECHIHIFIACE AR | A BAGRIEES
Rz &> TR/ &
N5,
G Guidelines / EECHBIFARCESMH | A BRI
~==7/ | Manuals AT X > TREARIZERR &
N5,

Hig AANEMZE T — L

7.1.2

F 71RO WVHAARDER., SEEKEICE TR - JE - ~= a7 VEOFR b T L% —
FEHSAHL ET20DLEBD LD,
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LI %— RN P R P NE HIE S HHE
RFACE Act L % B OWR®ZED | Ha
Do
S Ordinance of B A B IE O LW | [E L REE
the Ministry 1A e PRV 1] ZED D,
B DOMERFE PO
HEEMEEED D,
AT Am A Rules for . e b e LM | B L@
Operatlon ]EE% JEIE) @ﬁmj:?ﬁm,ﬁ\u %—F ‘a_éo
R E Sector 1 AR BEBOBERICH T | BLmd
Standards a2 — MERER G E > T O i T HE YEE
- EEDD,
R Specifications s e %\@ I%OD G E AL
~ = = 7 | Manuals/ -z B I$0)Bﬂal e B
% Guidelines %\E”X”,r; hE LE, ~ = FEEE, e T5iE%
CEYI
R,
HevE Norm - BB TEORK EERRSEE=pd
AR DIEER, | S A
[agall Supplementary ERBAEOIZDD |
EISESS Provisions, TARTHEMEREME % K Hifli, B xR %gﬁﬁ{i
Schedule 7+, ARSI
HE HARANRMHE T — 24
7 BE, ERHERE A IS E R EEE N TN EN TIRE LEB 21T TV D0, ELEREA T, Ek
OHERFE BRI B3 2 B2 IES TAEM T B 2k d 7=,
(http://www.kensetsunews.com/?p=12362., 2013/05/13)
7.1.3

BUEE TITAN P T ATHIES LTV DIER, @l

E

T AR - HIE - v = 2 TV

LI NF—FRBTHLERTIIDLBY L2,
7.3
vl B
No . FEEAE | CERER H&ES XEES 4
1 [C] 16/8/1997 Circular MOF 53/TC/TCT | Guiding the procedure for collection, payment
L] and management of the fee for ensuring
inland waterway traffic order and safety
2 [B] 20/12/2001 | Decision MOT 4393/2001/ | Promulgating 22TCN237-01 Standard of rules
[IV] Qb-BGTVT | and road signs
Regulations of Road Signs: Traffic regulation
of traffic lane management for maintenance
works on opened traffic road etc..
3 [B] 28/5/2003 Decision MOT 1527/2003/ | promulgating 22TCVN306-03 on Technical
[v] QD-BGTVT | Standards for Road Routine Maintenance
Technical Standards for Road Routine
Maintenance
4 [C] 3/6/2002 Decree GOV 57/2002/ND | Detailing the implementation of the ordinance
[ -CP on charges and fees
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5 [C] 19/7/2004 Circular MOF 76/2004/TT- | Instruction for collection, remittance,
[n BTC management and usage of fee, charges in road
transportation
6 [C] 21/5/2007 Circular MOF 53/2007/TT- | Instructions for collection, payment and usage
[n BTC of fees levied on driving test
7 [n 13/11/2008 | Law 23/2008/ Road Traffic Law
QH2
8 [A] 4/1/2010 Report PMU My | 15/PMUMY | Approval of the Plan for Temporary
[ Thuan -TCB Management of HCMC- Trung Luong
Expressway (Phase 1) (adjusted,
supplemented to Report 5196/PMUMT-TCB
dated December 25th 2009)
9 [A] 20/1/2010 Decision MOT 181/QD-BG | Approving the Plan for Management
[ TVT Organization, temporary Operation of
HCMC- Trung Luong Expressway
10 | [A] 21/1/2010 Decision MOT 195/QD-BG | Temporary Regulation on Management &
[ TVT Operation over Ho Chi Minh City — Trung
Luong Expressway
11 | [B] 19/4/2010 Circular MOT 10/2010/TT- | Road Maintenance Routine Standards
[Iv] BGTVT
12 | [C] 28/7/2010 Ministerial | DRVN 1270/QD'-T | On the promulgation of “Regulations for
[ Decision CDBVN authorization of power and responsibility of
DRVN in the management of investment into
repairs conducted in the National Highway
system, with the usage of economic road fund
and revenues collectible from ferry fee
3 [A] 24/12/2010 | Decision MOT 3641/QD-B | Temporary Regulation on Organization,
[nn GTVT Management, Operation of Thang Long
Boulevard
13 | [A] 17/2/2011 Decision MOT 266/Qd-BG | Temporary Regulation on the Maintenance of
[ TVT Ho Chi Minh City- Trung Luong Expressway
14 | [C] 28/4/2011 Resolution | HCMCPC | 03/2011/NQ | Adjustment of road charges at toll gate of
L] -HDND Binh Trieu 2 Bridge
15 | [A] 28/10/2011 | Decision MOT 2451/QD-B | Temporary Regulation on Management and
L] GTVT Operation over Cau Gie — NH21 Section of
Cau Gie — Ninh Binh Expressway
16 | [A] 28/10/2011 | Decision MOT 2452/QD-B | Management and Operation Plan over Cau
[ GTVT Gie — NH21 Section of Cau Gie — Ninh Binh
Expressway
Hi . AARAEMET— A
R [A] FifEE D O&M, [B] —fEHK D O&M, [C] TEIK DR, MERFEFBLOIZ D DM
SA [17 Act, [11] Ordinance of the Ministry. [I11] Rules for Operation, [1V] Sector Standards, [V] Specifications, [VI]
Manuals / Guidelines. [VI] Norm, [VI1I] Supplementary Provisions, Schedule
M (AR T2 @EGE R 3T 238 B AR B S R AR AR S )RR ESEE . PR 22 4 (2010

) 3 H. P3-17, Technical Standard on Road Maintenance Issued Pursuant to Decision No.
1527/2003/QD-BGTVT, May 28,2003 (Vietnam Transport Sector Study Task 5 Proposal for National Road
Maintenance Program, JICA Feb. 2010 (P3-18)) 2>5 5| H
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7.2

7.2.1

NN FLATIIHR 7.3 OBV EK - &3

o&M

ERIZRET D RHE » ~ =2 T VEIEE HIEILS R T

WA, FEHDEIEIEZAR, T T, FOXIRENE - ~ =T VNRREL TWDE 0 EiE

THEDIZ, BRERINFLLEOHEME - v =2 TNV ERTADEBY LT,
7.4
BRE I R4
. : R MFADE
eI F— . AT AOERE W= T LD
A A D H s (F73DMOTXE R
FERI)
IR Act JE RS 1] Law AR E BLE
T DIEFENR,
BE Ordinance of | & &HEE S WRTZ - - E
the Ministry T AR L UE [11] Decree W B3 5 KL HE R
720N,
HfTHME] | Rules for T e I
Operations BRSSO N THIR S [y
N Sector EREREE Circular / Decision
Standards a7 ) — MERR G E
kR Specifications | T A T HIEIARE & v "
~ = =7 | Manuals/ b _ e : .
o Guidelines BEGH, v~ =27V & Circular / Decision
# = A
£% Norm LA TR SR
FLUE IR U | e s °
agEll Supplementary 54@ ®IT BT = HEKOL O
AEE Provisions, TR TR AR % ° DRV,
Schedule
HAg HARANFEMART— L

71.2.2

NN FAOREHEDOFAIL, BRAD X It =T X =TI, —DOBEDFITHNE,
Y= a T ARETEINTND ZERFATH D, T T, 4% M AGEEIE R O S 4%
T H7-0I21Z, FTA4ITHHLERE - v T LD LF—2BE L KHEEIZBNTED
LI RAFICONTRHRBT RENZRET LI ENEETHDH, TI T, SHEBHEKD 0&M

HUE v =2 TNV EEET DHIZHTZ0 .

EOX T RENEEL 75 OLBVERETS,

7o, RISITRTREID o T « ~ = 2 TOVEROREATT . 1ERNE 2 LA FIZRT,
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BHZDOWTHERRT 5 Z L D3 1M Y 9
Db, Do

7.2.3

(1)

A A O O&M (5 TO R LT D b DN [FEAX T Zk#E] & [H— b Ak
Thb, R T AKEE] LIk, HEEDRE L TEEER SR TREEE, T205
BEARHIRMERRAKMETH D, — ., [ —E 2K LIX, ENENOERERE D ENENDOER
IS IO LWHREA IR T 270 O AEKMETH 5, [HAR A T AKHE] & [ — Rk
EOMBEK 7.1 1TRT, R, TFEARA LTI AKYE] L Th—EAKAEE] & ORICHH
BT — RIS TR A T F 2ok & T —ue 2k#E] 268 T Ih—Ee XK
) LLTHEMAT 22620,

H— Rk R -
ETHE 72 48 4
IR fE _
e
N hE
= EATH =
& PR i (R
ATF AR
ke TPS
LIS EDH S
hae
Hidh [EEE R O EEFEMT ) PEARNA TS « = P=T VU F R, 20 12 A
P11 55|

7.1

)

—REIZ, ENED HIEUETIT, msiEEE A Rt [Level of Basic Maintenance| # iR T % X
IETINCB N TRARIROEHEZZRE L, ZTh a4 mdlEREHSthOET S5, —F, &5
B OFEMAEERA] « ~ =2 7 VEIZ OV L, EFLD TLevel of Service] ZfEfR35 L9, &&
BB OO A2 B E L, AEdtE B~ EmR L, O&M (BT 5, 72, 2 b&mdiE
FEAMER T DAEEMA] » ~ = 2 7V OV TiE, [EHI3 4 5 HE R SN mdE 5y 0&M
MERTELME I ML, KRBzE5AD5Z LRLETHD,
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EIDERT D2 ENROOND, T2, TNLITHOWTIL, BYIRFRFIIZ 0&M FEHEL L THil
LT D ENEETHD,

IHNETHRRIZLEBY 4 D2D3EO TSGC ZFk L7 vy =7 MIKTT 52, 2 TrmisiEk
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Year 2012 2013
Month June July i August i September i October November i December January i February March i April May i June i July
Work 1 1 1 1 1 1 1 1
v | | ] | |
in Vietham i - o
Work i
in Ja — —4 — —
pan
Prepalation of Project Preparation & Discussioryon
Implementation Work Plan
5 ] B [ ] <]
o g S
cll el ~ coz ]
21 gl 8 & <
sl&l e ] @ &
g s ‘i =4 2 s E
BHEBIE g g 2
Sl o & ; a o
s120 8l 3 et B b
SI=1=ll18 =] o, 8
REEIE 5 o 2,
al=l2l|& 2 [ 3
gy =N ) o N s o
21élzl|e £ c k]
S| El3|l|® S 2 s
ol2f o = 2] a 2
23123 @ %
slafo = ] £ 2
SEE: s 3 £
Al [ < o = 2] >
sllsl sl e 5] 5 @
= g = o = = ]
: sl s e o =
S8l i g S
gleld g 5
g o L §
F) [a et
& — a
‘ T A F VY A
Discussion Discussion with
wit Relevant
Long-Term Authorities
Expert in Vietnam
Training
Workshop Trainin
_ in Japarg]| ;l Workshop
Prgj.e(;t A *
Activities
Mserigs Dioanize0 Consultative Group Meeting (CGM)} MEeting with: VEMO, PMUTA and TG when JICA experts mobilized to Vietnam for the works. ICM
Regular Meetings: Meeting with VEM{ and PMUTA at appropriate timings
Review of Exisitng $tandards & Manuals A 4 A 4 v
Preparation of TSG Collect & Analyze . . . S
Assistance in Standardizing TSG Existing Standards Preparation of TSG (Draft) in Four (4) Fields E %
& Manuals . - Pavement = Finalizing <5 ?
- Bridge & Box Culvert » TSG 25
— - Electrical Facilities 220
Determination of = - Traffic Management <8
TSG Framework 9> *
Clarification &
i : Analysis of
| i 0JT & Pilot
i Implementation
Results
: A
Execution of OJT ahd Pilot Implementation 1 ) 4
Preparation of Plans for On-the-Job Training and Pilot Implemention Eé?%;'.?n Execution of Pilot Implementation
| ] A
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MINISTRY OF TRANSPORT Url:
DIRECTORATE FOR ROADS OF http://www.drvn.gov.vn

VIETNAM Tel: (84) 4 38571444
Address: D20 Ton That Thuyet — Cau Giay — Fax: (84) 4 38571440
Hanoi

Hanoi, May , 2013

IMPLEMENTATION REPORT ON PROJECT FOR STRENGTHENING OPERATION AND
MAINTENANCE SYSTEM FOR EXPRESSWAY
(up to April 2013)

I. PROJECT INFORMATION:

Project Owner: DRVN (referring to the Decision 1366/QD-BGTVT dated June 13t
2012, VEMO under MOT was former project owner)

Duration: Estimated from 8/2011 to 7/2013 (24 months)
Total capital: USD 2.394.000.

Main objectives: (according to R&D between MOT and JICA dated May 25%
2011)

+ Establishment of an effective and safety framework for expressway operation
and maintenance.

+ Personel training and capacity building for Vietnam expressway management
organizations for the effective expressway management, operation and maintenance.

The project outputs include:
a. Output 1: Preparation of master plan, principal scheme for expressway
operation and maintenance.

b. Output 2: To prepare the expressway operation and maintenance manual

c. Output 3: To execute trial maintenance works at some expressway sections

d. Output 4: Personnel training for expressway operation and maintenance;
Capacity building for VEMO

Besides, MOT issued Decision 271/QD-BGTVT dated February 13 approving
this investment project with 04 outputs.
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II. PROJECT IMPLEMENTATION:

- On June 13* 2010, MOT issued Decision 1366/QD-BGTVT on transferring the
Technical Assistance “Project for Strengthening Operation and Maintenance System
for Expressway” funded by JICA, on July 13% 2010, MOT issued Decision 1783/QD-
BGTVT on changing the Project owner and strengthening organization of Technical
Assistance “Project for Strengthening Operation and Maintenance System for
Expressway” funded by JICA;

- On June 29% 2012, DRVN issued Decision 1079/QD-TCDBVN on assigning
tasks on the management of Technical Assistance “Project for Strengthening
Operation and Maintenance System for Expressway”.

- On August 15" 2012, DRVN issued Decision 1355/QD-TCDBVN on
establishment of Working Groups of Technical Assistance “Project for Strengthening
Operation and Maintenance System for Expressway”.

By the end of April 2013, the outcomes are as follows:

e Output 1: Preparation of master plan, principal scheme for expressway operation
and maintenance:

In September, 2012, VEMO requested to clarify and JICA Expert replied that
this content was not in the scope of this project. During the implementation, JICA
Expert was twice requested and sumitted the comments for Draft of New Decree on
Expressway Management, Operation and Maintenance. Until now, JICA Expert
considers this as one project activities.

e Output 2: Preparation of 04 draft of manuals on expressway O&M:
- Manual for inspection/ maintenance of asphalt concrete pavement;
- Manual for inspection/ maintenance of bridge;

- Manual for inspection/ maintenance of facilities (lighting system, power
system for other electrical equipment, radio communication );

- Manual for traffic management, patrol and control (no ITS) and incident
handling.

Outcome:
- The first draft of 04 manual was completed by the end of January 2013.

- 09 units have commented and the Consultant organized a meeting to explain
for those comments and summarize the result of OJT (output 2) in the afternoon
of April 18*2013.

- Final draft: as planned, will be prepared after the pilot implementation (after
June 7t 2013 to the end of the project).

e Output 3: Execution of OJT and trial O&M on some expressway sections, which
includes 2 steps:

- Step 1: Lessons on the content of 4 manuals (in the class) and training on site
on Cau Gie-Ninh Binh: 02/4/2013 - 18/4/2013 (about 3 weeks): completed.
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There are 42/40 trainees from 12 organizations, units.

- Step 2: Execution of pilot implementation on 2 expressways under
management (Ho Chi Minh-Trung Luong and Cau Gie-Ninh Binh from 22/4 to
25/5/2013); review and evaluation by Japanese expert (from 27/5 to 7/6/2013): will
be conducted.

+ DRVN issued an official letter No.1543/TCDBVN-VPDCT dated April 17t 2013
to instruct VEC O&M and Company 715 to execute the pilot implementation on
Cau Gie-Ninh Binh and HCM-Trung Luong; VEC and RRMU VII are requested to
supervise the execution.

e Output 4: Human resource training for expressway operation and maintenance;
Capacity building for VEMO.

- Training in Japan: completed, from 11/11/2012 to 23/11/2012, there are 9
attendences which are officials from DRVN and MOT.

- In June 2013: Project plans to install 02 cameras for traffic monitoring at Phap
Van interchange (01 camera on Phap Van-Cau Gie, 01 camera on Ring Road 3).
This system will be maintained for 01 month. The purpose of this system is to
bring to VEMO the basic knowledge of traffic condition on expressway and how
to handle the incidents: will be conducted.

III. PROPOSAL - RECOMMENDATION

1, Outcome 4- Regarding the installation of 02 cameras for for traffic monitoring at
Phap Van interchange (01 camera on Phap Van-Cau Gie, 01 camera on Ring Road 3)

Because Ring Road 3 and the lighting system of Phap Van-Cau Gie have been
handed over to Hanoi People’s Committee, if cameras are installed on these sections,
we must request for the approval of Hanoi Transportation Department, and it may
be difficult to maintain the system. Moreover, on Phap Van-Cau Gie-NHI, there is
one camera system of Hai Chau Corporation in cooperation with Road and Railway
Traffic Police Bureau; and on Cau Gie-Ninh Binh, VEC’s camera mornitoring system
is now under construction and will be used for pilot implementation.

Recommend to revise as follows:

- To use the data of Cau Gie-Ninh Binh from May 15" to June 15* for training,
and it is not necessary to install 2 cameras as planned. JICA Expert has the
same opinion.

- Target trainees: the purpose of this system is to give the basic knowledge of
traffic condition on expressway and how to handle the incidents so the target
trainees should be organizations, units which will be responsible for
expressway/road management, namely: Transport Infrastructure and Safety
Department (DRVN), RRMU II (Traffic Management Department, Safety
Department), VEC, VEC O&M.
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2, The content of Draft of TSG is qualified to be upgrade to Standard. We would like
to propose that upgrading the Draft to Standard, which can be issued officially and
applied in actual management and operation, should be added as one task of this
project. Implementation method: using Project capital for Editorial Board, Check and

Acceptance Boar d, meeting, printing (this proposal is in accordance with MOT’s
Notice No.516/TB-BGTVT dated September 05" 2012).

However, according to JICA Expert, it is difficult to use ODA fund for these activities.
The end of report
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MINISTRY OF TRANSPORT SOCIALIST REPUBLIC OF VIETNAM
Independence -Freedom - Happiness

N°1783:/ QD-BGTVT Hanoi, July 30, 2012

DECISION
On "Transference of Project Owner and consolidation of the organization and
implementation of the JICA funded Technical Assistance Project “Strengthening the
O&M system for expressway”

THE MINISTER OF TRANSPORT

¢ Pursuant to the Decree 51 /2008/ND-CP on 22.4.2008 issued by the
Government, regulating the functions, tasks, powers and organizational
structure of the MOT;

¢ Pursuant to the Decree 131/2006/ND-CP on 9.11.2006 issued by the
Government, regulating the management and wusage of Official
Development Assistance fund ;

¢ Pursuant to the Circular 04/2007/TT-BKH on 30.7.2007 issued by the MPI,
providing the instructions for the management and usage of Official
Development Assistance fund ;

¢ Pursuant to a Memorandum of Understanding signed on 25/5/2011 between
JICA Chief Representative of Vietnam and the Ministry of Transport;

¢ Pursuant to Official Letter dated 17.11.2011 from JICA on the statement
about the implementation of the TA project “Strengthening the O&M
system for expressway”;

¢ Pursuant to the Decision 271/QD-BGTVT on 13.02.2012 of MOT on
approving technical assistance project "Strengthening of O&M system for
the expressway funded by JICA "; and 892/QD-BGTVT dated 24.4.2012 on
transference of the VEMO to DRVN and the Decision 1366/QD-BGTVT
dated 13.6.2012 on the transference of TA project “Strengthening the O&M
system for expressway” funded by JICA.

¢ Having reviewed the request of the DRVN specified in the Document
1950/TCDBVN-VPDCT dated 29.5.2012 on the transference of the Project
to DRVN, and the 2743/TCDBVN-TCCB dated 16.7.2012 on the
establishment, and consolidation of the working groups for JICA funded
Project “Strengthening the O&M system for expressway”;

¢ Upon the request of the Planning & Investment Division (DRVN)
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Hereby DECIDES

Article 1. To transfer the Project Owner of the JICA funded Technical Assistance Project
"Strengthening the operation and maintenance system for the expressway" with VEMO to
DRVN. Other actions will follow the Decision 271/QD-BGTVT dated 13.2.2012 issued
by MOT.

Article 2. Adjustment is made in the technical Working Group for “Strengthening the
O&M system for expressway” which was established after Decision 265/QD-BGTVT
issued on 17.2.2012 by MOT to be relevant to Decision on the Project transference
1366/QD-BGTVT issued by MOT, in which Mr. PHAM QUANG VINH, the vice
Director General of DRVN will to be the Group Leader in replacement for Mr. LE ANH
TUAN, the vice Director of Planning & Investment Division. The other actions will
follow the Decision No. 265/QD-BGTVT issued by MOT on 17.2.1012.

DRVN, therefore, is assigned to establish working groups to work in partnership
with the Project consultants and to implement the Project as required by
Memorandum of Understanding signed on 25/5/2011 between JICA Chief
Representative of Vietnam and the Ministry of Transport.

Article 3. This Decision shall take effect from the date of signing.

Article 4. The Heads of Divisions, Planning & Investment, Infrastructure, Finance,
Science & Technology, DRVN and heads of agencies and concerned units are
responsible for the implementation of this Decision m

. signed by
ecipients :

- As specified in Article 4: VICE MINISTER
- Minister of Transport (reporting); on behalf of
- MPI; MOF; State Bank of Viét Nam; MINISTER

- Treasury, central and local banks
- Archives in Clerk Office, Planning & Investment

NGUYEN NGOC DONG
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Preface

The expressway network is a key constituent in the national road system. The
Decision 356/QD-TTg dated 02/25/2013 of the Prime Minister approving the
adjustment of Vietnam road development master planning for duration 2020 - 2030
determines the rapid development of expressway network, expected to reach 2,018
km in length by 2020.
The organization, management, operation and maintenance of expressways, in
accordance with the objectives set out in the Law on Road Traffic, are to ensure
constant traffic, safety, and shortening of travelling time. This is a heavy
responsibility, but perceived as the honor by the Directorate for Roads of Vietnam.
Understanding the importance and significance of the management, operation and
maintenance of expressways, the Ministry of Transport of Vietnam and the Japan
International Cooperation Agency (JICA) have discussed and agreed on the realistic
actions. Accordingly, the two-year technical cooperation Project "Strengthening of
Operation and Maintenance of the Expressway" has been successfully implemented
in the Directorate for Roads of Vietnam (July 2011- July 2013). An important outcome
of the project is to develop “the Technical Specification Guidelines” for Operation
and Maintenance of the expressway with the 4 main sections as in the followings;
> Technical Specification Guidelines for inspection and maintenance of
pavement.
> Technical Specification Guidelines for inspection and maintenance of bridge &
culvert.
> Technical Specification Guidelines for inspection and maintenance of electrical
facilities (lighting system, power supply for other equipment, and radio
system for communication).
> Technical Specification Guidelines for traffic magement (excluding ITS).
The groups of Japanese and Vietnamese authors would like to thank the leadership,
the efficient coordination of the Vietnam Ministry of Transport, the Japan
International Cooperation Agency (JICA), the Directorate for Roads of Vietham and
other related organizations and individuals, who have prepared all the best favorable
conditions for this Guidelines to be compiled with quality, and timely

accomplishment.
Regards,

Mr. Vu Anh Tuan,
Chief Officer of Vietnam Expressway Management Office
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1 Pavement (Asphalt Concrete)

1.1 Outline

111 Functional Requirements for Pavements

Pavements need to satisfy such major functional requirements as safety, comfort and economy.
The performance needs meeting the respective functional requirements. To achieve safety,
high skid resistance and visibility of pavement markings are required. Comfort is greatly
affected by smoothness. Besides, smoothness also affects safety and economy that is

represented by the vehicle mileage.

29 b
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Y weathering resistance
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Figure 1.1-1 Functional Requirements for Pavements
1.1.1.1 Safety

Major performance requirements for pavements for safe travel on expressways are skid
resistance and visibility. Skid resistance is required in the transverse and longitudinal
directions. Transverse skid resistance affects the maneuverability of vehicles that is affected
by lateral wind forces and transverse slope. Longitudinal skid resistance on the other hand
governs the braking and stopping of vehicles. Skid resistance varies according to the
pavement material used and road roughness. Selecting appropriate materials is therefore
necessary.

Visibility function ensures drivers of good recognition on lane markings and vehicles ahead.
Loss of visibility greatly deteriorates safety. The visibility of lane markings is important
particularly at night and at the time of a rain. In order to prevent the deterioration of visibility,

it is necessary to provide pavements with appropriate surface drainage systems.

Dainichi Consultant Inc.
Central Nippon Expressway Co., Ltd.
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1.1.1.2 Comfort

Among the performance functions required for comfortable travel on expressways,
smoothness and quietness provided by pavements are important.

Smoothness affects the comfort of vehicle occupants and governs the comfort and fatigue of
the driver. The results of existing studies show that there is a close correlation between the
comfort of vehicle occupants and road smoothness. Smoothness offered by road pavement is
also related to economy in terms of vehicle mileage and the length of time to repair. In order
to achieve a high level of smoothness, it is necessary to select homogeneous materials with
sufficient bearing capacity, flow resistance and frictional resistance, and appropriate method
for construction work.

Quietness is evaluated in terms of the noise to which the driver and roadside residents are
subjected to. The noise of a vehicle is composed of the mechanical noise released from the
engine and exhaust system, vehicular noise produced by the body and driving systems and tire
noise made at the interface between the tire and road surface. Pavement smoothness
(longitudinal roughness) is related to vehicular noise and surface roughness is related to tire
noise.

1.1.1.3 Economy

Pavements are civil engineering structures, which get damaged while they are in service, and
if they are repaired from time to time, their life cycle can be more prolonged. When
considering the economy of pavement, therefore, it is important not only to minimize the
costs required at the initial construction or during maintenance and repair but also to consider
the costs required over a long period of time. It is necessary to make the most economical
decision through taking into account all the costs accruable to the construction work over time.
From an economic viewpoint, durability and maintainability (ease of management) count as
important performance requirements for pavements.

Durability is required to ensure the serviceability of pavements that is designated in the initial
stage. The performance factors of pavements related to durability are bearing capacity, fatigue
resistance, flow resistance, frictional resistance, waterproofing property and weathering
resistance.

Maintainability is meant to be a function that facilitates the management of pavements
including maintenance and repair. As more expressways are constructed and more pavements
become ready for service, the percentage of maintenance and repair cost increases in

proportion to overall expressway improvement cost. It is therefore necessary to develop

Dainichi Consultant Inc.
Central Nippon Expressway Co., Ltd.
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efficient maintenance and repair plans and to minimize maintenance and repair work.

1.1.2 Damage to Pavements and Its Causes

Asphalt pavements suffer fatigue failure due to repeated traffic loading and to the
deterioration or aging of the asphalt mixture, or serviceability deterioration owing to the flow
of mixtures or friction. Damage to asphalt pavements is largely classified into functional and
structural types of damage.

1.1.21 Functional Damage

Functional damage is not attributable to the reduction of strength of pavement structure and
includes rutting and surface cracking. The damage stays at the surface layer in most of the
cases. Unless appropriate repair is made immediately, the damage frequently penetrate the
base course and below under certain local and traffic conditions.

The major types of functional damage to pavements include rutting, cracking and the
deterioration of skid resistance. The progression of those damages induce the deterioration of
traveling performance of vehicle in terms of safety and comfort.

1.1.2.2 Structural Damage

Structural damage is attributable to the reduction of structural strength of the pavement body
like cracking due to the deterioration of bearing capacity of the base or sub grade. It is
necessary to consider the repair even of the base and sub grade.

Damage related to pavement structure is caused by strength deterioration under repeated
loading, insufficient pavement thickness and material strength, strength deterioration in the
base or sub grade due to frost heave, etc. Rutting and cracking, which are functional types of
damage in the initial stage, may also cause structural damage if they are left unattended for a
long period of time.

Structural damage is frequently induced by strength reduction in lower layers such as the base
and sub grade and by the penetration of damage to lower layers. It is necessary to select the

optimal repair method based on the results of structural surveys of pavements.

Dainichi Consultant Inc.
Central Nippon Expressway Co., Ltd.
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1.1.2.3 Types of Damage to Asphalt Pavements

Typical types of damage to asphalt pavements are described below.

1.1.2.3.1 Rutting

Rutting means uneven and rough surface in the transverse direction caused by the heavy

repetitive traffic loads. Rutting is caused either by the flow of asphalt mixture or friction.

Rutting due to the flow of asphalt mixture cracking

1.1.2.3.2 Cracking

Cracking is caused by the deterioration or aging of mixture or by structural factors. Both
factors affect the durability of pavements. If it is left unattended, cracking expands and
develops. Infiltration of storm water promotes cracking and is likely to lead to structural
damage.

1.1.2.3.3 Deterioration of Smoothness

Smoothness is deteriorated by the local settlement of road surface due to cracking or the
development of potholes, insufficient roller compaction in the backfill of the structure during
construction, or residual settlement in soft-ground areas. Smoothness greatly affects the

driver’s comfort.

Dainichi Consultant Inc.
Central Nippon Expressway Co., Ltd.
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Deterioration of smoothness due to settlement in the Pothole
front and rear of the structure

1.1.2.3.4 Potholes

Potholes are small holes created on the road surface. The causes of potholes include the
leakage of oil from vehicles and poor mixing of asphalt mixture. If potholes are left
unattended, damage develops because of the infiltration of storm water or other factors and
structural damage may be induced.

1.1.2.3.5 Bumps

Bumps are created by vertical displacement of road surface at the connection between the
bridge joint and pavement surface or along a buried object, and affect the comfort of vehicle

occupants.

A bump at a bridge joint.

Dainichi Consultant Inc.
Central Nippon Expressway Co., Ltd.
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The types and states of damage to asphalt pavements, the area or location of damage and

damage classifications are listed in Table 1.1-1.

Table 1.1-1 Types of damage to asphalt pavements 1

(damage state, area or location, damage classification)

A Jocation d Damage
Type of damage State of damage fea or focation amage classification
occurred X
Functional | Structural
| Rutting due to the flow Consolidation and latergl Mainly on vehicle swept
g . movement of asphalt mixture or | paths along heavy traffic o o
& | of asphalt mixture .
5 settlement at lower layers routes in warm areas
[
Rutting due to friction | Abrasion on vehicle swept paths | In snowy and cold areas |
Cracking due to the
deterioration of bearing | Linear cracks developing to Mainly on vehicle swept 0
capacity of the base and | hexagonal paths
sub grade
Cracking due to the Cracking occurring on vehicle
deterioration or aging of | Hexagonal swept paths progressing to the o o
asphalt mixture entire pavement.
Around the structure, at joints
a Cracking due to uneven | Linear (longitudinal, transverse or | made as a result of the 0
= |settlement irregular) widening of lanes, at cut/fill
% boundaries, etc.
=S -
[
Cracking due to thermal | Linear (transverse). At nearly ln' cold areas qnq in the areas
. . with large variations of o o
stress cracking regular intervals.
temperature
Cracking at construction | . L L
joints Linear (longitudinal or transverse) | At construction joints O
On concrete slabs and in
Reflective cracking Liner (longitudinal or transverse) |cases where cement ad
stabilization is applied
Top-down cracking Linear (longitudinal) to reticular | On vehicle swept paths o o
o Longltudlr}al Longitudinal irregularities with a In soft grounds, in the backfill
« & |irregularities and relatively lone wavelenath of the structure and near a g
£ & |settlement yiong £ buried object
S o X
[ =
g & |Corrugations Ripple-like folds on the surface Near the toll gate and in o o
29 congested sections
w . .
o . .
= | Depressions and swells | Local depressions and swells In parking areas and in o o
congested sections
Holes created on pavement In cracked sections,
surface. Occurrences of abrasion | poor-drainage sections and
Potholes . ; . o o
of aggregates and hexagonal sections subjected to raveling
cracking by tire chains
Deterioration of skid . L.
resistance coefficient freezing and polishing D
. . At expansion joints on
S |Bump Yenlcal ?‘?rfaee displacement or bridges and in the backfill of o o
=2 irregularities
8 a structure
Outflow of water and fine At spots with cracking or
Pumping particles of sub grade materials., | abrasion on the base layer or a
often accompanied by cracking. | below
Raveling Separation of surface mortar Mainly on vehicle swept |
paths
Cutback due to oil Scattered aggregates. Potholcs. At agc1dent sites and in 0
leakage parking areas

Legend Damage classifications

0 : Highly likely incidence.
o : Potential .incidence

Dainichi Consultant Inc.
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1.1.2.4 Main Causes and Mechanisms of Damage

The causes and mechanisms of typical damage to asphalt pavements are described below.
1.1.2.4.1 Rutting

Rutting is a transverse surface irregularity created by wheels. Rutting is caused either by the
flow of asphalt mixture or by friction.

Conceivable external causes of rutting due to the flow of asphalt mixtures are the rise of
pavement surface temperature in the summer and the concentration of heavy vehicles on
specific lanes. The mechanical properties of asphalt mixtures are greatly affected by binder
properties. Asphalt mixtures behave like an elastic body at low temperature but they behave
like a viscos-elastic body at high temperature. At high temperature, asphalt mixtures are
vulnerable to deformation under heavy vehicles. Deformation mostly remains permanently.
Permanent deformations are accumulated further as wheels pass the same position. One of the
internal factors of the rutting attributable to the flow of asphalt mixtures is the flow resistance
of asphalt mixtures. Flow resistance is affected by the amount of asphalt, asphalt penetration
and the grain size of the mixture. Measures to increase flow resistance are listed below.

- Minimize the amount of asphalt as long as an optimum amount is secured.

- Use hard asphalt.

- Use coarse graded materials for mixtures and increase the amount of coarse aggregate.

Rutting caused by the flow of asphalt mixture Rutting caused by friction
The external cause of rutting by friction is the travel of vehicles equipped with tire chains or
spike tires. A conceivable internal factor is the frictional resistance of asphalt mixtures.
Frictional resistance is reduced by the following factors.
- Inadequate density due to insufficient compaction
- Inadequate amount of asphalt

- Low hardness of aggregate

Dainichi Consultant Inc.
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1.1.2.4.2 Cracking

Cracking occurs in a varying manner according to the cause or pavement structure. Cracking
is roughly divided into linear and planar types. Linear cracking is generally considered to
occur in the initial stages and mostly belongs to functional damage. Planar cracking usually
occurs as linear cracking and develops with the lapse of time into structural damage.

The most important external cause of cracking is traffic loading. Cracks are caused by the
tensile stress created by traffic loading (an external force).

If the asphalt mixture is assumed to be an elastic body, it is deformed by an external force as
shown in Figure 1.1-2, and compressive and tensile stresses occur at the top and bottom edges
of the mixture respectively. Asphalt mixtures with the tensile strength approximately
one-tenth of compressive strength have extremely low resistance to tension. Excessive loads
cause the tensile strain on the bottom surface of the asphalt layer to exceed the limit resulting
in cracking. Pavements are designed to maintain a mechanical balance. Once the balance is
lost, an excessive-deflection induced deformation causes cracking, due to a rapid increase in

traffic volume, overloaded heavy-duty vehicles and uneven bearing capacity of roadbed;

Load
Allowable compressive stress

IoAe] axmyxrun Jjeydsy

Crack

Allowable tensile stress

Figure 1.1-2 Tensile Stress of Asphalt Mixture

The internal causes of cracking include the amount and hardness of asphalt. Mixtures with a
large amount of asphalt and of fine-graded type are highly resistant to cracking. Mixtures with
a small amount of asphalt and of course-graded type are vulnerable to cracking. The hardness
of asphalt is affected by thermal degradation during the manufacturing of mixtures.

Temperature should therefore be controlled appropriately.

Dainichi Consultant Inc.
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Planar cracking Reflective cracking
(develops into a structural failure) (at the end of an approach slab)

1.1.2.4.3 Deterioration of Smoothness

The deterioration of smoothness, in the broad sense, refers to the longitudinal and transverse
directions, however, it generally means longitudinal irregularities. For smoothness, a standard
value is defined at the completion of construction. Smoothness remains satisfactory in the
initial stages of service but deteriorates with the lapse of time. The deterioration frequently
occurs with other types of damage such as cracking and surface settlement due to the
development of potholes. Bumps and corrugations also lead to the deterioration of
smoothness. These phenomena cause the deterioration of smoothness of a short wavelength.
The deterioration of smoothness in soft grounds or in the backfill of a structure induces poor
smoothness of a relatively long wavelength in numerous cases. The phenomenon is
attributable to the slow progress of residual settlement, which is caused mainly by poor soil

stabilization during construction or insufficient compaction of backfill materials.

Deterioration of smoothness due to Deterioration of smoothness due
surface settlement with the to differential settlement near a
development of cracking transverse structure

Dainichi Consultant Inc.
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The types of damage to asphalt pavements, the area or location of damage and main causes

are listed in Table 1.1-2.

Table 1.1-2 Types of damage to asphalt pavements 2

(area or location of damage and main causes)

cracking

Type of damage Area or location damage occurred Main causes
= Rutting due to the flow of asphalt | Mainly on vehicle swept paths along | Travel of heavy-loaded vehicles,
g | mixture heavy traffic routes in warm areas congestion and inappropriate mixtures
g
3 | Rutting due to friction In snowy and cold areas Abrasion by tire chains or other materials
Crackll?g due to .the deterioration . . Strength deterioration in the base or sub
of bearing capacity of the base Mainly on vehicle swept paths cade
and sub grade &
Cracking due to the deterioration Cracks oceurring at vehicle §wept Thermal degradatlop during the '
. . paths, progressing to the entire manufacturing of mixtures and aging by
or aging of asphalt mixture .
pavement. ultraviolet rays
Cracking due to differential Around the structure, at joints made Differential settlement due to the
a as a result of the widening of lanes, .
&2 |settlement . consolidation of a fill
g at cut/fill boundaries, etc.
E Cracking due to thermal stress In cold areas and in the areas with Shrinkage duc to temperature decrease

large variations of temperature

Cracking at construction joints

At construction joints

Poor spreading and compaction

Reflective cracking

On concrete slabs and in cases
where cement stabilization is
applied

Cracks in the base and sub grade

Rutting

At wheel tracks

Tensile strain on the pavement surface
created by heavy vehicles

Longitudinal unevenness and

In soft grounds, in the backfill of the

Differential settlement due to the
consolidation of a fill, difference in

- g settlement structure and near a buried object residual settlement rate and insufficient
g8 compaction

Qo Q9

58 . i ities of th

g = . Near the toll gate and in congested Uneven bearing capaci es o the 'base
2 g | Corrugations sections and sub grade and loading at vehicle

¢ e start-up and stopping.

Depressions and swells

In parking areas and in congested
sections

Poor application of prime coat or tack
coat

Potholes

At cracked sections, poor-drainage
sections, sections subjected to
raveling by tire chains

Developing cracks, poor quality of
mixtures and insufficient compaction

Deterioration of skid resistance

Leaks of asphalt constituent and

coefficient polished aggregate
Settlement due to insufficient

o |Bum At expansion joints on bridges and | compaction of base, sub grade and
% P in the backfill of a structure mixtures and differential ground
B settlement

Pumpin In sections with cracking or spalling | Cracking or spalling on the base layer or

ping on the base layer or below below
Raveling Mainly on vehicle swept paths Shortage or hardening of asphalt

Cutback due to oil leakage

At accident sites and in parking
areas

Cutback due to oil leakage

Dainichi Consultant Inc.
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11.3 Need (Lifecycle Costs) for and Objectives of Pavement Protection

1.1.3.1 Maintenance and Repair and Serviceability

For economical and efficient maintenance and repair, it is important to appropriately and
systematically comprehend the driving performance in such terms as safety and comfort, and
the serviceability of pavements.

Serviceability means the bearing capacity and surface properties of pavements at a given point
of time. The serviceability of pavements declines with the development of damage due to the
accumulation of traffic volumes. Serviceability declines gradually, while necessary
maintenance work (e.g. sealing the cracks and patching) is carried out to keep the
serviceability of pavement at a certain level. Then, repair (overlaying by cutting or partial
replacement) work is done at a certain point of time to restore serviceability greatly.
Serviceability is restored upon pavements repair. Serviceability, however, starts declining due
to the accumulation of vehicle traffic load at the point when the repaired pavement commence
service. When the pavement fails, all the layers are replaced and serviceability is restored to
the level at the time when it was initially constructed. Thus, the life cycle of pavements is
restarted with cyclic repairs. A concept of the life cycle of a pavement from a viewpoint of

maintenance and repair is shown in Figure 1.1-3.

Analysis period

A

Period of design for

maintenance and repair ) )
Period of design for initial - » Period of design for
construction maintenance and repair

Serviceability

Maintenance helps keep
serviceability at a certain ' \ Repair

(replacement)

level. \| Repair | Repair

Failure of pavement

Years passed (accumulated traffic load)

Figure 1.1-3 Concept of Life Cycle of Pavement and Maintenance and Repair
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1.1.3.2 Need for and Objectives of Preventive Maintenance

The economy of maintenance and repair should be evaluated not only counting the costs
required for maintenance and repair but also the subsequent costs of maintenance and repair
incurred continuously and the benefit and cost of road users (such as the travel time reduction
and the period of congestion). The concept of lifecycle cost counts the combined sum total of
initial construction, maintenance and repair costs, in order to manage pavements most
economically.

Potholes and cracks, which are functional damage in the initial stages of occurrence, develop
into structural damage if they are left unattended. Structural damage requires much higher
costs of surveys and repair than those of functional damage. Daily protective maintenance
activities including inspections, investigations, maintenance and repair constitute an important
effort for minimizing the lifecycle cost.

It is therefore important to accumulate and analyze the records of inspections, investigations,

maintenance and repair to develop repair plans for minimizing the lifecycle cost.

114 Definition of Maintenance and Repair

Maintenance and repair are appropriate treatments applied for specific damage to pavements
to achieve the following goals.

- To secure the durability of pavements and keep the pavement structure functional

- To ensure vehicular maneuverability on the road surface and provide safety and comfort

- To prevent roadside environmental degradation ascribable to pavements

Pavements are subjected to external forces such as the traffic loads and weather conditions.
They suffer from aging to yield degraded serviceability. The smooth vehicular travel is
gradually affected adversely. In order to prevent such problems, it is important to constantly
grasp the surface condition and take appropriate maintenance and repair measures at
appropriate time.

Pavements are maintained and repaired to keep their serviceability at a certain level.
Maintenance aims at keeping or slightly upgrading the serviceability of pavements, however,
structural enhancement is not intended. Examples include the filling the cracks in pavements
with sealing materials and the patching of potholes and partially settled spots.

On the other hand, repair is made to improve the structural strength of pavements, thus
restoring serviceability to a large extent, such as, overlaying, surface cutting and overlaying
and partial replacement are conceivable.

Maintenance or repair is conducted at an appropriate timing in view of the development of

Dainichi Consultant Inc.
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damage. Maintenance and repair are classified as described below based on the timing.

- Ateach time damage is discovered during a patrol, measures should be taken urgently.

- In cases where damage develops gradually but no structural enhancement is required,
measures may be taken on a timely basis when the damage reaches a certain limit.

- In cases where damage develops gradually and cross-sectional design is required,
long-term measures should be applied based on a plan.

Conducting maintenance or repair work at a wrong timing may cause the damage to

pavements to develop, resulting in a great increase in maintenance or repair costs. It is

therefore important to control the development of damage (extending the service life by

maintenance) in the initial stages of damage to minimize the progress of damage. In order to

implement maintenance or repair method based on a plan, an appropriate timing of

maintenance or repair should be determined based on the results of cost performance analysis

in view of the lifecycle cost.

1.1.5 Workflow of Maintenance and Repair

Workflow from surface inspection to maintenance and repair is shown in Figure 1.1-4.
Pavements maintenance and repair works are conducted in that sequence. Inspections are
conducted daily and regularly. Emergency measures are taken immediately for the damage
that requires urgent or temporary work. Whenever maintenance or repair is required, the scale
and causes of the damage is evaluated through investigations, and appropriate maintenance or
repair methods are selected, designed and implemented. The results are recorded. In

conducting maintenance and repair work, the workflow is followed.

Dainichi Consultant Inc.
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STEP 1 Daily inspections (visual inspections) 4

X

Urgent and
temporary
measures
are taken by
protection
work.

;

jurisdictional area
- Identification of damage points and

Y

development of damage
- Classification of damage mode

Identification of damage spots/sections under the

Detailed review of investigations

damage mode

- Selection of investigation methods fit for the

- Determination of investigation points and timing

STEP 2 Investigations (detailed inspections)

y

(functions)
- Investigations of properties of mixtures

- Investigations of damages on pavement structure
- Investigations of damages on surface properties

/

Determination and evaluation of investigation results

\

4

STEP 3 Development (design) of maintenance or repair plans

\

- Selection of maintenance or repair methods
- Selection of maintenance or repair materials

4

Implementation of maintenance or repair work

A

4

A J

Recording of work results

Figure 1.1-4 Workflow of maintenance and repair

Maintenance or repair is composed of three phases - planning maintenance or repair

throughout the road, developing plans for implementation in selected sections and

implementing the plans.

For maintaining or repairing the entire road network, plans are developed for the entire road

network by dividing all the routes in the sections under control into units of sections,

Dainichi Consultant Inc.
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comparatively evaluating serviceability of each unit and prioritizing the units accordingly. For
the damage that is found to require urgent measures during regular or daily inspections,
however, suitable construction methods should empirically be determined and maintenance or
repair works should be implemented immediately.

For performing maintenance or repair work, rational implementation plans are to be
established by conducting necessary investigations, targeting the sections prioritized to be
maintained or repaired in planning the entire road network plan. When determining suitable
sections of maintenance or repair, an appropriate length should be established in view of the
traffic conditions and other factors.

Visual inspections are conducted first in the investigations in individual sections. If
implementing maintenance or repair methods is considered adequate as a result of visual
inspections, it is possible to dispense with detailed identification of the state of damage or the
identification of design conditions. In the case where repair is required, however, it is
desirable to grasp the state of damage in detail or to grasp design needs.

For appropriate maintenance and repair of pavements, records should be made available on a
successive basis including pavement inventory and database to explicitly present the history

of maintenance and repair.
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1.2 Inspections and Surveys

1.21 Types and Frequencies

Inspections are classified into daily inspections conducted daily, Routine inspections done
periodically and emergency inspections that are made in emergency as during an abnormal
weather. Detailed surveys are conducted as required based on the results of inspections. The
desirable frequencies and methods of respective inspections are listed in Table 1.2-1.

Table 1.2-1 Guidelines for Frequencies and Methods of Inspections

Type Frequency of inspection Method of inspection

Daily inspections Daily Visual inspection

Monthl i 1 . . .
onthly or once in severa Visual inspection

Routine months
Inspections Yearly or once in several Detailed surveys using
years instruments
Emergency In emergency like during Visual inspection
inspections an abnormal weather P

1.2.2  Daily Inspections

Daily inspections are required for managing the pavements appropriately and in a
systematically well-planned manner. In daily inspections, surface conditions are visually
observed in inspection vehicles. In cases where detailed confirmation is required, the
condition is confirmed while the inspection vehicle is parked on the shoulder. The results of
daily inspections serve as a basis for conducting appropriate detailed surveys and for
establishing appropriate maintenance or repair plans. It is therefore important in daily
inspections to record the conditions in the locations where an incidence of abnormality is
detected.

Response to pavement damage in the initial stages of occurrence greatly affects subsequent
damage progression. Therefore, daily inspections play an important role to discover pavement
damage in early stages. In the case where temporary repair is made in particular, subsequent
progress of damage should closely be monitored. In daily inspections, records of time-based
changes and the mode of damage are to be organized.

It is important to make use of the results of daily inspections to establish survey and
construction plans for fundamental repair.

Table 1.2-2 shows a reference table in determining the damages versus the criteria employed
in daily inspections. Potholes, voids, stripping and cracks causing serious damage require

immediate repair work for the purpose of extending the service life at the damage spot.
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Table 1.2-2 Criteria for Assessment of Damages

Type of deformation

Criteria for Assessment

Remarks

Potholes, voids and stripping

Surface stripping exceeds the surface layer thickness and is wider than a 20-cm-diameter
area on the surface.

The deformation occurs suddenly
after a rainfall.

Upheaval (Bumps)

Great bumps at the connections on a structure cause the loss of control of steering wheel and
considerable bouncing of the vehicle. The bump exceeds 20 mm at the connection on a
bridge, or 30 mm at the connection on a transverse structure or at the cut/fill boundary.

Bumps at the joints of concrete
pavements are included.

cracking ratio of more than 20% occur that lead to the deformation in the pavement.

Rutting Ruts of more than 25 mm on the road surface cause the loss of control of steering wheel and | Large quantities of water splash
considerable bouncing of the vehicle. during a rainfall.
Cracking Cracks on the surface are likely to lead to potholes and stripping. Large cracks with a

Longitudinal irregularities and
subsidence

Large longitudinal irregularities and settlements adversely affect the comfort of vehicle
occupants.

Local deformations and voids

Local deformations and voids on the surface cause the loss of control of steering wheel and
considerable bouncing of the vehicle.

Depression Local surface poodle is observed each time rain falls.
Raveling The ejection of fine particles is found on the surface. Hexagonal cracks also occur. This is highly likely to be structural
damage.
Corrugations Ripple-like folds with a depth of more than 30 mm exist on the surface.

Breakage at joints

Breakage at joints and projections on the surface are found.

Concrete pavements

Reference: NEXCO - Inspection Procedure for Protection (Structures)
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Affiliated Unit[]

Table 1.2-3 Daily Inspection Form for road patrol (reference)

Range of road patrol[]

Date and
time of
inspection

Location, chain age,
place where damages
and/or violations are
spotted

Climate condition (sunny, rainy, cloudy,
foggy, stormy), sudden incidents, nature
of newly detected incidents and/or
violations (attached drawing shows
location and sizes)

Patroller]

Date of performancell

Solution, on-site Comments and notes

measures taken by senior officer who

and results receives the report. His
/her Signature

Comments by
Patroller

Dainichi Consultant Inc.
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O Instructions

The purpose and requirements

1

2)
3)

4)
5)

Road patrol diary aims at recording to promptly detect damages, violations for quick fixing. This document is kept in files at the affiliated
agencies.

The road patroller while on duty must record the condition of roads, bridges, buildings and safety corridors.
Leadership will check the contents of logbook/ dairy and provide instructions for solutions / processes, and undersign his/her authorization.
Inspector checks the daily journal entry and directs the counter measures.
Leadership of departments of RRMUs or the provincial Transportation Department checks on a monthly basis and provides instructions.
Every month, every quarter logbooks /diary of road patrol must be submitted to Commission of Acceptance.

Road Patrol Diary is the product of the patroller. The dairy is the foundation to assess partially the quality, performances and management
practices of management unit. And from the results, it is to make a rational maintenance and repair plan.

Content for inspection and records

1)
2)
3)
4)
5)
6)
7)
8)

9)

Pavement: Check for potholes, mud sink ... or not. If so, record the location and percentage (%, m2 ...).

Curb: Check to ensure whether the location is not flat, filled with rocks ... or not

Longitude trench: Check if it is backfilled with stone, or damaged affecting the drainage ... or not

The clearance of wild trees, and weeds

Traffic Safety System: Check for damaged, lost or stolen parts.

The road: Check for damage or subsidence ... or not

Check for violating road safety or

Traffic safety: When traffic accidents happen, write in road diary of patrol and recommendations for fixing and road rehabilitation, and to
report to the agency within the day.

To monitor the implementation of the road works, if there is a problem, immediately notify the inspector/patroller.

10) Description of road cleanliness condition

Dainichi Consultant Inc.
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1.2.3 Routine inspections

By Routine inspections, the general surface damage or changes thereof identified by daily
inspections are evaluated regularly and quantitatively. Routine inspections are conducted at
intervals of several months or years according to the conditions at the site. Routine
inspections include inspections by repeated implementation of simple manual methods and
detailed surveys using measurement equipment.

1.2.3.1 Routine inspections by Repeated Implementation of Simple Methods

This type of survey is positioned at the midpoint between daily inspections and detailed
surveys. It is difficult to quantitatively grasp the changes in damage by daily inspections. In
selecting the locations where detailed surveys are required, identifying the time-based
changes at damage points is important. In order to supplement daily inspections, therefore,
visual inspections are made regularly by inspectors aboard an inspection vehicle and how the
vehicle occupants feel is inspected every month or once in several months.

Heavy vehicles generally run on nearside lanes where vehicles travel at relatively low speed.
The damage to pavement is therefore more outstanding on nearside lanes than on passing
lanes. Routine inspections are therefore limited to the evaluation made on a vehicle running
on the nearside lane. Inspections are to detect the rutting and cracking, and the smoothness is
accessed if driving is free from bumps. The rating is defined as good (no entry in the table),
poor (represented by a triangle) or very poor (represented by an “x”). Inspections are made at
every passage of 1 km. If possible, however, inspections should be conducted at passage of
100 m (Figure 1.2-1). A vehicle running at a speed of 60 km/hr. takes approximately six
seconds to pass a distance of 100 m, which is sufficient to determine and enter the rating. To
assist recording, markings are required in the field at intervals of 100 m.

Simplified items and methods as described above enable easy quantitative identification of
changes. Accumulated survey results provide information for determining the location and

timing of detailed surveys.

Dainichi Consultant Inc.
Central Nippon Expressway Co., Ltd.

1-20



Project for Strengthening Operation and Maintenance System for Expressway in Vietnam SG

&< | Rutting A XA A
5
[«3
[} .
g.g Cracking >< >< <:|
2 | Smoothness A X | X XA A XA
%%U Rutting JAN >< JAN
Q .
é’-z Cracking X | A ATA|I XA |:>
£ Smoothness Al A
5.0k 5.5k 6.0k 6.5k
p 500m p p p
+—>

LegendD  Very poor (X ), Poor (A), Good (Blank)
Figure 1.2-1 Examples of records of Routine inspections by simple methods

1.2.3.2 Routine inspections Using Measurement Equipment

In the case where the spots are found with a heavy damage that develops quickly as a result of
daily inspections and of 1.2.3.1 above, the degree of damage is identified more accurately by
detailed surveys using measurement equipment. The spots that are preliminarily considered
important should be selected roughly once a year for detailed surveys using measurement
equipment. The items for which Routine inspections are desirable and the frequencies of
surveys are listed in Table 1.2-3.

Table 1.2-3 Items and Frequencies of Routine inspections

Frequency of inspections
Inspection item Routine inspections by | Routine inspections using Remarks
simple methods measurement equipment
Rutting Monthly Annually
Cracking Monthly Annually
Deterioration of Monthly Annually Bumps are included
smoothness

Routine inspections using measurement equipment should be conducted on all the lanes
throughout the route on a regular basis. In the case where measurement takes much time,
however, the range of detailed surveys should be narrowed down by repeatedly implementing
simple methods, and detailed Routine inspections should be conducted using measurement

equipment.
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1.2.4 Emergency Inspections

Emergency inspections are conducted to identify the extent and severity of adverse impacts on
pavements whenever there are incidences of an abnormal weather occurs or a chemical
substance spillovers. It is important to conduct emergency inspections at the occurrence of
incidence, while securing the safety of inspection engineers. Otherwise, the possibility of
secondary damage to inspection engineers increases.

In emergency inspections, surface conditions are visually monitored by inspectors aboard an
inspection vehicle. If detailed verification is required, the conditions should be verified while
the inspection vehicle is parked on the shoulder. Whenever an abnormal condition is
discovered, the responsible organizations should be notified, followed by dispatched
specialized inspection organization’s conduct of detailed surveys for corrective actions.

The severity of the emergency incidence that require emergency inspections should be
identified in advance. For predicting incidence of abnormal weather, the installation of
observation equipment such as rain gauges and seismographs is a prerequisite. For surveying
the wash-out of chemicals, the chemical substances that are distributed in Vietnam should be
identified in advance. For reference, some of the reference values for conducting emergency

inspections on Japanese expressways are listed in Table 1.2-4.

Table 1.2-4 Some of the reference values for emergency inspections in Japan (for reference)

Event requiring Reference values for emergency

. g . . Remarks
mspections mspections

Abnormal rainfall |A continuous rainfall of 220 mm or|Rain gauges installed at fixed points
more and an hourly rainfall of 50 mm or | are used.

more
Earthquake A measured seismic intensity of 4.5 or|Seismographs installed at fixed
higher points are used.

Reference: NEXCO Central - Disaster Inspection Guidelines

1.2.5 Detailed Surveys (Surface Conditions, Structures and Mixtures)
1.2.5.1 Survey Methods for Respective Purposes

The methods of surveys that are required to evaluate different types of performance of asphalt
pavements are shown in Table 1.2-5. Visual surveys are regarded as simple surveys in daily,
regular and emergency inspections. Other surveys than visual surveys correspond to detailed

surveys.
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Table 1.2-5 Major asphalt pavement survey methods for respective purposes

Survey item

Survey method

Capacities of base and sub grade

Measurement of settlement and deflection

Fatigue-induced cracks on bottom surface

Visual surveys, sketches and photography

Low-temperature cracks

Visual surveys, sketches and photography

Load Fatigue-induced cracks on the surface

Visual surveys, sketches and photography

bearing
capacity | Frost heave

Visual surveys, sketches and photography

Seismic capacity

Visual surveys, sketches and photography

Traffic volume

Measurement of daily and accumulated traffic
volumes

Skidding

Measurement of the depth of texture and skid
resistance coefficient

Safety of |Texture

Visual survevs and surface roughness

travel Abrasion (wear and rutting) Visual surveys and measurement of transverse
profile
Bumps Visual surveys and measurement of bumps

Comfort |Longitudinal irregularities and roughness

Visual surveys and measurement of smoothness

of vehicle and longitudinal profile
occupants | Bumps Visual surveys and measurement of bumps
Durability of asphalt Visual surveys, core sampling and cut and cover

surveys

Durability . . -

of surface Spalling Visual surveys, core sampling and cut and cover
surveys

layer

Scattering of aggregate

Visual surveys, core sampling and cut and cover
surveys

Strength of asphalt mixtures

FWD (falling weight deflect meter) surveys,
core sampling and cut and cover surveys

Bearing capacities of base and sub grade

FWD surveys, plate loading tests and in-situ
CBR(California bearing ratio) tests

Reference: Japan Society of Civil Engineers - Standard Specifications for Pavements

1.2.5.2 Survey Methods for Respective Types of Damage

In the surveys of pavement damage, it is necessary to identify the causes by analogy based on

the mode of damage, and to select survey methods fit for the damage. Surveys include the

surveys to obtain the bearing capacity of the pavement body, surface property surveys for

identifying the reduction of functional damage and the surveys to obtain the properties of

mixtures. The typical survey and test methods for evaluating the damage to asphalt pavements

are listed in Table 1.2-6.
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Table 1.2-6 Major asphalt pavement survey methods by type of damage

Type of survey
Type of damage Road i Major survey methods fit for evaluation
Structural | ¢ Mixtures
urface
Rutting due to the flow of Measurgment of rutting and c.ore'samplmg
Z . o ] (properties of mixtures, spalling in lower layers and
S | asphalt mixture
=2 waterproofing property)
G
Rutting due to friction a Measurement of rutting
Sé?t’::rli((l)?fti(i)l;ecft?g}elzrin Measurement of cracking, measurement of
.. & ad o o deflection (FWD) and load bearing tests (in-situ
capacities of base and sub
CBR tests)
grade
Cracking due to the Measurement of cracking ratio and check of
deterioration of asphalt o ad properties of collected asphalt (penetration and
mixtures softening point)
Cracking due to differential o o Visual measurement of cracks and load bearing tests
settlement (in-situ CBR tests)
% Crackine due to thermal Measurement of cracking ratio and check of
5 ng o ad properties of collected asphalt (ductility and brittle
g |cracking .
= point)
.Cr‘ackmg at construction o Visual measurement of cracks
joints
Measurement of cracking ratio, measurement of
Reflective cracking o o o deflection (FWD) and properties tests (collected
asphalt and mixtures)
Measurement of cracking ratio, measurement of
. deflection (FWD, core sampling and measurement
Topt] down cracking ° . of properties of collected asphalt (penetration and
softening point)
o T . Measurement of IRI (International Roughness
= O
8 & ;(l)élittl:{iel Irlllzlnltrsregu larities O o o Index), measurement of deflection (FWD) and load
g = bearing tests (in-situ CBR tests)
s 2
5 g Corrugations, depressions o 0 Measurement of IRI and core sampling (amount of
@ and swells asphalt)
Measurement of diameter and depth, visual
Potholes o o observation (material segregation and spalling of
mixtures) and core sampling (density)
Deterioration of skid Measu{emgnt. using British pc?ndulum testers,
. . | o dynamic friction testers or skid measurement
resistance coefficient )
vehicles.
Q | Bumps ad Measurement of bumps using leveling cords
=
g Partial cutting (cracks at lower layers),
Pumping ad o o measurement of deflection (FWD) and core
sampling (spalling at lower layers)
Raveling o 0 Vlsua} observation (stripping) and core sampling
(density)
. Confirmation of the range and property tests
Cutback due to oil leakage ° ° (collected asphalt and mixtures)

Legend) Survey methods

0 O Surveys required for detailed identification

o O Surveys required to generally grasp pavement damage conditions
Reference: NEXCO - Design Guidelines (pavements)
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1.2.5.3 Survey Levels

The levels of surveys are listed in Table 1.2-7. Detailed surveys should be made appropriately
to identify the damage to pavements in detail. Surveys are generally conducted at levels 1
through 4 in numerous cases. The higher the level of survey, the more detailed information is
obtained. Level-1 basic surveys should be made in any case. In level-2 surveys, the degree of
damage is evaluated quantitatively. Level 3 is conducted in the case where further

investigations are required. Level-4 investigations are intended to investigate the causes in

detail.
Table 1.2-7 Items and levels of surveys of damage
Level of survey
Survey item
Survey level 1 | Surveylevel 2 | Survey level 3 Survey level 4
Rutting Visual Rutting Core sampling, |Testing of dynamic
observation Deflection, stability of cut
Extraction  and|samples, Cut and
property tests cover tests
Cracking Same as above |Cracking  ratio,|Core sampling, |Cut and cover tests
Crack width Deflection,
Extraction  and
property tests
Smoothness Same as above |Smoothness
Potholes Same as above
Bumps Same as above |Depth of bump
Other Same as above
Reference: Japan Road Association, Manual for Asphalt Pavement
1.2.6 Road Surface Survey Methods by Damage Type

Road surface surveys cover such items as rutting, cracking, smoothness and bumps. The

survey methods are described in detail below.

1.2.6.1
1.2.6.1.1 Measurement of Rutting with Leveling Cords

Rutting

A leveling cord was set as a reference (Figure 1.2-2). The line that links the inside ends of
lane marks on both sides was defined as a reference height. In order to eliminate the margin of
error due to a swell over the reference height, pieces of wood of several centimeters with the
same thickness were placed. Measurements were taken at intervals of 20 cm or less. The
transverse shape was measured in millimeters using a scale. The method is easy to use but
may involve errors according to the person in charge of measurement. No mechanical records

can be stored.
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Leveling cord
Piece of wood {/ Piece of wood

RN ///A\\\I-:.._I
Lane mark on the \l/ \—/ Lane mark on the
side of median .

side of the

. a - b = Depth of rut
strip
¢ = Swell

shoulder

Figure 1.2-2Measurement of rutting with leveling cord
1.2.6.1.2 Method of Measurement Using Transverse Profile Meter
This method involves the mechanical recording of a transverse profile while moving along a
beam (straight scale). The transverse profile meter is set so as to straddle the lane marks on
both sides. Then, a scale is used to adjust the heights at both ends at the same level using
adjustment screws. A waveform recorder is moved on the beam to record the transverse

profile. The method requires much time for transport and assembly but enables mechanical

recording of data.

Measuring rutting using a transverse profile meter

1.2.6.1.3 Calculation of the Results of Rutting Measurement

The results of measurement d1 through d5 are calculated in millimeters in each cross section

Figure 1.2-3. The larger of DO and D1 is defined as the depth of rut in the measurement cross

section.
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Example of rutting due to the flow of asphalt mixture
Lane mark on the

side of median Lane mark on the
..................................................... side of the

11 |0 J ey W~
!—I/i\ > I 3 /I\ T $ o
Reference W Reference
point B point A

d;  dyd;dsds

Example of rutting due to friction

Dy D,
1  —
Reference $ Reference
point B point A

dydyd;dsds
Reference: NEXCO, NEXCO Testing Methods
Figure 1.2-3Definition of rut depth
1.2.6.2 Cracking
1.2.6.2.1 Methods for Measuring Cracks Using Sketches
Lanes are closed and plan views of areas where cracking occurred are developed using
sketches. A two-dimensional diagram composed of meshes is prepared in advance. The lane
width is divided into four and meshes are created at longitudinal intervals of 1 m. In order to
make sure that cracks of 1 mm or larger are captured, cracks on the road surface are marked
with a chalk before recording. Then, cracks are recorded on the preliminarily developed 2D
diagram. At the same time, the locations of cracking are photographed. It is desirable that
three to five people conduct surveys to minimize errors. The method enables accurate
identification of the occurrence of cracks but requires much time. The method should
therefore be used to a limited extent on roads that carry heavy traffic because there is a risk of
traffic congestion.
1.2.6.2.2 Organization of the Results of Measurement of Cracks
Cracks are classified as described below when measurements are made using meshes.
Planar cracking means two or more cracks in a mesh. Linear cracking means only one crack
in a mesh. Patching is applied in an area not wider than 100m? at any point except in places

where large-scale replacement is done or a bump is removed. The areas actually patched are
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recorded.

Cracks are measured on asphalt pavements. The mesh size is set at 1 m times a quarter of the
lane width. The cracking ratio is calculated by the following equation.

Cracking ratio (%) = Area of meshes with planar cracking (m®) + area of meshes with linear
cracking (m?) x 0.3 + area of patching (m?) x 1/area of study section (m?)

Cracking ratio is calculated by the above equation based on the results listed in Table 1.2-8
Surface Cracking Survey Sheet based on sketches. Cracking ratios are obtained every 100

meters of lane length in principle.
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Table 1.2-8 Surface cracking survey sheet based on sketches (for reference)

Name of administration office Date when the road is in service Date of survey
Up bound or

Survey section |down bound Kp O kp Width m | Site condition Fill, cut or bridge
route

. . . . Nearside
Type of crack | Linear cracking Maximum crack width mm Type of lane lane
(check the (check the
applicable type) | pjp,y cracking Maximum crack width mm| @pplicable type) Passing lane

Evaluation of cracked area

Person who
made 1 2 3 4 5 Average (m®)
evaluation

Linear cracking | Meshx 1.0x 0.9 *x (0.3 * *

(m’)
Planar cracking | Meshx 1.0x 0.9
(m’)
Total (m?)
* A quarter of lane width
** Correction factor for linear cracking
Plan view of the points of cracking
Median strip
. Movement
Area is calculated by the mesh method. of vehicle
/ Surface
o 1 T N E: V104
Spring 4 >34 L4
) ~_— K:>T‘\F\/\Tlre
52.2kp ;\ 52.3kp 52.4kp
Road surface Cumulative kinetic
(i) Lane width is divided into four. displacement

(i1) Meshes are placed along the road alignment at intervals of 1 m from the 100-m kilopost.

Photographs are attached

Distance traveled

Reference: NEXCO, NEXCO Testing Methods
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1.2.6.3 Method of Measuring Smoothness

The International Roughness Index (IRI) is generally used for evaluating smoothness. The IRI
was first advocated in 1986 by the International Bank for Reconstruction and Development
(World Bank), which then requested the University of Michigan Transportation Institute to
build the evaluation index. The relatively new index enables the evaluation of a wide variety
of surface from rough through smooth surfaces.

The longitudinal profile of surface is measured at intervals of 250 mm or less by any method
and the collected data is analyzed by “Road Ruff”, an IRI analysis program.

The IRI is expressed as the value (mm/m) obtained by dividing by the distance traveled the
cumulative kinetic displacement due to the vertical vibration in the case where a quarter-car
simulation model travels on the surface on which data was collected. The quarter-car
simulation model is composed of tire and spring elements (Figure 1.2-4) and behaves like an
actual vehicle. The evaluation method is beneficial as it quantitatively shows the behavior.
Higher IRI indicates greater vertical movement of the vehicle and poorer smoothness (ride
quality). There is no international standard for the length in which the IRI should be measured.

The IRI is measured at intervals of 200 m on the expressways in Japan.

7 IRI=SAZAL
7
«Z'=z1-2,
« Az=0Z; -Z; 0

« 2 AZ: Approach to the structure

e L Ex-Joint

Structure Jomt n a bridge

*Z;: Two-meter leveling
° Z 27 Dm

Figure 1.2-4Quarter-car simulation model for calculating IRI

Longitudinal profiles required for calculating the IRI can be measured most accurately by
level surveys. The survey method, however, requires much labor. IRI measuring vehicles

shown below are therefore generally used in numerous cases.
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IRI measuring vehicle: Dainichi Consultant Inc.

1.2.6.4 Method of Measuring Bumps

Leveling cords are used to measure bumps at the approach to a structure or at the joints on a
bridge. Bumps are generally measured in the outside wheel path (OWP) in principle.
Measurements are made at the approach to a structure or at the joints on a bridge to obtain the
difference in level (maximum depth of settlement) at the locations shown in Figure 1.2-5.
Leveling is adopted in the case of settlement with the length of transition exceeding 15 m at
the approach to a structure. The results of leveling are organized using the bump survey sheet
shown in Table 1.2-9.

Approach to the structure

15-m leveling cord

/[N F  —/]m]8 — 7 T T -

Structure Dm %

Joint in a bridge

Two-meter leveling cord or
straightedge

Deck slab Deck slab

4>
<4

Approximately 30 cm

* Measurements are made using a 2-m leveling cord in the outer wheel path.

Figure 1.2-5 Method of measuring bumps
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Measurement point: approach to a structure [J joint in a bridge Date of measurement

Table 1.2-9 Bump survey sheet (for reference)

Measurement made by

Structure KP Lane Settlement measured (cm) )
Maximum
Up bound/
Down m | settlement | Remarks
bound Distance
route 05]10]15(20(|25]|30({35[40(|45]|50|60(|7.0(8.0]90]10.0|11.0(12.0(13.0|14.0|15.0 (cm)
© o KP Travel/
. OoOwP 1812224125 (28|31(|39[46(49|52]|46|40(3.7 (33|31 (25|18 13]0.6 52
bridge Up/Down | Passing
KP Travel/
OWP
Up/Down | Passing
KP Travel/
OWP
Up/Down | Passing
KP Travel/
OWP
Up/Down | Passing
KP Travel/
OWP
Up/Down | Passing
KP Travel/
) OWP
Up/Down | Passing
KP Travel/
) OoOwP
Up/Down | Passing

OWP: outside wheel path
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1.2.6.5 Other Survey Methods
1.2.6.5.1 Method of Measuring Skid Resistance Coefficient

Skid resistance may be measured using the British portable tester or dynamic friction tester.
For high-speed measurement in a wide area, skid resistance measurement vehicles are used.
Skid resistance deteriorates due to bleeding or polishing. Functions are seldom restored by

repair work.

Skid resistance measurement vehicle
U Nippon Expressway Research Institute Co. Ltd.

1.2.6.5.2 Road Surface Measurement Vehicles

In the case where a limited number of roads are serviceable and carry a relatively small
volume of traffic, road surface is surveyed manually while lanes are closed to traffic. With the
increase of the road length to be administered and of the traffic volume, road surface
measurement vehicles are used that enable high-speed measurement for greater safety of
workers and higher work efficiency. The development of road surface measurement vehicles
was launched in Japan around 1985 for use on expressways. At present, road surface
conditions are measured throughout the routes on all expressways in Japan at intervals of two
to three years.

A high-speed road surface measurement vehicle used by NEXCO Central is shown below.
The vehicle can simultaneously measure rutting, cracking and the IRI at any speed up to 100
km/hr. It is also technically capable of making three-dimensional evaluation of road surface at
high density (at longitudinal intervals of 0.5m and transverse intervals of 0.1 m) using GPS

and inertial measurement unit (IMU)).
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High-speed road surface measurement vehicle[] Road Tiger[]
U Central Nippon Highway Engineering Tokyo Co. Ltd.

1.2.7 Methods of Surveying Pavement Structure

1.2.7.1 Surveys of Layers of Pavement

Structural damage frequently reaches the base course or sub grade. It is therefore important to
start visual monitoring at the point when abnormal conditions are observed on the surface.
The construction conditions for the base and sub grade should be identified based on the
materials prepared in the initial stages of construction.

For evaluating the soundness of pavement structure, the degree of deflection is measured
using a falling weight deflect meter (FWD). FWD measures the degree of deflection using
multiple sensors that occurs on the surface when the surface is subjected to an impact
produced by a falling weight. Dropping the weight at multiple points for measuring deflection
causes the pavement to deflect around the points of loading. The shape and degree of
deflection reflect the condition in the pavement. Evaluating the values of measurements
enables the assessment of the soundness of the pavement.

In cases where no soundness of the pavement structure can be fully evaluated, core sampling
or cut and cover surveys are adopted. Such a measure enables the verification of changes in
thickness and material properties of layers constituting the pavement, load bearing capacity of

the base, groundwater level and other parameters.
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- FWDU Falling Weight Deflect meter[]
__,L;‘ oy ; - O Central Nippon Highway Engineering Nagoya Co. Ltd.
Lty (e —"oita B T o

20 74 P

1.2.7.2 Surveys of Mixtures

Cores are sampled and the mixture materials and properties are surveyed in order to select the
repair method or verify the degree of deterioration of mixtures. The tests fit for evaluation
vary according to the mode of damage. Surveys should therefore be planned only after the
state of damage to the pavement to be studied has been fully identified. Survey plans need to
be developed that are suitable for the mode of damage based on Table 1.2-6.

1.2.7.3 Information Obtained in Surveys

Asphalt pavements are damaged by various factors such as the deterioration due to heavy
traffic, aging with the lapse of time and changes in mixture property owing to water
infiltration. It is therefore necessary to estimate the causes of damage based on the
information obtained in various tests and to take necessary corrective measures. The types of
surveys of pavement structures and mixtures, and the results of surveys are listed in Table

1.2-10.
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Table 1.2-10 Methods of Surveying Pavement Structures and Survey Results

Type of survey Results of survey (information obtained) Remarks
In-situ CBR test Load bearing capacity of base and sub grade
- | Measurement of the | Strength and load bearing capacity of layers of the FWD
%: degree of deflection | pavement
E Core sampling Deformation of layers, range of damage, properties of
iy materials and mixtures, waterproofing property, density,
g bond between aggregate and asphalt, etc.
(e}
£ |Cutand cover The same parameters as listed above, and load bearing
@ |surveys capacity of base course, dynamic stability, moisture
state of bed and sub grade, etc.
Penetration and Deterioration and aging of asphalt Asphalt
softening point extraction tests
Ductility Cracking resistance Asphalt
extraction tests
~ Brittle point Susceptibility to deformation at low temperature Asphalt
= extraction tests
% Density (void ratio) | Susceptibility to flow of asphalt
w1
Dynamic stability | Flow resistance
Grain size and Property as an asphalt mixture
amount of asphalt
Immersion tests Waterproofing property of mixture
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1.3 Diagnosis and Maintenance and Repair Plans

1.3.1 Evaluation and Determination

Selecting sections or spots where maintenance or repair are required, prioritization, selecting
methods of maintenance work, and the timing of implementation is determined based on the
results of various surveys.

The targeted goals of maintenance and repair are defined as the status at which level the
pavement conditions are recovered by maintenance or repair works. The target goals have
been set as shown in Table 1.3-1 so as to maintain the road surface at a certain level, thus
maintain road conditions satisfactory.

Table 1.3-1 Target Goals for Maintenance or Repair

Difference in level including settlement
Cracking (mm) Smoothness Skid resistance
Rut (mm) Lo (IRD) .
ratio (%) | Connection to the | Connection to the (mm/m) coefficient (V)
bridge transverse structure
25 20 20 30 0 (3.5) 0 (0.25)

Reference: NEXCO, Design Procedure (pavement)

Operational guidance in using the above goals

- Smoothness index will not be evaluated in terms of IRI for the time being. Smoothness
will be evaluated using the target level for the difference in level including settlement.
Improvement works have yet reported to be implemented on expressways by the reason
of the degraded skid resistance. For the time being, therefore, IRI and skid resistance
coefficient will not be employed to trigger maintenance and repair.

- Potholes, depressions, twists and other local deformations on the surface should be
repaired immediately based on the results of visual inspections rather than setting the
target level for maintenance or repair because they usually demand urgent response.

- No target goals will be set for structural surveys or for the properties of mixtures because
pavement damages are induced by multiple factors. Evaluation will be made in principle
through comparison with those pavements of sound sate. It is therefore important to make
evaluations based not only on the survey results but also observation of external
conditions including the traffic and weather, road structure, spring water and geology,

coupled with observations on the point of damage.
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1.3.2 Maintenance or Repair Plans

Maintenance or repair ensures the performance of asphalt pavements during their service life
and reduces pavements’ life cycle costs. Appropriate maintenance or repair is therefore
important. In planning maintenance or repair work, the areas that require corrective measures
are prioritized based on the results of evaluation and rating of the pavement. Then,
appropriate corrective work and implementation time are determined in high-priority areas.
The above process is implemented for each road network and for respective projects.
Compatibility should be achieved between the maintenance or repair plans in the network and

in the project. Table 1.3-2 lists basic considerations in maintenance or repair planning.

Table 1.3-2 Basic Considerations in Maintenance or Repair Planning

Road network (maintenance or repair Project (maintenance or repair design in areas of
plans throughout the road network) implementation)
— Initial design conditions
Pavement configuration (thickness) Pavement configuration (thickness and material property)
Traffic volume Traffic volume and axle load (wheel load)
History of maintenance and repair History of maintenance and repair
Surface conditions Surface property and mixture property

— Load bearing capacity and strength of each layer

On asphalt pavements, their weaknesses are likely to surface during a rain in particular and
the damage develops rapidly. When a damage is discovered, therefore, measures should be
taken on a timely basis. Whether actions are taken in the initial stages of damage or not has a
great bearing upon the rate of subsequent progression of damage. Repair such as patching and
the application of crack seals should be made diligently in the early stages. Early repair is the
key to the elimination of future large-scale repair.

1.3.2.1 Identification of Design Conditions

When selecting the repair method, designing the cross section to be repaired or selecting the
material, design parameters such as load bearing capacity, pavement structure, property of
pavement materials and traffic conditions should be identified quantitatively as required. It is
also desirable to confirm the design conditions at the time of initial construction and the
history of maintenance and repair. The objective is to help make appropriate decisions.
- Load bearing capacity and pavement structure
Evaluating the load bearing capacity and pavement structure enables the determination of
whether the damage is structural or functional. Estimating the value required for overlay
sectional design also becomes possible. Whenever the degree of deflection is found to be

extraordinarily higher than usual, it often turns out that the sub grade has insufficient load
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bearing capacity. In those instances, cut and cover surveys need to be implemented. The
depth of layers in which damage prevails and the load bearing capacity of the sub grade
are measured to collect data required for identifying the range of layers that requires
repair and for designing the cross section.

- Properties of pavement materials
For asphalt mixtures, the grain size, amount of asphalt and asphalt property are
investigated. Water content and penetration are investigated in the base and sub grade.
The material properties of asphalt mixtures are frequently investigated mainly in the case
where the damage is determined to be of functional type. Then, identifying the asphalt
mixture material properties enables appropriate selection of repair materials.

- Traffic loads
Pavements are also damaged in numerous cases as cyclic loading exceeding the design
traffic volume or excessive traffic loads act, breaking the equilibrium between the traffic
load and the pavement structure. In the case of sectional design in the repair of structural
damage in particular, it is desirable to identify not only the sub grade design conditions
but also the traffic loads for appropriate sectional design. In the case of functional
damage, grasping the extent of traffic load is also important.

- Design conditions at the time of initial construction and history of maintenance and repair
The design conditions when the pavement was initially constructed are important at the
time of sectional design during the repair of structural damage. The history of

maintenance and repair is useful when selecting the repair method or the range of repair.
1.3.2.2 Selection of Repair Method

Major maintenance methods include the injection including patching, surface treatment and
local replacement. The appropriate method is selected based on the survey results and repair
plans. Major repair methods are replacement, local replacement, leveling, cutting and
overlaying, and overlaying. Selection should be made carefully based on the survey results
and repair plans. Major maintenance and repair methods for asphalt pavements are outlined in
Figure 1.3-1 and Table 1.3-3.

The horizontal axis indicates the characteristics of functional and structural measures. The
vertical axis indicates the range of layers with applicable measures. The maintenance or repair
measures at the upper right are more of structural character and cover all the layers of the
pavement. Those at the lower left on the other hand are functional measures and cover only

the surface and base layers. Some of the functional measures are taken mainly under urgent
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conditions. The measures positioned in the left of the figure are more of urgent character.

Characteristics of the method
Functional measures Structural measures
4 Replacement
= :=> Local replacement
5 | =
e} o L 1 .
e s cveling Regular maintenance or
=13 - - repair (repair method)
2| Cutting and overlaying
7 .
s Overlaying
o
= U U PR
g Linear replacement
g .
g Cutting
S
= Injection of seali terial
3 Eﬁ njection of sealing materia Daily maintenance or repair
g |2 i
g 5 Surface treatment (maintenance method)
g |5
¢ |3 Removal of bumps
v Patching

Figure 1.3-1 Major asphalt pavement maintenance and repair methods

Table 1.3-3 Outline of major maintenance and repair methods for asphalt pavements

Method

Outline

Replacement

The base course or part of the base course of an existing pavement is replaced. The
sub grade may be replaced or the sub grade or base course may be stabilized in some
cases.

Local replacement

In the case where the local damage to an existing pavement is determined to be great
and no other method is expected to repair the damage, local replacement is done
from the surface layer, base layer or base course. The method is frequently applied
together with cutting and overlaying or overlaying in the areas where great cracking
occurred locally.

Leveling

Modifications are made longitudinally by laying additional mixtures in longitudinal
depressions on the surface produced by differential settlement. In planning,
considerations should be given for guaranteeing the adequate height of safety fence,
securing the drainage capacity and selecting appropriate regulation methods.

Cutting and

Existing asphalt mixture layers are removed by cutting, and the surface or base layer

overlaying of the existing pavement is replaced.

Overlaying Hot asphalt mixtures with a thickness of 3 cm or more are laid over an existing
pavement. At locally faulty points, if any, replacement should be made first. If
overlaying is adopted, the influences on the clearance gauge or the structures at the
surface should be examined.

Linear The pavement is replaced along linear cracks. Only the hot asphalt mixture layers are

replacement replaced.
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Method Outline

Cutting Bumps on the surface are removed by cutting to eliminate irregularities or the

difference in level. The method is often implemented as a preliminary measure
before overlaying or surface treatment.

Injection of Joint fillers are injected into relatively wide cracks. Injection materials include
sealing material emulsified, cutback and resin types. Various materials are used according to the

width or depth of the crack.

Surface treatment | A sealing layer with a thickness of 3 cm or less is applied over the existing pavement

using materials other than hot asphalt mixtures. The seal coat, slurry seal or
resin-type seal method is available.

Patching and Potholes, depressions and irregularities are temporarily filled. For filling, hot asphalt
removal of the mixtures or cold mixtures using bituminous or resin binder are employed.
difference in level

Considerations during the selection of the maintenance or repair method are described below.

Types and causes of damage

To which layer corrective measures are required is examined based on the results of
inspections and detailed surveys. High degree of cracking or deflection needs particular
attention because there is a high possibility of structural damage. In the case where
serious rutting is found, caused by the flow of asphalt, removal of the layer is necessary
that caused the rutting.

Planar scale of damage

It is necessary to determine whether the scale of damage is local or occurring at a wide
area. Methods are chosen fitting to the scale of damage.

Timing of maintenance or repair

An appropriate timing should be determined considering the progression of the damage
and the weather conditions.

Roadside conditions

The restrictions imposed by the roadside environment including the height of the existing
pavement and houses in the vicinity should be examined.

Traffic conditions

It should be determined whether or not the cross section of the existing pavement is

adequate under the present traffic conditions.
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14 Maintenance and Repair Work

1.41 Major Daily Maintenance and Repair Work

Pavements are treated either by maintenance or repair. Maintenance is not intended for
fundamental restoration from the damage to the pavement but only for the maintenance of
serviceability of the pavement by temporary measures. The asphalt pavement maintenance
measures include patching, injection of sealing materials, surface treatment, cutting and linear
replacement. No discussions will be made here on surface treatment because there have been
no cases of application of the method on expressways.

1.4.1.1 Patching (removal of the difference in level)

In patching, potholes, bumps, local cracks and depressions are temporarily filled with asphalt
mixtures. The objective is to control the deterioration of load bearing capacity due to water
infiltration and to improve ride quality on a temporary basis. A simple method is for
embedding asphalt mixtures or other materials direct into the fault without applying any
pre-treatment. In another method, faulty areas are removed by cutting and backfilled with
asphalt mixtures. The former is adopted in the case where urgency is required. Patching is

applied either by hot mixing or by colt mixing.

Preparations

l

Transporting and spreading of mixtures

}

Compaction by rolling

}

Curing

Figure 1.4-1 Flow of Patching Steps
1.4.1.1.1 Patching by Hot Mixing

In the patching by hot mixing, potholes, bumps and depressions are temporarily filled with
hot asphalt mixtures. The method is fit for the maintenance or repair of roads that carry heavy
traffic of large vehicles because it provides excellent bond with the existing pavement and
high durability and stability. For the hot asphalt mixtures used by the method, materials
similar to those used on the existing pavement should basically be adopted.

- Preparatory work

Damaged and faulty sections are removed using a concrete cutter and their shape is
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trimmed. When repairing small areas such as potholes, no cutting is required. Then, dust
and mud in or around the cut face are removed. Then, a tack coat is laid on the bottom
and side surfaces. The excess tack coat staying in depressions are wiped off with a cloth
or by other means.

Transport and spreading of mixtures

Only a small amount of mixture is generally used. The mixture is covered with
membranes during the transport to prevent temperature drop. The mixture is spread so
that the finished level may be approximately one centimeter higher than the road surface
surrounding the faulty spot, taking into account of settlement after the commencement of
service.

Compaction by rolling

Small road rollers or plate compactors are used for compaction.

Curing

The surface is cured until it becomes possible to touch with a hand.

Matters to be taken care of

In the above patch work, the point to be repaired needs to be cleaned and a wet surface
needs to be completely dried. The work should be carried out quickly to obtain the
designated compaction temperature. Heating by burners should be minimized even where

necessary.

1.4.1.1.2 Patching by Cold Mixing

The method of patching by cold mixing can be implemented at the room temperature. It is

easy to implement and is therefore adopted in emergency. The method is inferior to the hot

mixing method in initial stability and durability, and moreover, it needs the period of curing.

Preparatory work

Similar pretreatment is done to that in the method by hot mixing.

Spreading of mixture

Aggregate mixture is wrapped in bags. The mixture is spread so that the finished level
may be approximately one centimeter higher than the road surface surrounding the faulty
spot, counting the magnitude of settlement after the commencement of service.
Compaction by rolling

Small road rollers or plate compactors are used for compaction.

Curing

The road should not be put into service until the moisture and solvent of the bituminous
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material vaporize.
- Considerations
The method is temporarily applicable on roads that carry heavy traffic of large vehicles if
urgency is demanding.
1.4.1.2 |Injection of a Sealing Material
The sealing material injection method involves the injection of an asphalt-type sealing
material or a resin-type sealing material into cracks, which is applicable at room temperature.
The method is adopted to temporarily suppress the deterioration of load bearing capacity due
to water infiltration. The objectives of the method are to extend the service life of the

pavement and to reduce the cost of pavement maintenance and repair.

Clean the spot to be treated

|

Prepare the sealing material

}

Inject the sealing material

}

Open the road to traffic

Figure 1.4-2 Flow of injection of a sealing material

1.4.1.2.1 Injection of an Asphalt-type Sealing Material
The method is used to treat the pavement by injecting a hot-mixed sealing material.
Hot-mixed sealing materials are highly cohesive, adhesive and elastic, so they are well
adaptive to swelling and shrinkage. Asphalt-type sealing materials are more cohesive than
resin-type sealing materials that are described later. They are therefore suitable for cracks with
a relatively large width of five to ten millimeters.
- Cleaning the spot to be treated

The faulty spot is cleaned by blowing off the dust or mud in cracks using compressed air.

The loosened areas around the crack are removed.
- Preparation of the sealing material

The sealing material is melted by heating.
- Injection of the sealing material

The sealing material is poured into the crack and made to penetrate into the crack using a

U-shaped tool. Excess material is scraped off with a tool and the surface is cast. Sand is
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spread as required to prevent the adhesion to tires.
- Opening of the road to traffic
The road is put into service after confirming that the sealing material has fully hardened.
- Considerations
A wet surface is fully dried by heating with a burner before injection.
1.4.1.2.2 Injection of a Resin-type Sealing Material That Hardens at Room Temperature
The method is used to treat the pavement by injecting a resin-type sealing material that
hardens at the room temperature. The sealing material hardens quickly and even at low
temperature. Thus the material provides high workability including flexibility and traceability
along the crack. The method is therefore applicable to narrow cracks of 5 mm or less.
- Method of patching
The method similar to that for asphalt-type sealing materials is used. No preparation of a
sealing material is, however, required.
- Considerations
When the sealing material penetrates and cause settlement, additional volume of material
is injected again according to the degree of settlement. Resin-type sealing materials are
generally more costly than the asphalt type. They should be used within the designated
working life. A wet surface should completely be dried by heating with a burner or other
device before injection.

1.4.1.3 Cutting

Cutting is used to scrape off the projections on the uneven or irregular pavement surface.
Bumps are scraped off using machines to restore the surface shape. The method is often

adopted as a preparatory work before surface treatment or overlaying.

Preparations

!

Cutting

}

Loading of the pavement waste

}

Cleaning

Figure 1.4-3 Flow of Cutting

- Preparations
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Drainage basins are protected prior to surface cutting to prevent them from being clogged
with the materials produced by cutting.
- Cutting
Bumps are scraped for the designated thickness using surface cutters. Sufficient amount
of water is sprinkled during cutting to control the production of dust during operation.
- Loading of the pavement waste
The pavement waste produced by cutting is loaded on dump trucks using loading
machines for transport to designated sites.
- Cleaning
Road sweepers are used to completely clean the surface while sprinkling water to control
the production of dust.
- Considerations
The method is a temporary measure. On the surface where rutting due to the flow of
asphalt or corrugations cause problems, therefore, irregularities are likely to recur early.
The irregularities that developed in a short time in particular are highly likely to recur.
1.4.1.4 Linear Replacement
In linear replacement, the pavement is replaced along linear cracking. The method is generally
applied only to asphalt mixture layers including the layers stabilized with bituminous

materials.

Linear cutting of pavement

|

Tack coat

}

Laying of a mixture

!

Curing

Figure 1.4-4 Flow of Linear Replacement

- Linear cutting of pavement
The faulty sections with linear cracks are cut off. For cutting, a cutter is placed along the
crack and the section is scraped off with a breaker or backhoe.

- Tack coat
The cut spot is cleaned with a compressor and cured by evenly spreading emulsified

asphalt using an engine sprayer. Then, the cut surface in the existing asphalt mixture layer
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is also fully coated with emulsified asphalt using a brush.

- Laying of a mixture
A hot mixture is manually spread and compacted using a small vibratory roller or tire
roller. Joints should be carefully compacted because the joints are likely to be compacted
poorly, resulting in weak points.

- Curing
The pavement is cured until the surface temperature drops below 50°C before opening the

road to traffic.

1.4.2 Regular Maintenance and Repair Work

A type of regular maintenance or repair is the repair work. In the case where a pavement has

been greatly damaged and keeping the surface under a structurally and functionally excellent

condition is difficult, fundamental treatment is applied to the pavement through repair work.

Asphalt pavement repair methods include overlaying, cutting and overlaying, replacement and

local replacement. All are more costly than maintenance.

The damage to pavements is caused by various factors. The repair method should therefore be

adopted based on the materials including various survey results. The planar scope of the

damage, timing of repair, and traffic and roadside conditions need to be examined carefully.

1.4.2.1 Overlaying (leveling)

In overlaying, an asphalt mixture layer is laid over the existing pavement. The method is

applied in the case where the damage is expected to progress throughout the pavement in the

near future or the pavement structure has become insufficient to carry ever increasing traffic.

The method provides the following benefits.

- Increase in the load bearing capacity of the pavement or restoration of the load bearing
capacity of a damaged pavement

- Functional restoration of surface smoothness or skid resistance

- Provision of additional functions

The thickness of the layer laid by the method is generally three to five centimeters unlike the

thickness of carpet coat (applied by surface treatment) of 1.5 to 2.5 cm. Leveling is applied

for restoring from functional damage in the areas subjected to differential settlement, however

is not intended for structural reinforcement. In leveling, longitudinal modifications are made

by laying new binders over depressions in the longitudinal direction.
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Existing asphalt Overlay
mixture layer

Figure 1.4-5 Conceptual View of Overlaying
The thickness of overlay is designed either by a method using the California Bearing Ratio
(CBR) or by a method using deflection. Overlaying is a simple method for reinforcing the
pavement structure that enables the improvement of layer equivalency factor by increasing
pavement thickness. For adoption, it should be noted that the surface elevation increases and

that the causes of damage have yet to be removed fundamentally.

Preparations VT :
P 5 Patching i
e i Local repla_lcement i

v ; Leveling |

Tack coat i i

_______________________________

Spreading of mixture

Compaction

A\

Curing

Figure 1.4-6 Flow of Overlaying

- Preparatory Work
In the case where there are damaged areas or irregularities on an existing pavement,
patching, leveling, local replacement or other measure is taken according to the condition
before overlaying. For overlaying, the surface is cleaned, dust or mud is removed and a
tack coat is applied. In leveling, cutting is required for a depth of approximately 20 mm
for connection to secure the minimum pavement thickness at the end.

- Tack coat

A designated amount of emulsified asphalt is evenly spread using distributors or other
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devices. At the end point of cutting, spreading is done manually or using simple pump
spreaders. Care should be exercised to prevent emulsified asphalt from staying on the
existing surface.

- Spreading of a mixture
The mixture is usually spread using asphalt finishers, or manually in areas where no
finishers can be used. The mixture is spread so as to achieve the designated thickness
after compaction. If it starts raining while spreading the mixture, spreading should be
suspended. The mixture that has been spread should be compacted quickly and finished.

- Compaction
The mixture that has been spread is compacted so as to obtain the designated density.
Compaction generally starts with joint compaction and proceeds to the primary and
secondary compaction and ends with finishing.
The primary compaction is done by two-time trips, or a back-and-forth trip, of a 10- to
12-ton roller. Compaction is carried out at the highest temperature possible as long as no
hair crack occurs. The compaction temperature is generally 110 to 140°C. In order to
prevent the mixture from adhering to the roller, a small amount of water may be sprayed
thinly over the surface using an atomizer.
For the secondary compaction, eight- to 20-ton tire rollers or six- to 10-ton vibratory
rollers are generally used. Compacting the mixture by tire rollers improves the
interlocking of aggregates owing to the force of compaction as under traffic loading, and
is expected to achieve a uniform density in the depth direction. Using vibratory rollers
with appropriate loading, frequency of vibration and amplitude produces the designated
degree of compaction in smaller numbers of times of rolling than using tire rollers. The
secondary compaction is generally carried out at 70 to 90°C.
Finishing is done to correct irregularities or eliminate roller marks. Tire rollers or road
rollers should travel back and forth once. In the case where vibratory rollers are used for
secondary compaction, tire rollers should preferably be employed for finishing. No roller
should stay for a long time on the just-finished pavement.

- Curing
The pavement is cured until the surface temperature drops below 50°C before opening the
road to traffic.

- Considerations

Overlaying is suitable for controlling relatively moderate cracks that occur on the
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pavement surface. In the case of the occurrence of numerous cracks that are likely to
reach the base course or sub grade, replacement is preferable. After the completion of the
leveling work, it is necessary to secure the adequate height of safety fence and the
drainage capacity.
1.4.2.2 Cutting and Overlaying
Cutting and overlaying work involves the cutting of part of the existing asphalt mixture layer
followed by overlaying. The repair method - cutting and overlaying- has recently been
implemented most because it eliminates the need of increasing the surface elevation and wide
availability of high-performance cutters. In cutting and overlaying work, unlike overlaying
work, surface cutters are adopted. Surface cutters are classified into wheeled-type and
crawler-type devices according to the mode of travel. Surface cutters equipped with a loading

machine are generally used.

Existing asphalt
mixture layer Overlay

Figure 1.4-7 Conceptual View of Cutting and Overlaying
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Cutting the surface and loading the pavement waste

Cleaning
... CEliminationofthe |
v i difference in level
Tackcoat | T

Spreading of mixture

Compaction

\4

Curing

Figure 1.4-8 Flow of Cutting and Overlaying
- Cutting the surface and loading the pavement waste
Cutting the existing surface is generally done by using surface cutters. The areas around
cutting should be separated by cutting with concrete cutters. The pavement waste

produced by cutting is transported to the designated places on trucks.

W e

Cutting and loading of the pavement waste Cleaning

- Cleaning
The debris produced by cutting is completely removed while spraying water to prevent
drifting. It should be make sure that no debris is left in the ditches created by cutting.

- Tack coat
Construction is carried out as in overlaying. In cutting and overlaying, care should be
exercised to prevent the emulsified asphalt that constitutes the tack coat from staying in

the ditches created by cutting.
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Tack coat
- Spreading of mixture
The spreading work is implemented as it is done in overlaying.
- Compaction
The compaction work is implemented as it is done in overlaying.
- Curing

The curing work is carried out as in overlaying.

Primary compaction by a road roller

Secondary compaction by a tire roller
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1.4.2.3 Replacement

In replacement, the existing pavement is partly or fully removed and a new pavement is
constructed. The method is implemented in cases where the pavement has been seriously
damaged and the damage has reached the sub grade or base course, or where the surface has a
limited elevation. The types of damage to which the method is applied include the
deterioration of the load bearing capacity of sub grade or base course and the rutting and
cracking ascribable to settlement. The pavement is replaced from the surface to the layer with
considerably deteriorated strength. In the case where the base course has suffered from the
deterioration of load bearing capacity, the pavement is replaced using excellent materials or is

stabilized.

Existing asphalt New asphalt
mixture layer mixture layer

=

Existing base course

S S

Figure 1.4-9 Conceptual View of Replacement
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Preparations

Demolition of existing pavement and
transport of the pavement waste

A4
Construction of a lower base
(granular lower base)

Demolishing an existing pavement and transporting v
the pavement waster using a shovel loader. Prime coat

A4

Construction of an upper base
(base stabilized with bitumen)

A 4

Tack coat

Construction of surface and base layers

Figure 1.4-10 Flow of Replacement
Laying a prime coat on a lower base course using an
engine sprayer.

- Preparations
The points of replacement (e.g. start and end points and longitudinal joints) are specified
explicitly.

- Demolition of the existing pavement and transport of the pavement waste
The edge of the area to be replaced is cut to the designated depth by a cutter. The existing
asphalt mixture is pulled up with a cutter or breaker and fragmented. The existing asphalt
mixture that has been fragmented with a shovel loader or backhoe is loaded on dump
trucks and transported to designated places. The sub grade is to be treated carefully so as
to finish it as smooth as possible.

- Construction of a sub-base (granular sub-base)
Irregularities on the cut surface are corrected using a bulldozer or grader while
confirming the elevation of finished sub grade. The base course materials delivered by
dump trucks are spread by bulldozers. Compaction is done using a road roller or a tire

roller. The edge is corrected manually and carefully compacted with a rammer or other
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equipment.
- Prime coat
A designated amount of emulsified asphalt is spread evenly with an engine sprayer and
cured. When spreading, protection is provided using concrete panels or other materials to
prevent the emulsion from drifting.
- Construction of a base course (base stabilized with bitumen)
Construction is carried out as in overlaying.
- Tack coat work
Emulsified asphalt is evenly spread with a distributor and is cured. When spraying the
emulsion, protection is provided using concrete panels or other materials to prevent the
emulsion from drifting.
- Construction of wearing course and binder course
Construction is carried out by the same manner as is done in overlaying. When the binder
course temperature drops to approximately 50°C, the tack coat works and the wearing
course work are undertaken. The work is done as in overlaying. When the wearing course
surface temperature drops to approximately 50°C, the pavement is opened to traffic. Then,
pavement markings are placed using dedicated machines by a separate work.
1.4.2.4 Local Replacement
Local replacement of the wearing course, binder course or sub-base is one of the measures
employed when the existing pavement is greatly damaged locally by cracking or other factors
and suffered from structural damage as revealed by the preliminary survey... The method may
sometimes be implemented in areas that suffered serious local damage before overlaying or

“cutting and overlaying” is implemented.
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Preparations

A 4
Demolition of existing pavement and
transport of the pavement waste

Construction of a sub-base
(granular sub-base)

Prime coat

v
Construction of a base course
(base stabilized with bitumen)

<
<

A 4

Tack coat

Construction of wearing course and

Loading the pavement waste using a shovel loader binder course

Figure 1.4-11 Flow of Local Replacement

- Preparatory work
The points of replacement (e.g. start and end points and longitudinal joints) are to be
marked.

- Demolition of existing pavement and transport of the pavement waste
The edge of the area to be replaced is cut to the designated depth by a cutter. The existing
asphalt mixture is pulled up with a small cutter or breaker and fragmented. The existing
asphalt mixture that has been fragmented with a backhoe or shovel loader is loaded on
dump trucks and transported to designated places.

- Construction of a sub-base
Irregularities on the cut surface are corrected manually or using a backhoe while
confirming the elevation of finished sub grade. The base course materials that are
delivered by dump trucks are spread manually or using a backhoe. Compaction is done
carefully with a rammer or plate compactor.

- Prime coat
A designated amount of emulsified asphalt is spread evenly with an engine sprayer and is

cured. When spreading, protection is provided using concrete panels or other materials to
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prevent the emulsion from drifting.

- Construction of a base course (base course stabilized with bitumen)
The mixture is spread manually and compaction is done carefully using a rammer or plate
compactor to construct the upper base.

- Tack coat work
A designated amount of emulsified asphalt is spread evenly with an engine sprayer and
cured. When spreading, protection is provided using concrete panels or other materials to
prevent the emulsion from drifting.

- Construction of wearing course and binder course
The binder course mixture is manually spread, and carefully compacted using a rammer
or plate compactor to construct the binder course. Then, a tack coat is applied. The
surface layer (wearing course) mixture is manually spread, and carefully compacted using
a rammer or plate compactor to construct the surface layer. Pavement markings are placed
with a line marker. When the pavement surface temperature drops to approximately 50°C,
the pavement is opened to traffic.

- Considerations
Local replacement is prone to cause settlement after the road is opened to traffic. Careful
compaction is required in construction. Settlement is likely to occur at the edge in
particular. It is therefore desirable to place the finished surface of the surface layer
approximately 0.5 cm higher than the existing pavement. When two or more layers are
constructed, the overlapping of joints should be avoided and the upper layers should be

removed with a wider margin to facilitate compaction (Figure 1.4-12).

A 15-cm gap is created.

Asphalt layer

Figure 1.4-12 An indicative sample cross section of excavation in local replacement work
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14.3 History of Maintenance and Repair

Keeping the records of maintenance or repair is important in assessing and establishing future
maintenance or repair plans. Activities of surveys, planning, design, implementing
maintenance and repair, evaluation, and research on pavements are interconnect each other. It
is therefore desirable to make sure that valuable data is accumulated not only during
construction but also during maintenance or repair. Table 1.4-1 gives a sample sheet for

recording maintenance or repair work.
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Table 1.4-1 Format for recording maintenance or repair work

PIsn S[BLISJRUI PUB UOT)IIS SSOI))

Date of maintenance or Route
repair
Site Chainage/ O
Milestones (up bound, down bound)
Type of damage Severity of Severe, medium, small
damage
Method of maintenance
or repair
Load bearing capacity of Design traffic
sub grade volume
Status Status
Before maintenance After maintenance
or repair or repair

Jjou Te102dg

O Enter particulars concerning the preliminary surveys, materials used, etc.

9)IS 9} JO MIIA [BIQUID)
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144 Recommendations for Construction

Asphalt pavements require timely and adequate provision of maintenance or repair after the
commencement of service. Timely assessment on present status of structure, performance
decline, safety and the applicability of new technologies is mandated to make a decision on
implementing maintenance and repair. In the above assessment, consulted are records during
construction and maintenance and repair. It is also necessary to continuously improve the
technology for design, construction and maintenance or repair by analyzing life cycle costs.
The records of maintenance and/or repair, together with inspection and survey records, are
statistically processed for use to predict future performance of the pavement at the site. It is
important to use the records so as to track them back to the design method at the time of

construction.
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1.5 Traffic Safety Measures

1.5.1 Traffic Safety Measures

Traffic safety measures are important during the inspection, survey or maintenance or repair
work on expressways because other passenger vehicles travel in the vicinity at high speed
during the work. Traffic safety measures on expressways under different conditions are
described in this section.

1.5.1.1 Basic Matters Observed on Duty
1.5.1.1.1 Safe Driving

- The driver on duty should be fully aware that he or she is one of the road administrators
and strictly observe rules of driving safely.

- Vehicle occupants should make sure to wear the seatbelt while traveling.

- The patrol or maintenance vehicles should have marked visible from other passenger
vehicles.

1.5.1.1.2 Clothes, Equipment and Health Management

- Work clothes should be worn that enable easy movement.

- Specified protective equipment such as helmets, safety vests, safety shoes and whistles
should be worn or carried.

- Health conditions should be checked before tasked to duty work and the work should be
suspended in case of bad health.

1.5.1.1.3 Parking and Stopping

- Hazard lights should be turned on while parking or stopping the vehicle.

- Full attention should be paid to other passenger vehicles when accelerating or
decelerating.

- The vehicle should park in an area with a wide shoulder that provides good visibility as
much as possible.

- Front tires should be directed sidewards, away from the traffic flow to prevent the vehicle
from entering the lane when it is bumped rear-ended.

1.5.1.1.4 Traffic Control

- Traffic is controlled to ensure the safety of the work yard and workers.

- Securing visibility by other passenger vehicles is important.

- The installation of traffic control equipment should be commenced at the upstream end.

- The removal of traffic control equipment should be commenced at the downstream end.
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1.5.1.1.5 Work in Sections under Traffic Control

- It should be made sure that an inspector watches the behavior of other passenger vehicles.

Workers should not work with their back turned to other passenger vehicles.

Workers should not get out of the demarcated control area without due reasons while at
work.

1.5.1.2 Traffic Safety Measures during Inspection or Survey
1.5.1.2.1 General

- Inspections and surveys should be conducted by at least two workers.

One of the workers should command the attention of other passenger vehicles using a
flag or other tool and secure the safety.
- The vehicle at work should be provided with markings and have its yellow revolving

light turned on for differentiation from other vehicles.

One of the workers should be on the watch.

1.5.1.2.2 Considerations in Daily Inspections

Visual inspections at a low speed should basically be conducted while traveling not on
the passing lane but on the nearside lane.
- When an unusual spot is encountered, the vehicle should park on the shoulder after

confirming safety, and an inspection should be made.

In cases of emergency, safety should be secured at the site and the headquarters should be
notified immediately for assistance.

1.5.1.2.3 Precautions to be taken in Routine inspections and Detailed Surveys

- Surveys using measurement equipment should be conducted while exercising due care to
prevent the inspection/survey vehicle on duty from getting out of the lane closed to

traffic.
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It should be made sure that a separate inspector is deployed not to fail to confirm safety

while others are preoccupied with inspection or survey.

1.5.1.2.4 Precautions to be taken in Emergency Inspections

- Emergency inspections should be conducted under the condition where the safety of the
inspectors is fully guaranteed to prevent occurrence of secondary disasters.

- On-board visual verifications should be made at the lowest speed possible, so that serious
damage is likely to be detected on the surface.

- When an unusual condition is detected, safety should be secured at the site and the
headquarters should be notified immediately for help.

1.5.1.3 Traffic Control and Safety Measures during Maintenance or Repair Work

- An inspector should be assigned at the entrance/exit of the area closed to traffic to
prevent the other vehicles from entering the area.

- Workers should work face to face with other passenger vehicles while working near an

adjacent lane.

T TP PO G

8
An inspector should be assigned at the Worker should work face to face
entrance/exit to the area closed to traffic. with other passenger vehicles.
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- When handling hot crack sealing materials and pavement mixtures, protection should be
provided against burn.
- When a cutter or breaker is used for cutting, concrete panels or other materials should be

used to prevent broken pieces from spreading.

When handling hot materials, burn Protection should be applied to prevent the
prevention measures should be taken. spreading of broken pieces.

When a heated cutter is used, the impacts of considerable smoke on other passenger vehicles
should be minimized.
- When loading cutting waste, care should be paid to prevent the heavy machinery from

getting out of the closed lane and to control the spreading of broken pieces.

Considerable smoke causes accidents.

The spread of cutting waste should
be strictly prohibited.
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- The debris loaded on a dump truck for transport should be covered with a membrane to

prevent spreading.
- When spreading bituminous materials, concrete panels should be installed to prevent the

materials from spreading over other passenger vehicles.

Loaded debris is covered with a The spreading of materials is
membrane to prevent spreading. prevented with concrete panels.

- In laying pavement mixtures by manual labor, an inspector should be assigned to prevent
workers from getting out of the closed lane.
- When multiple heavy machines are used for work, an inspector should be assigned to

prevent their mutual accidental contact.

Care should be exercised to prevent the Accidental contact of heavy machines
extrusion of equipment from the work should be prevented
yard.
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1.5.2 Installations for Traffic Safety Measures

Necessary installation required to secure safety for duty maintenance workers engaged in

inspections, surveys and maintenance or repair on expressways, are described. Those

installations are to assure workers’ safety from while other passenger vehicles traveling at

high speed in the vicinity and inviting passengers’ attention to the work in progress.

1.5.2.1 Installations for Controlling Traffic

Arrow board

Arrow boards should be installed near the upstream end of the area closed to the traffic to
construct a taper. Boards should basically be placed at an interval of 20 m and eleven
boards should constitute a taper for a length of 200 m. Arrow boards should sufficiently

be heavy enough not to be blown away and sufficiently light enough to be carried easily.

)

Arrow board
Rubber corn

Rubber cones
Rubber cones should be placed along lane markings at intervals of 10 to 20 m to separate
the closed and controlled work area from the vehicle travel zone. The length of
installation distance should be determined according to the range of work. Rubber cones,
like arrow boards, should be sufficiently heavy enough not to be blown away and
sufficiently light enough to be carried easily.
Traffic control vehicles
The traffic control vehicle should be located near the arrow board at the upstream end to
identify the work site and protect the work space. The vehicle should preferably show
arrows and be equipped with a rotating light to identify the work site.
Regulatory markers
Regulatory markers should be installed to notify passenger vehicles of traffic control.
Specifics and the positions of installation should be determined through the consultation

with the road administrator.
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1.5.2.2 Equipment for Traffic Safety during Work

- Flags
Inspectors wave flags to invite attention of passenger vehicles traveling in immediate
adjacency of the closed lane.

- Work Clothes and equipment to be carried on
Workers should dress themselves so that they can move easily. They should wear a
helmet to protect their head from flying objects. They should wear a safety vest to make
themselves highly visible at long range. They should work in feet protection safe shoes
other than slippers to ensure alertness and protection from heavy objects. Workers should

carry a whistle for announcing danger over a long distance.
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1.6 An Addendum: Maintenance or Repair of Concrete Pavements

Concrete pavements are more durable but also more costly than asphalt pavements. Concrete
pavements have another drawback as compared with asphalt pavements. They require much
time and cost for repair. Concrete pavements are, therefore, generally constructed in a tunnel

or near the toll gate where repair work involves difficulties.

1.6.1 Types of Damage to Concrete Pavements
Damage to concrete pavements, like that of asphalt pavements, is classified into functional

and structural types of damage. The types and states of damage to concrete pavements, and

the main causes of damage are listed in Table 1.6-1.

Table 1.6-1 Types of Damage to Concrete Pavements

. Damage classification
Type of damage State of damage Major causes .g
Functional | Structural
Wear Raveling Wear by tire Wear by tire chains 0
chains
Polishing and Scaled road Abrasion of rough-finished
scaling surface surface, use of soft aggregate O
and freezing and thawing
Cracking Cracks in Cracks in the Inadequate structure or
corners and corners of a slab, | functions of joints, insufficient
longitudinal and |and longitudinal |slab thickness, differential o o
transverse and transverse ground settlement and fatigue
cracks cracks failure
Cracks near a Cracks near a Differential settlement of the
transverse transverse structure and base course, and o o
structure structure stress concentration because of
the structure
Map cracks Crack expansion | Development of cracking 0
in a grid pattern
Deterioration | Deformation Longitudinal Differential ground settlement 0
of smoothness irregularities
Damage to | Damage to joint | Protrusion of joint | Aging of joint plates, extrusion
joints materials materials of joint materials and pumping O
of base course materials
Damage to the | Cracking at joints |Inadequate structure or 0
edge of joint functions of joints
Other Difference in Irregularities near | Differential ground settlement,
level a structure and and inadequate functions of 0
difference in level | dowel bars and tie bars.
on a slab
Blowup and Swelling of the Inadequate structure or 0
crushing slab at joints functions of joints
Swelling of the Insufficient thickness of the
slab layer for controlling frost O
heave

Legend Damage classifications

O O This classification is highly likely to be applicable.
o 0 Either classification is likely to be applicable.
Reference: NEXCO, Design Protocol (pavement)
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1.6.2 Main Causes and Mechanism of Damage (Concrete Pavements)

Main causes of concrete pavements are attributable to the concrete slab itself, to the base
course or sub grade, or to such external factors as the traffic and the weather conditions after
the commencement of service.

On concrete pavements, cyclic traffic loading, changes in pavement temperature or other
factors cause fatigue failure, which then induces damage. The breakage at joints or expansion
of cracks deteriorates serviceability and causes damage. The damage to concrete pavements
similar to that of asphalt pavements include cracking, difference in level and wear. In contrast,
breakage at joints and buckling occur only on concrete pavements. On continuous
steel-reinforced concrete pavements, cracking is not treated as damage but is taken as a defect
in structural design. The damage to concrete pavements should be assessed in terms of various

work types designed for pavements.
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1.6.3

Major Survey Methods by Type of Damage (Concrete Pavements)

The typical survey and test methods for evaluating the damage to concrete pavements are

listed in Table 1.6-2.

Table 1.6-2 Major concrete pavement survey methods by type of damage

Cracks near a transverse structure

Type of damage Major survey methods fit for evaluation
Raveling Measurement of the extent of rutting
W . . . .
o . Visual verification of scaling
Scaling . . .
Strength verification by sampling
Verification of cracking by visual inspections or other
Cracks in corners means
Longitudinal and transverse cracks |Measurement of deflection by FWD (Falling Weight
Deflect meter)
Cracking

Verification of cracking by visual inspections or other
means

Measurement of deflection by FWD

Map cracks

Verification of cracking by visual inspections or other
means

ax 1~ Ty s

Deterioration of

smoothness Deformation

Measurement using IRI (International Roughness
Index)

Damage to joint materials
Damage to joints

Verification of quality of joint materials

Damage to the edge of joint

Visual verification of scaling
Measurement of deflection by FWD

Degradation of skid resistance
coefficient

Measurement using BPT (British Pendulum Tester),

DFT (Dynamic Friction Tester) or a slip measurement
dhinl

Other Difference in level

Measurement of deflection by FWD and cut and cover

Blowup and crushing

Measurement of deflection by FWD and cut and cover

Swelling of the slab

Measurement of deflection by FWD and cut and cover

Reference: NEXCO, Design Procedure (pavement)

Measuring deflection using FWD enables the evaluation shown in Table 1.6-3. The FWD

method is effective for evaluating the damage to and the soundness of concrete pavements.

Dainichi Consultant Inc.
Central Nippon Expressway Co., Ltd.

1-70




Project for Strengthening Operation and Maintenance System for Expressway in Vietnam SG

Table 1.6-3 Items of Structural Evaluation of Concrete Pavements Using FWD

Evaluation item Survey area Parameter Remarks
Distribution of loads | Center Curvature and The lower the curvature or the
on the concrete slab flexural stiffness higher the flexural stiffness, the
better.

Bearing capacity of |Center and at the edge | Total deflection The lower the deflection, the

base course of joint better.

Load transfer at At joints and cracked Transfer coefficient |The higher the transfer coefficient

joints or in cracked |areas of deflection of deflection, the better.

areas

Existence of voids | Center and cracked Comparison of Voids are suspected in cases

areas at joints relative deflection | where relative deflection of the

concrete slab is large despite no
cracks observable on the slab.

Reference: NEXCO, Design Protocol (pavement)

1.6.4  Evaluation and Determination and Repair Planning (Concrete Pavements)
Concrete pavements are evaluated and rated by the same manner as described in “1.3.1
Evaluation and Determination” and in “1.3 Diagnosis and Maintenance and Repair Plans”.
There have been fewer cases of maintenance or repair of concrete pavements than those of
asphalt pavements. Owing to concrete pavements’ high durability, no methods have yet been
established for design and construction for maintenance or repair of concrete pavements. In
the repair planning for concrete pavements, therefore, materials and methods for maintenance
or repair should be selected considering the state of damage and construction conditions at the

site.

1.6.5 Maintenance and Repair Methods (Concrete Pavements)

The maintenance and repair methods that have been applied to concrete pavements versus the

types of damage are listed in Table 1.6-4.
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Table 1.6-4 Maintenance and Repair Methods for Concrete Pavements

Mode of failure | Break . @, wn
reakage Cracking | 5 Wear § g
at joints = e g
g ¢ g
=3 <
s | Z|1€218Q/8|F|2|¢|8|5 |52
S| E|2E|ZE|IS |2 |E|E 8|80
- e ZlIgR|B|la|a|5|a|a|aB
B E 5 %] B 7] o 5‘ = | g o [ B B
o o lups e =|<|gw@ =4 = o8
gz |E2|E8|8 |2 |2 5%
5|5 |Pgl2s s |z s o=
. . 78 - © 5 = = =
Maintenance or repair method s o Sle i e | = © | g 8
- 5| ™= = | =2 =23
:J'—)‘OQ g_ (€] U\Q/ 8‘ 5 7]
o % S g
Sealing and filling o o o o
Patching ) o |o
Local replacement o o
Local replacement that creates new joints o
Stitching using bars o
Leveling o
Cutting o | o
Jacking up o
Thin layer pavement o
Chipping with a scribbler,
or by shot blast or water o
jetting
Surface .
Cuttin °
treatment g
Longitudinal and o
transverse grooving
Chemical treatment and o
high-pressure jet
. Asphalt mixtures o o | o
Overlaying
Cement concrete (SFRC) o
Cutting and
uthng Cement concrete (SFRC) °
overlaying
Injection o
Asphalt pavements o
Replacement | Concrete pavements o
Precast slabs °

Reference: NEXCO, Design Protocol (pavement)
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The concrete pavement maintenance and repair methods are outlined below.

Sealing and filling

Filling or injecting asphalt, cement or resin materials fill into cracks or joints.

Patching

The method involves the removal of existing pavement material in an area affected by
cracking or other damage using a cutter, proper treatment of cut face and the repair with
cement or resin materials.

Local replacement

Local replacement is applied in cases where cracks penetrated into the slab thickness near
a joint or cracks occurred in corners.

Local replacement creating new joints

In cases where a crack fully crosses the lane at the center of the slab, a new joint is
created in the cracked area and local replacement is applied.

Stitching with bars

The method is implemented in cracked areas or at joints with deteriorated load transfer
capacity. Reinforcement is applied by installing connection materials that are cut in
rectangular (e.g. D22 deformed reinforcing bars of 700 mm) and materials are also
injected into the cracks.

Leveling

The method is used in the case where the lower layers of the slab are sound and suffer
little deflection. The difference in level is removed using asphalt mixtures. Thin layers are
applied, so care should be exercised to prevent the drop of mixture temperature and to
apply adequate tack coating.

Cutting

An area where the difference in level occurred is cut to correct the difference. Care
should be exercised to verify the soundness of the slab and when treating the area with
defective edges created by cutting.

Jacking up

In the case where the difference in level accompanies voids under the slab, the voids are
filled to remove the difference in level by jacking up.

Surface treatment

The method is employed to restore the skid resistance on the surface. Surface treatment

includes re-grooving, thin film pavement, and cleaning by shot blast or water jetting.
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- Overlaying
The method uses either asphalt or cement mixtures. Asphalt mixtures are used more
frequently because of the ease of construction and cost performance. Breakage is
prevented and development of damage is preliminarily controlled by connecting slabs by
stitching using bars or by injecting into moderate cracks.

- Cutting and overlaying
The method is the same as cutting and overlaying on asphalt pavements. Full attention
should be paid to varying capacity of cutting machinery according to the difference in
material strength and also to the effects of cutting on wire mesh.

- Injection
The method is implemented to fill the voids created between the concrete slab and base
course and to push up the slab that subsided to the original level. Asphalt- and
cement-type injection materials are generally available.

- Replacement
Replacement is used for repair in cases where the existing concrete slab has been
seriously damaged and no other methods are applicable such as maintenance and

overlaying.

Cases of maintenance and repair on concrete pavement occurs less than on asphalt concrete
pavement. It is due to the high durability of cement concrete pavement, currently there is no
design and construction method for maintenance and repair of cement concrete pavement.
Thus, for the repair and maintenance of cement concrete pavement, it is advised to select from
the reference maintenance and repair in the diagram below. In planning the cement concrete
pavement fixing, materials and repair methods are selected, based on a review of on-site

damage conditions for rational maintenance and repair.
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Evaluation of cement concrete
pavement

A 4

No structure

sealing

O Sealing, filling

NO Take FWD test, weight
Ifthere are Cracks at — capacity[] 98kN
joints
Take FWD test[] 98kN
¥
Calculation of load
transfer
) 4
NO NO NO
0 =04
Effl] 70% D=0 4mm If cracks are
visible
NO
f joints are
YES damaged  or
chipped
YES
4
YES
D=04mm NO
fbreakage at
slab corner
YES
NO damage
NO
e
e 1 e e ey al
' Supposed damages
E v
' | Damages caused by Damages caused by | Scouring of base | Slab breakage at | Breakage, damage, cracks at
E vehicles vehicles course ioints ioints
U Confirmed damages | T[T ]
E It depends on actual case, core sampling or digging up is applied for inspection.
| e e e e |
' Examples for selection of
E repair methods
E Restoration of load capacity Restoration of Recovery to Curb further Curb further
! Restoration and maintenance of load delivery maintain the damage damage
E pavement capacity road
i DOlocal replacement Ouse of 0 sealing 0 Patching O Sealing, filling
1 Dconnection bar+inserting, connection bar filling

Reference: NEXCO, Design Protocol (pavement)

Table 1.6-1 Consideration of repair method (cement concrete pavement)
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Selection of repair method

O Sealing, filling

H
i

1

i

;

: v v v

E Restore  load  distribution Curb further damage Curb further damage
i capacity, capacity of base Restore capacity of base course

E course capacity capacity, load distribution

i capacity

H

i

E 0 Local replacement O Inserting [0 Sealing, filling

E O Inserting+ filling, sealing O Patching

|

1

|

H

Project for Strengthening Operation and Maintenance System for Expressway in Vietnam SG
Evaluation of cont reinforced concrete
FWD test, load] 98kN
YES
v
No structure
YES Crack larger NO damage
than 0.5mm

YEB
| Presupposeddamage || 1
1 Y v i
: Reduction of load Reduction  of load Crack i
: distribution distribution ;

Reference: NEXCO, Design Protocol (pavement)
Table 1.6-2 Consideration of repair method (continuous reinforced concrete)
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2 Road Structures (Bridges, Box Culverts)
21 General

In implementing operation and maintenance works for structures on expressway, it is quite
important that expressway operator shall formulate maintenance programs and properly carry
out the maintenance activities in order to ensure satisfactory performance of road structures
during expected service lives with experienced personnel and appropriate organization.
Terminologies used in this Chapter are defined in Table 2.2-1:

Table 2.1-1 Terminologies used for Maintenance Work of Road Structures

Terminology Definitions

Maintenance Work All the technical activities conducted so as to ensure the required level of service in
structural performances during service lives.

Performance of Capacities to perform the required functions pursuant to the purposes and requirements.
Structures / Elements
Durability Resistance to the reduction in performance capacities with time due to degradation of

materials in structures under the specified service conditions.

Safety No adverse effects to the lives / properties of road users and surrounding residents is required
of the performance.

Inspection All activities to investigate defect / damage on overall structures and structural elements for
subsequent assessment.

Daily Inspection Visual inspection conducted during daily patrol for early detection of defect / damage.

Routine Inspection Inspection routinely conducted with visual observation and tools / equipment in order to
maintain the structures in sound conditions.

Emergency Inspection to check the safety of road structures when structures will be or were suffered

Inspection from such disasters as earthquake, typhoon and heavy rain, and/or when defects and damage
were found.

In-Depth Inspection | Inspection to obtain additional detail information, which is not available from daily / routine
inspections.

Deterioration General term of initial defect, damage and degradation.

Initial Defect Defects such as crack / cold joint in concrete structure or welding crack in steel structure

occurred during construction or immediately after construction. Defects observed after
construction may be included if such defects are considered due to construction work
activities.

Damage Deterioration occurred within short period of time due to earthquake and collision with
vehicles / vessels, not with time. Fatigue damage with external repetitive forces, though
occurred for extended period of time, may be included. “Damage” will sometimes be used
with the same meaning of “deterioration” in a broad sense.

Degradation Various functions in the structure / element are degraded with time.

Repair Measures taken to remove adverse effects to a third party and to restore / improve aesthetic
appearance / landscape and durability. Included improvement of load-carrying capacity to a
level the structure holds at the time of construction completion.

Reinforcement Measures to increase load-carrying capacities to or greater than a level that such structures
hold at the time of construction completion.

Life Cycle Cost Total cost including all the costs for planning, design, construction, maintenance during
service life and replacement (demolish cost included).

Primary Element An element designed to carry the loads applied to the structure as determined from an
analysis.

Secondary Element | An element in which the stress is not normally evaluated in the analysis.
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211 Performance Requirements for Road Structures

Performance requirements for road structures shall be clearly defined prior to the maintenance

activities.

(1) Performance requirements for typical road structures inspected are safety, serviceability,
effects to a third party, aesthetic appearance / landscape and durability.

(2) Safety for the fracture of structural element, fatigue fracture and the overall stability of
structure shall be inspected.

(3) Serviceability shall ensure comfort on use of structures by road users and surrounding
residents as well as satisfactory levels of required performance for structures.

(4) Effects to a third party shall include injury to road users due to spalling of cover concrete
and noise to the surrounding residents due to vehicle passage.

(5) Aesthetic appearance / landscape shall consider the degradation of performance to
harmony with surrounding environments due to dirt / rust stain on surface and cracks.

(6) Durability on road structures shall be checked on four (4) performance requirements:

safety, serviceability, effects to a third party, and aesthetic appearance / landscape.

--------------------- —— Safety to Fracture of Structural Element

—E— Safety —E—
| i — Safety to Fatigue Fracture & Overall
Required i E Stability of Structure
Performance i E —— Comfort on Use of Structures (Ride
— Serviceability ! Quality)
E E —— Performance to Require Functions on
——— Effects to a third partyi Each Structure (Watertight, etc.)

Aesthetic Apperance / * Degradation of durability shall be

landscape | evaluated with the ratio of predicted

B I residual performance capacities at the
J end of service life to the requirements.

—— Durability

Figure 2.1-1 Classification on Performance Requirements

Expressway shall satisfy high performance requirements in providing smooth, safe and
convenient traffic conditions even with high traffic volume under the inclement weather.
Structures on expressway shall therefore satisfy the following requirements:

(1) Smooth transition between approach embankment and bridge / box culvert;

(2) Deflection of a structure within permissible limit.

(3) Stable structures with sufficient strength under any unforeseen conditions;

(4) No stagnation of water on the surface of bridge deck slab and box culvert;

Dainichi Consultant Inc.
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(5) Free from inundation and overflow during floods with good drainage system;
(6) Structures shall be regularly monitored so that any defects / damage can be detected,

evaluated, and appropriate measures taken so as to ensure required strength.

2.1.2  Evaluation on Soundness of Road Structures

Soundness of structures on expressway shall be evaluated on the followings:

a) Deflection of beam structures;

b) Lateral displacement and settlement of bridge abutments and piers;

c) Rate of deterioration with time on concrete elements, rate of corrosion on steel elements;

d) Dimensions and defect / damage conditions of parapet / railing on bridge and box culvert;

e) Current working performance of expansion joints and differences in level at expansion
joints;

f) Dimensions of bridge bearings, current movement and rotation capacities;

g) Damage on the drainage system,;

h) Cracks, locations of defect / damage, differences in level and flexural deformation on
bridge beams, abutments and piers;

1)  Riverbed scour and riverbank erosion.

21.3 Causes of Damage to Structures

Descriptions are given on major causes of damage to road structures.

2.1.3.1 Substructure
2.1.3.1.1 Scope of Application

This Clause shall apply to concrete abutments and piers, bridge foundations and such

ancillary works as foundation protection, retaining walls and revetments.

2.1.3.1.2 Defect / Damage to Substructure
Typical defect / damage on substructures are described in Table 2.1-2.

Table 2.1-2 Typical Defect / Damage to Substructure

Defect / Damage

- Crack or damage on pier concrete due to collision of debris, vessels and vehicles;
- Crack or damage on bearing seats;
- Crack due to shrinkage and thermal effects on mass concrete;

- Delamination at construction joint, deficiency between precast concrete element and cast-in-place
concrete element;

- Degradation with time and defect / damage on concrete in wetlands and water level variations.
- Abrasion of pier concrete due to water flow;

- Debris, rubbish or dirt sediment on abutments and piers after the floods;

- Dirt/ water stagnation on bearing seat.
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Defects and damage on each type of structure are summarized in Table 2.1-3.
Those on abutments and piers are largely categorized into two (2) types: the ones on surfaces,
and the ones on overall structures such as settlement or displacement.
For bridge foundations, defects and damage visually identified are listed.
For ancillary works, defects and damage resulting in loss of safety of overall structures are
included in the Table.

Table 2.1-3 Defect / Damage to be Inspected by Type of Structure

Type of Structure Defect / Damage to be Inspected

Abutment, Pier (1) Crack, (2) Scaling / Delamination, (3) Rebar Exposed, (4) Void, Honeycomb,
(5) Water Leakage, (6) Free Lime, (7) Rust Stain,

(8) Degradation / Discoloration, (9) Settlement, (10) Displacement

Foundation (1) Settlement, (2) Displacement, (3) Settlement, (4) Undermining

Ancillary Work (1) Crack, (2) Scaling / Delamination, (3) Water Leakage, (4) Free Lime,

(5) Rust Stain, (6) Settlement, (7) Displacement

Table 2.1-4 gives the descriptions on defects and damage to substructures.

Table 2.1-4 Description of Defect / Damage on Substructure to be Inspected

Damage Descriptions

(1) Crack Tension stresses, arisen from materials used, service environments, structural
features and external forces, cause cracks on monolithic concrete elements.

(2) Scaling / Delamination | Cover concrete is dropped off or delaminated due to expansion of corroded
steel reinforcement, internal stress in concrete, poor construction joint and so

on.

(3) Rebar Exposed Steel reinforcement in concrete is exposed due to scaling / delamination of
concrete or poor construction.

(4) Void, Honeycomb Deficiency due to insufficient filling / compaction of concrete in construction
stage.

(5) Water Leakage Water arisen out of road surface and backfilling materials flows out from the

construction joints, cracks forming through element depth, expansion joints,
structural joints such as isolation / contraction joints and deficiencies in
drainage system.

(6) Free Lime Lime contents exudate with water from construction joints or cracks forming
through element depth and dried on concrete surface.

(7) Rust Stain Rust on concrete surfaces effluxes from construction joints or cracks due to
corrosion of steel reinforcement in concrete.

(8) Degradation, Degradation in performance of concrete will occur primarily due to chemical

Discoloration reactions. Discoloration on concrete surface will occur with chemical
reactions.

(9) Settlement Abutments, piers, bridge foundations and ancillary structures are settled.

(10) Displacement Abutments, piers, bridge foundations or ancillary structures are displaced or
inclined.

Wing walls, retaining walls or revetments are displaced ahead

(11) Scour Abutments on riverbank or piers in water may be subject to scour on pile
caps / foundations due to water flow.

(12) Undermining Bridge foundation is exposed / undermined.
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2.1.3.2 Superstructure (Concrete Bridge)
2.1.3.2.1 Scope of Application

This Clause shall apply to the reinforced / pre-stressed concrete beams / girders on

superstructures.

2.1.3.2.2 Defect / Damage on Concrete Superstructure
Defects and damage on concrete superstructures are described in Table 2.1-5.

Table 2.1-5 Typical Defect / Damage on Bridge Deck

Element Defect / Damage
Reinforced Concrete / Cracks due to water leakage and surrounding environments, degradation
Pre-stressed Concrete with time, shrinkage, temperature change and shortage of curing time.

Beam Structures

Bridge Deck Slab Deformation on asphalt concrete, cracks on cement concrete, rupture in
waterproofing

With steel reinforcements in concrete, defect / damage on concrete bridges will need a large
scale of repair / reinforcement works if steel reinforcements are seriously corroded. Concrete
bridges may have less durability due to poor construction or may be degraded at high rate of
progress with severe ambient weather conditions.

Defect / damage to be inspected on concrete bridges are summarized by types of structures in
Table 2.1-6.
Table 2.1-6 Defect / Damage by Types of Structures

Type of Structure Defect / Damage

Reinforced Concrete (1) Crack, (2) Water Leakage / Stagnation, (3) Free Lime, (4) Scaling /
Delamination, (5) Rebar Exposed, (6) Rust Stains, (7) Degradation /
Discoloration, (8) Excessive Deflection, (9) Abnormal Sound, (10)
Excessive Vibration, (11) Extreme Big / Small Girder End Gap, (12)
Settlement, (13) Displacement

Pre-stressed Concrete (1) Crack, (2) Water Leakage / Stagnation, (3) Free Lime, (4) Scaling /
Delamination, (5) Rebar Exposed, (6) Rust Stains, (7) Degradation /
Discoloration, (8) Rupture of Steel, (9) Excessive Deflection, (10) Abnormal
Sound, (11) Excessive Vibration, (12) Extreme Big / Small Girder End Gap,
(13) Settlement, (14) Displacement

Visual inspection is of great importance to identify defect / damage on overall structures or on
expansion joints, bearings, railings and substructure wherever accessibility is ensured, thereby
contributing to the estimate of local defect / damage on other structural elements.

Table 2.1-7 describes defect / damage on overall bridge structures visually observed.
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Table 2.1-7 Descriptions of Defect / Damage on Bridge Structures

Defect / Damage

Descriptions

(1) Excessive Deflection

Unfavorable upward / downward deflections on bridge beams / deck slabs due
to creep and shrinkage in concrete, or shortage of pre-stressing forces given.

(2) Abnormal Sound

Gaps or ruptures at girder ends or element joints cause rattle noise.
Poor connections or abrasion at element joints cause squeak noise.

(3) Excessive Vibration

Visually or sensibly observed excessive vibration of structures.

Girder End Gap

(4) Extreme Big / Small

Collision with girder ends, abutment ballast walls, stoppers and expansion
joints due to extreme small girder end gaps.

Extremely big girder end gap.

(5) Settlement

Bridge supports such as bridge bearings, piers and abutments are settled.

(6) Displacement

Abutments and piers are inclined or laterally displaced.

All the defect / damage on structural elements will not be immediate harms to overall bridge

structures. However, progressive defect / damage, which may cause subsequent serious

problems, shall be identified at an earlier stage so that current degree of deterioration can be

evaluated.

Table 2.1-8 describes defect / damage on bridge structural elements.

Table 2.1-8 Descriptions of Defect / Damage on Bridge Elements

Defect / Damage Descriptions

(1) Crack Tension stresses, arisen from materials used, service environments, structural
features and external forces, cause cracks on monolithic concrete elements.

(2) Water Leakage Water mainly arisen out of road surface flows out from the construction joints,
cracks forming through element depth, expansion joints and deficiencies in
drainage system.

(3) Free Lime Lime contents exudate with water from construction joints or cracks forming

through element depth and dried on concrete surface.

(4) Scaling /

Cover concrete is delaminated due to expansion of corroded steel reinforcement,

Delamination internal stress in concrete, poor construction joint and so on.

(5) Rebar Exposed Steel reinforcement is exposed due to scaling of cover concrete or poor
construction.

(6) Rust Stain Rust on concrete surfaces effluxes from cracks due to corrosion of steel
reinforcement in concrete.

(7) Degradation / Degradation in performance of concrete will occur primarily due to chemical

Discoloration reactions. Discoloration on concrete surface will occur with chemical reactions.

(8) Corrosion

Steel elements in the air or in concrete are oxidized and rusted.

(9) Rupture of Steel

Such factors as poor grouting in ducts, chloride damage, carbonation, seepage
water from cracks cause rupture of pre-stressing tendons or anchorage removal.
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2.1.3.3 Ancillary Works
Typical defects and damage on ancillary works are given in Table 2.1-9.

Table 2.1-9 Typical Defect / Damage on Ancillary Works

Element Defect / Damage on Ancillary Works

Bridge Expansion Joint Damage on block out materials (concrete), clogging with soils or hard
materials, rupture of rubber strip, rupture of drainage trough, dropping the
bolts off, loosening of nuts at anchor bolts.

Bridge Bearing Dirt on bridge bearing, bulging / deformation / cracks in elastomeric
bearings, difference in level, cracks / rupture in PTFE plates, cracks in
grouting materials, corrosion on steel bearing base plates, losses of functions
in rotation and horizontal displacement.

Drainage System Clogging with soils or rubbish in drain boxes and outlets, cracks or rupture
in pipes, disconnection of pipe joints, losses of joints and attachments.

Bridge Parapet / Railing, |Bend on steel railing or posts, cracks or rupture in concrete due to vehicle
Median Strip collision, corrosion in steel railings or posts, dropping off the bolts at post
connections, welding cracks, cracks or ruptures in foundation grouting.

2.1.3.3.1 Bridge Bearing
2.1.3.3.1.1  Scope of Application
This Clause shall apply to the steel and elastomeric bridge bearings.

2.1.3.3.1.2 Defect/ Damage on Bridge Bearing to be inspected
Defects and damage to be inspected on bridge bearings are summarized in Table 2.1-10.

Table 2.1-10 Defect / Damage on Bridge Bearing to be Inspected

Element |Type Defect / Damage
Bridge Steel Bridge (1) Deficiency on Steel, (2) Deficiency on Attachments,
Bearing Bearing (3) Corrosion, (4) Deficiency on Bearing Seat Concrete / Mortar,

(5) Excessive Big / Small Gap, (6) Abnormal Sound,
(7) Sediment of Dirt or Soils

Elastomeric (1) Degradation on Elastomer, (2) Deficiency on Attachments,
Bridge Bearing | (3) Corrosion, (4) Deficiency on Bearing Seat Concrete / Mortar,
(5) Excessive Big / Small Gap, (6) Sediment of Dirt or Soils

2.1.3.3.1.3  Attentions on Defect / Damage to Bridge Bearing

Inspection shall, in principle, be conducted on 100% number of bridge bearings, however, at
difficultly accessible places, it is advised to conduct the incorporated inspection by means of
observing other bridge elements. In implementing the inspection, attention shall be given to
the followings:

(1) Actual movement at horizontally movable bearing or girder end gaps shall be checked

and evaluated in consideration of air temperature at time of inspection;
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(2) Difference in levels shall be carefully checked at expansion joint where bearing seat

mortar is deteriorated or ruptured;

(3) Difterence between guided direction and horizontally moving direction, arisen from

variable width or curved bridge decks, may cause defect / damage or abnormal sound;

(4) Bridge bearings with uplift forces are prone to defects and damage;

(5) Corrosion of bridge bearings is mainly due to sediment of dirt / soils or water leakage

from expansion joints;

(6) Bridge bearing seat mortar will be deteriorated with water leakage;

(7) Wherever horizontal movement and rotation functions are degraded on steel bearings,

sole plates are prone to welding cracks.

2.1.3.3.2 Bridge Expansion Joint
2.1.3.3.2.1  Scope of Application

This Clause shall apply to plug seal, strip seal, cushion seal, steel finger joints and modular

joint system.

2.1.3.3.2.2 Defect / Damage on Bridge Expansion Joint to be inspected

Defects and damage on bridge expansion joints are summarized in Table 2.1-11.

Table 2.1-11 Defect / Damage on Bridge Expansion Joints to be Inspected

Location Inspected

Defect / Damage

Expansion Joint

(1) Rubber or Steel, (2) Sealing Material, (3) Finger / Sliding Plates,
(4) Welding at Finger / Sliding Plates, (5) Seal / Strip / Cushion Rubber,
(6) Loosening or Rupture of Anchor Bolts, (7) Cover Cap for Anchor Bolt

In the Vicinity of Joints

(1) Sealing Material, (2) Opening of Gap

Block out Materials

(1) block out Materials,

(2) Construction Joints between Expansion Joints and block out Materials,
(3) Construction Joints between Expansion Joints and Pavement Materials

Difference in Level

(1) Construction Joints between Expansion Joints and block out Materials,
(2) Construction Joints between Expansion Joints and Pavement Materials

Girder End Gap

(1) Opening of Girder End Gap

Water Leakage

(1) Water Leakage from Joints, (2) Drainage Materials,
(3) Water Leakage from Curbs

Abnormal Sound

(1) Abnormal Sound at Vehicle Passage

2.1.3.3.2.3  Attentions on Defect / Damage to Expansion Joints

Defects and damage on expansion joints may give discomfort ride quality to vehicles as well
as unfavorable adverse effects to bridge structures. It is therefore necessary to give careful
attentions and provide more frequent maintenance works on expansion joints and vicinities.

Causes of defects and damage will mainly be the repetitive impacts with wheel loads. Such
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causes will also result in defects and damage on bridge bearing, bridge deck and substructures.
Hence, careful attention shall also be given to the vicinities of expansion joints when
inspection is implemented.

e Differences in level at expansion joints are caused by fracture of bearing seat mortar,

breakage / depression of bearings and rupture of bearing seats.

Wherever extraordinary defects and damage are observed, it is suspected that the lateral
displacement / settlement of substructures or settlement of approach embankment arises. In
such cases, immediate investigation shall be conducted to recognize the causes.
Expected extraordinary defects and damage on expansion joints are as follows:
(1) Extreme movement or difference in level at girder ends;
(2) Abnormal sound without any reasons;
(3) Defects or damage due to fire or earthquake;

(4) Early detection of similar defects or damage at repair portions.

2.1.3.3.3 Bridge Parapet / Railing
2.1.3.3.3.1  Scope of Application

This Clause shall apply to the reinforced concrete parapet / curb and steel railing.

2.1.3.3.3.2 Defect / Damage on Bridge Parapet / Railing to be inspected
Defects and damage caused on bridge parapets / railings are summarized in Table 2.1-12.

Table 2.1-12 Defect / Damage on Bridge Parapet / Railing to be Inspected

Element Defect / Damage to be Inspected
Reinforced Concrete | (1) Crack, (2) Water Leakage / Free Lime,
Parapet / Curb (3) Scaling of Cover Concrete, (4) Spalling, (5) Rebar Exposed / Corroded
Steel Railing (1) Deformation / Deficiency (due to vehicle collision),
(2) Corrosion

2.1.3.3.4 Drainage System

2.1.3.3.4.1  Scope of Application

This Clause shall apply to drain inlets, drain pipes and attachments installed on bridge
structures.

Drainage system shall perform its roles properly to drain the water out of the bridge deck to
the specific outlets. Lacking of proper functions may cause damage to vehicles on bridge deck,
corrosion or deterioration on bridge structures and adverse effects to a third party under the
bridge deck. Careful attention shall, therefore, be given to the performance of required

functions during the inspection.
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2.1.3.3.4.2 Defect/ Damage on Drainage System to be inspected
Table 2.1-13 and Table 2.1-14 give defect / damage to be inspected and descriptions of such
defect / damage for drainage system.

Table 2.1-13 Defect / Damage on Drainage System to be Inspected

Element Defect / Damage to be Inspected

Drain Inlet (1) Deficiency, (2) Corrosion, (3) Clogging, (4) Deformation,
(5) Deficiency / Corrosion on Fittings, (6) Deficiency on Drain Grates

Drain Pipe (1) Deficiency, (2) Corrosion, (3) Clogging, (4) Disconnection / Unfit,
(5) Deformation, (6) Water Leakage

Attachment (1) Deficiency, (2) Corrosion, (3) Deformation

Table 2.1-14 Descriptions of Defect / Damage on Drainage System

Defect / Damage Descriptions

(1) Deficiency A part or all of drain inlets, drain pipes and attachments are missing.
(2) Corrosion Steel elements are corroded.

(3) Clogging Malfunction of drainage due to clogging in drain inlets and pipes.

(4) Disconnection / Unfit | Drain pipe joints are disconnected.
Drain pipes are unfitted from attachments.

(5) Deformation A part or all of drain inlets, drain pipes and attachments are deformed.

(6) Water Leakage Water leakage is observed due to failure of drain pipe or loosening of joints.

(7) Deficiency on Drain | Drain grates are broken, corroded or missing.
Grates

2.1.3.3.5 Seismic Structures
2.1.3.3.5.1  Scope of Application

This Clause shall apply to anchor bars, concrete blocks and end cross beams of bridge deck.

2.1.3.3.5.2 Defect/ Damage to be inspected

Defects and damage on seismic structures are described in Table 2.1-15. Wherever water
leakage is observed at end cross beams, it is expected corrosion of anchor bars has occurred.
Attention shall be paid to treat the rust stains on structures.

Table 2.1-15 Defect / Damage on Seismic Structures to Be Inspected

Structure Defect / Damage
End Cross Beam (1) Crack, (2) Scaling, (3) Rebar Exposed, (4) Free Lime

Concrete Block (1) Crack, (2) Scaling, (3) Rebar Exposed, (4) Free Lime,
(5) Rust Stain from anchor bars
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2.1.3.4 Culvert
2.1.3.4.1 Scope of Application
This Clause shall apply to box culvert and pipe culvert.

2.1.3.4.2 Defect / Damage on Culvert
Defects and damage caused on reinforced concrete culverts shall follow the specifications

described in 2.1.3.1.

214 Necessity and Purposes of Maintenance Work for Road Structures

Maintenance work comprises inspection, formulation of maintenance program and

maintenance activities, and shall be implemented so as to ensure safe road and to prevent

adverse effects to a third party. Inspection is to collect fundamental data on existing structures

in order to recognize current conditions and to implement scheduled repair / reinforcement

works. Formulation of maintenance program and maintenance activities will be carried out

with a view to ensure the required level of service, to minimize life-cycle cost and to

minimize economic losses due to closure of expressway for repair / reinforcement works.

Proper actions shall be taken to repair / replace defects and damage with appropriate measures

before serviceability limit state is reached.

Specific roles on maintenance work for road structures are given as follows:

1) To ensure safe road and to prevent adverse effects to a third party through early detection
of defects and damage;

2) To formulate mid- or long-term maintenance program by means of identifying
deterioration conditions and properly recognizing rate of deterioration progress;

3) To ensure soundness of road structures for an extended period of time by assessing
current defects / damage and properly evaluating the soundness.

In implementing the inspections, attention shall be paid not only to recognize current defects

and damage, but also to understand the conditions of relevant structures, traffic conditions,

roadside environment and previous incidents arisen out of road structures.

Maintenance program shall be formulated to ensure the required level of performance during

the expected service life. Evaluation of inspection results, subsequent measures, and

record-keeping shall properly be implemented.
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2.1.5 Maintenance Work Flow for Road Structures

2.1.5.1 Major Maintenance Work Flow

As in Figure 2.1-2, maintenance work for road structures comprises assessment procedures
including inspection, estimate of deterioration models, prediction of deterioration progress,
evaluation of rate of current performances and judgment of necessity of measures, measures
taken from the assessment results and record-keeping. Expressway operator shall formulate

maintenance program in order to properly implement the maintenance activities.

Structures

\ 4
Maintenance
dl

Program <

l

e —— ¢- ----------------- -

Inspection

v

Estimate of Deterioration Models,

Prediction of Deterioration Progress
¢ Assessment

\ 4

Record-Keeping

Tv

Evaluation of Actual
Performance

ecision to
Maintehance
Program

Necessity of
Measures

Measures Taken Feedback to Maintenance Program
(Maintenance Work)

Figure 2.1-2 Major Maintenance Work Flow

2.1.5.2 Standard Intervals for Inspection and Maintenance Work

Standard intervals of inspection and maintenance work shall consider the previous inspection

results, current conditions of structures, surrounding environments and service conditions.

(1) Inspections on structures shall consider the purposes of subsequent actions taken;

(2) Initial inspection shall be made so as to identify the initial conditions of structures;

(3) Daily and routine inspections shall be conducted in order to recognize the changes in
structural conditions;

(4) Special and emergency inspections shall consider the purposes of such inspections;
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(5) Daily and routine inspections shall follow the inspection intervals, items and methods
specified in the maintenance program. When it is judged necessary to identify the detail
conditions of structures from the inspection results, in-depth inspection shall be carried
out.

(6) Whenever emergency measures are judged necessary from the inspection results, such

measures shall immediately be taken.

Maintenance —— Initial S %nitial . — To identify the initial conditions of
Activities Maintenance nsnection structures
L Routine })aily ; — To daily recognize the changes in
Maintenance nspection structural conditions
Routine To recognize conditions of structures
Inspection — extensively with maximum interval
P of 12 months
— g/lm?rgency Emergency | To inspect damaged structures due to
aintenance Inspection external forces
Special — To inspect structures similar to
Inspection damaged ones

Figure 2.1-3 Types of Inspection

2.1.5.2.1 Daily Inspection
Table 2.1-16 Standard Intervals for Daily Inspection

Type of Inspection Intervals Traffic Volume, V
Safety Patrol 4 days / 2 weeks V < 25,000 vehicle / day
5 days / 2 weeks 25,000 <V < 50,000 vehicle / day
6 days / 2 weeks 50,000 <V < 80,000 vehicle / day
7 days / 2 weeks 80,000 vehicle / day <V
Inspection of Monitoring As required.
Defects / Damage | General Inspection As required.

For safety patrol, in addition to onboard inspection, direct visual inspection shall be conducted from outside
of patrolling vehicles with maximum 6 month interval inspection.

2.1.5.2.2 Routine Inspection

Maximum inspection interval is 12 months.
2.1.5.2.3 In-Depth Inspection
(1) Maximum inspection interval of 60 months where adverse effects to traffic safety or a

third party is expected.
(2) Maximum inspection intervals of 120 months for other places.
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2.1.5.2.4 Emergency & Special Inspections

Emergency inspections shall be carried out wherever structures are in question in functioning
required performance due to such accidental loads as a large-scale earthquake and typhoon,
collision with vehicles and vessels, and fire.

Special inspections shall be implemented on structures similar to the ones with large scale

defects and damage in other locations or under similar conditions.
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2.2 Inspection

221 Daily Inspection

2.2.1.1 ltems to be Inspected

Daily inspection is implemented to detect defect / damage on structures through daily patrol
so that safe road transport and prevention of adverse effects to a third party are ensured. The
early detection of defect / damage ensures maintained sound road conditions and enables the
formulation of appropriate plans for emergency measures and repair.

It is to visually or sensibly detect the defect / damage on road structures from patrol vehicles
only for the structures observed from the expressway.

Items to be inspected by daily inspection are given in Table 2.2-1. For pavement on road
structures, it is described in Chapter 1.

Table 2.2-1 Defect / Damage to Be Visually or Sensibly Observed with Daily Inspection

Items to be Inspected Defect / Damage Observed
(1) Discoloration / Stain on Concrete ® Presence and extent of water / free lime
® Presence and extent of water leakage
® Presence and extent of rust stain
(2) Rebar Exposed / Corroded ® Concrete cover of reinforcement steel, number and
location of rebar exposed, degree of corrosion
(3) Deflection / Deformation of ® Excessive deflection, displacement, settlement
Structures
(4) Bridge Expansion Joint ® Difference in level, damage on finger plate
(5) Bridge Railing / Curb ® Deformation, damage
(6) Drainage System ® Water stagnation, clogging with soils in drain inlet,
damage on drain pipe, water leakage from drain pipe
(7) Rupture of Pre-stressing Tendons ® Projection of pre-stressing tendons on deck slab and cross
beams due to rupture

2.2.1.2 Evaluation of Defect / Damage

Results of daily inspection are recorded in Forms 2-1, -2, -3, -4 in the Inspection Report.
Extent of defect / damage shall be evaluated with the criteria in Table 2.2-4 — Table 2.2-14 for
each structure, and each defect / damage is classified into one of the following 4 categories in

Table 2.2-2.
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Table 2.2-2 Evaluation Category for Each Defect / Damage (Daily Inspection)

Level of damage Level of priority
Code Description Code ‘ Description
A Good (No defect / damage, or minor defect / Normal
damage are observed)
Average. (Sound functions of a structure are Normal
B maintained, even with defect / damage. Progress of | It needs later inspection and continuous
defect / damage needs to be monitored monitoring.
periodically)
Low (not much impact on the
High. T structure stability. Immediate
Defect / damage may endanger the safety of traffic, counter-measures may not be
C safety of a third party or stability of the structure, needed.)
and needs the study of measures. High (much impact on the
C structure stability. Immediate
counter-measures are needed.)
High (great impact on the
E C structure stability. Immediate
mergency. .
D Extraordinary defect / damage may cause traffic counter-measures are certainly
accidents, danger to a third party or collapse of the needed.)
structure, and needs urgent measures. K Emergency

2.2.1.3 Inspection Methods

Daily inspection is implemented with visual observation by naked eyes, cameras, and/or
binoculars, and on-board sensible observation.

On-board observation is implemented to detect the damage of bridge expansion joints,
excessive deflection and vibration of bridge girders / beams, and is effective for direct
measurement of serviceability.

Wherever serious defect / damage categorized as C or D, which may result in danger to road
transport or a third party, are observed, direct visual inspection or hammering test shall be
carried out from outside of patrolling vehicles. Such results shall be recorded with digital
cameras and in Daily Inspection Record Form.

Photographing is implemented in two forms: close-range view to identify the type and extent
of defect / damage, and distant view to identify the location in a structure. Close-range view

shall include crack gauge, convex and/or measuring poles, if possible.
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222 Routine Inspection on Concrete Structures

2.2.21 Items to be Inspected

Routine Inspection is implemented using the binoculars or access on foot.

If necessary, Routine Inspection can be conducted with visual inspection, hammering, and
simple measurement tools through access to the structure using special equipment.
Degradation, defect / damage, initial defect of elements are investigated in detail on overall
structure.

Items and descriptions to be inspected in routine inspection are given in Table 2.2-3.

Table 2.2-3 Typical Items to Be Inspected in Routine Inspection

Type of Defect / Damage Descriptions
Overall Deterioration Excessive deflection, abnormal sound, excessive vibration,
excessive big / small girder end gap, displacement
Initial Defect Cracks, air voids, honeycomb
Degradation Cracks, free lime, rust stain, scaling / delamination, spalling, rebar

exposed / corroded

Degradation (Pre-stressing Tendons) | Corrosion and rupture of pre-stressing tendons

Deterioration due to External Loads |Cracks

Water Leakage, Water Stagnation | Water leakage, water stagnation

Deterioration on Ancillary Works Defect / damage on bridge bearing and expansion joints, drainage
system

2.2.2.2 Evaluation of Defect / Damage

Results of routine inspection as well as evaluation of defect / damage are recorded in Form
2-1 — 2-5, 2-7, 2-8 of Routine Inspection Record Sheet. Wherever no inspection is
implemented due to impossible access or it is difficult to evaluate, such reasons shall be
recorded in “Remark” with the reasons for no evaluation.

Extent of defect / damage shall be evaluated with the criteria in Table 2.2-4 — Table 2.2-14 for
each structure, and each defect / damage is classified into the following 4 categories in Table

2.2-2.

Whenever defect / damage, which need urgent measures, are found at the routine inspection,
such defect / damage shall be recorded in Form 2-3 and reported. These defect / damage are
also recorded in Form 2-7, since they need urgent measures for a short period of time after

detection.
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Table 2.2-4 Evaluation Criteria (Pre-stressed Concrete Bridge 1/ 2)

% = % 2 § = E g‘) Defect/ Evaluation
S|&S| 8| &2 € Descriptions of Defect / Damage
E|>E|38| 58 = Damage
Z|EE|g3|Eaa D c B
. Girders or slab beams are deformed upward or downward | Extraordinary excessive Deflection of girder or slab beam is
Excessive P Y g
Deflection due to concrete creep or shrinkage, or excessive or short deflection is observed on observed to the extent it is visually O
pre-stressing force. girder or slab beam. confirmed.
Abnormal Rattle noise due to gap or rup ture at m'emberjomts at the Abnormal sound is observed at the time
time of vehicle passage or creaking noise due to defect or O . O
Sound . O of vehicle passage.
% abrasion at member joints is observed.
=]
5 Excessive . T . Excessive vibration is visually or
= o Excessive vibration is visually or sensibly observed. g . O
8 Vibration sensibly observed.
Q
g Excessive Big/ | Adjacent girder ends, girder and abutment, stoppers or Girder end ean is closed or excessivel Excessive bigger or smaller
— Small Girder expansion joint plates are collided or at an extraordina O £ap y irder end gap is detected
= p jomtp ry opened g gap
g End Gap distance. P ' compared to design value.
o Due to uneven settlement of
o . . o . .
=0} 5 Uneven settlement between bridge bearings or supports supports, reduction in load Due to. uneven settlem@nt of sup P or'ts, Slight settlement is observed on
g g pp Pp g
) =t Settlement . . - . reduction in load carrying capacity is .
5 5 (piers / abutments) is observed. carrying capacity is suspected on bridee deck bridge deck.
Q ) observed on bridge deck. P g '
e 1 ; ;
[ Q Q
D5 g Displacement Abutment or pier is inclined or laterally displaced. B'rldge deck is largely Bridge deck is slightly displaced. g
=l 3 o displaced.
as] k=) =l ] X
2 2 a C face i d hroush Water leakage is observed at all times
§ & g ‘g oncrete 'sur'ac'e 18 Wgt ue to wgter seepage throug] irrespective of weather conditions. Water leakage or water stain is
2 7 ST Water Leakage | construction joint, filling of opening or crack, or due to O Water leakage is ob d at the foi observed after rain
] o] g @ water leakage from drainage system or expansion joint. ater leakage 1s observed at the jonts '
~ ~ a2 of segments.
5 =
2 0
§ = | Water Water is entered into crossing points of members or inside 0 Water stagnation is observed Water stagnation is observed
= | Stagnation the box girder and stagnated. irrespective of weather conditions. after rain.
g1 g gn P
Fracture due to tension stresses caused mainly by materials Small «s. which lightl
Crack used or construction workmanship such as dry shrinkage. 0 Cracks, resulting in reduction of 1;:; toctrI?eC: reS:’d‘LTctli(c:m Iirrllay shghtly
5 Cracks around pre-stressing tendons or anchorage plates durability, are observed. durability, are observed.
< will be evaluated by corrosion or fracture of tendons.
=) .
.:‘:3 Air voids or honeycombs may present in concrete due to Qor'é}g/foﬁil: z?ria(;{)::rl\(/i: dor
ki Air Void, poor concrete works. 0 Void b di ’ tressi Air void or honeycomb is
Honeycomb Voids may be remained in pre-stressing tendon duct due to 01ds are observed In pre-stressing observed.
. tendon ducts due to poor grouting
poor grouting works. works
*

Wherever overall deterioration such as excessive deflection, abnormal sound and excessive vibration is observed, immediate in-depth inspection shall be implemented.
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Table 2.2-4 Evaluation Criteria (Pre-stressed Concrete Bridge 2 / 2)

% k) % E g £ Defect / fect / Evaluation
3|(8&s g g | Type of Defect Defect Descriptions of Defect / Damage
E|>E|3 8 Damage Damage
7| FalmAa D C B
Fracture in concrete due to tensile stress mainly arisen from Small «s. which
Crack environmental conditions in use (chloride damage, etc.). o Cracks, resulting in reduction of 51?;}11 tl;l’lag(; ds,t (:Nt hl:rerzlllilgt onin
Cracks around pre-stressing tendons or anchorage plates durability, are observed. durability, are observed
will be evaluated by corrosion or fracture of tendons. ’ ’
Lime contents exudate with water from construction joints
or cracks forming through element depth and dried on L.
Free Lime concrete surfac eg & P 0 Exudate of water and/or free lime is Exudate of water and/or free
. . extensively observed. lime is locally observed.
Free lime around pre-stressing tendons or anchorage plates
will be evaluated by corrosion or fracture of tendons.
Rust arisen due to corrosion of reinforcement steel is R in with leakae i
. flowed out with water from cracks in concrete. .. ust stamn with water leakage 1s
Rust Stain . . ad Rust stain is remarkably observed. locally observed due to
Degradation on Rust stain around pre-stressing tendons or anchorage plates corrosion of reinforcement steel
Concrete will be evaluated by corrosion or fracture of tendons. '
o =
%ﬂ s Scaling or delamination of concrete surface due to swell of
m G] . corroded steel in concrete, internal stress in concrete or poor . L
> ° Scaling / construction oint A large scale of scaling or delamination Seali delamination i
b5 L Delamination / ) J o . O is extensively observed. caling or delamination 1s
& 2 ] i Scaling / delamination around pre-stressing tendons or . S locally observed.
3 g 5 Spalling . . Scaling or delamination is scattered.
2| & &) anchorage plates will be evaluated by corrosion or fracture
Al 3 of tendons.
] ]
2 & Rebar Loss of section of . . . .
2 @ . . . .. . . | Reinforcement steel is exposed and Reinforcement steel is locally
5 S Exposed / Reinforcement steel in concrete or in the air is corroded. reinforcement steel is .
2 & . seriously corroded. exposed or corroded.
~ ~ Corroded extensively observed.
Discoloration Concrete element is deteriorated mainly due to chemical 0 Discoloration is observed on concrete Discoloration is locally
reaction and discolored on surface. surface with cracks. observed on concrete surface.
Pre-stressing tendon is corroded.
Cracks, free lime, rust stain, scaling /
Degradation on | Rupture of Pre-stressing tendon in concrete or in the air is corroded. Pre-stressing tendon | delamination or spalling is observed
Pre-stressing Pre-stressing Pre-stressing tendon is fractured due £ . is fractured or along the pre-stressing tendon. ad
re-stressing tendon is fractured due to corrosion. .
Tendons * Tendon g extruded. Block out material at anchorage plate
has crack, free lime, rust stain, scaling /
delamination or spalling.
Deterioration due
to Structural Fracture in concrete due to tensile or compressive stress - . . . -
Crack . . Descriptions are given in Table 2.2-5 (evaluation criteria by pre-stressed concrete element).
Features and mainly arisen from structural features or external forces.
External Forces
%

In-depth inspection shall be implemented whenever water leakage and/or free lime are observed at pre-stressing tendons.
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Table 2.2-5 Evaluation Criteria (Cracks by Locations of Pre-stressed Concrete Girder)

° o Evaluation
5 )
o | B g
5| E 3 Type of
g \ = Defect / Defect / Damage | Descriptions of Defect / Damage
3 S g Damage D C B
=3 =)
> 5]
S =
At End Support Vertical or diagonal cracks are O 0
observed around the support line.
At Intermediate Vertical cracks are observed on a 0 0
o 5 Support girder.
o ) .
= 5 At the Center of Vertical cracks are observed at O 0
C; o |aSpan Deterioration lower flange of a girder.
o o .
2 E g At the Quarter cshtle t(t) | frac.ture mn concrete.due :0 Diagonal cracks are observed on 0 0
3 g & |ofaSpan ructura Crack ension or compression stress a girder web.
& O Features or arisen from structural features or
el = .
2 2 | Joint of External external forces. Cracks are observed along the 0 0
8 6 | Segment Forces * segment joint.
7] b7
o o Progressive cracks are observed Dead crack is observed around
A & | At Anchorage at anchorage plates of O pre-stressing tendon anchorage
pre-stressing tendons. plates.
At the Notch Diagonal cracks at the notch are 0 0
observed.

*  Immediate in-depth inspection shall be implemented when deterioration due to structural features or external forces is observed.
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Table 2.2-6 Evaluation Criteria (Concrete Deck Slab)

Evaluation
g % 5 Type of Defect /
2] £ s Defect / Descriptions of Defect / Damage
=1 2 2 Damage
@ | @ | 3 | Damage D C B
Fracture i e due to tensile / . Cracks with free lime and/or rust Small Ks. which lightl
. racture in concrete due to tensile / compressive stain are extensively observed. Cracks, resulting in reduction of mall cracks, which may slightly
. Crack stress mainly arisen from materials used or L £ section of rein durability, are observed lead to the reduction in durability,
Initial construction workmanship. 0SS ,O section of reinforcement s . are observed.
Defect steel is suspected.
Air Void, Air voids or honeycombs may present in concrete 0 A large scale of air voids and/or | Air voids and/or honeycomb are
Honeycomb * | due to poor concrete works. honeycombs are observed. observed.
Fracture i e due to tensile / . Cracks with free lime and/or rust Small «s. which lightl
. racture in concrete due to tensile / compressive stain are extensively observed. Cracks, resulting in reduction of mall cracks, which may slightly
Crack stress mainly arisen from environmental conditions L ¢ . Freinf durability. are observed lead to the reduction in durability,
in use. oss of section of reinforcement Y, . are observed.
steel is suspected.
Li tent: date with water fi tructi . .
. ime contents exudate with water from construction Exudate of water and/or free lime | Exudate of water and/or free lime
Free Lime joints or cracks forming through element depth and O . . .
o o) . is extensively observed. is locally observed.
< S dried on concrete surface.
[75] wn
) T‘ﬁ é Rust stain is remarkably
=1 A a . . . . observed. Rust stain with water leakage is
= ° o Rust Stain Rust arisen due to corrosion of reinforcement steel is 0 Rust stain from pre-stressin locally observed due to corrosion
@ L & | Degradation flowed out with water from cracks in concrete. p g .
= 2 tendons or anchorage plates is of reinforcement steel.
S 3 observed.
A large scale of scaling or
Scaling / Scaling or delamination of concrete surface due to delamination is extensively Sealing or delamination is locall
Delamination / | swell of corroded steel in concrete, internal stress in 0 observed. observge d y
Spalling * concrete or poor construction joint. Scaling or delamination is '
scattered.
Rebar Exposed / | Reinforcement steel in concrete or in the air is Loss of section of reinforcement | Reinforcement steel is exposed Reinforcement steel is locally
Corroded * corroded. steel is extensively observed. and seriously corroded. exposed or corroded.
Concrete .surfac.e is wet due to wgter seepage through Water leakage is observed at all o
Water construction joint, filling of opening or crack, or due . . . Water leakage or water stain is
Water Leakage . . ad times irrespective of weather .
Leakage to water leakage from drainage system or expansion o, observed after rain.
joint conditions.

*

slab by visual inspection and/or hammering test. Free lime or rust stain may be the clue for detection of defect / damage.

Wherever precast reinforced concrete panel is used as form of deck slab concrete casting, it is not possible to detect such defect / damage as cracks on bridge deck
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Table 2.2-7 Evaluation Criteria (Substructure)

[ - o .
5 5 S Type of Defect / Evaluation
9 =) 5] Defect / Descriptions of Defect / Damage
= 2 2 Damage
a m S Damage D C B
. . . Cracks with free lime and/or rust stain are .
Fracture in concrete due to tensile / compressive stress - L . Small cracks, which may
. . : 5 extensively observed. Cracks, resulting in reduction of . ..
Crack mainly arisen from materials used or construction . . . o slightly lead to the reduction in
.. . Loss of section of reinforcement steel is durability, are observed. o
Initial Defect workmanship. durability, are observed.
suspected.
Air Void, Air voids or honeycombs may present in concrete due to O A large scale of air voids and/or Air voids and/or honeycomb are
Honeycomb | poor concrete works. honeycombs are observed. observed.
Fracture in concrete due to tensile stress mainly arisen - . Small cracks, which may
. o . Cracks, resulting in reduction of . Lo
Crack from environmental conditions in use (chloride damage, 0O - slightly lead to the reduction in
durability, are observed. p
etc.). durability, are observed.
. le ¢ contents exuda?e with water from construction . Exudate of water and/or free lime is | Exudate of water and/or free
Free Lime joints or cracks forming through element depth and dried O . o
extensively observed. lime is locally observed.
on concrete surface.
. . . . Rust stain with water leakage is
. Rust arisen due to corrosion of reinforcement steel is L
Rust Stain . . 0 Rust stain is remarkably observed. locally observed due to
flowed out with water from cracks in concrete. . £ roinf  steel
Degradation corrosion of reinforcement steel.
Scaling / Scaling or delamination of concrete surface due to swell A large scale of scaling or . R
> . . . T : Scaling or delamination is
Delamination | of corroded steel in concrete, internal stress in concrete 0 delamination is extensively observed.
. L . o locally observed.
/ Spalling or poor construction joint. Scaling or delamination is scattered.
I g Reb
2 £ 2 coar . . . .. Loss of section of reinforcement steel is Reinforcement steel is exposed and Reinforcement steel is locally
o 3 2 Exposed / Reinforcement steel in concrete or in the air is corroded. . .
2 = & extensively observed. seriously corroded. exposed or corroded.
a z z Corroded
& & . . Concrete element is deteriorated mainly due to chemical Discoloration is observed on concrete | Discoloration is locally observed
Discoloration . . 0 .
reaction and discolored on surface. surface with cracks. on concrete surface.
Overall substructure, bridge foundation or ancillary Overall substructure, bridge foundation or Overall 'substruc‘a'lre, bridge
Settlement . foundation or ancillary works are O
works are settled. ancillary works are largely settled.
Settlement, settled to a small extent.
Displacement - - -
Overall substructure, bridge foundation or ancillary . . Overall substructure, bridge
. . P Overall substructure, bridge foundation or . .
Displacement | works are displaced or inclined. . . foundation or ancillary works are O
. . . . ancillary works are largely displaced. .
Wing walls or riverbanks are horizontally displaced. displaced to a small extent.
Water Water Concrete ‘surfac-e s wet due to water seepage through Water leakage is observed at all times | Water leakage or water stain is
construction joint, filling of opening or crack, or due to O . . o .
Leakage Leakage . S irrespective of weather conditions. observed after rain.
water leakage from drainage system or expansion joint.
Footing or caisson is exposed to the level
Abutments facing the river water or piers in the river exceeding the design consideration due to | Footing or caisson is exposed due to
Scour may be subject to scour around footing / pile cap or scour or riverbed degradation scour or riverbed degradation 0
Scour, bridge foundation. Wing walls on abutment are remarkably Wing walls on abutment are scoured.
Exposure
scoured.
Exposure Bridge foundation is exposed. Bridge foundation is remarkably exposed. frgzi%eei?eurﬁdatlon is exposed to a O
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Table 2.2-8 Evaluation Criteria (Bridge Bearing 1/2)

Type of Defect /
Damage

Structure
Element
Location

Defect / Damage

Descriptions of Defect / Damage

Evaluation

D

C

Deterioration on
Bridge Bearing

Degradation on
Bridge Bearing

Such degradation with time as cracks and deformation is
observed on bridge bearing.

Load carrying function is impaired
due to compressive failure of such
vertical load carrying elements as
upper bearing, lower bearing and
base plate.

Due to abrasion of sliding / rolling
elements, an up-and-down motion is
observed.

Slight deterioration such as cracks is
observed on vertical load carrying
elements.

Reduction in functions of
displacement and rotation is
observed.

Defect / Damage on
Bridge Bearing

Defect / damage due to such short-term events such as
earthquake are observed on bridge bearing.

Load carrying function is impaired
due to compressive failure of such
vertical load carrying elements as
upper bearing, lower bearing and
base plate.

Bearing plates are / may be in
danger to be removed from the pot
or derailed from lower bearing.

Slight deterioration such as cracks is
observed on vertical load carrying
elements.

functions of
rotation  is

Reduction in
displacement
observed.

and

Corrosion on Bridge
Bearing

Degradation on surface coating, corrosion, loss of
section or fracture is observed on bridge bearing.

Due to serious corrosion, vertical
load carrying function is impaired.
Bearing plates are / may be in
danger to be removed from the pot
or derailed from lower bearing.

Due to corrosion, reduction in
vertical load carrying capacity is
observed.

Due to corrosion, reduction in
functions of displacement and
rotation is observed.

Bridge
Bridge Bearing

Deterioration on
Attachments

Steel Bridge Bearing

Defect / Damage on

Degradation with time such as cracks and deformation is
observed.

Rupture of set bolts.
Deterioration of side block, etc.

Loosening of set bolts, side block

] i . bolts and/or nuts used for anchor
Attachments Defect / damage due to such short-term events such as iup;urebo f151de block bo(ljts q bolts are observed
earthquake are observed on attachments nchor bolts are ruptured an: '
extruded.
Corrosion on Degradation on surface coating, corrosion, loss of O Loss of section is observed due to Attachments are corroded with

Attachments

section or fracture is observed on attachments.

corrosion.

deterioration of surface coating.

Deterioration on
Bridge Bearing
Seat Mortar /
Concrete

Defect / Damage on
Bridge Bearing Seat
Mortar / Concrete

Degradation with time or defect / damage due to
earthquake is observed on bridge bearing seat mortar /
concrete.

Due to deterioration of bridge
bearing seat mortar / concrete,
vertical load carrying function is
impaired.

Cracks and voids are observed on
bridge bearing seat mortar /
concrete.

Small cracks or scaling are observed
on bridge bearing seat mortar /
concrete.

Excessive Big /
Small Girder End
Gap

Excessive Big /
Small Girder End
Gap

Adjacent girder ends, girder and abutment, stoppers or
expansion joint plates are collided or at an extraordinary
distance.

Load carrying function is impaired
due to remarkable displacement of
upper and lower bridge bearings.

Actual displacement is reached to
the maximum permissible level.
(Stopper hits to the wall)

Actual displacement exceeds the
design requirement.

Rattle noise due to gap or rupture at member joints at

A large volume of sound is

A sound is generated from a bridge

drainage system

drainage system or expansion joint.

irrespective of weather conditions.

Abnormal Sound | Abnormal Sound the time of vehicle passage or creaking noise due to O enerated bearin
defect or abrasion at member joints is observed. & ’ &
Sediment of Sediment of rubbish / | Sediment of rubbish or soils adversely affect to bridge 0 Bridge bearing is buried under Rubbish and soils are sediment
rubbish / soils soils bearing and its attachments. rubbish and soils. around bridge bearing.
Water Leakage Water leakage from | Bridge bearing is wet due to water leakage from 0 Bridge bearing is wet at all times Bridge bearing is wet after rain.
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Table 2.2-8 Evaluation Criteria (Bridge Bearing 2 / 2)

i‘s’ =) g Evaluation
2 2] o= L
9 =) S Type of Defect / Defect / Descriptions of Defect / Damage
gl & 2 Damage Damage
@ | B3 D C B
Degradation on | Such degradation with time as cracks and Yenlpal load carrying capacity is Cracks, swell, shearing and/or Cracks, swell, shearing and/or
: . L . . impaired due to compressive tear off are observed on overall tear off are locally observed on
Bridge Bearing | deformation is observed on bridge bearing. . . . . . . .
failure of elastomeric bearing. elastomeric bearing. elastomeric bearing.
Lo Defect Vertical load i ity i k 11, sheari k 11, sheari
Deterioration on | 2¢€® / Defect / damage due to such short-term events Vertical load carrying capacity is Cracks, swell, shearing and/or Cracks, swell, shearing and/or
. . Damage on . . impaired due to compressive tear off are observed on overall tear off are locally observed on
Bridge Bearing . . such as earthquake are observed on bridge bearing. | . . . . . . . .
Bridge Bearing failure of elastomeric bearing. elastomeric bearing. elastomeric bearing.
. Degradation on surface coating, corrosion, loss of . .
Corrosion on . . Upper / lower bridge bearing are
. . section or fracture is observed on steel elements of ad Steel elements are corroded.
Bridge Bearing bridge bearing corroded.
Degradati ith i h ks and Rupture of set bolts.
egradation with time such as cracks an . . . X .
L Defect / d fg ion is ob q Deterioration of side block, etc. | Loosening of set bolts, side block
Deterioration on eformation is observed. )
Damage on 0 Rupture of side block bolts. bolts and/or nuts used for anchor
Attachments Attachments Defect / damage due to such short-term events bolts are observed
o such as earthquake are observed on attachments Anchor bolts are ruptured and
g extruded.
<
) A Corrosion on Degradation on surface coating, corrosion, loss of 0 Loss of section is observed due to | Attachments are corroded with
= & o Attachments section or fracture is observed on attachments. corrosion. deterioration of surface coating.
& CGE T |Deterioration on -~y
S i i Defect S :
5 /M | Bridge Bearing clec
2 | 2 Seat Mortar / Damage on Degradation with time or defect / damage due to Due to deterioration of bridge Cracks and voids are observed on | Small cracks or scaling are
S 5 . . . . . bearing seat mortar / concrete, . . . .
= Concrete Bridge Bearing | earthquake is observed on bridge bearing seat . . . bridge bearing seat mortar / observed on bridge bearing seat
2a) g vertical load carrying function is
S Seat Mortar / mortar / concrete. . . concrete. mortar / concrete.
& Concrete impaired.
m

Excessive Big /

Excessive Big /

Adjacent girder ends, girder and abutment,

Load carrying function is
impaired due to remarkable

Actual displacement is reached to

Actual displacement exceeds the

Small Girder Small Girder stoppers or expansion joint plates are collided or at | .. falli ¢ the maximum permissible level. desi .
End Gap End Gap an extraordinary distance 1P acement or fa 1ng outofa (Stopper hits to the wall) esign requirement.
’ girder from the bearing. pp
Rattle noise due to gap or rupture at member joints
Abnormal at the time of vehicle passage or creaking noise A large volume of sound is A sound is generated from a
Abnormal Sound . Lo O . ¢
Sound due to defect or abrasion at member joints is generated. bridge bearing.
observed.
Sediment of Sediment of Sediment of rubbish or soils adversely affect to 0 Bridge bearing is buried under Rubbish and soils are sediment
rubbish / soils rubbish / soils | bridge bearing and its attachments. rubbish and soils. around bridge bearing.
Water leakage . L Bridge bearing is wet at all times
Water Leakage | from drainage Bridge bearing is wet due to water leakage from O irrespective of weather Bridge bearing is wet after rain.

system

drainage system or expansion joint.

conditions.
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Table 2.2-9 Evaluation Criteria (Bridge Expansion Joint)

ol o o Evaluation
2§ = Type of Defect /
S| £ s P Defect / Damage Descriptions of Defect / Damage
2|2 2 Damage
@kl A D C B
Defect /D Cracks on face plate, defect or swell
Deterioration on 0; 1;:)(; anszii(r)rrllage Degradation with time or defect / damage due to | in welding is observed. Loss of elastomeric material is 0
Expansion Joint Joint P earthquake is observed on expansion joints. Loss of anchor bolts and nuts is observed.
observed.
L Gap is observed between block out
Deterioration on | Defect / Damage material and bridge deck, or
Blockout on block out Degradation with time or defect / damage due to between plug seal material and
Material & Material & . M, O : O
earthquake is observed on expansion joints. asphalt pavement material.
= | Asphalt Plug Asphalt Plug Seal Crack b 4 on block out
'S | Seal Material Material rac s are observed on O,C ou
o material or plug seal material.
| €5 i
31 8 Vehicles are out of control or
o o E . . .
= s £ violently bounded at abutment due Il)(;fference in level E(lit f‘bun}?em is
o | 2 é ‘E" to remarkable difference in level. ) Omm or greater and less than
5n mm.
."g §_ 52 Difference in Difference in Roughness or difference in level is observed at or | 20mm or greater difference in level Diff in level . 0
algl 2 2 |Level Level in the vicinity of the expansion joint. is observed at abutment. ifference i level at crossing
o | &= 10 er diff i level structure or at boundary of cut / fill
2| 58 -Umm or greatel dillerence M IeVeL | a0, js 10mm or greater and less
s 2@ is observed at crossing structure or than 30mm
al o« .5 at boundary of cut / fill area. ’
=
2 Water leakage is observed even with
“ Water leakage from expansion joint affects small rains, and gives adverse
Water Leakage | Water leakage adversely to other bridge elements. effects to bridge bearings and bridge Water leakage is observed. 0
structures.
Abnormal Sound | Abnormal Sound Abnormal sound is generated at times of vehicle 0 Abnormal sqund is generated at 0
passage. times of vehicle passage.
Excessive Big/ | Excessive Big/ . . . Girder end gap is closed or Girder end gap is smaller or
. . Girder end gap is excessively small or .S . .
Small Girder End | Small Girder End . 0 extraordinarily opened. bigger compared to design
extraordinarily opened. .
Gap Gap requirement.
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Table 2.2-10 Evaluation Criteria (Bridge Railing and Curb)

Structural Features
and External Forces

Steel Bridge Railing

deformation.

deformation.

g = g Evaluation
2| g 3= Type of Defect / Defect / -
S| E 54 P Descriptions of Defect / Damage
2|8 2 Damage Damage
7| = 2 D C B
Fracture i te due fo tensile / ive st Cracks with free lime and/or rust Small Ks. which
racture in concrete due to tensile / compressive stress : : L . mall cracks, which ma;
_ 1 \ p . stain are extensively observed. Cracks, resulting in reduction of . j Yoo
Crack mainly arisen from materials used or construction Fsecti freinfi durability. are observed slightly lead to the reduction in
workmanship. Loss of section of reinforcement ¥, ) durability, are observed.
i steel is suspected.
Initial Defect — -
Air voids or honeycombs may present in concrete due to
Air Voids, poor concrete works. 0 A large scale of air voids or Air void or honeycomb is
Honeycomb Voids may be remained in pre-stressing tendon duct due honeycombs are observed. observed.
o to poor grouting works.
=
Q Fracture in concrete due to tensile stress mainly arisen L . Small cracks, which may
=] . P . Cracks, resulting in reduction of . Lo
g Crack from environmental conditions in use (chloride damage, 0 - slightly lead to the reduction in
< durability, are observed. .
o etc.). durability, are observed.
E Lime contents exudate with water from construction L
2 . . . Exudate of water and/or free lime is Exudate of water and/or free
° Free Lime joints or cracks forming through element depth and O . S
9 . extensively observed. lime is locally observed.
5 dried on concrete surface.
ko
M Rust stain with water leakage is
£ g Rust Stain Rust arisen due to corrosion of reinforcement steel is O Rust stain is remarkably observed lol(l:all obs‘grlvegv due to ¢
3 § Deterioration due to flowed out with water from cracks in concrete. y ’ Y Freinf ¢ steel
2 g Degradation corrosion of reinforcement steel.
| 2 2 Scaling / Scaling or delamination of concrete surface due to swell A large scale of scaling or delamination . L
o | = | o . . X . ively ob d Scaling or delamination is
5l S Delamination / | of corroded steel in concrete, internal stress in concrete O 1s extensively observed. locally observed
f 3 Spalling or poor construction joint. Scaling or delamination is scattered. ’
o0
Z Rebar Exposed . . . . Loss of section of reinforcement Reinforcement steel is exposed and Reinforcement steel is locall;
p p y
Jed) Reinforcement steel in concrete or in the air is corroded. . . .
/ Corroded steel is extensively observed. seriously corroded. exposed or corroded.
Discoloration Concrete element is deteriorated mainly due to chemical 0 Discoloration is observed on concrete | Discoloration is locally observed
reaction and discolored on surface. surface with cracks. on concrete surface.
Deterioration due to . . . Due to extraordinary cracks, Though extraordinary cracks are
Fracture in concrete due to tensile or compressive stress . . . .
Structural Features | Crack mainly arisen from structural features or external forces spalling and/or compressive failure | observed, broken pieces of concrete are | Cracks are locally observed.
and External Forces Y " | in concrete are observed. not dispersed.
Deterioration due to Corrosion Steel elements in the air are corroded Losses of sections on primary steel | Steel elements are extensively Steel elements are locally
Degradation : elements are observed. corroded. corroded.
No required function is performed . . . . .
. . quure peric Malfunction of primary elements is Slight cracks and deformation
Deformation, | Permanent deformation and damage caused due to due to serious damage on primary observed due to cracks and are observed on prima
Deterioration due to | Damage vehicle collision and earthquake. elements with cracks and pnmaty

elements.

Loosening and
Loss of Bolts /
Nuts

Loosening or losses of bolts and nuts on connections
between posts and railings are observed.

Posts and railings are in danger of
dropping off due to losses of bolts
and nuts.

Posts and railings are still remained,
though bolts / nuts are lost.

Bolts / nuts are still remained,
though they are loosened.
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Table 2.2-11 Evaluation Criteria (Drainage System)

g g é Type of Evaluation
‘é} g s Defect / Defect / Damage Descriptions of Defect / Damage
al@| 3 Damage D ¢ B
Deficiency, — . . With overflow even at time of small
Lo K Deterioration such as deficiency, corrosion, . L . . . . L
Deterioration | Corrosion, - . . rain and deterioration on drain box, Drain box is not properly Slight deterioration is observed
. . deformation and loss is observed on drain . . . o .
on Drain Box | Deformation and box. adverse effects are given to a third party | functioned due to deterioration. on drain box.
Loss of Drain Box ’ or to bridge structure / bridge bearing
®
2
= | Deterioration | Defect, Corrosion and — . . Extraordinary deterioration is Drainage function is not well
-3 . - Deterioration such as deficiency, corrosion - L
£ | on Drain Deformation of S . O observed on drain cover and/or performed due to deterioration on
a and deformation is observed on drain cover. .
Cover Cover attachments. drain cover and attachments.
Drainage function is impaired due to L
. . . . . .o Though water stagnation is
Sediment of clogging with soil in drain box, thereby | Water stagnation is observed on observed on bridee surface for a
Rubbish and | Clogging with Soils | Clogging with soils is observed in drain box. | resulting in overflow and adverse bridge surface due to improper . 8 .
. . . . . short period of time, drainage
" Soils effects to a third party, bridge structure | function of drainage system. S
5] . . function is ensured.
= and bridge bearing.
E Deficiency, With overflow even at time of small Trough is not properly functioned
2 _g Deterioration | Corrosion, Deterioration such as deficiency, corrosion, | rain and deterioration on trough, adverse | due to deterioration. Slight deterioration is observed
© = g on Trough Deformation and deformation and loss is observed on trough. | effects are given to a third party or to Extraordinary deterioration is on trough.
2 'g S Loss of Trough bridge structure / bridge bearing. observed on attachments.
g= o g
ARlel g8 Drai tion is impai t o
&l ¢~ . ramage fu.nc ton s impaired due to .o Though water stagnation is
S| 5 Sediment of clogging with soil in trough, thereby Water stagnation is observed on observed on bridee surface for a
n| 2 Rubbish and | Clogging with Soils | Clogging with soils is observed in trough. resulting in overflow and adverse bridge surface due to improper . 8 .
<] 22ing 2ging g g g prop:
o | 8 . . . . short period of time, drainage
e | Soils effects to a third party, bridge structure | function of trough. S
S . . function is ensured.
5 and bridge bearing.
Deficiency, Deterioration such as deficiency. corrosion With overflow even at time of small Drain pipe is not properly
Deterioration | Corrosion, . . ¥, .~ | rain and deterioration on drain pipe, functioned due to deterioration. | Slight deterioration is observed
. K deformation and loss is observed on drain . . . . L. N
on Pipe Deformation and ine adverse effects are given to a third party | Extraordinary deterioration is on drain pipe.
Loss of Pipe pipe. or to bridge structure / bridge bearing. | observed on attachments.
o . Water leakage is observed from the s .
2 — Corrosion, — . . - R Drain pipe is not properly Though water leakage is
& | Deterioration . Deterioration such as corrosion, deformation | opened joints, thereby resulting in . LT . Lo
. Deformation and . S g functioned due to deterioration of | observed, drainage function is
£ |onJoint . and loss is observed on drain pipe joint. defect / damage to bridge structure and | . .
] Loss of Joint . - joints. ensured.
A bridge bearing.

Sediment of
Rubbish and
Soils

Clogging with Soils

Clogging with soils is observed in drain
pipe.

Drainage function is impaired due to
clogging with soil in drain pipe, thereby
resulting in overflow and adverse
effects to a third party, bridge structure
and bridge bearing.

Water stagnation is observed on
bridge surface due to improper
function of drain pipe.

Though water stagnation is
observed on bridge surface for a
short period of time, drainage
function is ensured.
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Table 2.2-12 Evaluation Criteria (Earthquake-Resistant Devices)

° - o Evaluation
2 g £ Type of Defect /
g g § Defect / Damage Descriptions of Defect / Damage
3 o S Damage D C B
. Extraordinary deterioration such
. . L Degradation / . Lo .
g g Deterioration S . L as cracks and scaling / Deterioration such as cracks is . L
8 8 Damage on Deterioration such as crack, scaling, delamination L . Slight deterioration such as cracks
A7) A7) on Concrete . delamination is observed. Load observed. It may cause reduction | .
@ @ Concrete and rebar exposed is observed. . L . . ; is observed.
© Y % | 8 » |Elements carrying capacity is thereby in load carrying capacity.
o | X8| &g Elements
< o2 | 2 reduced.
F | 22|25
;A s5A| A L .
= = Deterioration . With the anchor bars corroded, o
= = Corrosion on = L Rust stain is observed due to
5 5 on Steel Anchor bars are corroded. rust stain is extraordinarily . 0
m m Anchor Bars corrosion of anchor bar.
Elements observed.
Table 2.2-13 Evaluation Criteria (Inspection Platform)
% g g Type of Evaluation
£ g 2 Defect / L.
E 5 g Defect / b Descriptions of Defect / Damage
= = amage
2 - ~ Damage & D C B
Deficiency, Required function is
Corrosion and | Deterioration such as deficiency, corrosion and extraordinarily impaired due to With the deterioration on
Deformation | deformation is observed on steel platform O deterioration on inspection platform, required function is not
on Steel including slab, ladder steps and attachments. platform such as deficiency, well performed.
£ 5 Deterioration | Platform corrosion and deformation.
S S . . Lo
k= £ | Platform | peficiency and Required function is
o = = . Lo . . L . . Lo
20 ‘; t‘ Scaling / Deterioration such as deficiency, scaling / extraordinarily impaired due to With the deterioration on
& 'g % Delamination | delamination is observed on concrete platform O deterioration on inspection platform, required function is not
% § on Concrete including slab and ladder steps. platform such as deficiency, well performed.
= . L
= = Platform scaling / delamination.
. . . With the deficiency and/or
. . Deformation . . With the deficiency and/or . - .
Deterioration . Deficiency and/or deformation are observed on . . . deformation on railing, attention
. and Deficiency | . | a deformation on railing, working L .
on Railing . railing. . shall be paid in working on
on Railing on platform is in danger.
platform.
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Table 2.2-14 Evaluation Criteria (Culvert)

Features and
External Forces

mainly arisen from structural features or external forces.

lime and rust stain. Loss of section of
reinforcement steel is suspected.

rust stain.

gl el &g .
28|82 Evaluation
S| E|S Type of Defect / Defect / Damage Descriptions of Defect / Damage
21818 Damage
alE| 3 D C B
Culvert is largely displaced, and is not S
Displacement Culvert is inclined, rotated or displaced. O properly functioned for vehicle passage eC;L\;etrt is displaced to some
and water flow. )
Water stagnation is observed in culvert
due to extraordinary settlement. .
. R Due to settlement, culvert is not
A large scale of difference in levels .
Overall Settlement, . . properly functioned for water
. Foundation may be scoured due to water flow. O between culvert and approach road is
Deterioration Scour . flow.
observed due to extraordinary .
settlement. Wing walls are scoured.
Wing walls are seriously scoured.
Functions such as water stops and smooth passage of Due to gap, opening and difference in . .
. ) - = . Gap, opening and/or difference
Unusual Joint vehicles are not well performed due to irregularity in O level between adjacent segments, water in level are observed
longitudinal line between adjacent segments. stops may be dropped off. ’
Fracture in concrete due to tensile stress mainly arisen . . Small cracks, which may
. R Rk Cracks, resulting in reduction of X ..
Crack from materials used or construction workmanship (dry O durability. are observed slightly lead to the reduction in
Initial Defect shrinkage, etc.) ¥ ) durability, are observed.
5|5 Air Void, Air void and honeycomb may be remained in concrete due O A large size of air voids and Air voids and honeycombs
% % Honeycomb to poor concrete works. honeycombs present in concrete. present in concrete.
© e Fracture in concrete due to tensile stress mainly arisen L . Small cracks, which may
212 . P . Cracks, resulting in reduction of . Lo
| BB Crack from environmental conditions in use (chloride damage, O durability. are observed slightly lead to the reduction in
o ‘g’ ‘g’ etc.). ¥, ’ durability, are observed.
2133 - - .
© 3| . Lime contents e xudate with water from construction jornts Exudation of water and/or free lime is | Exudation of water and/or free
818 Free Lime or cracks forming through element depth and dried on ] .. o
2 2 extraordinarily observed. lime is locally observed.
% % concrete surface.
| P . Rust arisen due to corrosion of reinforcement steel is Rust stain from steel reinforcement is Rl.lSt stain ﬁ"“? steel
Deterioration Rust Stain . . O - reinforcement is locally
flowed out with water from cracks in concrete. extraordinarily observed.
due to observed.
Degradation R . L. . . L.
Scaling / Scaling, delamination or spalling of concrete surface due to A large scale of scaling or delamination Scaling or delamination is
Delamination / | swell of corroded steel in concrete, internal stress in ] is extensively observed. locall gobserve d
Spalling concrete or poor construction joint. Scaling or delamination is scattered. Y '
Rebar Exposed / . . . .. Loss of section of reinforcement steel is | Reinforcement steel is exposed and Reinforcement steel is locally
Reinforcement steel in concrete or in the air is corroded. . .
Corroded extensively observed. seriously corroded. exposed or corroded.
Discoloration Concrete element is deteriorated mainly due to chemical 0 Discoloration with cracks is observed | Discoloration is locally observed
reaction and discolored on surface. on concrete surface. on concrete surface.
Deterioration Progressive cracks in the direction of . L
. . . . Cracks in the direction of road / water . L
due to Structural Fracture in concrete due to tensile or compressive stress road / water flow are observed with free X . Cracks in the direction of road /
Crack flow are observed with free lime and

water flow are observed.

Sediment of
Rubbish and
Soils

Sediment of
Rubbish and
Soils

Water stagnation is observed in culvert due to sediment of
rubbish and soils.

O

Drainage function is extraordinarily
impaired. Water stagnation is observed
in culvert.

Drainage function is not well
performed.
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2.2.2.3 Inspection Methods

Routine inspection is implemented with visual inspection and hammering test. When defect /
damage are detected, measurement of extent of defect / damage is conducted using the simple
tools.

Such inspection is carried out from bridge surface and under the bridge. Wherever the access
is difficult, scaffolds, vehicular lift, boat or under-bridge inspection vehicle is used.

Wherever defect / damage endanger the stability of a structure or safety of a third party, such

extent or conditions are recorded in detail and immediately reported to the road operator.

2.2.3  In-Depth Inspection on Concrete Structures
To fully detect and evaluate the extent of defect / damage by routine inspection is beyond its
capability.
Wherever it is difficult to estimate or predict the extent of defect / damage using the
evaluation criteria in Clause 2.2.2.2, detail data shall be collected through in-depth inspection.
Types of defect / damage requiring in-depth inspection and data to be collected are given in
Table 2.2-15.

Table 2.2-15 Defect / Damage Requiring In-Depth Inspection and Data to Be Collected

Defect / Damage Requiring In-Depth Inspection Data to be Collected

Settlement and Displacement Settlement

Deflection of a girder, inclination
Extraordinary Deformation of a pier, compressive strength,
elastic modulus

Carbonation depth, quantity of
Carbonation |rust,
corrosion cracking

Cracks along Reinforcement Steel,
Scaling / Delamination of Cover Concrete

Chloride ion content,
quantity of rust,
corrosion cracking

Cracks along Reinforcement Steel, Rust Stain, Chloride
Section Loss of Concrete / Rebar Damage

Expansion Crack (Restriction Direction, Alligator Alkali-Silica

Pattern) Reaction Expansion rate

Crack density,

Latticed Crack, Free Lime Fatigue deflection

In the in-depth inspection, concrete compressive strength, carbonation depth and chloride ion
content are usually investigated. Concrete compressive strength is used for evaluation of load
carrying capacity, and carbonation depth and chloride ion content are to predict the timing of
concrete defect / damage and rebar corrosion. These data can be obtained with comparative
ease.

Descriptions and testing methods are given below.
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2.2.3.1 Concrete Compressive Strength

Concrete compressive strength, as well as soundness of pre-stressing tendons and
reinforcement steels in concrete, is one of the important factors in order to evaluate load
carrying capacity of a structure.

Rebound hammer method is simple and frequently used. This is a convenient method, as the
concrete compressive strength can be estimated on site, however, depending on the concrete
surface, some cases could not be accurately estimated, and thus, concrete surface should be
taken into consideration. Concrete compressive strength is estimated lower on concrete with
scaling / delamination of cover concrete, honeycomb or uneven surface. When concrete
compressive strength inside the structure or more precise strength is needed, drilled core
method is used. Unconfined compressive strength test is made on test specimen taken with

drilled core method in accordance with such appropriate specifications as ASTM or BS.

2.2.3.2 Carbonation Depth in Concrete

Reinforcement steels in concrete is in a high level of alkalinity and is protected against
corrosion by passive state film. However, in a carbonated concrete, reinforcement steels are
subject to corrosion. Measurement of carbonation depth will help to predict the rate of
corrosion of reinforcement steels.

Drill powder method is simple and commonly used for carbonation depth measurement on
concrete structures in operation.

Carbonation depth is assessed using a 1% solution of phenolphthalein indicator that appears
pink in contact with alkaline concrete with pH values in excess of 9 and colorless at lower
levels of ph. The powder from drill holes is sprayed or allowed to fall on
indicator-impregnated paper.

When drilled core or concrete chipping surface is sprayed with a 1% solution of

phenolphthalein, difference in color indicates the carbonation depth.

2.2.3.3 Chloride lon Content

Chloride ion in concrete will deteriorate the reinforcement steels. Such chloride ions are
contained in concrete during construction or penetrated into concrete from salt spray when a
structure is constructed at the seashore.

In excess of chloride ion content of 1.2 kg / m3 at reinforcement steel, it is considered in
corrosive environment. Distribution of chloride ion content in depth will be used for
prediction of deterioration for structures in corrosive environment.

Potentiometric titration method is commonly used for chloride ion content measurement.
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2.2.3.4 Crack Investigation

In a cracked concrete, corrosion factors such as water and oxygen as well as carbon dioxide
expediting carbonation are penetrated into concrete with ease, thereby resulting in corrosion
of reinforcement steels and pre-stressing tendons.

Crack pattern sketch will be prepared only for cracks visually detected. Rate of deterioration

will be identified through comparison with previously prepared sketch.

2.2.3.4.1 Preparation of Crack Pattern Sketch
Cracks with surface width of 0.2mm or greater will be recorded in Form-2-5 with surface

width, length, location, extent and pattern.

2.2.3.4.2 Measurement of Crack Surface Width and Depth

Crack surface width is measured at perpendicular direction to crack direction using the crack
scale. It is noted crack surface width is not uniform in a continuous crack.

In a continuous crack, only the range with its surface width of 0.2 mm or greater will be
recorded. Representative width of such a crack shall be the maximum width in a crack.

Crack depth measurement is carried out by ultrasonic wave method or drilled core method.
Ultrasonic wave method is to survey the concrete quality and crack depth by measuring the
propagation velocities in concrete.

Drilled core method is to take the core with a crack from the structure and measure its depth.
Before taking a core, colored ink shall be injected into a crack in order to observe its depth

with ease.

2.2.4 Emergency and Special Inspections
2.2.41 Inspection Iltems

2.2.4.1.1 Emergency Inspection

Emergency inspection is implemented to members or locations of a structure damaged due to
such natural disasters as a large scale earthquake, typhoon and floods, collision with vehicles
or vessels, and fire. Such inspection will be implemented at a high risk of work conditions.
Special attention shall therefore be given to ensure the safety of inspection staff and to
promptly complete such inspection.

Defect / damage on member or location of a structure for each event are given in Table 2.2-16.
Other types of defect / damage than those described in Table 2.2-16 causing the collapse of a

structure or endangering the safety of traffic shall also be inspected as necessary.
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Table 2.2 16 Items to Be Inspected for Emergency Inspection

Event

Member / Location

Description of Defect / Damage

Girder End
(Bridge Bearing)

Rupture of bridge bearing

Rupture of bolts

Girder dropped out of the bridge bearing

Attachments of earthquake-resistant devices

Large-Scale Damage on girder end due to displacement of substructure

Earthquake

Bridge Deck — -
Damage due to collision between ballast wall and girder end

Cracks at bridge bearings

Cracks resulting in shear failure

Substructure - - - —
Deformation / deficiency of bridge railing and curb

Excessive big / small girder end gap

Defect / damage due to collision with debris

Typhoon, Flood, Defect / damage due to collision with heavy equipment

Collision

Bridge Deck — - -
Defect / damage due to collision with vehicles

Defect / damage due to collision with vessels

2.2.4.1.2 Special Inspection

Wherever any deterioration are found on a structure due to unexpected types of defect /
damage or extraordinary deteriorations, not resulting in serious incidents, are observed,
special inspection will be implemented on members / locations of a similar structure, which
may have same types of deteriorations.

Inspection items for special inspection are those in routine inspection. However, for a
structure requiring detail investigations such as prediction of deterioration, in-depth

inspection shall be implemented.

2.2.4.2 Evaluation on Defect / Damage

In emergency inspection, defect / damage shall be evaluated with criteria used for routine
inspection.
However, in case of degradation, new types of defects / damages, new criteria should be

created and based for evaluation.

2243
2.2.4.3.1 Emergency Inspection

Inspection Methods

In emergency inspection, safety shall initially be ensured against collapse of a structure
through remote visual inspection, followed by direct visual inspection and hammering test
using simple tools.

Where a structure seems to be inclined, settled or displaced, survey tools shall be used for
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measurement.

2.2.4.3.2 Special Inspection

Special inspection shall be implemented not only with visual inspection and hammering test,
but also with non-destructive equipment and chipping method as required.

On structures designed and constructed with similar design standards and materials, as-build
documents are useful for inspections. Such documents, as well as differences in

environmental conditions, shall therefore be carefully investigated.

2.2.5 Record-Keeping System

The inspection staff shall record the inspection results in the prescribed forms and report to

the road operator. Records of such inspection results shall be kept in a proper manner and be

available whenever necessary.

(1) Results of inspection conducted to recognize the conditions of a structure are important as
the database for formulation of inspection plans, measures to be taken and so on.

(2) In case emergency measures are taken on defect / damage found during the inspection,
such measures shall be recorded. Evaluation results, after the measures are taken, shall
also be recorded and reported.

(3) Digital camera shall be used to record the defect / damage. Such electronic data shall be
kept in a proper manner.

(4) Records shall be kept during the operation period of a structure.

2.2.51 Record-Keeping Forms
As the results of inspection are precious database for efficient and effective maintenance
activities, such results shall be kept in order of inspection date and compiled in Inspection

Record Form (Form 2-1) for each structure.

2.2.5.2 Record of Inspection Results

Form of inspection results to be used for each type of inspection is summarized in Table
2.2-17.

Organization of inspection, defect / damage with sketch map, evaluation, selection of

measures and measures taken shall be recorded in these Forms.
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Table 2.2-17 Inspection Forms used for Each Type of Inspection

No Title of Form Type of Inspection Descriptions
of Daily Inspection | Routine o
Form g Inspection | .2
5 _ Inspection A 3
2= B g
2| = o = =
=|l~|E |88 £
Elzl2|eg &
Form | Form of Records o] o o To record the route of inspection and
2-2  |for Daily defect / damage found at the site.
Inspection,
Routine Inspection
Type-A
Form |Records of Defect [ o | o | © o (o) (0) | To record the defect / damage found in
2-3 |/ Damage Found daily inspection and/or requiring
in Daily unguent measures for reporting.
Inspection &
Necessary for
Urgent Measures
Form | Monthly Summary o o o To summarize, on a monthly basis, the
2-4 | Sheet of inspection, evaluation and measures
Inspection, taken for defect / damage requiring
Evaluation and measures for a short period of time after
Measures Taken detection.
Form | Inspection o o o o | To summarize the photographs for
2-5 |Records - defect / damage for each structure.
Photographing
Form | Defect / Damage o o o o | To sketch the details of defect / damage
2-6 |Map for each structure.
Form | Annual Summary o) o |To summarize, on an annual basis, the
2-7 | Sheet of inspection, evaluation and measures
Inspection, taken defect / damage not requiring
Evaluation and urgent measures for a short period of
Measures Taken time after detection.
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2.3 Assessment and Maintenance Program

Incidents arisen from defect / damage on structures will cause serious losses of economical
benefits due to closure of expressway to traffic and losses of human lives.

However, since the rate of progress of degradation with time is generally slow and no urgent
measures are required at time of detecting the signs of defect / damage, prompt preparation
and implementation of measures will not be taken. In addition, it is well known that the
greater the extent of defect / damage on structures, the bigger the cost for reinstatement, repair
and reinforcement and losses of economical benefit due to closure to traffic. Under such
circumstances, in order to use the existing structures effectively and efficiency, scheduled
maintenance activities shall be implemented.

Defect / damage on structures shall be checked by inspection activities, recorded and
evaluated in accordance with evaluation criteria in 2.2.2.2. Evaluation criteria are developed
based on the extent of risks to road users and a third party due to each defect / damage.

To prevent troublesome in taking the measures for each defect / damage on an individual basis,
grouping shall be made so that defect / damage within some range of rate of degradation can

be repaired at the time, as in Table 2.3-1.

Group-5: Urgently to be repaired

_§ Group-4: To be repaired within 2 years
3 A2

o

§’ Group-3: To be repaired within 5 years
s A1

@ Group-2: To be monitored

@©

x B

Group-1: Sound condition

ABCDETFGH I JKLMNDO
Defect / Damage Grouping

Table 2.3-1 Grouping of Defect / Damage for Efficient Measures
Therefore, with the inspection results on defect / damage and predicted economic losses
considered, efficient maintenance program shall be developed. Scheduled inspection and
repair works shall subsequently be implemented in accordance with the developed

maintenance program.
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2.31 Assessment based on Inspection Results
Information on types and deterioration levels of defect / damage on structures obtained from
inspection activities shall be recorded and used for formulation of maintenance program. In
the maintenance program, if it is judged defect / damage is categorized into D and C, such
structures shall be basically repaired. However, defect / damage, which need low cost of
repair for its ease of work, as indicated in 2.4.1.1 - 2.4.1.3, shall immediately be repaired after
detection at times of daily inspection.

Defect / damage categorized into D, which will probably result in serious incidents, need

urgent repair works within several days to several months after detection. It is supposed that

these defect / damage are drastically degraded from the previous inspection to most recent
inspection times, or have not been detected for an extended period of time with some reasons.

Defect / damage categorized into C will probably be degraded to the extent of category D

within several months to ten years after detection. Depending on urgency, these will be

categorized into T or C of Group C within approximate 3 years.

Deterioration of structures is generally progressed at the following four (4) stages:

(1) Dormant Stage: Though deterioration is not visually observed on surface, factors of
deterioration are accumulated and/or microscopic change in
materials is generated. It is categorized into A.

(2) Initiation Stage: Though deterioration is not visually observed on surface, it is
progressed inside the structure. It is categorized into B.

(3) Acceleration Stage: Signs of deterioration can be visually observed. Deterioration is
explicitly progressed. It is categorized into T of group C.

(4) Deterioration Stage: Such required functions as load carrying capacity are evidently
degraded. It is categorized into priority C in group C and/or D for
its urgency.

Degradation characteristics depend on structural types / forms, surrounding environments and

traffic conditions on them. Such degradation characteristics as rate of degradation progress

can be identified by means of statistical processing of previous inspection data classified by
defect / damage type and surrounding environments. In order to implement the maintenance
activities on structures more effectively, it is of great importance to assess the prioritization of
repair on each defect / damage in consideration of degradation characteristics as well as
integrated effect to overall structural stability by deteriorated members and effect to road

network by defect / damage on structures.
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2.3.2 Maintenance Program
It is well known that preventive maintenance, which implements repair works in an earlier
and proper time with periodical inspection, understanding of defect / damage conditions and
prediction of deterioration, is superior to breakdown maintenance with a large-scale repair
works conducted immediately after detecting serious defect / damage, in order to keep the
structures in sound conditions for an extended period of time and minimize the maintenance
cost.

So as to prepare effective and efficient maintenance program, several types of maintenance

scenarios shall be developed in consideration of the following:

(1) Several levels of repair work;

(2) Repair method and its cost for each level of repair work;

(3) Prediction of rate of degradation.

With the above, the following procedure shall be taken for development of maintenance

program.

1. Basic maintenance scenario shall be determined through cost comparison among several
maintenance scenarios;

2. Interval of repair work and its cost shall be assumed for each structure;

3. Based on the above (2), necessary budget for all the target structures in maintenance
program shall be summed for a period of maintenance program. It will be recognized
uneven budget is required for every year (a lot of budget for a year, small budget for
another year).

4.  Whenever necessary budget is concentrated for the year, budget leveling will be made by
means of shifting the time of repair works for such year to the period of subsequent three
(3) years.

5. Appropriate manuals including maintenance procedures shall be prepared after the

maintenance program is developed.
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2.4 Maintenance Works

241 Daily Maintenance Work

Daily maintenance work on structures shall be implemented to ensure safe and comfortable
expressway with the removal of causes endangering the safety of vehicle travelling and to
extend the intervals of large-scale repair works and/or improvement works with prompt and
appropriate measures on detected defect / damage for slow progress of deterioration.

Activities implemented for daily maintenance works are described below. Water stagnation on
road surface and defect / damage on bridge expansion joints may endanger the safety of road
users. Defect / damage on bridge railings caused by vehicle collision may also lose the
function preventing vehicles from falling off the bridge. Such deterioration as cracks on
bridge deck / substructure concrete, leakage of surface water to girder ends and corrosion of
steel elements will result in reduction of load carrying capacity if prompt and appropriate

measures are not taken.

2.41.1 Bridge Drainage System

Clogging of drain boxes / pipes will cause water stagnation on road surface and may result in
loss of steering wheel control or danger of vehicles travelling on adjacent / oncoming traffic
lanes by splashed water. Covers dropped on traffic lane out of drain boxes will also result in
serious accidents due to loss of steeling wheel control of vehicles travelling on such covers or
hitting of covers to vehicles on adjacent / oncoming traffic lanes.

Such defect / damage on bridge drainage system shall immediately be repaired.

2.41.2 Bridge Expansion Joint

Wherever fracture of face plates or removal of part of expansion joint is observed, appropriate
measures shall promptly be taken to prevent accidents. Defect / damage on bridge expansion
joint resulting in uneven road surface shall be temporarily repaired with filling of bituminous
mixtures or collection of scattered pieces / parts, and shall be replaced with sound ones as

prompt as possible.
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Difference in level between block out material and adjacent pavement will be discussed in
Chapter 1.

Surface water flowing to both ends of expansion joints shall be stopped at curbs with such
appropriate measures as sealing materials along with backup material. However, such
materials are subject to degradation with ease or were inappropriately installed at construction
stage. So as to delay the deterioration progress on bridge bearings and substructures, it is quite

important to execute appropriate water stop works at curbs using the sealing materials.

Figure 2.4-3 Proper Water stop Works at Both Ends of Expansion Joint
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|C1ean Substrate Surface|
Sealing
Material A 4
Backup Material |Apply Bonding Agent|
(Urethane Foam) JL
Curb |

Bridge Expansion Joint |Insta11 Backup Foam|

Deck Slab |Inj ect Sealing Material|

Figure 2.4-4 Guide for Water stop Works at Both Ends of Expansion Joint
2.41.3 Concrete Structure

Cracks will usually occur on concrete structure due to various actions as drying shrinkage.
Cracks allow such deterioration factors as water and oxygen to penetrate into concrete and
expedite the reduction in load carrying capacity of a structure. Wherever the crack with its
surface width exceeding 0.2mm is detected, prompt measures shall be taken.

Due to expansion of corroded reinforcement steel, cracks will occur inside the concrete and
cause spalling of cover concrete. In such a case, spalled concrete shall be restored properly
after application of corrosion inhibitor on exposed reinforcement steels in order to prevent

exposure of inside concrete to deterioration factors.

2.4.1.3.1 Crack Repair Method

Crack repair shall be carried out with low-pressure injection method at slow rate of injection
so that materials can be injected completely to the crack. Injection material shall be of epoxy
resin for the crack with small surface width.

Though several types of injection machine / gun are used for crack injection, hereby described

is the cylinder type which can inject comparatively large amount of resin material with ease.

Injection Machine / Gun
Figure 2.4-5 Low-Pressure Crack Injection Method
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( Commencemen )

v
|C1ean the Crack|

v
|Setting of Injection Ports|

v
|Surface Coating over Crack|

|Setting of Injection Gun|

v
|Inj ection of Material|

v
|Rem0val of Injection Guns & Ports| Note:

Injection material may be clogged in crack due to
the removal of its moisture caused by dry crack
surface. It is necessary to dampen the crack through
injection of water in it.

v
|Remova1 of Surface Coating|

A 4

End
Figure 2.4-6 Work Flow for Crack Injection

2.4.1.3.2 Restoration of Section of Element

Plaster work is preferred for small scale of restoration work for concrete structure.

Concrete scaling or delamination is caused by shortage of concrete cover to reinforcement
steel with poor concrete work or such severe environments as water leakage. It is therefore
required to prevent deterioration factors from penetrating into concrete. After the preparation
of substrate surface and application of corrosion inhibitor on reinforcement steels are properly

executed, polymer-cement material is injected for restoration.

Existing Concrete Structure

A\

]

Reinforcement Steel

A\

777 77 /—/*6
A A3 A AV Primer Application (Epoxy Resin)
[ @I

Polymer-Cement Mortar

O/\

Figure 2.4-7 Method of Restoration of Element Section
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(Commencement) Note:

1.Defect / damage shall be completely removed
with chipping work followed by surface
preparation with blasting and application of
corrosion inhibitor on surface of reinforcement
steel.

2.For surface preparation, removal of scaling,
crack, honeycomb as well as portions
containing large amount of chloride ions shall

Preparation of Substrate Surface

B Remove scaling, loose materials,
honeycomb and oil content

B Apply the primer after chipping or
scraping by disc is completed.

|Rem0Ving Rust, Applying Corrosion Inhibitor| be conducted as much as possible.
3.No defect / damage shall be given to sound
v portions.

|Filling Polymer-Cement Mortar|

[Curing

v
End

Figure 2.4-8 Work Flow for Restoration of Element Section
2.4.1.4 Removal of Soil Deposits on / around Steel Element, Surface Coating on Steels
2.4.1.4.1 Bridge Bearing

Whenever steel bridge bearings are corroded, rust shall be removed with wire brush or grinder
as much as possible. Prior to surface coating, steel surface shall be free from oil, moisture
and/or substances, and shall be dry. Surface coating material shall be of zinc-rich paints.
Corrosion on bridge bearing is caused with stagnation of water from bridge expansion joint.
Corrosion of steel elements is expedited with moisture retained in soil deposits and/or dust
around bridge bearing. Even without corrosion on bridge bearing, it is needed to remove soil
deposits and dust from the bridge bearing seat as well as to improve water stop function at
bridge expansion joint.

2.4.1.4.2 Bridge Railing

Such slight defect / damage as scratch on surface coating shall be repaired on prepared steel
surface free from dust, oil and substances. Surface coating material shall be of quick drying
repair paint for ordinary steel surface and of zinc-rich paint for plated surface.

Whenever it is difficult to implement surface coating at site, appropriate measures shall be
taken to carry out surface coating in a factory or to replace deteriorated steel element, with the

traffic safety ensured during such work.
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2.4.2 Routine Maintenance Work

Defect / damage, evaluated as C, caused by degradation with time shall be repaired under the
routine maintenance work program. Primary repair works are to improve load carrying
capacity of concrete elements and to recover the serviceability of ancillary works.

A lot of modern repair technologies have been developed day by day with improved effects.

Hereby described are several types of repair technologies with special attentions for the work.

2.4.2.1 Concrete Structure

Repair works on concrete structures are for cracks, scaling / spalling and corrosion of
reinforcement steel and pre-stressing tendon. For routine maintenance work, repair
technologies for the crack with large surface width and extensive scaling / spalling of concrete

are discussed.

2.4.2.1.1 Crack Repair Method
Hereby discussed are such repair techniques as surface sealing method and routing &

patching method for cracks with variation in surface width.

242111 Surface Sealing Method

A crack with comparatively small and variable surface width due to progressive degradation
and live loads is sealed with flexible sealing materials or joint filling materials. Sealing
material shall be of elastic waterproofing agent or polymer cement paste for small variation in
its width, and shall be of flexible material for large variation in its surface width.

Procedure for surface sealing work shall be as follows:

(1) Concrete surface along the crack shall be roughed with such tools as wire brush.

(2) Remove the substances followed by cleaning with water and drying the surface.

(3) Filling the air voids on concrete surface with putty.

(4) Seal the crack surface with appropriate materials.

Surface Sealing Material Surface Sealing Material

/ Separation

(a) Small Variation in Crack Surface Width (b) Large Variation in Crack Surface Width

Figure 2.4-9 Surface Sealing over Crack
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24.21.1.2 Routing & Patching Method

Routing with V- or U- grooving followed by patching is implemented for cracks with 0.5mm
or larger surface width in concrete without corrosion of reinforcement steels.

Concrete surface is grooved with V- or U-shape in approximately 10mm width along a crack.
Such grooving is filled with such repair materials as sealing material, flexible epoxy resin or

polymer cement mortar.

Routine Repair Daily Repair

B —
™

No

(a) Small Variation in Crack Surface Width ~ (b) Large Variation in Crack Surface Width

Figure 2.4-10 Routing & Patching Method
2.4.2.1.2 Restoration of Section of Element

For the bridge deck with thin cover concrete, extensive restoration of concrete is implemented
with filling of non-shrinkage mortar or pneumatically applied polymer cement mortar.

Defect / damage on substructures with thick cover concrete will be chipped followed by
surface preparation, application of primer on substrate surface and corrosion inhibitor on

reinforcement steels, and casting concrete.

2.4.2.1.2.1 Filling of Mortar
Forms shall be set to ensure the required dimensions and concrete cover to reinforcement
steels, and be completely filled with joints between sheathings by sealing materials.

Non-shrinkage mortar or high-performance polymer cement mortar are then filled by pressure

pump.
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Figure 2.4-11 Filling of on-Shrinkage Mortar
2.4.2.1.2.2 Pneumatically Applied Polymer Cement Mortar

Polymer cement mortar is pneumatically applied to concrete surface with dry-mix or wet-mix
system. Wet-mix system is to pump out the premixed mortar and apply to the concrete surface.
On the other hand, dry-mix system is to pump out such materials as cement, sand and
admixture to the nozzle, to add water at nozzle and to apply to the concrete surface. Each

system uses exclusive equipment for application.

243 Repair Works on Bridge Accessories

Replacement of all or part of components used will be carried out for bridge accessories.

2.4.3.1 Bridge Expansion Joint

Defect / damage on bridge expansion joint, directly degrade the safety of vehicle travelling,
shall urgently be repaired. A large scale repair work such as replacement of whole expansion
joint needs at least restriction of traffic lane(s). Therefore, in order to prevent degradation of
service level on whole of expressway network, emergency measures are temporarily taken,
followed by permanent maintenance works on expansion joints for selected areas during the
periods with low traffic volume.

Repair works will be implemented with the following methods, considering the extent of
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defect / damage, impacts to the socioeconomic activities by closure of traffic lane(s), ease of
repair works and safety during the work.
U Repair for Damaged Portions
Face plates damaged will be partially repaired or replaced with new ones. Trough
attached to the expansion joint will be replaced.
[l Replacement of Whole Bridge Expansion Joint
Whole of damaged expansion joint will be replaced with same type or different type of
joint.
0 Replacement of Block out Materials
Block out materials used will be replaced.
Special attention shall be paid on safety management with traffic control, since such works

are implemented very close to vehicles travelling at high speed.

Defect / No
Damage

Yes

Safe Safe
Travelling

-.Daily Repair - - - - - - - - oo - Unsafe __________._ -

Safety Measures / Emergency Repair

Extent of

Defect /
o Routine Repair - - == = == = - - - - |- Small ________ R -
: Repair for Damaged Portions | | Replacement of Whole Joint :
1 I
v
Open to Traffic |

Figure 2.4-13 Repair Procedure for Bridge Expansion Joint
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2.4.3.2 Bridge Bearing

Whenever decrease in vertical load carrying capacity is suspected or difference in level occurs
at expansion joint due to fracture on bearing seat mortar and/or bridge seat concrete, such
mortar and concrete shall be replaced.

Horizontal displacement on substructure may result in excessive deformation of bridge
bearing out of the design limits. Whenever no serious fracture or defect / damage is observed
on deformed bridge bearing, jacking up the bridge deck with slight raise will enable the
release of deformation along with the casting of bearing seat mortar at different location.
Jacking up can be done with traffic opening for reason of slight raise to approximately several
millimeter difference in level at expansion joint.

Collapse or rupture in elastomeric materials or deformation in steel materials will need
replacement of bridge bearing with big raise of bridge deck jacking up. To prevent any
accidents due to large difference in level at expansion joint, the bridge shall be closed to
traffic.

It is required to accurately calculate jacking forces as well as to check the loading capacities
on bridge structure at jacking positions. Insufficient loading capacities need reinforcement on

structures at jacking positions.

2.4.3.3 Bridge Railing

Whenever cracks and/or scaling are extensively observed on concrete element due to
degradation with time, such defect / damage shall be repaired. Steel bridge railing degraded in
load carrying capacity due to serious corrosion shall also be replaced.

Special attention shall be paid on safety management with traffic control, since such works

are implemented very close to vehicles travelling at high speed.

2.4.3.4 Bridge Drainage System

Horizontally installed drain pipes are subject to clogging, deformation and defect / damage,
water leakage from the pipe joints, defect / damage on attachments. Such defect / damage will
result in injuries to a third party under the bridge, erosion on embankment fill or local
degradation in concrete.

Maintenance activities on bridge drainage system will include restoration of drain box covers,
replacement of drain pipes and attachments. During the work, soils and/or rubbish in drain

pipes shall be removed.
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244 Record-Keeping System

2.4.41 Documents in Construction Period

A variety of documents prepared during the construction period are effective for maintenance
works. Such documents shall include design calculations, drawings, times and methods for
inspection and repair, maintenance scenarios developed, and shall be kept in a proper manner
for easy access for its service life.

Design standards, general and special conditions of contract and special conditions may be
revised for its long service life. These documents used for design and construction of a
structure shall also be kept for use for evaluation of soundness, development of maintenance

program and repair works.

2.4.4.1.1 Design Documents

Design documents prepared during design periods shall include the following:
Design calculations.

General drawings.

Detail drawings (bridge deck substructures, ancillary works).

O 0O o O

Quantity calculations.

[l Topographical and geological data

2.4.41.2 Construction Records

Field management on concrete works is quite important to ensure required strength and
durability and to prevent significant errors in reinforcement steel arrangement and
unfavorable impurities in concrete, which cannot be detected after concrete casting. Records
on quality control, construction progress and dimensions of finished works, in addition to
design documents, shall therefore be kept for future maintenance work.

[J Material tests and quality control data on cements, aggregates, admixtures and water.

0 Records on concrete mix, pouring and curing, progress and quality control.

[0 Environments at times of concrete pouring.

[l Photographs during construction.

2.4.4.2 Documents in Maintenance Period

2.4.4.2.1 Maintenance Program
Maintenance program will be revised many times during the service life. Design documents
for repair work shall therefore include design service life of such repair as well as estimated

heavy traffic volume and weather conditions, specified in the maintenance program.
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2.4.4.2.2 Inspection Records

Various types of defect / damage occur on structures. Through collection and analysis on such
defect / damage, it is expected that improvement of precision in prediction of degradation as
well as analysis on mechanism of unprecedented defect / damage is achieved. Inspection

results shall therefore be recorded.

2.4.4.2.3 Design Documents

Design documents for repair works as well as for original design shall be kept.

Repair works are designed based on defect / damage maps prepared at times of inspection.
However such maps do not describe defect / damage inside the concrete. Actual quantities
done will usually be increased compared to design ones. At the completion of repair works,

revision and/or addition to design shall clearly be recorded in the design documents.

2.4.4.2.4 Records on Maintenance Work
Records on maintenance work shall include photographs during the work, material tests and

quality control data on repair materials, as recorded in the original construction records.

2.4.5 Feedbacks

Structural details preferred for ease of maintenance works are specified in design standards.
However, wherever such details are regarded not suitable through inspection and maintenance
work activities, they shall be revised to better ones and specified in the standards. Such
revisions shall be disseminated through seminars or workshops to the relevant organizations,
governmental officials and engineers.

It will contribute to decrease in defect / damage on structures, time and cost savings.
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25 Safety on Inspection and Maintenance Works

251 Safety Measures

In implementing inspection, investigation and repair works on expressway, due to passage of
vehicles at high speed, traffic safety measures shall be taken. Traffic safety measures to be
taken on expressway are discussed below:

2.5.1.1 General

2.5.1.1.1 Safe Driving

U The driver shall keep safe driving in mind as a member of road operator.

0 The driver shall wear seat belt during driving.

0 Vehicle used for maintenance work shall have visible indication in order to recognize

itself as “Inspection Vehicle” from ordinary vehicles.

2.5.1.1.2 Clothes, Equipment and Health Care
The work crew shall wear comfortable clothes for easy to move.
The work crew shall wear such prescribed personal protective equipment (PPE) as hard
hat, reflective safety vest, safety shoes and whistle.

U  With prior medical checkup, the work crew physically in bad condition shall not work.

2.5.1.1.3 At Times of Parking / Stopping
Hazard warning light shall be turned on at times of parking and stopping.
Special attention shall be paid to ordinary vehicles at times of deceleration and

acceleration.
Vehicles shall park at a wider shoulder with an unobstructed view from ordinary vehicles.
Front wheels shall direct to the outermost lane or shoulder at times of parking and

stopping in order to prevent moving out to the traffic lane due to rear-end collision.

2.5.1.1.4 Traffic Control
Traffic control is to ensure safety of work space and work crews.
Traffic control devices and work space shall be arranged at locations easy to see from
ordinary vehicles.

[l Installation of traffic control devices shall be laid piece by piece in the direction of
driving.

[0 Removal of traffic control devices shall be implemented against the direction of driving.
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2.5.1.1.5 Work inside Protected Area by Traffic Control

U
U
U

Watchmen deployed shall monitor the movement of ordinary vehicles.
Work crews shall not work on expressway with their backs on ordinary vehicles.

Work crews shall not go out of the protected area during the work.

2.5.1.2 Traffic Safety Measures at Times of Inspection / Investigation

2.5.1.2.1 General Precautions

U
U

At least two (2) work crews shall inspect and investigate together.

One work crew shall be a flagman to give the waning to ordinary vehicles and to ensure
the safety.

Vehicles on duty shall turn on yellow color revolving warning lamps in order to give the

waning to ordinary vehicles.

! | 5
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.'.a".-l_-' Ao -

L g T
Nl EFEIfi sy,

At least two (2) work crews shall work together, of
which one shall be a flagman for warning.

Figure 2.5-1 Safety management on the road surface

2.5.1.2.2 Precautions on Daily Inspection

O

Daily patrol shall be implemented on slow lanes, not on overtaking lane, so that work
crews can inspect the structures at slow speed.

Whenever it is necessary to inspect the structures outside the patrol vehicle after detecting
the defect / damage, the work crews shall ensure the safety in advance and patrol vehicle
shall stop at a shoulder.

Whenever high emergency is needed, work crews shall ensure the safety at work site with

traffic control and promptly report to the head office for assistance.

2.5.1.2.3 Precautions on Routine Inspection and In-Depth Inspection

U
U
U

The work crews shall wear safety belts when working at height.
Special attention shall be paid not to drop off the inspection tools when working at height.
So as to prevent incidents due to falling and stumbling, photographing with motion shall

be prohibited.
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0 When working in the river / watercourse, safe evacuation route shall be secured for
flooding.
[0 Such access equipment to bridge soffit as bridge inspection vehicles and suspended

scaffolds will be described in 2.6.1.

2.5.1.2.4 Precautions on Emergency Inspection

[0  Work crews shall initially check the stability against the collapse of a structure and carry
out the inspections to the extent work safety is ensured.

[0 Whenever any defect / damage, resulting in drastic reduction of load carrying capacity,
are detected, work crews shall promptly report to the head office for assistance, and

implement such necessary emergency measures as temporarily closure to traffic.

2.5.1.2.5 Traffic Safety measures during repair works
Repair work shall be carried out within the work area protected by rubber pylons.

No access to the work area is allowed except for members concerned.

[J When the grinders / breakers are used, work crews shall wear safety goggles and work
gloves to prevent injuries, and shall install sheets and plywood panels to prevent
dispersion of fragments and sparks.

[J When chemicals and hot materials are used, such appropriate equipment as safety goggles

and work gloves shall be equipped.

2.5.2 Equipment for Safety Measures
Equipment for safety measures for inspection, investigation and repair works on expressway

1s described as follows:

2.5.2.1.1 Arrow Board

Arrow boards shall be installed at the beginning of traffic control area to provide the segment
for reduction of traffic lanes. Eleven (11) numbers of arrow boards shall be arranged at 20m
intervals for 200m long segment. Arrow board shall have suitable weight, not be so light to

prevent blowing away by wind and not be so heavy for ease of transportation.
m

v

Arrow Board Rubber Pylon
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2.5.2.1.2 Rubber Pylon

Rubber pylon shall be arranged along the traffic lane marking so as to separate work area
from vehicle driving lanes and at 10m to 20m intervals. Rubber pylon shall have suitable
weight, not be so light to prevent blowing away by wind and not be so heavy for ease of

transportation.

2.5.2.1.3 Mobile VMS (Variable Message Signs)
Mobile VMS shall be arranged at the beginning of traffic control area in order to clearly
indicate the work area and to protect the work space. Mobile VMS shall equip arrow sign and

hazard warning light for ease of recognition of work area.

2.5.2.1.4 Traffic Control Sign
Traffic control signs shall be installed in order to give the notice to the ordinary vehicles
regarding the presence of traffic control. Contents displayed and installation locations shall be

determined after discussion with road operator.

2.5.2.1.5 Flag

Using the flag, watchmen shall give the waning to ordinary vehicle on adjacent traffic lane.
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2.6 Equipment for Inspection and Maintenance Work on Concrete Bridges

2.6.1 Equipment for Inspection
Provision of safe work space to the work crews and sufficient field of vision is of importance

for inspection. Hereby described is the necessary equipment for inspection works.

2.6.1.1 Equipment for Daily Inspection
Equipment for daily inspection is given in Table 2.6-1.

Table 2.6-1 Necessary Equipment for Daily Inspection

Tools / Equipment Remarks

Inspection Tools  |inspection hammer, crack gauge or loupe, steel tape,
measuring tape, measuring pole, binoculars, flashlight
or headlight

Writing Materials |recording papers, digital camera, black board, chalk,
white board and pen

Safety Equipment |work wear, hard hat, reflective safety vest, safety boots,
work gloves, whistle, yellow flag for warning, mobile
phones for communication, arrow board, rubber pylon

2.6.1.2 Equipment for Routine and In-Depth Inspections
Equipment for routine inspection is given in Table2.6-2. Additional equipment will be needed
for in-depth inspection, depending on types of defect / damage to be inspected.

Table2.6-2 Necessary Equipment for Routine Inspection

Tools / Equipment Remarks

Inspection Tools  |inspection hammer, crack gauge, steel tape, measuring
tape, measuring pole, binoculars, flashlight or
headlight, rebound hammer, vernier calipers, leveling
string, wire brush, inspection mirror, phenolphthalein
solution, drilling

Writing Materials | recording papers, digital camera, black board, chalk,
white board and pen

Safety Equipment |work wear, hard hat, reflective safety vest, safety boots, | Safety belts at high work
work gloves, safety belt, safety goggles, dust mask, place.

whistle, yellow flag for warning, mobile phones for Life vest on water.
communication, arrow board, rubber pylon, traffic
control sign boards, life vest

Equipment for rope, stepladder, ladder, mobile elevating work To be selected for site
Access platform, under-bridge inspection vehicle, boat, wader, |conditions.
suspended scaffold
Others as-built drawings, thermometer, shovel, garbage bag,|Lighting equipment is
corrosion paint needed for night work.
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Safety Goggles, Dust Mask Writing Materials

Inspection Mirror

Steel Tape @—;p

Work Wear
Reflective Safety Vest

Flashlight or Headlight

TIm

Safety Shoes Crack Gauge

Safety Belt

Figure 2.6-1 Standard Equipment and Clothes Necessary for Inspection

2.6.2 Equipment for Repair Works

Equipment for repair works shall be selected and prepared so that they are appropriate for use
with types of defect / damage and repair methods. Particularly, for working on expressway,
safety equipment shall fully be prepared to protect work place and work crews from vehicles
at high speed.

Suspended scaffolds shall have sufficient strength to support work crews, materials and
equipment used and impacts during the work. Safety net shall be provided to prevent fall of
work crews, equipment and materials used and to prevent injuries / accidents to a third party

due to disperse of sparks and broken pieces of materials.
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Appendix Inspection Recording Form
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Bridge NamME.....c.ooiiiiiiiieiieeece et BRIDGE INSPECTION SHEET Form 2-1
Routine, Daily Inspection for Bridge

General Information

COMPANY: ... vvev e et e e e e e Name Of The Bridge: ..........cc.cooiivie it et et e et e e e e
Inspection Department: .............cc.cceveeeesvevieeeee e onn Name of EXPreSSWaAY: ... ... e coevesveroee e et e e e e ae e Inter Change: ............
INSPECIOT. vt vt e e e e et e e e e e e Type Of Bridge:........cccooeeiiiiiiiiiieeeeeee e

DISIFICE: o v e et e et e e e, Position(Longitude): ... .........c..cccceeveeee e (Latitude): ... oo coevecvieiis e
PrOVIICE/CILY ... covcvv ee e e et et et e e e e e et e e e e aen e Allowable Load and Speed.: ... .............cc.cceoeeii e s ceeee e e et e e e e

Start Time...........cooeecvvevveeceannan, Date of Inspection: day ... ... month ... ... Vear ............

End Time............cccoocvvcinoiannnnn. Total pages (Including  the Sketch and Photos..............

Results of inspection, evaluation, and diagnose for action to be taken are recorded in this form.
Sketch/photo of structures and damage positions are attached in additional pages at the end of the report, if applicable.

General comments: Engineer in charge
...................................................................................................... (Signature with full name)

(Notation):
(1) Instructions on how to make data entries: It is imperative to fill in all the space boxes, on the degree of damage. In case of missing structural parts, enter the dash to confirm
that there is no such part. In case it is impossible to check, clearly state “Failure in checking” and indicating the reasons.

A=Good, B=Intermatiate, C= Bad, D= Very Bad
(2) Estimating the volume of damage: recording the volume or the number of estimated damages for each damage level in the scale A, B, C, D as in the classified handbook.
Total estimated volume or number of 4 levels of damage should be equal to the total volume / number as in the previous column.
Description of damage: to ensure those who read the test results can visualize the extent, scope and location of the damage. For all the damage evaluated at level C or D there
must be graphics and photos, to indicate the degree of damage (measures in the taken photos). For structural components such as beams, piers of the bridge span, the description
must specify the location of the damage to such detail as which span, which pier. It needs sketches of the damage location, photos and a detailed description of the damage
location, attached with relevant document and bridge inspection sheet.
(3) Proposed measures: including maintenance work normally with pre-calculated volumes (including cleaning, rust brushing, re-painting, surface filling, crack filling, repairing
the warping, greasing, coating the concrete, clearance and dismantling...) or proposing for overall repair when badly damaged. If the inspector is not sure to propose a repair,
enter a note which says "for further discussions with engineers" and make sure to provide adequate information to help the engineer make decisions in office.
(4) Priority: priovity is proposed by writing: K — Khin cip = Emergency; C— Cao = High; T— Thdp = Low.

Dainichi Consultant Inc.
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Bridge Name......ccoouiviiiiiiiiiinccs et BRIDGE INSPECTION SHEET
. - Level of Damage D.escription pf Damage Proposed .
No Structure / Damaged Part Unit | Volume/Quantity (with Sketch in Case of C Priority
A B C D and D Level) Measures
1 Superstructure
1.1 Concrete Bridge

Abnormal Deflection mm

Abnormal Sound piece

Abnormal Vibration piece

Abnormal Big/Small Girder End Gap piece

Water Leakage piece

Crack m

Scaling/Delamination m’

Rebar Exposed/Corroded piece

Void piece

Honeycomb piece

Free Lime (at Crack) m

Rust Stain (at Crack) m

Degradation/Discoloration piece

Rupture of Prestressing Tendon piece

Other

Dainichi Consultant Inc.
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ISG

. . Level of Damage D.escription pf Damage Proposed .
No Structure / Damaged Part Unit | Volume/Quantity (with Sketch in Case of C Priority
A B C D and D Level) Measures

1.2 Concrete Deck Slab

Crack m

Scaling/Delamination m’

Rebar Exposed/Corroded piece

Void piece

Honeycomb piece

Free Lime (at Crack) m

Rust Stain (at Crack) m

Degradation/Discoloration piece

Water Leakage piece

Other

2 Substructure

2l Abutment

Crack m

Scaling/Delamination m’

Rebar Exposed/Corroded piece

Void piece

Honeycomb piece

Dainichi Consultant Inc.
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. . Level of Damage D.escription pf Damage Proposed .
No Structure / Damaged Part Unit | Volume/Quantity (with Sketch in Case of C Priority
A B C D and D Level) Measures

Free Lime (at Crack) m

Rust Stain (at Crack) m

Degradation/Discoloration abutment

Other
— Pier

Crack m

Scaling/Delamination m’

Rebar Exposed/Corroded piece

Void piece

Honeycomb piece

Free Lime (at Crack) m

Rust Stain (at Crack) m

Degradation/Discoloration pier

Other
23 Foundation cai

Settlement/Displacement mm

Scour/Undermining piece

Other

Dainichi Consultant Inc.
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ISG

. . Level of Damage D.escription pf Damage Proposed .
No Structure / Damaged Part Unit | Volume/Quantity A B c D (with Sketch in Case of C Measures Priority
and D Level)

2.4 Ancillary Work

Settlement/Displacement piece

Crack m

Scaling/Delamination m’

Other

4 Bridge Bearing

4.1 Steel Bridge Bearing

Deficiency on Steel Bearing piece

Corrosion on Steel Bearing piece

Deficiency on Attachments piece

Corrosion on Attachments piece

Deficiency on Bearing Seat Concrete/Mortar piece

Abnormal Big/Small Gap bearing

Sediment of Dirt or Soil bearing

Abnormal Sound piece

Other
4.1 Elastomeric Bridge Bearing

Deficiency/Degration on Elastomer piece

Dainichi Consultant Inc.
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Level of Damage Description of Damage Proposed
No Structure / Damaged Part Unit | Volume/Quantity (with Sketch in Case of C Mes sures Priority
A B C D and D Level)
Deficiency on Attachments piece
Corrosion on Attachments piece
Deficiency on Bearing Seat Concrete/Mortar piece
Abnormal Big/Small Gap bearing
Sediment of Dirt or Soil bearing
Other
5 Bridge Expansion Joint
5.1 Cushion Seal Type
Deficiency on Expansion Joint piece
Deficiency on Joint Vicinity piece
Deficiency on Blockout Materials piece
Water Leakage piece
Deficiency on Water Treatment .
o piece
Facility
Girder End Gap piece
Difference in Lever piece
Abnormal Sound piece
Other
5.2 Steel Finger Joint

Dainichi Consultant Inc.
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Level of Damage

Description of Damage

No Structure / Damaged Part Unit | Volume/Quantity (with Sketch in Case of C 11\)/Ir§£ sousfe(i Priority
A B C D and D Level)

Deficiency on Expansion Joint piece
Deficiency on Joint Vicinity piece
Deficiency on Blockout Materials piece
Water Leakage piece
Deficiency on Water Treatment .

Iy piece
Facility
Girder End Gap piece
Difference in Lever piece
Abnormal Sound piece
Other

6 Bridge Parapet/Railing
6.1 Reinforced Concrete Parapet

Crack m
Scaling/Delamination m’
Rebars Exposed/Corroded piece
Free Lime piece
Rust Stain piece
Degration/Discoloration piece
Water Leakage piece
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ISG

. . Level of Damage D.escription pf Damage Proposed .
No Structure / Damaged Part Unit | Volume/Quantity (with Sketch in Case of C Priority
A B C D and D Level) Measures
Other
6.2 Curb
Crack m
Scaling/Delamination m’
Rebars Exposed/Corroded piece
Free Lime piece
Rust Stain piece
Degration/Discoloration piece
Water Leakage piece
Other
6.3 Steel Railing
Deformation/Deficiency m
Corrosion m’
Other
7 Drainage System
7.1 Drain Inlet
Deficiency on Inlet piece
Deficiency/Corrosion on Fittings piece
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ISG

. . Level of Damage D.escription pf Damage Proposed .
No Structure / Damaged Part Unit | Volume/Quantity (with Sketch in Case of C Priority
A B C D and D Level) Measures

Deficiency on Drain Grates piece

Clogging piece

Deformation piece

Other
7.2 Drain Pipe

Deficiency piece

Corrosion piece

Clogging piece

Disconnection/Unfit piece

Deformation piece

Water Leakage piece

Other
7.3 Attachment

Deficiency piece

Corrosion piece

Clogging piece

Deformation piece

Other
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Form 2-1
Summary Sheet for Inspection, Evaluation and Measures Taken
Bridge Name: (Kilometer-Post :) Type of Structure: Bridge, Culvert
Records on Inspection / Investigation Results Repair History Remarks
Sequence Date Type of a 5
No Inspection ement . - : . epartment in
Position in Element Results of Inspection / Investigation Date of Repair Repair Method Charge
Note 1: Type of Inspection is recorded as Routine Inspection Type-A, Routine Inspection Type-B, In-Depth Inspection, Emergency Inspection or Special Inspection.
Note 2: Element or Position in Element is recorded as girder / beam, cross beam, deck slab, pier, abutment, bridge beating, bridge expansion joint, bridge drainage system, bridge railing / curb, or inspection platform.
Note 3: Results of Inspection / Investigation is recorded focusing on:
Good / fair, element / position in element not inspected, drastic progress of deterioration, unexpected defect / damage due to accidents / fire, progressive defect / damage, effect of repair
Note 4: Repair Method is recorded as resin injection, restoration of body of element, surface coating on steel element or so on.

Dainichi Consultant Inc.
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Form of Records for Daily Inspection, Routine Inspection Type-A 1/2

Form 2-2

Date Vehicle
Registration No.
Checked By:
EName of Section O Departure O
Xpressway Time of
Inspection .
Weather Arrival O Department Inspector
o o Viaduct OO Bridge 00 Viaduct o Bridge Viaduct O Bridge Viaduct Bridge Viaduct
Evaluation : OK  Evaluation : B Evaluation : A Evaluation : B Evaluation: A Evaluation : Evaluation :  Evaluation :  Evaluation :
Inbound
oo oo
1C IC 1C 1C 1C
Outbound

Dainichi Consultant Inc.
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NG

Form 2-2

o Abnormal Sound

o Excessive Vibration

0 excessive Big / Small Girder End Gap
0 Water stagnation / Leakage

0 Rebar Exposed / Corroded

o Rust Stain

o Rupture of Pre-stressing Tendon

(2) Concrete Deck Slab

0 Rebar Exposed / Corroded
o Water Leakage, Free Lime, Rust Stain

o Rebar Exposed / Corroded
o Rust Stain

2) Pier
o Rebar Exposed / Corroded
0 Rust Stain

o Defect / Damage on Bearing

0 Defect / Damage on Attachments

o Corrosion

0 Defect / Damage on Bearing Seat
Concrete / Mortar

o Excessive Big / Small Girder End Gap

o Abnormal Sound

o Sediment of Rubbish / Soils

2) Elastomeric Bridge Bearing

0 Degradation on Elastomeric Materials

o Defect / Damage on Attachments

o Corrosion

o Defect / Damage on Bearing Seat
Concrete / Mortar

o Excessive Big / Small Girder End Gap

a) Expansion Joint

0 Elastomeric Materials

b) In the Vicinity of Joints

o Sealing Materials

o Opening of Joint

¢) Block out Material

o Block out Materials

o Seam between Expansion Joint and
Block out Material

0 Seam between Block out Materials and
Pavement

d) Difference in Level

o Seam between Expansion Joint and
Block out Material

o Seam between Block out Materials and

Form of Records for Daily Inspection, Routine Inspection Type-A 2 /2
Date V ehif; le
Registration No.
Name of
Expressway Section O Time of Departure O
Weather Inspection Arrival 0O Department Inspector
1. Bridge

(1) Concrete Bridge (3) Substructure (4) Bridge Bearing (5) Bridge Expansion Joint ¢) Girder End Gap
0 Opening of Gap

o Excessive Deflection 1) Abutment 1) Steel Bridge Bearing 1) Cushion Seal Type f) Water Leakage

o Water Leakage from Girder End Gap
0 Water stop Sealing Materials
0 Water Leakage from Curb

2) Steel Finger Joint

a) Expansion Joint

0 Steel Materials

o Sealing Materials

o Face Plates

0 Welding on Face Plates

o Loosening and Rupture of Anchor Bolts
o Capping of Anchor Bolt

b) In the Vicinity of Joints

o Sealing Materials

0 Opening of Joint

o Block out Materials

out Material

o Seam between Block out Materials and
Pavement

d) Difference in Level

out Material

o Deam between Block out Materials and
Pavement

e) Girder End Gap

0 Opening of Gap

f) Water Leakage

o Water Leakage from Girder End Gap

o Water stop Sealing Materials

0 Water Leakage from Curb

0 Seam between Expansion Joint and Block

0 Seam between Expansion Joint and Block

1) Reinforced Concrete Parapet

o Crack

o Water Leakage , Free Lime

o Scaling / Delamination of Cover
Concrete

O Spalling

o Rebar Exposed / Corroded

2) Curb

o Crack

o Water Leakage , Free Lime

0 Scaling / Delamination of Cover
Concrete

o Spalling

o Rebar Exposed / Corroded

3) Steel Railing

o Deformation / Damage

o Corrosion

1) Bridge Drain Box

o Deficiency

o Corrosion

o Clogging with Soils

o Deformation

o Deficiency / Corrosion on Attachments
0 Defect / Damage on Cover
2) Drain Pipe

o Deficiency

0 Clogging with Soils

o Dropping Off

0 Deformation

o0 Water Leakage

o Deficiency
o Clogging with Soils
o Deformation

0 Abnormal Sound Pavement
0 Sediment of Rubbish / Soils
1. Bridge 2. Culvert
(6) Bridge Railing (7) Bridge Drainage System (1) Reinforced Concrete Culvert
¢) Block out Material 3) Attachments

o Displacement

o Settlement / Scour

o Irregularity on Joint

o Crack

0 Air Void / Honeycomb

0 Free Lime

o Rust Stain

0 Scaling / Delamination / Spalling
o Rebar Exposed / Corroded
o Discoloration

0 Sediment of Rubbish / Soils

After the check, O

shall be marked with “x”.

*  Wherever defect / damage is judged D or A, such defect / damage shall be recorded in Form 2-2.

Dainichi Consultant Inc.
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Records of Defect / Damage Found in Daily Inspection & Necessary for Urgent Measures

ection, Routine Inspection Type-A, Routine Inspection Type-B, Emergency Inspection, Special Inspection >>

Name of Expressway: Section: IC/JCT —IC/JCT

Inbound / Outbound: Name of Bridge / Culvert:

Form 2-3

Day / Month / Year, Weather Condition () ‘ Inspector Checked By:
Location Position in Element Detail of Defect / Damage
Kilometer-Post Span / . T . .
Name of Ramp way Substructure Name of Structure | Detail Position in Element Defect / Damage Evaluation Quantity
[Descriptions of Defect / Damage] [Comments by Checker]

[Photograph, Figures, Comments, etc.] : Photographs shall be taken in both close-range and distant views. Sketch shall be drawn in order to identify the detail positions of defect / damage in element.

Dainichi Consultant Inc.
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Form 2-4
Monthly Summary Sheet of Inspection, Evaluation and Measures Taken
<< Defect / Damage necessary for Daily Inspection and Emergency Measures >>
Name of Expressway
Target Section
Location . - Measures Taken
Sequence Type of Name of Position in | Type of Defect / Descriptions of Defect / . Date of Department Type of Date of
Inbound / . Element Evaluation . Measures | Expected Interval of . . .
No. Kilometer-Post Structure Structure Element Damage Damage Evaluation . in Charge Repair Repair
outbound Taken Date Monitoring

Dainichi Consultant Inc.
Central Nippon Expressway Co., Ltd.
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Form 2-5

Project for Strengthening Operation and Maintenance System for Expressway in Vietnam

Inspection Records - Photographing

Type of Structure

Name of Structure

Expressway Route

IC (From)

IC (To)

Sequence No. Sequence No. Sequence No. Sequence No.
Defect / Defect / Defect / Defect /
Damage Damage Damage Damage

Date Date Date Date

Descriptions of Descriptions of Descriptions of Descriptions of
Defect / Defect / Defect / Defect /
Damage Damage Damage Damage
Element Element Element Element

Sequence No. Sequence No. Sequence No. Sequence No.
Defect / Defect / Defect / Defect /
Damage Damage Damage Damage

Date Date Date Date

Descriptions of Descriptions of Descriptions of Descriptions of
Defect / Defect / Defect / Defect /
Damage Damage Damage Damage
Element Element Element Element

Dainichi Consultant Inc.
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Form 2-6 (Sample)

Defect / Damage Map (Sample)
Defect / Damage Map for Girder / Beam per Span

(Bridge Deck) Brdee N
Location Ma| ridge Name
P Pier (Abutment) No Type of Bridge
’-I"I ﬂ ﬂ rr‘ Type of Structure
I \ Target Span P OP
Al P1 P2 A2 No. of Girder d;Pl | D 2002.6 B E B 0:on | P2 Span hizound  Outbound
Crossing Route Name \ / \ Curb-to-Curb Width
! 4] Crossing Road
G1 Type of Support
o H H ‘ M: Move, F: Fix History of Inspection
H H ‘ Date Inspector | Name of Firm
63 2000.6.20 aaa bbb
1nbound / H H ‘ 2001.9.15 cce bbb
outbound G4 ‘ ‘ ‘ ‘ ‘ 2002.3.10 ddd bbb
® H H |
G6
H H |
Remarks ' Legend
Defect / Damage Tllustration Symbol Element
0 -2001.9 T-B-3.0m/ -
. Girder, Slab
. C k T H 9 £l
Width 0.1m rac ! Railing, Curb
Broken Edge ) K Gl_rc_ler, Slab,
Railing, Curb
Legend on Defect / Damage Blister (o) U Gi_rqer, Slab,
Railing, Curb
. . . Girder, Slab,
Measures Taken at Times of Construction Type of Defect / Damage (refer to Legend) Scaling &K Ha Railing, Curb
Prepared By: Date of Completion: Name of Contractor : . . . :
Evaluation of Defect / Damage i L Girder, Slab,
Year, Month, Day Time of Detection : g Spalling N Railing, Curb
(Example) No of Element Quantity of Defect / Damage Al Void, Honsycomb o Girder, Slab,
This is a 3-span continuous steel plate girder bridge. Since honeycombs are i ) ’ Railing, Curb
detected around drip groove of deck overhang after completion of concreting deck 0°-2000.6 U-AA-0.6m Water Leak R Girder, Slab,
slab, chipping work was conducted. Attention shall be paid on this work at the Width 0.3m x Length 2.0m ater Leakage Railing, Curb
time of inspection, as defect / damage will be expedited with deterioration in . ] Girder, Slab,
concrete with time. Breakdown of Defect / Damage Quantity Free Lime Y Railing, Curb
(recorded on day / month / year) Rebar Exvosed / Corroded — T Girder, Slab,
P Railing, Curb

* Hammering test results shall be enclosed Cl
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Defect / Damage Map (Sample)
Defect / Damage Map per Substructure

(Substructure)
Location Map
T
Al Bl P2 P3 P4 A2
(Destination side)
O
(Median side) [] [] L] L] O  (Shoulder side)
0 Record of Repair at time of Construction
(Origin side) 0.2mm wide and 1.00m long crack
- Crack Injection \
A

/

0 -2000.6 Hi-B-1.0m,

Form 2-6 (Sample)

Type of Defect / Damage (refer to Legend)

Evaluation of Defect / Damage

Width 0.2m
Remarks
Legend on Defect / Damage
Measures Taken at Times of Construction
Prepared By: Date of Completion: Name of Contractor : Time of Detection
Year, Month, Day

(Example) No of Element

At the completion of construction, a 1.0 m long and 0.2mm wide crack was 5
detected on the wall. Crack injection using polymer-cement resin was conducted. 1J-2000.6 U-AA-0.6m
(recorded on day / month / year) Width 0.3m x Length 2.0m

J Quantity of Defect / Damage

Bridge Name
Type of Bridge
Type of Structure
Target Span P OP
Inbound / Outbound
Span
m
Curb-to-Curb Width
Crossing Road
History of Inspection
Date Inspector | Name of Firm
2000.6.20 aaa bbb
Legend
Defect / Damage Illustration | Symbol Element
Crack —~ Hi Abutment, Pier
Broken Edge [} K Abutment, Pier
Blister < V] Abutment, Pier
Scaling &> Ha Abutment, Pier
Spalling &> N Abutment, Pier
Air Void, Honeycomb Ma Abutment, Pier
Water Leakage R Abutment, Pier
Free Lime - Y Abutment, Pier
Rebar Exposed / .
Corroded — T Abutment, Pier

Breakdown of Defect / Damage Quantity

* Hammering test results shall be enclosed w|:|
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Form 2-7
Annual Summary Sheet of Inspection, Evaluation and Measures Taken
<< Routine Inspection, In-Depth Inspection >>
Name of Expressway
Target Section
Location . o Measures Taken
Sequence Type of Name of Position in | Type of Defect / Descriptions of Defect / . Date of Department Type of Date of
Inbound / . Element Evaluation ; Measures | Expected Interval of . ) K
No. Kilometer-Post Structure Structure Element Damage Damage Evaluation . in Charge Repair Repair
outbound Taken Date Monitoring

Dainichi Consultant Inc.
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3 Electrical Facilities
3.1 Outline

3.1.1 Scope of Application

General matters regarding checking and inspection work of the electrical facilities and power

distribution equipment for the highways of Vietnam are covered in the following.

3.1.2  Overview of Work

Checking and inspection work are carried out to keep highway operations in a consistently
normal state, and conducted as follows for electrical facilities and equipment. In addition,
while conducting the maintenance checks and inspections as appropriate for enforcement of
highway safety and reliability, it is crucial to strive for the optimal employment of equipment,
such as checking and constant re-examination of the techniques used and frequency of

inspections, as may be required.

3.1.2.1 Periodic inspections

Daily routine checks as part of periodic inspections involve visual observation of equipment
and checking of operation and maintenance, and include basic checks and general attention to
the existence of abnormalities mainly through the use of the physical senses, such as sight and
touch. More thorough periodic checks are also done, generally requiring the functional stop of
the system, and involving the coordinated checking of operations using measurement
equipment and metering, at which time maintenance procedures are also undertaken.

A structural test shall be used to assess a potentially abnormal condition of a component or
system, and follows a progressive assessment sequence that is performed on-site, and which
shall be carried out using a combination of close-up visual observation, electrical probe,
simple meter, or measuring instrument. Securing safe and smooth road traffic aims at the
prevention of third party*1 damage by suitable structural test described below.

*1 “Third party” refers to all passing vehicles using the road system other than those engaged
in road management.

As shown in

Figure 3.1-1, structural inspection is not a separate function but it plays purposed functions:
after the inspection, diagnose will be performed for either for urgent repair, or further detailed
investigation, maintenance or repair, and moreover, data will be recorded for the next
inspection.

Therefore, in order to conduct the structural test most effectively, it is necessary to make precise

Dainichi Consultant Inc.
Central Nippon Expressway Co., Ltd.

3-1



Project for Strengthening Operation and Maintenance System for Expressway in Vietnam SG

Other plans concerning «g—p Plan of -
institution equipment construction test

T T T T T T T T T T T AR T T T T T TRk T T T T T -
Judgment by
inspector
Judgment is
]SEth)esr%ezncy impossible. *1

: v

Report  to A Reports to
SUpervisor. supervisor.

OK

Emergency N M
repair *3 ¢ >

Yes

Further
No investlgatlon
5

-t
Y
Repair Monitoring &
L i \J
Report

*1: "A judgment is impossible" refers to cases which are difficult to judge because they are on the border between
judgment categories AA and A.

"Emer%ency steps" refers to measures to prevent falling or collapse, and similar measures, which can be
performed y the inspector.

*3: "Emergency repair” refers to temporary emergency measures to restore diminished structural function or
eliminate the risk of damage to third parties.

*4: "Emergency repair result B" refers to the state following emergency repairs when the judgment category has
been restored to B.

*5: "Further investigation" refers to 1nvest1§at10n conducted by experienced academic professionals in related fields,
specialist engineers, and similar experts to decide the methods of repair.

recording and make use of the test result, and link them to other associated areas and sections.

Dainichi Consultant Inc.
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Figure 3.1-1 Flowchart for structural test

The results of the structural test shall be determined by the following judgment classifications.

Judgmer;t Judgment criteria
classification
AA When damage etc. is significant and urgent repair is required as seen from the
functional aspect.
A While there is damage, etc., and functional decline is apparent and repair is required,
urgent repair itself is not mandated.
Although there is some damage, functional decline is not immediately evident and it
B is necessary to monitor the gradual progress of deterioration that may ultimately
occur.
OK There is no damage.

3.1.2.1.1 Criteria of judgment classifications

Judgment classifications used to assess the damage or deterioration of a subject, etc., fall into
the four classifications of “AA,” “A,” “B,” and “OK,” as determined by the urgency and
extent of damage and the repair measures required as seen from the structural functional
aspect.

In addition, the criteria of each judgment classification are considered as the transition of a) to
d) in the following.

a) Judgment classification AA

Assessment of judgment classification AA results from the possibility that structural
functional decline may be or is presently significant or may cause trouble to a third party, etc.,
and considered to be a condition for which urgent repair is mandated.

b) Judgment classification A

A condition of minor damage or gradual deterioration can be assessed as judgment
classification A, and is considered to be a condition for which repair is not urgently required
but is expected to result in eventual structural functional decline.

¢) Judgment classification B

Although the extent of damage or deterioration can be assessed as judgment classification B,
repair measures for structural functional decline are considered unnecessary for the time being,
and it is assessed as a condition for which progressive stages of deterioration must be
monitored.

d) Judgment classification OK

Judgment classification OK is assessed as a case in which damage or deterioration cannot be
seen, or damage or deterioration is slight and does not need either repair or progress
monitoring.
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In addition, the judgment classification OK is formed in order to assist in inspection planning
and the prevention of omission during an inspection, and to record the fact of inspection

implementation.

3.1.2.1.2 Proximity viewing

Proximity viewing is the most basic inspection method using a high-type or elevated vehicle,

platform, scaffold, etc., if needed, so that the object of inspection can be approached and

viewed at a close range, and an abnormal situation can be assessed using observation, probe,

or simple meter, and forms the basis of a structural test.

Key aspects in proximity viewing are to:

a) Carry out the procedure after the structure inspection, previous checking results, failure
history, and repair history have been reviewed and understood.

b) Detect the abnormal changes not only by visual observation, touch, or utilizing a probe,
simple meter but also by slightly tapping and shaking.

¢) For equipment located in a place under vibration, it is advised to compare the results of
inspection with that of the same object in no-vibration operation condition.

d) When the judgment of an item being inspected is assessed as “AA,” be sure to check as

well whether the same damage may exist in neighboring structures or parts.

3.1.2.2 Emergency inspections
In emergencies, such as outright equipment failure, the identification of the nature of a road
obstacle or hazard, etc., shall be performed immediately and shall be dealt with by restoration

or initial communications to highway control staff, etc.

3.1.2.3 Records

Following checking and inspection works, the responsible person shall write the result in

report form.

3.1.3 Target Equipment

Equipment that is the target of checking and inspection work is covered in 3.2 Inspection

Work (ITS excluded), below.
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3.2 Inspection Work[] ITS excluded[]

3.21 Power Distribution Equipment

3.2.1.1 Work description

Power distribution equipment inspection work refers to the daily check on each apparatus of
the power distribution equipment installed in interchanges, mainly conducted by the senses,
such as viewing and touch. This also involves the daily visual check performed on each
apparatus of the electrical line equipment installed in interchanges.

Power distribution equipment inspection includes performing status observation, checking
operation and care, and may include carrying out a functional stop, if needed, of the system or
each apparatus of the power distribution equipment installed in interchanges, and requires
coordinated checking of operations using measurement devices such as meters and testers.
Moreover, junction boxes, electrical conduits, etc., particularly for electrical lines and
equipment installed outdoors, and suspended conduits and support conduits are approached,
and close-up inspection is performed by observation, using a probe, simple meter, measuring
instrument, etc. The parts to be given particular attention are shown in Figure 3.2-1 and

Figure3.2-2.
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Figure 3.2-1 Key points for inspection of electrical line equipment
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Figure3.2-2 Schematic of close-up visual inspection of electrical line equipment

3.2.1.2 Types of work

The types of work are as shown below.
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3.2.1.2.1 Daily checking of high-voltage enclosed switchboards, low-voltage enclosed switchboards,
and control center panels that are installed in power receiving equipment.

3.2.1.2.2 Regular checking of power distribution equipment that receives high-voltage and
low-voltage power, conducted at intervals of 12 months

3.2.1.2.3 Replacement of the insulating oil in oil circuit breakers and oil-immersed transformers

3.2.1.2.4 Daily checking of high-voltage leading-in poles, high-voltage leading-in cables, and other
cables that are installed as power supply lines

3.2.1.2.5 Structural inspections of support conduits and suspended conduits of electrical line
equipment and similar equipment that is installed outdoors. The inspections are performed visually, by
touch, and using simple instruments.

3.2.2 Checking and Inspection Work for Private Power Generation Equipment
3.2.21 Work

Inspection work for private power generation equipment refers to observing the conditions,
checking operation, and performing simple maintenance of the various devices on private
power generation equipment that is installed at interchanges. As necessary, system functions
are stopped in order to perform measurement using instruments, checks of coordinated

operation between sets of equipment, and other inspections.

3.2.2.2 Types of work

The types of work are as shown below:

3.2.2.2.1 Daily checking of private power generation equipment. The checking shall not involve
operation with actual loads.

3.2.2.2.2 Regular checking of private power generation equipment, conducted at intervals of 12
months. The checking shall involve operation with actual loads.

3.2.2.2.3 Regular checking of radiator-type private power generation equipment, conducted at
intervals of 12 months.

3.2.2.2.4 Replacement of engine oil, radiator coolant, and air compressor V-belts in compressed-air
driven private power generation equipment.

3.23 Checking and inspection Work for Road Lighting Equipment
3.2.3.1 Work description

Checking work for road lighting equipment refers to daily checking primarily of various
devices on road lighting equipment that is installed on main expressway roads and
interchanges. The checking is performed by visual and other sensory inspection.

Inspection work for road lighting equipment refers to observing the conditions, checking
operation, and performing simple maintenance of various devices on the road lighting
equipment that is installed on main expressway roads and at interchanges. As necessary,
system functions are stopped in order to perform measurement using instruments, checks of

coordinated operation between sets of equipment, and other inspections.
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Structural inspection work for road lighting equipment refers to observation and inspections
of poles, steel towers, and lights on road lighting equipment that is installed on main
expressway roads and interchanges. The observation and inspections are performed by
moving up close to the structures and inspecting visually, by touch, by using simple
instruments or measuring devices, and other means. The points that require particular

attention are shown in Figure 3.2-3 and Figure 3.2-4.
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Figure 3.2-3 Key points for inspection of road lighting equipment
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Figure 3.2-4 Schematic of close-up visual inspection of road lighting equipment
3.2.3.2 Types of work

The types of work are as shown below.

3.2.3.2.1 Regular checking of road lighting equipment that is installed on main expressway roads
and at interchanges, conducted at interval of 12 months.

3.2.3.2.2 Structural inspections of road lighting equipment supports and lights, performed visually,
by touch, and using simple instruments

3.24 Checking and Inspection Work for Warning Light Equipment
3.2.41 Work description

Inspection work for warning light equipment refers to observing the conditions, checking the
operation, and performing simple maintenance of the flashing lights at branching points that
are installed on main expressway roads and at interchanges. As necessary, system functions

are stopped in order to perform measurement using instruments and other inspections.

3.2.4.2 Types of work

The types of work are as shown below.

3.2.4.2.1 Regular checking of warning light equipment, conducted at intervals of 12 months

Dainichi Consultant Inc.
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3.25 Checking and Inspection Work for Variable Road Information Board Equipment
3.2.5.1 Work description

Checking work for variable road information board equipment refers to daily checking
performed by visual and other sensory inspection, and by operation of the equipment.
Inspection work for variable road information board equipment refers to observing the
conditions, checking operation, and performing simple maintenance of the variable road
information board equipment that is installed on main expressway roads. As necessary, system
functions are stopped in order to perform measurement using instruments, checks of
coordinated operation between sets of equipment, and other inspections.

Structural inspection work for variable road information board equipment refers to
observation and inspections of the supports and foundations of the variable road information
board equipment that is installed on main expressway roads. The observation and inspections
are performed by moving up close to the structures and inspecting visually, by touch, by using
simple instruments or measuring devices, and other means. The points that require particular

attention are shown in Figure 3.2-5.
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Figure 3.2-5 Key points for inspection of variable road information board equipment
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3.2.5.2 Types of work

The types of work are as shown below.

3.2.5.2.1 Daily checking of LED-type variable road information board equipment that is installed on
main expressways.

3.2.5.2.2 Regular checking of LED-type variable road information board equipment, conducted at
intervals of 12 months

3.2.5.2.3 Structural inspections of the F-type supports and gate-type supports of variable road
information board equipment, performed visually, by touch, and by using simple instruments

3.2.6 Checking and Inspection Work for Mobile Radio Equipment

3.2.6.1 Work description

Inspection work for mobile radio equipment refers to observing the condition, checking
operation, and performing simple maintenance of the various devices of mobile radio
equipment that is installed at interchanges, in vehicles, and at other locations. As necessary,
system functions are stopped in order to perform measurement using instruments, checks of
coordinated operation between sets of equipment, and other inspections. At 12-month
inspection intervals, the information listed in the application documents for the radio station
license shall be checked against the serial numbers, models, and specifications of the radio
equipment.

Structural inspection work for mobile radio equipment refers to observation and inspections
of the steel towers, foundations, and guide wires of mobile radio equipment that is installed at
interchanges. The observation and inspections are performed by moving up close to the
structures and inspecting visually, by touch, by using simple instruments or measuring devices,

and other means.

3.2.6.2 Types of work

The types of work are as shown below.

3.2.6.2.1 Daily checking of the base stations, portable base stations, and control fixed stations of
mobile radio equipment (analog radio)

3.2.6.2.2 Regular checking of the base stations, portable base stations, control fixed stations, steel
towers, land-based mobile stations, portable stations, and antennas (excluding measurement of antenna
receiver input voltage) of mobile radio equipment (analog radio), conducted at intervals of 12 months.
If the equipment is subject to the regular inspections prescribed in radio laws and regulations, the
Registration Inspection Results Notice (reference document) shall be created.

3.2.6.2.3 Measurement of the receiver input voltage (dBuV) of mobile radio equipment (analog
radio) at locations along the road

3.2.6.2.4 Structural inspections of the steel towers of mobile radio equipment, performed visually, by
touch, and using simple instruments

Dainichi Consultant Inc.
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3.2.7 Checking and Inspection Work for Communication Line Equipment
3.2.7.1 Work description

Inspection work for communication line equipment refers to observing the conditions,
checking operation, and performing simple maintenance of various cables, conduit lines, and
related equipment. As necessary, system functions are stopped in order to perform
measurement using instruments, checks of coordinated operation between sets of equipment,
and other inspections.

Structural inspection work for communication line equipment refers to observation and
inspections of support conduits and suspended conduits of communication line equipment that
is installed on bridges and other locations. The observation and inspections are performed by
moving up close to the structures and inspecting visually, by touch, by using simple
instruments or measuring devices, and other means. The points that require particular

attention are shown in Figure 3.2-6 and Figure 3.2-7.
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Figure 3.2-6 Key points for inspection of communication line equipment

Dainichi Consultant Inc.
Central Nippon Expressway Co., Ltd.

3-13




Project for Strengthening Operation and Maintenance System for Expressway in Vietnam SG

Electrical line is
shaken vertically and
horizontally.

Figure 3.2-7 Schematic of close-up visual inspection of communication line equipment
3.2.7.2 Types of work

The types of work are as shown below.

3.2.7.2.1 Daily checking (alarm line insulation resistance test) of metallic cables.

3.2.7.2.2 Regular checking of metallic cables, conduits, hand holes, optical-fiber cables, and other
equipment, conducted at intervals of 12 months.

3.2.7.2.3 Structural inspections of support conduits and suspended conduits of the communications
line equipment that is installed outdoors and elsewhere. The inspections are performed visually, by
touch, and using simple instruments.
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3.3 Maintenance and Management Work

3.31 Daily Maintenance and Management
3.3.1.1 Cleaning of power distribution equipment
3.3.1.1.1 Work description

Cleaning of power distribution equipment refers to cleaning and dead lamp replacement for

MDP panels and similar equipment. It also includes cleaning of manholes and hand holes.

3.3.1.1.2 Types of work

The types of work are as shown below.

a) Cleaning of MDP panels and other equipment using cloth, brushes, and similar means in
order to remove dust, grime, and other substances

b) Replacement of dead lamps refers to replacing lamps both inside and outside the panels.

¢) Cleaning of manholes and hand holes refers to using manual means or cleaning machines
to clean accumulated substances and water from inside the manholes and hand holes that

are installed on expressway main roads, interchanges, and other locations.

3.3.1.2 Cleaning of private power generation equipment
3.3.1.2.1 Work description

Cleaning of private power generation equipment refers to work for removing dust, grime, and

other substances from generators and other equipment.

3.3.1.2.2 Types of work
The types of work are as shown below.
a) Cleaning of generators and other equipment using cloth, brushes, and similar means in

order to remove dust, grime, and other substances

3.3.1.3 Cleaning of road lighting equipment
3.3.1.3.1 Work description

Cleaning of road lighting equipment refers to cleaning lighting equipment that is installed on
main expressway roads, interchanges, and other locations, as well as lamp replacement that is
performed at the same time as the cleaning. The range to be cleaned is the lamp, inside and
outside the light cover, reflecting plates, and the exterior of the light. However, when a lamp
is replaced at the same time with lamp cleaning, then the cleaning of old lamp is not

necessary.

3.3.1.3.2 Types of work

The types of work are as shown below.
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a) Cleaning and lamp replacement, using an elevating work vehicle, of lights installed at
heights of 8 — 14 meters, and of elevating-type lights that are installed on high poles and

on steel towers for lighting

3.3.1.3.3 Required performance
(1) There must not be 3 or more consecutive lights that do not illuminate.
(2) Work to ensure that (1) above is satisfied must be performed within 1 month after the

check for lights that do not illuminate.

3.3.1.3.4 Performance check method
The performance check shall be performed at the time of the inspection for checking the light

illumination conditions that is carried out each month.

3.3.1.3.5 Handling in case required performance is not satisfied
If the required performance is not satisfied following the work, the party that ordered the
work and the party that contracted the work shall immediately investigate to determine the

cause, and shall hold discussions concerning corrections with a supervisor.

3.3.1.4 Cleaning of warning light equipment
3.3.1.4.1 Work description

Cleaning of warning light equipment refers to cleaning of the blinker lights that are installed

at interchanges.

3.3.1.4.2 Types of work
The types of work are as shown below.
a) Cleaning of the blinker lights using cloth, brushes, and similar means in order to remove

dust, grime, and other substances

3.3.1.5 Cleaning of variable information board equipment

3.3.1.5.1 Work description

Cleaning of variable information boards refers to work for cleaning of the variable road
information boards that are installed on main expressway roads, interchanges, ordinary roads,

and other locations. The area to be cleaned is the front of the main unit display.

3.3.1.5.2 Types of work
The types of work are as shown below.
a) Cleaning of LED-type variable road information boards that are installed on main

expressway roads, interchanges, and ordinary roads

3.3.1.5.3 Required performance
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(1) Cleaning must be performed a minimum of once each year.
(2) If there are regional characteristics resulting from traffic volume or other factors, the

matter shall be discussed with a supervisor.

3.3.1.6 Cleaning of mobile radio equipment
3.3.1.6.1 Work description

Cleaning of mobile radio equipment refers to work for cleaning of various devices of the

mobile radio equipment that is installed at interchanges, in vehicles, and in other locations.

3.3.1.6.2 Types of work

The types of work are as shown below.

a) Cleaning of various devices on the mobile radio equipment that is installed at
interchanges, in vehicles, and in other locations, using cloth, brushes, and similar means

in order to remove dust, grime, and other substances

3.3.1.7 Cleaning of communications line equipment
3.3.1.7.1 Work description

Cleaning of communications line equipment refers to work for cleaning of communications

manholes and hand holes.

3.3.1.7.2 Types of work

The types of work are as shown below.

a) Manhole cleaning work and hand hole cleaning work refer to using manual means or
cleaning machines to clean accumulated substances and water from inside the
communications manholes and hand holes that are installed on expressway main roads,

interchanges, and other locations.

3.3.1.8 Repair work

3.3.1.8.1 Work description

Repair work refers to repairs for extending the lifetimes at locations where minor
deterioration was discovered at regular inspections, structural inspections, and other

inspections.

3.3.1.8.2 Types of work

The types of work are as shown below.

a) Repairs of corrosion caused by minor rusting of embedded-type light poles (hot-dip
galvanized finish) at the locations that contact the ground, or other repairs, of sizes 0.02

m? or more to less than 0.07 m?. The repairs consist of removing the rust and applying a
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rust-replacement type synthetic resin anti-corrosion agent.

b) Repairs of corrosion caused by minor rusting of steel plate (painted finish) lighting
equipment, or other repairs, of sizes 0.005 m” or more to less than 0.05 m?. The repairs
consist of removing the rust and applying a rust-replacement type synthetic resin
anti-corrosion agent.

¢) Repairs of corrosion caused by minor rusting of stainless steel (painted finish) lighting
equipment, or other repairs, of sizes 0.005 m” or more to less than 0.05 m?. The repairs
consist of removing the rust and applying an anti-corrosion agent for use with stainless
steel.

d) Repairs of corrosion caused by minor rusting of steel towers for mobile radio equipment
(hot-dip galvanized finish) at the locations that contact the ground, or other repairs, of
sizes 0.02 m” or more to less than 0.07 m”. The repairs consist of removing the rust and

applying a rust-replacement type synthetic resin anti-corrosion agent.

3.4 Emergency Responsive Work

3.41 Work Description
Emergency work refers to the emergency work and similar work necessary for maintenance

and management of road facilities.

3.42 Types of Work

The types of work are as shown below.

3.4.21 Emergency work and similar work that is necessary for maintenance of road facilities
and requires approximately 2 hours of time

3.5 <Appendix> Standards Related to Checking and Inspection Work

For electrical equipment and communications equipment that are installed on expressways in
Vietnam, the work contents that serve as the standards for checking and inspection work shall

be as prescribed in the "Standards Related to Checking and Inspection Work" defined herein.

3.5.1 Checking and Inspection Work (Facilities)
3.5.1.1 Checking and inspection work for power distribution equipment

Power distribution equipment refers to equipment that receives, converts, and distributes
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electrical power. The range covers up to the secondary-side terminals of power receiving
panels, transformer panels, switchboards, and load switches (including wiring inside and
between panels). It also covers the range from the leading-in poles to the primary sides of
switchboards or equivalent devices, as well as the range from the switchboard secondary side

to the power distribution panels or equivalent devices of terminal loads.

3.5.1.2 Checking and inspection work for stand-by power generation equipment
Stand-by power generation equipment refers to equipment that supplies electrical power to
various load equipment during times of power blackouts. The range covers up to the

secondary-sides of generator panel main switches.

3.5.1.3 Checking and inspection work for road lighting equipment
Road lighting equipment refers to lighting equipment that is installed on roads. The range

covers from the electrical lines to the terminal devices.

3.5.1.4 Checking and inspection work for warning light equipment

Warning light equipment refers to the warning lights installed on roads.

3.5.1.5 Checking and inspection work for variable road information board equipment
Variable road information board equipment refers to the variable signboard equipment that is
installed on roads in order to communicate various road information. The range covers the

devices, supports, and foundations.

3.5.1.6 Checking and inspection work for mobile radio equipment

Mobile radio equipment refers to base stations, land-based mobile stations, portable stations,

and ancillary equipment.

3.5.1.7 Checking and inspection work for communication line equipment

Communication line equipment refers to the following.

3.5.1.7.1 This refers to the range from the low-voltage leading-in poles for a road communication
facility to the power distribution panels or equivalent devices of terminal loads (if direct loads are
connected, up to the load terminal block or equivalent device). Ancillary power distribution panels are
also included.

3.5.1.7.2 This refers to the metallic cables, optical-fiber cables, and ancillary equipment that are used
as transmission lines between sets of road communications equipment.
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3.5.2 Inspection Items and Frequency for Checking and Inspection Work
Frequency
Facilit System | Inspection . Daily checking Periodic )
y 4 p . Inspection item - - ) Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days Tw 1mo. | 3mo. | 6mo. | 12 mo.
Power Disconnect |General Appearance check Visual inspection Check that there is no dirt, damage, corrosion, paint
distribution  |switch (dirt,damage) ° ° peeling, or deformation.
equipment(for
special high - — - - - - - - -
voltage and Overheating (temp. indicator Visual inspection Check that there is no deformation or discoloration
high voltage) tape), discoloration © © caused by overheating.
Check that there is no discoloration of temp. indicator
tape.
Contact of blade and blade Visual, Check that blade contacts blade receiver without
receiver, looseness © touch,operation, looseness during operation.
(retighten),contact roughness and tool inspection Check marking of bolts, etc. and retighten if necessary.
Check that there is no corrosion or roughness of
contacts and contacting parts.
Application of grease to Visual, touch, and |Remove old grease from the contacting surfaces of the
contacting surfaces ° operation inspection|blade and blade receiver, and apply new grease.
Insulation resistance Measurement by Check that insulation resistance is within the prescribed
© instrument range.
Interlock system check Visual and Check that operation is not possible when breaker is
o operation inspection|ON, and that operation is possible when breaker is
OFF.
Installation Function of steady brace Visual, operation, |Check that blade does not deviate and contacts the
parts system, looseness (retighten) °© and tool inspection |blade receiver smoothly during operation.
Check marking of bolts, etc. and retighten if necessary.
Switchgear Operation check, Visual, operation, |Check that there is no looseness, abnormal noise, or
mechanism looseness(retighten) °© and tool inspection |other abnormal feel during operation.
Check marking of bolts, etc. and retighten if necessary.
Insulator Cracking o Visual inspection Check that there is no cracking or damage.
Connecting Looseness (retighten) Visual and tool Check marking of bolts, etc. and retighten if necessary.
terminal ° inspection
Transformer |General Appearance check Visual inspection Check that there is no dirt, damage, corrosion,paint
(dirt,damage) ° ° peeling, or deformation.
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Frequency
Facilit System Inspection o Daily checking Periodic )
Y 4 pec Inspection item - - . Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days 1w 1mo. | 3mo. | 6mo. | 12 mo.
Power Transformer |General QOil leakage, vibration, noise o o Visual and sound  |Check that there is no oil leakage at welded parts and
distribution inspection packing.
equipment(for Check that there is no abnormal noise or vibration.
special high Installation condition Visual inspection  |Check that installation onto mounting supports is solid
voltage and © ° and secure.
high voltage) Oil level, temp. (using provided Measurement by Check that oil level gauge and temp. gauge readings
meter) ° ° provided meter are within the prescribed range.
Condition of attachments o Visual and touch Check that there is no dirt, damage, corrosion,paint
inspection peeling, or deformation.
Check that installation is solid and secure.
Insulation resistance Measurement by Check that insulation resistance is within the prescribed
°© instrument range.
Grounding resistance Measurement by Check that grounding resistance value is within the
© instrument prescribed range.
Insulating oil withstand voltage Measurement by Check that insulation breakdown voltage is within the
test © instrument prescribed range.
Insulating oil oxidation Measurement by Check that degree of oxidation is within the prescribed
measurement © instrument range.
Installation Looseness (retighten) Visual and tool Check marking of bolts, etc. and retighten if necessary.
parts © inspection
Bushing Cracking o Visual inspection Check that there is no cracking or damage.
Heat Cracking Visual inspection Check that there is no cracking or damage.
dissipation o
system
Dehumidifying Desiccant Visual inspection Check that there is no discoloration or deformation of
system discoloration,condition of ° desiccant.
moisture adsorption Check that there is no discoloration caused by
deterioration of desiccant, and replace if necessary.
Connecting Looseness (retighten) Visual and tool Check marking of bolts, etc. and retighten if necessary.
terminal ©  linspection
Lightning General Appearance check (looseness) Visual and tool Check marking of bolts, etc. and retighten if necessary.
arrester °© inspection
Condition of parts (dirt,damage, Visual and tool Check that there is no dirt, damage, or cracking of all
looseness (retighten),cracking) © inspection parts.
Check marking of bolts, etc. and retighten if necessary.

Dainichi Consultant Inc.
Central Nippon Expressway Co., Ltd.

3-21




Project for Strengthening Operation and Maintenance System for Expressway in Vietnam SG

Frequency
Facility System Inspec.:tlon Inspection item Daly cr.lecklng - Perloc.jlc Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days 1w 1mo. | 3mo. | 6mo. | 12 mo.
Power Lightning General 3 Marks from discharge Visual inspection Check that there are no marks from electrical discharge
distribution  |arrester °
equpmer?t(for 4 Insulation resistance Measurement by Check that insulation resistance is within the prescribed
special high ° instrument range.
voltage and
high voltage) 5 Grounding resistance Measurement by Check that grounding resistance value is within the
° instrument prescribed range.
Leading-in Check that there is no dirt, cracking, or inclination.
poles 1 Pole health o Visual inspection Check that the foundation is not covered by dirt
P and that earth has not been washed out from
under it.
Check that there is no looseness of support wires.
2 Tension of support wires o Visual and touch Check that there is no damage to ball insulator.
inspection Check that support wire grips have not fallen off or
are loose.
Check that there is no damage to mounting bolts
or that they have fallen off.
Installation condition of . . . Check that there is no damage to protective covers
3 . . . o Visual inspection
protective materials and signs or that they have fallen off.
Check that there is no damage to signs or that they
have fallen off.
Check that there is no damage, rusting, or
corrosion of cross arms.
. Visual, touch, and |Check that there is no looseness of mounting
Corrosion, damage of pole
4 brackets © FOOI . bolts. . )
inspection Check that there is no looseness of scaffolding
bolts or that they have fallen off.
Check that there is no looseness of binding wires.
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Frequency
Facilit System Inspection o Daily checking Periodic )
Y 4 pec Inspection item - - - Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days 1w 1mo. | 3mo. | 6mo. | 12 mo.
Ppwgr . Leading-in Appearance check (dirt Check that there is no dirt, corrosion, damage,
d|strl|but|on poles dgrl:la &) of pole devices o Visual inspection  [rusting, paint peeling, or deformation.
equipment(for 9 P Check that the installation is not inclined.
ial high -
specialhig Wires and Visual, touch, and |Check that there is no dirt, corrosion, damage,
voltage and t . . : ; . .
high voltage) suppor Installation condition o tool rusting, paint peeling, or deformation.
brackets inspection Check that the installation is not inclined.
Check that there is no contact with surrounding
trees or other objects.
Distance from other objects o Visual inspection Check that there is no damage or rusting of
protective conduits at rise-up points.
. ) Measurement by Check that insulation resistance is within the
Insulation resistance o instrument prescribed range.
Cables For load
(including Condition of head connections o Visual and touch Check that there is no deformation or discoloration
leading-in (overheating, damage) inspection caused by overheating.
cables)

Underground installation
condition (presence of
unauthorized digging, etc.)

Visual inspection

Check that there is no evidence of digging. Check that
there is no subsidence.

Distance from other objects

Visual inspection

Check that there is no contact with surrounding trees or|
other objects.

Check that there is no damage or rusting of protective
conduits at rise-up points.

Dirt, damage on exterior

Visual inspection

Check that there is no dirt, corrosion, damage,
cracking, or deformation.

Dirt, damage on parts

Visual inspection

Check that there is no dirt, corrosion, damage,
cracking, or deformation.

Insulation resistance

Measurement by
instrument

Check that insulation resistance is within the prescribed
range.
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Frequency
Facili System Inspection o Daily checking Periodic )
ty 4 pec Inspection item - - . Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days 1w 1mo. | 3mo. | 6mo. | 12 mo.
P.OW?rD. Conduits Conduits and Installation condition (presence . . . Check that there is no evidence of digging. Check that
distribution support . L o o Visual inspection X !
. of unauthorized digging, etc.) there is no subsidence.
equipment(for brackets
special high Condition of underground N . Check that letters and symbols have not disappeared.
voltage and installation sign poles ° ©  |Visualinspection ; i
high voltage) gn p Check that signs are not covered by weeds or dirt.
Manholes, ) Check that there is no dirt, damage, or chipping.
hand-holes Condition of cover installation o o Y|sual gnd touch Check that there is no looseness.
inspection
Check that they are not covered by weeds or dirt.
Installation condition (presence o o Visual inspection Check that there is no evidence of digging. Check that
of unauthorized digging, etc.) P there is no subsidence.
Power Distribution Check that there is no dirt, damage, corrosion, paint
- General X .
distribution panel, relay peeling, or deformation.
equipment panel, etc. Appearance check (dirt, ) ) . Check that there are no marks from rainwater intrusion
Low voltage |(hereafter, damage) o o Visual inspection | condensation.
switchboard  |"distribution Check that space for inspections has been secured.
panel, etc.")

Check that locks and related items are good.

Abnormalities of instruments,
indicator lamps, failure
indicators

Visual inspection

Check that there is no damage to instrument covers or
frames.

Check that there is no damage to indicator lamps and
that lenses have not fallen off.

Replace any lamps that do not light.

Check that indication and display condition are good.

Abnormalities of operation
switches, selector switches,
relays, electromagnetic
switches, wiring breakers

Visual, sound,
smell, and touch
inspection

Check that there is no dirt, damage, abnormal noise,
abnormal odor, overheating, or other problems with
switches, etc.
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Frequency
Facili System Inspection o Daily checking Periodic )
ty 4 pec Inspection item - - - Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days 1w 1mo. | 3mo. | 6mo. | 12 mo.
Power Distribution General Dirt d heati Check that there is no dirt, damage, overheating, or
distribution  [panel, relay OF'Jre’n gziﬁeéf?/;fi;ge?s?gé Visual and touch  [open circuit.
. o [e] . .
equipment  [panel, etc. panel inspection Check that there are no unnecessary wires, displaced
Low voltage |(hereafter, wires, or foreign objects.
switchboard |"distribution —
panel, etc.") Voltage, current measurement o o Measurement by Check that voltage and current values are within the
' (using provided meter) provided meter prescribed ranges.
Main conducting part insulation o o Measurement by Check that insulation resistance is within the prescribed
resistance instrument range.
Control circuit insulation o Measurement by Check that insulation resistance is within the prescribed
resistance instrument range.
Panel body i
Looseness (retighten) o Y|sual gnd tool Check marking of bolts, etc. and retighten if necessary.
inspection
Operation
switches and Operation check o VlsuaI,A touAch, anq Check that switching operation is smooth.
selector operation inspection
switches
Wiring, -, .
; Check that wiring connections are neat and
terminals X
insid | . . ) organized.
inside pane Wiring condition, looseness Visual and tool
(retighten) ° © inspection Check that there are no unnecessary wires,
displaced wires, or foreign objects.
Check marking of bolts, etc. and retighten if necessary.
. Check that there is no deterioration, cracking,
Indicator . . .
overheating, or discoloration.
Condition of connections for Visual and touch . . . .
- . . . Check that installation and connections are solid and
provided resistor, shunt, and o inspection, and
. . secure.
other devices manual cleaning
Use a shopcloth, brush or similar tool to remove dust or
other material.
. . Measurement by Check that insulation resistance is within the prescribed
Insulation resistance o .
instrument range.
. . Measurement by Check that instrument measurement value and
Calibration test o . - . L .
instrument indicator reading are within the prescribed range.
Automatic

circuit breaker

Operation check

Visual, touch, and
operation inspection

Check that switching operation is smooth.

Check that installation is solid and secure.
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Frequency
Facilit System Inspection o Daily checking Periodic )
Y 4 pec Inspection item - - - Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days 1w 1mo. | 3mo. | 6mo. | 12 mo.
Power Insulating . Visual and smell Check that there is no dirt, damage, abnormal odor, or
- . Dirt, damage o R R . X
distribution coating inspection discoloration.
equipment  [Outdoor General
Low voltage istributi "distributi
) g distribution Same as ﬂ?,(:f above "distribution O O Same as the above "distribution panel, etc." item
switchboard  |panel panel, etc." item
Check that there are no marks from rainwater intrusion
. . . . . or condensation.
Water intrusion o o Visual inspection i X . . i
Check that there is no risk of rain or snow intrusion
from ventilation holes, doors, or elsewhere.
Lightnin Visual and tool Check marking of bolts, etc. and retighten if
N 9 Appearance check (looseness) O O . . 9 ’ g
arrester inspection necessary.
Condition of parts (dirt,damage, Y|sual z.md tool Check that there is no dirt, damage, or cracking of all
looseness (retighten),cracking) o © inspection parts.
9 ’ 9 Check marking of bolts, etc. and retighten if necessary.
Visual inspection Check that there are no marks from electrical discharge
Marks from discharge O O P 9
. . Measurement by Check that grounding resistance value is within the
Grounding resistance O . .
o instrument prescribed range.
MDP panel |General Check that there is no dirt, damage, corrosion, paint
peeling, or deformation.
Appearance check (dirt, Visual insbection Check that th.ere are no marks from rainwater intrusion
damage) o o p or condensation.
Check that space for inspections has been secured.
Check that locks and related items are good.
Check that there is no damage to instrument covers or
N ) frames.
Abnormalities of instruments, Check that there is no damage to indicator lamps and
indicator lamps, failure o o Visual inspection that lenses have not fallen off.
indicators Replace any lamps that do not light.
Check that indication and display condition are good.
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Facilit System Inspection e Daily checking Periodic )
Y v pec Inspection item - - . Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days Tw 1mo. | 3mo. | 6mo. | 12 mo.
Power MDP panel |General Abnormalities of operation ) Check that there is no dirt, damage, abnormal noise,
distribution switches, selector switches, V'Sulzl‘l* s?jutnd, " abnormal odor, overheating, or other problems with
equipment relays, electromagnetic ° ° iSnrzee’czgn ouc switches, etc.
Low voltage switches, wiring breakers P
switchboard . ] Check that there is no dirt, damage, overheating, or
Dirt, damage, overheating, Visual and touch ~ [open circuit.
open circuit of wiring inside o o R - X .
panel inspection Check that there are no unnecessary wires, displaced
wires, or foreign objects.
Voltage, current measurement Measurement by Check that voltage and current values are within the
(using provided meter) ° ° provided meter prescribed ranges.
Main conducting part insulation Measurement by Check that insulation resistance is within the prescribed
resistance ° ° instrument range.
Control circuit insulation Measurement by Check that insulation resistance is within the prescribed
resistance ° instrument range.
Panel body ) Visual and tool Check marking of bolts, etc. and retighten if necessary.
Looseness (retighten) o R -
inspection
Operation Check that switching operation is smooth.
switches and Operation check o Visual, touch, and
selector P operation inspection
switches
Wiring, Check that wiring connections are neat and
terminals . » X organized.
Wiring condition, looseness Visual and tool X
. o o R A Check that there are no unnecessary wires,
(retighten) inspection ; ) . .
displaced wires, or foreign objects.
Check marking of bolts, etc. and retighten if necessary.
Indicator Check that there is no deterioration, cracking,

Condition of connections for
provided resistor, shunt, and
other devices

Visual and touch
inspection, and
manual cleaning

overheating, or discoloration.

Check that installation and connections are solid and
secure.

Use a shopcloth, brush or similar tool to remove dust or
other material.

Insulation resistance

Measurement by
instrument

Check that insulation resistance is within the prescribed
range.
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Frequency
Facilit System Inspection o Daily checking Periodic )
Y 4 pec Inspection item - - . Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days 1w 1mo. | 3mo. | 6mo. | 12 mo.
Power MDP panel [Indicator . . Measurement by Check that instrument measurement value and
PN Calibration test o . - ; s )
distribution instrument indicator reading are within the prescribed range.
equipment Wiring Check that switchi tion i th
Low voltage breaker . Visual, touch, and eck that switching operation is smooth.
switchboard Operation check ° operation inspection
Check that installation is solid and secure.
Insulating Dirt damage R Visual and smell Check that there is no dirt, damage, abnormal odor, or
coating ’ 9 inspection discoloration.
Grounding Grounding resistance Measurement by Check that grounding resistance value is within the
resistance o ° instrument prescribed range.
Cables For load
(including
leading-in Condition of head connections o Visual and touch Check that there is no deformation or discoloration
cables) (overheating, damage) inspection caused by overheating.
Undelrlground installation ) . . Check that there is no evidence of digging. Check that
condition (presence of o Visual inspection . .
. - there is no subsidence.
unauthorized digging, etc.)
o Check that there is no contact with surrounding trees or
other objects.
Distance from other objects Visual inspection
Check that there is no damage or rusting of protective
conduits at rise-up points.
Dirt, damage on exterior o o Visual inspection Checll< that there is ng dirt, corrosion, damage,
cracking, or deformation.
. ) . . Check that there is no dirt, corrosion, damage,
Dirt, damage on parts o o Visual inspection - -
cracking, or deformation.
. . Measurement by Check that insulation resistance is within the prescribed
Insulation resistance o .
instrument range.
Conduits Conduits and Installation condition (presence ) ) ) Check that there is no evidence of digging. Check that
- - o o Visual inspection . i
support of unauthorized digging, etc.) there is no subsidence.
Manholes, . . L
hand-holes Check that there is no dirt, damage, or chipping.
Condition of cover installation Visual and touch i
o o inspection Check that there is no looseness.
Check that they are not covered by weeds or dirt.
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Frequency
Facilit System Inspection o Daily checking Periodic )
Y 4 pec Inspection item - - . Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days 1w 1mo. | 3mo. | 6mo. | 12 mo.
Manholes, [Conduits and . . ) . L
hand-holes |support Installation condition (presence o o Visual inspection Check that there is no evidence of digging. Check that
brackets of unauthorized digging, etc.) P there is no subsidence.
Private power |Operation General
eneration
g . Visual and Operate and check that start and stop operations are
equipment Start/stop test o o S .
operation inspection|good.
Establish rated speed and Measurement by Check that values of each indicator reading are within
. (e} (e} . .
voltage (by provided meter) provided meter the prescribed range.
Operation check of each o o Visual and Check that operating conditions of equipments are
equipment operation inspection|good.
o o Check that hydraulic pressure is within the prescribed
Hydraulic pressure, abnormal Visual |r.1$pect|on, range.
) ibrati heati by hearing and
noise, vibration, overheating tentacles Check that there is no abnormal noise, abnormal odor,
obnormal vibration and overheating.
'FI)':rrI]perature condition of each o o Visual inspection Check that there is no abnormal temperature rise.
Diesel General Appearance check (dirt, ) ) ) Check that there is no dirt, corrosion, damage, rusting,
- o Visual inspection - ) ;
engine damage) paint peeling, or deformation.
o Check that indication and display condition are good.
Abnormality, oil leakage, water By visual inspection |Check that the installation of tachometers and
leakage of instruments and tentacles thermometers are solid and secure.
Check that there is no oil and liquid leakage from joint
parts.
Apply oils and fats to each part o Visual inspection After chgckmg oils and fats, apply them an appropriate
amount if necessary.
Loqseness of each part o Y|sual e.md tool Check marking of bolts, etc. and retighten if necessary.
(retighten) inspection
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Facilit System Inspection o Daily checking Periodic )
Y 4 pec Inspection item - - . Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days 1w 1mo. | 3mo. | 6mo. | 12 mo.
Private power [Diesel General Various noise and vibration o Measurement by Check that values of noice and vibration are within the
generation engine measurement instrument prescribed range.
equipment Check the rise values of oil - . .
Visual inspection . .
temperature, water temperature Check that the temperature rise values of oil, water and
o Measurement by . L .
and exhaust temperature on - exhaust air are within the prescribed range.
- - provided meter
rotating machines
Generator General Appearance check (dirt, ) . . Check that there is no dirt, corrosion, damage, rusting,
o Visual inspection R R ;
damage) paint peeling, or deformation.
. . Measurement by Check that grounding resistance value is within the
Grounding resistance o . .
instrument prescribed range.
lead wire o Check that contact conditions are good.
Check that there is no adhesion and burn mark caused
Visual inspection by overheating.
Contact condition Measurement by Use a shopcloth, brush or similar tool to remove dust or
provided meter other material.
Check that there is no rusting and rough part on
contact areas.
. . . Measurement by Check that insulation resistance is within the prescribed
Electricsystem Insulation resistance o .
instrument range.
starter elect.rlc Check that there is no dirt, corrosion, damage, rusting,
starting Appearance check

accumulator(a

Ikalil

(dirt,damage)

Visual inspection

paint peeling, deformation and cracking on battery
cases, covers and terminals

Liquid surface, precipitation,
hue, curved polar plate,
separator

Visual inspection

Check that there is no short circuit, parts fallen off,
cracking and curvature between polar plates.

Check that separator conditions are good.
Check that hues of each cell are good.

Check that fluid volume is appropriate. Apply fluid
replacement if necessary.

Check that there is no precipitation in electrolytes.

Check that there is no turbidity in electrolytes
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Facili System Inspection o Daily checking Periodic .
ty 4 pec Inspection item - - - Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days 1w 1mo. | 3mo. | 6mo. | 12 mo.
Private power |starter electric Loosening of the terminal, o Check that there is no looseness of cable connection
generation starting leakage Visual and tool and connection bar. Retighten those parts if necessary.
equipment accumulator Loosening of terminals, liquid inspection Check that there is no liquid leakage caused by cracks
(alkali) leakage and deformation of cases.
o Check that voltage levels for each battery are within the
Volt . hcell. liquid " tb prescribed range.
ottage ot each cetl, fiqul X easurement by Check that liquid temperature levels are within the
temperature instrument .
prescribed range.(Measurement of the degree of one
cell per line)
Other Corrosion of the floor surface,
damage . . . Check that there is no damage and corrosion on floor
. o Visual inspection S
Damage and corrosion on floor surfaces caused by liquid leakage.
surfaces
fuel system |General Appearance check N . Check that there is no dirt, corrosion, damage, rusting,
. o Visual inspection . . ;
(dirt,damage) paint peeling, or deformation.
Oil leakage, an amount of oil to o Check that there is no oil leakage from piping.
be stored (performed during Visual inspection  |Check that an appropriate amount of oil has been
operation) stored.
lubricating oil |General Appearance check N . Check that there is no dirt, corrosion, damage, rusting,
tem . o Visual inspection . . ;
Sys! (dirt,damage) paint peeling, or deformation.
Check that th t of lubricati il is within th
Viscosity test of lubricating oil(J o . oC . atihe amount of lubricating ofl s within the
. . . Visual and touch prescribed range.
(Inspection of oil quantity and . . ) L . .
viscosity) inspection Check that there is no extreme deterioration of viscocity
compared with new oil.
cooling Radiator A heck o Check that there is no dirt, corrosion, damage, rusting,
system system ppearance chec Visual inspection paint peeling, or deformation.

(dirt,damage)

Check that there is no looseness in exhaust air ducts.
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Facilit System Inspection o Daily checking Periodic )
Y v pec Inspection item - - . Inspection method Work procedure
name name location Random failure period checking
1,2days | 3days 1w 1mo. | 3mo. | 6mo. | 12 mo.
Private power cooling Radiator o Check that there is no crack caused by deterioration.
generation system system
equipment ;
quip State of the fan belt Visual, sound, and Check that fan belts keep good tention.
Fan belt conditoin touch inspection Check that there is no abnormal noise during
operation.
Check that pressure sensors keep good condition.
Equipment | Damper, Appearance check . . ) Check that there is no dirt, corrosion, damage, rusting,
ly and |ventilation fan i © Visual inspection i i i
supply (dirt,damage) paint peeling, or deformation.
o o Check that there is no unusual color.
The color of exhaust gas Visual inspection
Check that it is close to colorless state during warming.
Cracking gr corrosion of . . . . Check that there is no dirt, corrosion, damage, rusting,
exhaust pipes and mounting o Visual inspection . R .
paint peeling, or deformation.
brackets
Vibration- General . Check that there is no deformation and damage on
N Deformation or damage of . f . -
proofing . j o Visual and tool vibration-proof rubbers, no deformation on anchor
X anchor bolts and vibration- R -
device inspection bolts.
proof rubbers etc . . .
Check marking of bolts, etc. and retighten if necessary.
Grounding  |General Open circuit, condition and ) Check that there is no open circuit in the grounding
line ) Visual and tool )
looseness (retighten) of o inspection line.
connections Check marking of bolts, etc. and retighten if necessary.
Other General ) ) ) Use a shopcloth, brush or similar tool to remove dust or
Cleaning of fine parts o Manual cleaning X
other material.
Road lighting |Poles and Main bodies
equipment steel towers
Appearance check . . . Check that there is no dirt, corrosion, damage, rusting,
. o o Visual inspection . R .
(dirt, damage) paint peeling, or deformation.
) Check that the structure is maintained level and
. . Visual and touch .
Installation condition o o inspection vertical.
P Check that there is no abnormal vibration.
Foundation Check that there is no cracking, damage, or inclination.
Installation condition o o Visual inspection Check that the foundation is not covered by dirt and
that earth has not been washed out from under it.
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Facilit System Inspection o Daily checking Periodic )
Y v pec Inspection item - - . Inspection method Work procedure
name name location Random failure period checking
1,2days | 3days 1w 1mo. | 3mo. | 6mo. | 12 mo.
Road lighting [Poles and Anchor bolts ) Check that there is no dirt, corrosion, damage, rusting,
equipment  [steel towers Appearance check o o |Visualand tool paint peeling, or deformation.
(dirt, damage) inspection
Check marking of bolts, etc. and retighten if necessary.
Road lights  |General Check that there is no dirt, corrosion, damage, rusting,
Appearance check ) ) . paint peeling, or deformation.
dirt d o o Visual inspection
(dirt, damage) Check that there is no cracking or damage of glass
surfaces.
Other . . Measurement by Check that grounding resistance value is within the
Grounding resistance o . .
instrument prescribed range.
blinll<er lights [blinker light |General . . Check that there is no dirt, corrosion, damage, rusting,
equipment paint peeling, or deformation.
Check that there are no marks from rainwater intrusion
Appearance check Visual, touch, and or condensation.
(dirt, damage) operation inspection|Check that there is no damage and deterioration of
lenses and seals etc.
Check that there is no inclination.
Check marking of bolts, etc. and retighten if necessary.
MOb.”e radio [Base stat?on\ Appearance check o o Visual inspection Check that there is no dirt, corrosion, damage, rusting,
equipment Control Fixed (dirt, damage) P paint peeling, or deformation.
station.
Portable base Call testing o o Visual landl . Check that weAcan get aclear Iinel with traffic control
station(analog operation inspection|room by pressing press-to-talk switch
Radio) VSWR measurement and . Measurement by |Check that values of transmitting output and VSWR are
transmitting output instrument within the prescribed range.
Transmit frequency o Measurement by Check that transmit frequency values are within the
measurement instrument prescribed range.
Spurious transmission intensity o Measurement by Check that spurious intensity values are within the
measurement instrument prescribed range.
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Facilit System Inspection o Daily checking Periodic )
Y v pec Inspection item - - . Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days 1w 1mo. | 3mo. | 6mo. | 12mo.
Mobile radio  [Base station, Measured maximum frequency Check that values of modulation characteristics and
equipment  |Control Fixed iati i Measurement by i ati ithi
quip 6 deviation and modulation o . values of maximum frequency deviation are within the
station ioti instrument :
N characteristics prescribed range.
Portable base - — — — —
station(analog 7 Receiver sensitivity o Measurement by Check.that values of receiving sensitivity are within the
Radio) measurement instrument prescribed range.
8 S/ N Measurement o Measurement by Check that values of S/Nis within the prescribed
(send and receive) instrument range.
. . Measurement by Check that values of distortion are within the
9 Distortion measurement o . .
instrument prescribed range.
Lan.d mobile ’ Appearance check o Visual inspection Check that there is no dirt, corrosion, damage, rusting,
station, (dirt, damage) P paint peeling, or deformation.
Mobile
station(Analo 2 Call testing o Visual .and. . Check that we.can get a clear I|ne'W|th traffic control
g Radio) operation inspection|room by pressing press-to-talk switch
3 VSWR measurement and the o Measurement by Check that values of VSWR are within the prescribed
transmitting output instrument range.
4 Transmit frequency o Measurement by Check that values of transmit frequency are within the
measurement instrument prescribed range.
5 Spurious transmission intensity o Measurement by Check that values of transmission spurious intensity
measurement instrument are within the prescribed range.
Measured maximum frequency Check that values of modulation characteristics and
L . Measurement by - - .
6 deviation and modulation o . values of maximum frequency deviation are within the
- instrument ;
characteristics prescribed range.
7 Receiving sensitivity o Measurement by Check that values of receiving sensitivity are within the
measurement instrument prescribed range.
8 S/ N Measurement o Measurement by Check that values of S/N are within the prescribed
(send and receive) instrument range.
. . Measurement by Check that values of distortion are within the
9 Distortion measurement o ) ’
instrument prescribed range.
10 Modulation input level o Measurement by Check that values of modulation input level are within
measurement instrument the prescribed range.
Steel tower  [Steel tower Appearance check ) ) ) Check that there is no dirt, corrosion, damage, rusting,
1 j o Visual inspection - - ;
(dirt, damage) paint peeling, or deformation.
. . ) . . Check that the structure is maintained level and
2 Installation condition o Visual inspection vertical
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Facilit System Inspection o Daily checking Periodic )
Y v pec Inspection item - - . Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days 1w 1mo. | 3mo. | 6mo. | 12mo.
MOb.”e radio [Steel tower [Steel tower Check that there is no dirt, corrosion, damage, rusting,
equipment paint peeling, or deformation.
State of lightning rod .
. 9 . 9 s Visual and touch Check that there is no open circuit in the grounding
(disconnection, the state of o inspection i
each connection and damage) P ine.
Check that installation for each connection are solid
and secure.
Basis Check that there is no cracking, damage, or inclination.
Installation condition o Visual inspection Check that the foundation is not covered by dirt and
that earth has not been washed out from under it.
Anchor bolt ) Check that there is no dirt, corrosion, damage, rusting,
Appearance check o Visual and tool paint peeling, or deformation.
(dirt, damage) inspection
Check marking of bolts, etc. and retighten if necessary.
Variable type |0 00 type |board Check that there is no dirt, corrosion, damage, rusting,
road label board paint peeling, or deformation.
information Appearance check . f :
board (dF;rpt damage) o Visual inspection Check that there are no marks from rainwater intrusion
equipment ’ or condensation.
Check that locks and related items are good.
Visual g Check of shutdown operation by manual operation
Operation check of heat sual, sound, good
h P o smell, and touch
exchanger fan inspection Check that there is no dirty, abnormal noise, abnormal
odor, obnormal vibration and overheating.
Operation check of Automatic Visual and . . .
ONOFF device o operation inspection Check of Automatic ON'OFF device operation
Qrbenaol:g:hrtr:? r(:;t\;rl:rmg Visual, sound, Check that there is no dirt, damage, abnormal noise,
contactor‘ tra?wsformer surge o smell, and touch abnormal odor, overheating, or other problems with
absorptio;w clement Surg inspection breakers, etc.
Condition of printed circuit . |Visualand touch Check that there is no looseness.
board ,relay inspection Check that locks and related items are good.
. . fan and air duct Use a shopcloth, brush or similar tool
Cleaning of heat exchanger o Manual cleaning .
to remove dust or other material.
Transmit level measurement o Measurement by Check that Transmit level measurement are within the
instrument prescribed ranges.
Loos.enlng (.)f the o Y|sual e.md tool Check marking of bolts, etc. and retighten if necessary.
terminal(retighten) inspection
Label board condition of LED type laber . |Visual, touch, and Check that there is no looseness.
board unit operation inspection| Check that locks and related items are good.
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Frequency
Facilit System Inspection o Daily checking Periodic )
Y 4 pec Inspection item - - . Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days 1w 1mo. | 3mo. | 6mo. | 12 mo.
Variable type |Pole Body,basis,An Same as the"albove Poles and o Same as the above "Poles and steel towers." item
road chor bolt steel towers." item
information Hand board General . ;
board (Manual control bOper:non check from Hand o V|sua|t.and. " Check of all item control operation
equipment board ?) oar operation inspection
Control board |General Check that there is no dirt, corrosion, damage, rusting,

Appearance check
(dirt,damage)

Visual inspection

paint peeling, or deformation.

Check that there are no marks from rainwater intrusion
or condensation.

Check that space for inspections has been secured.
Check that locks and related items are good.

Abnormalities of instruments,
indicator lamps, failure
indicators

Visual inspection

Check that there is no damage to instrument covers or
frames.

Check that there is no damage to indicator lamps and
that lenses have not fallen off.

Replace any lamps that do not light.

Check that indication and display condition are good.

Abnormalities of operation
switches, selector switches,
relays, electromagnetic
switches, wiring breakers

Visual, sound,
smell, and touch
inspection

Check that there is no dirt, damage, abnormal noise,
abnormal odor, overheating, or other problems with
switches, etc.

Dirt, damage, overheating,
open circuit of wiring inside
panel

Visual and touch
inspection

Check that there is no dirt, damage, overheating, or
open circuit.

Check that there are no unnecessary wires, displaced
wires, or foreign objects.

Check marking of bolts, etc. and retighten if necessary.

Voltage, current measurement
(using provided meter)

Measurement by
provided meter

Check that voltage and current values are within the
prescribed ranges.

Condition of parts

(dirt,damage,overheating,loose

ness,displaced wires,open
circuit.)

Visual, touch, and
operation inspection

Check that there is no dirt, loss, or open circuit.
Check marking of bolts, etc. and retighten if necessary.

Check that there is no open circuit or contact.

Condition of terminal wiring
mark

Visual inspection

Check that there is no dirt, damage, overheating, or
open circuit.

Cleaning of fine parts

Manual cleaning

Use a shopcloth, brush or similar tool to remove dust or
other material.

Transmission
part

Transmit level measurement

Measurement by
instrument

Check that Transmit level measurement are within the
prescribed ranges.

Control board

Operation check from Control
Board

Visual and
operation inspection

Check of select item control operation

Other

Insulation resistance

Measurement by

Check that insulation resistance is within the prescribed

instrument range.
. . Measurement by Check that grounding resistance value is within the
Grounding resistance o . .
instrument prescribed range.
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Frequency
Facilt System Inspection . Daily checking Periodic i
Y Y P ) Inspection item - - . Inspection method Work procedure
name name location Random failure period checking
1,2days| 3days 1w 1mo. | 3mo. | 6mo. | 12 mo.
Communication|Communication |Metallic cable Path loss (About 15% of all the M tb
wireway cable logarithm is extracted and (O casurement by Check that Path loss is within the prescribed range.
. instrument
equipment measured)
1 H 0,
Insulation re3|s',tancle (About 15% Measurement by Check that Insulation resistance is within the prescribed
of all the logarithm is extracted O .
instrument range.
and measured)
Optical cable
P Optical loss test O Measurement by Check that optical loss is within the prescribed range.
instrument
Optical cable Maintenance and Check of Maintenance and accommodation state of
in office accommodation state of cable Visual and touch cable load.
. O | .
(Bend,Support and Protection inspection . .
otc) Check of damage in covering
Conduits Conduits and
support Check that there is no evidence of digging.
brackets Installation condition (presence O |Visual inspection . .
of unauthorized digging, etc.) P Check that there is no subsidence.
Check that there is no dirt, corrosion, damage, rusting,
paint peeling, or deformation.
Check of Character and Sign disappeared
Condition of Burial ranging poles O  |Visual inspection
Check that they are not covered by weeds or dirt.
Manholes, Check that there is no dirt, corrosion, damage, rusting,
hand-holes paint peeling, or deformation.
Condition of cover installation O Visual inspection Check that there is no looseness.
Check that they are not covered by weeds or dirt.
. » Check that there is no cracking, damage, or inclination.
Installation condition (presence . . .
of unauthorized digging, etc.) O [Visualinspection  |check that the foundation is not covered by dirt and
that earth has not been washed out from under it.
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3.5.3 Report Form
Power Distribution Equipment
NO 1.3
Inspection Day
Inspection Area Weather
Temprature
Humidity
System Name Inspection Location Work procedure Inspection Result Remarks
Disconnect switch [General 1 Appearance check (dirt,damage) Nothing
2 Overheating (temp. indicator tape), discoloration Nothing
3 Contact of blade and blade receiver, looseness Good
(retighten),contact roughness
4 Application of grease to contacting surfaces Do
5 Insulation resistance Good
6 Interlock system check Good
Installation parts (‘Iretf;;t(;ei::]c;n of steady brace system, looseness Good
Switchgear mechanism 1 Operation check, looseness(retighten) Good
Insulator 1 Cracking Nothing
Connecting terminal 1 Looseness (retighten) Nothing
Transformer General 1 Appearance check (dirt,damage) Nothing
2 Oil leakage, vibration, noise Nothing
3 Installation condition Good
4 Oil level, temp. (using provided meter) Good
5 Condition of attachments Good
6 Insulation resistance Good
7 Grounding resistance Good
8 Insulating oil withstand voltage test (Perform o
every 3 years.)
9 Insulating oil oxidation measurement(Perform o
every 3 years.)
Installation parts 1 Looseness (retighten) Nothing
Bushing 1 Cracking Nothing
Heat dissipation system 1 Cracking Visual Nothing
Dehumidifying system ;ds(l?:l)s!;cr]ant discoloration,condition of moisture o
Connecting terminal 1 Looseness (retighten) Nothing
Lightning arrester |General 1 Appearance check (looseness) Nothing
2 Condition of parts (dirt,damage, looseness .
(retighten),cracking) Nothing
3 Marks from discharge Nothing
4 Insulation resistance Good
5 Grounding resistance Good
Leading—in poles |[General 1 Pole health Good
2 Tension of support wires Good
3 Installation condition of protective materials and Good
signs
4 Corrosion, damage of pole brackets Nothing
5 Appearance check (dirt,damage) of pole devices Nothing
Wires and support 1 Installation condition Good
brackets 2 Distance from other objects Good
3 Insulation resistance Good
Remarks
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Power Distribution Equipment
NO 273
Inspection Day
. Weather
Inspection Area
Temprature
Humidity
System Name Inspection Location Work procedure Inspection Result Remarks

1 Condition of head connections (overheating,

inside panel

) ) For load Good
Cables (including damage)
leading=in cables) 2 Underground installation condition (presence of Good
unauthorized digging, etc.)
3 Distance from other objects Good
4 Dirt, damage on exterior Nothing
5 Dirt, damage on parts Nothing
6 Insulation resistance Good
. . 1 Installati diti f thorized
Conduits Conduits and support brackets | . r?s allation condition (presence of unauthorize Good
digging, etc.)
2 Condition of underground installation sign poles Good
1 Condition of cover installation Good
Manholes, hand- - — -
holes 2 l.nstallat|on condition (presence of unauthorized Good
digging, etc.)
General 1 Appearance check (dirt,damage) Nothing
Distribution panel, 2 Abnormalities of instruments, indicator lamps, Nothi
relay panel, etc. failure indicators othing
(hereafter,
“distribution panel, 3 Abnormalities of operation switches, selector
etc.”) switches, relays, electromagnetic switches, wiring Nothing
breakers
4 Dirt, damage, overheating, open circuit of wiring .
- Nothing
inside panel
5 Voltage, current measurement (using provided
Good
meter)
6 Main conducting part insulation resistance Good
7 Control circuit insulation resistance Good
Panel body 1 Looseness (retighten) Nothing
Operation switches and .
P X 1 Operation check Good
selector switches
Wiring, terminals inside panel 1 Wiring condition, looseness (retighten) Nothing
. 1 Condition of connections for provided resistor,
Indicator . Good
shunt, and other devices
2 Insulation resistance Good
3 Calibration test Good
Wiring breaker 1 Operation check Good
Insulating coating 1 Dirt, damage Nothing
General 1 Appearance check (dirt,damage) Nothing
Outdoor
distribution panel 2 Abnormalities of instruments, indicator lamps, Nothing
failure indicators
3 Abnormalities of operation switches, selector
switches, relays, electromagnetic switches, wiring Nothing
breakers
4 Dirt, damage, overheating, open circuit of wiring .
Nothing

Remarks
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Power Distribution Equipment
NO 3.3
Inspection Day
. Weather
Inspection Area
Temprature
Humidity
System Name Inspection Location Work procedure Inspection Result Remarks
5 Voltage, t t (usi ided
Outdoor General oltage, current measurement (using provide Good
. meter)
distribution panel
6 Main conducting part insulation resistance Good
7 Control circuit insulation resistance Good
8 Water intrusion Nothing
Lightning arrester |General 1 Appearance check (looseness) Nothing
2 Conditi i .
lon ition of p.oarts (dirt,damage, looseness Nothing
(retighten),cracking)
3 Marks from discharge Nothing
4 Grounding resistance Good
MDP panel General 1 Appearance check (dirt,damage) Nothing
2 Abnormalities of instruments, indicator lamps, .
. - Nothing
failure indicators
3 Abnormalities of operation switches, selector
switches, relays, electromagnetic switches, wiring Nothing
breakers
4 Dirt, damage, overheating, open circuit of wiring .
L Nothing
inside panel
5 Voltage, current measurement (using provided
Good
meter)
6 Main conducting part insulation resistance Good
7 Control circuit insulation resistance Good
Panel body 1 Looseness (retighten) Nothing
(o] ti itch d .
peration SYVI ches an 1 Operation check Good
selector switches
Wiring, terminals inside panel 1 Wiring condition, looseness (retighten) Nothing
MDP panel Indicator 1 Condition of conn.ections for provided resistor, Good
shunt, and other devices
2 Insulation resistance Good
3 Calibration test Good
Wiring breaker 1 Operation check Good
Insulating coating 1 Dirt, damage Nothing
Grounding resistance 1 Grounding resistance Good
Condition of head connections (overheating,
For load Good
Cables (including damage)
leading=in cables) 2 Underground installation condition (presence of Good
unauthorized digging, etc.)
3 Distance from other objects Good
4 Dirt, damage on exterior Nothing
5 Dirt, damage on parts Nothing
6 Insulation resistance Good
Conduits Conduits and support brackets 1‘ lr?stallatlon condition (presence of unauthorized Good
digging, etc.)
1 Condition of cover installation Good
Manholes, hand- - — -
holes 2 Ilnstallatlon condition (presence of unauthorized Good
digging, etc.)
Remarks

Inspection Person
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Generation Electric Equipment
NO 1.1
Inspection Day
. Weather
Inspection Area
Temprature
Humidity
System Name Inspection Location Work procedure Inspection Result Remarks
Operation General 1 Start/stop test Good
2 Establish rated speed and voltage (by provided
Good
meter)
3 Operation check of each equipment Good
4 Hydraulic pressure, abnormal noise, vibration, .
. Nothing
overheating
5 Temperature condition of each part Good
Diesel engine General 1 Appearance check (dirt,damage) Good
2 Abnormality, oil leakage, water leakage of .
. Nothing
instruments
3 Apply oils and fats to each part Good
4 Looseness of each part (retighten) Good
5 Various noise and vibration measurement Good
6 Check the rise values of oil temperature, water
temperature and exhaust temperature on rotating Good
machines
Generator General 1 Appearance check (dirt,damage) Good
2 Grounding resistance Good
lead wire 1 Contact condition Good
Electricsystem 1 Insulation resistance Good
starter 1 Appearance check (dirt,damage) Good
electric starting
accumulator(alkali) 2 Liquid surface, precipitation, hue, curved polar Good
plate, separator
3 Loosening of the terminal, leakage
. . i Good
Loosening of terminals, liquid leakage
4 Voltage of each cell, liquid temperature Good
1 C i f the fl face, d
Other orrosion o <.a oor surface, damage Good
Damage and corrosion on floor surfaces
fuel system General 1 Appearance check (dirt,damage) Good
2 Oil leakage, an amount of oil to be stored
. . Good
(performed during operation)
o ) General 1 Appearance check (dirt,damage) Good
lubricating oil
system 2 Viscosity test of lubricating oil (Inspection of oil Good
quantity and viscosity)
cooling system Radiator system 1 Appearance check (dirt,damage) Good
2 State of the fan belt
o Good
Fan belt conditoin
Equipment supply |Damper, ventilation fan 1 Appearance check (dirt,damage) Good
and exhaust 2 The color of exhaust gas Good
3 Cracking or corrosion of exhaust pipes and
. Good
mounting brackets
Vibration—proofing 1 Deformation or damage of anchor bolts and
. General ) ; Good
device vibration—proof rubbers etc
Grounding line General 1 Open cit.'cuit, condition and looseness (retighten) Good
of connections
Other General 1 Cleaning of fine parts Good
Remarks

Inspection Person
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Road Lighting Equipment

NO 1.1
Inspection Day
Inspection Area Weather
Temprature
Humidity
System Name Inspection Location Work procedure Inspection Result Remarks
Poles and steel Main bodies 1 Appearance check (dirt, damage) Good
towers 2 Installation condition Good
Foundation 1 Installation condition Good
Anchor bolts 1 Appearance check (dirt, damage) Good
Road lights General 1 Appearance check (dirt, damage) Good
Other 1 Grounding resistance Good
Remarks

Inspection Person
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Warning Light Equipment

NO 1.1

Inspection Day

. Weather
Inspection Area

Temprature

Humidity
System Name Inspection Location Work procedure Inspection Result Remarks
blinker light General 1 Appearance check (dirt, damage) Good

Remarks

Inspection Person
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Road Electric Sign Equipment

NO 11
Inspection Day
. Weather
Inspection Area
Temprature
Humidity
System Name Inspection Location Work procedure Inspection Result Remarks
LED type label board 1 Appearance check (dirt,damage) Nothing
board 2 Operation check of heat exchanger fan Good
3 Operation check of Automatic ON/OFF device Good
4 Abnormalities of wiring breakers,magnetic Nothin
contactor,transformer,surge absorption element &
5 Condition of printed circuit board ,relay Good
6 Cleaning of heat exchanger Do
7 Transmit level measurement Good
8 Loosening of the terminal(retighten) Good
Label board 1 condition of LED type laber board unit Good
Pol Main bodies 1 Appearance check (dirt, damage) Good
oles
2 Installation condition Good
Foundation 1 Installation condition Good
Anchor bolts 1 Appearance check (dirt, damage) Good
Hand board General 1 Operation check from Hand board Good
Control board General 1 Appearance check (dirt,damage) Nothing
2 Abnormalities of instruments, indicator lamps,
. . Good
failure indicators
3 Abnormalities of operation switches, selector
switches, relays, electromagnetic switches, wiring Nothing
breakers
4 Dirt, damage, overheating, open circuit of wiring .
- Nothing
inside panel
5 Voltage, current measurement (using provided
Good
meter)
6 Condition of parts
(dirt,damage,overheating,looseness,displaced Nothing
wires,open circuit.)
7 Condition of terminal wiring mark Good
8 Cleaning of fine parts Do
Transmission part 1 Transmit level measurement Good
Control board 1 Operation check from Control Board Good
Other 1 Insulation resistance Good
2 Grounding resistance Good
Remarks
Inspection Person
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Movement Radio Equipment
NO 171
Inspection Day
Inspection Area Weather
Temprature
Humidity
System Name Inspection Location Work procedure Inspection Result Remarks
Base station, 1 Appearance check (dirt, damage) Good
Conltrol Fixed 2 Call testing Good
zzz:on‘ Portable 3 VSWR measurement and transmitting output Good
station(analog 4 Transmit frequency measurement Good
Radio) 5 Spurious transmission intensity measurement Good
6 Measured maximum frequency deviation and
modulation characteristics Good
7 Receiver sensitivity measurement Good
8 S/ N Measurement (send and receive) Good
9 Distortion measurement Good
Land mobile 1 Appearance check (dirt, damage) Good
station, Mobile 2 Call testing Good
station(Analog 3 VSWR measurement and the transmitting output Good
Radio) 4 Transmit frequency measurement Good
5 Spurious transmission intensity measurement Good
6 Measured maximum frequency deviation and
modulation characteristics Good
7 Receiving sensitivity measurement Good
8 S/ N Measurement (send and receive) Good
9 Distortion measurement Good
10 Modulation input level measurement Good
Steel tower Steel tower 1 Appearance check (dirt, damage) Good
2 Installation condition Good
3 State of lightning rods (disconnection, the state of
each connection and damage) Good
Basis 1 Installation condition Good
Anchor bolt 1 Appearance check (dirt, damage) Good

Remarks

Inspection Person
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Communication Wire Way Equipment
NO 1.1

Inspection Day

. Weather
Inspection Area

Temprature

Humidity
System Name Inspection Location Work procedure Inspection Result Remarks

1 Path loss (About 15% of all the logarithm is

Metalli bl Good
Communication etatlic cable extracted and measured) o0
cable 2 Insulation resistance (About 15% of all the Good
logarithm is extracted and measured)
Optical cable 1 Optical loss test Good
. . . 1 Maintenance and accommodation state of cable
Optical cable in office R Good
P (Bend,Support and Protection etc)
. . 1 Installati diti f thorized
Conduits Conduits and support brackets | lns allation condition (presence of unauthorize Good
digging, etc.)
2 Condition of Burial ranging poles Good
1 Condition of cover installation Good
Manholes, hand-
holes 2 Ilnstallation condition (presence of unauthorized Good
digging, etc.)
Remarks

Inspection Person
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Inspection Equipment:
Inspection Person:

Construction Test Result Form(Proximity Viewing[

Place(Sta) |

[ Place(Fin)

Complete View View1 View2 View3 View4 Last Quantity]This Quantity| Remarks
oo
g
B
OK
Total 0
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4 Traffic Management

4.1 Traffic Management System

411 Outline

Traffic Management Crews of the expressway, shall ensure safe and smooth traffic, and shall
endeavor to communicate and cooperate closely with the police, fire brigade, ambulance, toll
gate, rescue company, maintenance and repair workers and other related agencies.

Traffic Management System comprises a “Traffic Patrol Team” and a “Traffic Control
Center”.

The “Traffic Patrol Team”™ carries out patrol intended to prevent occurrence of unusual
incidents, collect relevant information, and to maintain preparedness to recover rapidly from
unexpected incidents.

The “Traffic Control Center”, as the core function of Traffic Management System, carries out
control of the Traffic Patrol Team, collection and dissemination of the information and
cooperation with other responsible agencies to resolve incidents on the expressway.

The traffic patrol teams and the Traffic Control Center frequently communicate with each

other in dealing with traffic control on the expressway.

41.2  Patrol stations

Traffic Patrol Team patrols are on duty and based at stations.

The Patrol stations shall be established at the place where the Traffic Patrol Team can arrive at
the farthest points within about 30 minutes, by driving at the maximum speed allowed by the

Law.

41.3 Deployed Staff

Traffic Patrol Team shall always (for 24 hours 365 days) mobilize more than 1 team on duty
to ensure continuous operation (for 24 hours/ day of 365 days/ year)

Traffic Control Center shall mobilize more than 2 operators on duty (for 24 hours/ day of 365
days/ year).

41.4 Frequency of patrol
The number of regular traffic patrols per day shall be determined upon the traffic volume of
the expressway (see the below Table) and the frequency of traffic patrol may be adjusted,

taking into consideration of the road structures and other elements.

Dainichi Consultant Inc.
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Traffic volume (daily average traffic volume) Frequency of Regular
patrols/day
Less than 5,000 vehicles 3
5,000 — Less than 10,000 vehicles 4
10,000 - Less than 15,000 vehicles 5
15,000 - Less than 20,000 vehicles 6
20,000 - Less than 25,000 vehicles 7
25,000 - Less than 30,000 vehicles 8
30,000 - Less than 40,000 vehicles 9
40,000 - Less than 50,000 vehicles 10
50,000 - Less than 70,000 vehicles 11
70,000 - Less than 90,000 vehicles 12
90,000 - Less than 110,000 vehicles 13
110,000 or more vehicles 14

4.2 Traffic Patrol

421 General
4.2.1.1 Principal Code of Conduct

Crews engaged in Traffic Patrol shall, at all times, work to ensure the safe and smooth flow of

traffic on the expressway, and shall observe the principal code of conduct enumerated below.

(1) Traffic Patrol Team operates under the order of the Traffic Control Center. However, in

case road traffic safety is in risk, necessary measures, within the scope of ensuring the

safe and smooth traffic flow, may be taken without instructions from the Road Traffic

Control Center, only if safe and smooth traffic is hindered or is likely to be hindered and

there is not enough time to obtain instructions from the Traffic Control Center. In such a

case, the taken measures shall be reported immediately to the Traffic Control Center.

(2) When delivering on-road duties such as handling of unusual incidents, enforcing traffic

regulations, the patrol crews shall maintain close communications with related agencies,

and cooperate with them.

(3) During working hours, the patrol crews must not leave the Patrol station or the

expressway.

And shift changes shall be carried out quickly, to ensure no hindrance to duty work.

Dainichi Consultant Inc.
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(4) The patrol crew shall maintain or improve their physical agility by doing stretching
exercises before commencement of the duty work, in order to effectively deliver on-road
duty works and keep themselves safe.

(5) Patrol crews of the Patrol station shall be given technical training related to vehicle
operation and on-road work, as well as knowledge of relevant laws and regulations,

several times a month.

4.2.1.2 Standard accessories of the Patrol Crews

In delivering duties of the expressway patrol, the Patrol crews shall be equipped with the
following particles as enumerated below.

(1) Helmet

(2) Safety vest

(3) Whistle

4.2.1.3 Standard Set of On-Vehicle Equipment
At the time of the expressway patrol, as a general rule, the patrol crews ensure the following

apparatuses ready with them inside the patrol vehicle:

No Purpose of Use Equipment Quantity

1 Traffic Regulations Reflective Color cone 7

2 Arrow sign 4

3 High intensity light 2

4 Directing/guidance baton 2

5 Hand flag (Red flag) 2

6 O&M Works Handkerchief 2

7 Rubber gloves 2 pairs

8 Working gloves 2 pairs

9 Shovel 2

10 Bamboo broom 2

11 Bucket 1

12 Tow rope 1

13 Rope 1 roll

14 Plastic bag discretionary
15 Jude bag discretionary
16 Chemicals for treating discretionary
17 Water tank 1

Dainichi Consultant Inc.
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No Purpose of Use Equipment Quantity
18 other tool gadget 1
19 Hammer 1
20 Fire extinguisher 1
21 First aid box 1
22 Blanket 2
23 Wheel chock 1
24 Communication Handy micro 1
25 Portable transceiver 1
26 Mobile telephone 1
27 Other subordinate tools | Camera 1
28 Binoculars 1
29 Rolled ruler 1
30 Log book and document 1

4.2.1.4 Standard specifications of the vehicle

Standard specifications of the vehicle for traffic patrol is enumerated below:

(1) Name of Comp: Station Wagon

(2) Engine: 2,800cc or more

(3) Drive system: 4WD

(4) Equipment: Radio Equipment, Rotation lamp, Siren, Loudspeaker
(5) Body Color : Yellow and White Line (Body), Red and White (Bumper)

4.2.2 Crews Organizational Setup

A basic patrol unit comprises two traffic patrol crews, including a chief patrol crew, in one

traffic patrol vehicle, except the cases enumerated below:

(1) The vehicle is accompanied by another traffic patrol vehicle.

(2) The patrol crew is going to support the implementation of secondary traffic control at the

site where traffic control has already been put in place.

(3) The vehicle is going to transport equipment or materials that are required by other traffic

patrol crews to the work site.

(4) The patrol crew has received special instruction from the Traffic control center, which can

be safely implemented by a single person.

Dainichi Consultant Inc.
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4.2.3  Traffic Patrol
4.2.3.1 Inspection and Maintenance of the Patrol Vehicle
The patrol crews shall endeavor to keep traffic patrol vehicles and a standardized set of
on-vehicle equipment clean and organized. And they shall inspect the items enumerated below.
If the inspection results identify insufficient quantity or articles with guarantee dates expired,
it shall be replenished or replaced immediately.
(1) Before departing for patrol, the patrol crews shall inspect the items enumerated below:

[J Operating conditions of braking and steering systems
Visibility of rearview mirrors
Degree of wear and air pressure of tires

Fuel level

O 0O o 0O

Radio equipment setting
0 Illuminating condition of warning lights and other lights
(2) Each time the patrol crews are dislodged from field duties, they shall inspect the items
enumerated below:
U Fuel level
[ Check for leakage of fuel, lubricating oil, or coolant
[0 Degree of wear and air pressure of tires
[J  Other abnormal items identified during the patrol
(3) Each time the patrol team switches the shift to the succeeding team, both shall inspect the
items enumerated below:
[J The standardized set of on-vehicle equipment shall be checked to confirm that it is
present in designated quantities.

[J Operating condition of the standardized set of on-vehicle equipment shall be

checked.

4.2.3.2 Regular Patrols
4.2.3.2.1 Objectives

The primary objectives of regular expressway patrol are to collect information related to road
traffic, and to remove damaged and/or disabled vehicles and debris from the road. These are
ultimately intended to prevent accidents and other incidents from occurring (preventive

management) to ensure safe and smooth flow of expressway traffic.
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4.2.3.2.2 Traffic Patrol Plan

Crews, responsible for the operation of patrol station, should make a patrol plan in accordance
with the attachment "Creating the Traffic Patrol Plan", which is then approved by the Traffic
Control Center.

Patrol team should carry out regular patrol trips in accordance with this plan.

4.2.3.2.3 Reporting during the Regular Patrol

During the regular patrol, the patrol team shall report the items enumerated below to the

Traffic Control Center

(1) Embarking on and dislodging from the patrol duties

(2) The clock time of the incidence of the patrol vehicle’s passage through the interchange
and the junction

(3) Traffic conditions; weather conditions and road conditions

(4) Other particular items instructed by the Traffic Control Center

4.2.3.3 Special Patrols
4.2.3.3.1 Purpose

When the patrol team waiting on standby for instructions at the patrol station, receives an
instruction for emergency mobilization from the Traffic Control Center, they shall hurry to the

scene instructed by the Traffic Control Center and carry out the instructed duties.

4.2.3.3.2 Report during the Special Patrol

During the Special Patrol, the patrol team shall report the following items to the Traffic

Control Center:

(1) Commencement and dislodge from duty engagement

(2) The clock time of the incidence of the patrol vehicle’s passage through the interchange
and/or junction

(3) Arrival at and dislodge from the site where unusual incident is handled

(4) Matters of the unusual incidents specified in the Chapter 4.4

(5) Other items for which reporting is instructed by the Traffic Control Center

4.2.4 Reporting and record

At the end of the duty work shift, the traffic patrol crews shall fill in details of dutiable works
performed and other necessary items on a daily work report. At this duty changeover time,
handover information described in the daily work report shall be confirmed by both parties -

the crew handing them over and the crew receiving them.
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Attachment

Creating the Traffic Patrol Plan

04.2.3.2.20

1. Objectives of Regular Patrols

Traffic patrol team patrols the expressway regularly in a 24-hour day, 365-day year basis, in
order to ensure the safety, high-speed service, and punctuality for travelling vehicles. In the
event that a traffic accident or other unusual incident occurs, traffic patrol crews immediately
hurry to the site and handle the situation to ensure public safety.

The primary objectives of regular road patrols are: (1) to collect information related to road
traffic, and (2) to remove damaged/disabled vehicle and/or debris from the roads. These are
ultimately intended to prevent accidents and other incidents from occurring (preventive

management) to ensure safe and smooth flow of expressway traffic.

Primary objectives of
regular patrols

O Collect accurate information related to road traffic and report it to
the Traffic Control Center.

Major types of information collected

I. Road condition II. Traffic conditions Ill. Weather

¢ Existence of Road e Occurrence and conditions
obstacles ' prediction of traffic e Fog, wind, rain, or
(d1sa'bled Veh1c1§s, congestion other weather that
debris, fallen objects, interferes with driving
etc.)
Road surface condition

O Removal of road obstacles (Disabled vehicles, debris, fallen objects, etc.)
(Whenever the Traffic patrol crews discover road obstacles, remove those articles that may interfere
with expressway driving, so that accidents or congestion caused by these articles are prevented.)

2. Preparation of the Patrol Plan
The patrol plan prescribes the frequency and routes for the regular patrols to be conducted

based on traffic volume, expressway characteristics and the structure. The patrol plan shall be
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produced so that the objectives of regular patrols described above can be achieved.
The following items shall be satisfied in producing the patrol plan.
(1) Prerequisites
The average driving speed for regular patrols shall be designated as 50 km/h. For
sections where the actual average patrol speed is 50 km/h or above, the speed may be
set as 60 km/h.
(2) Key consideration
U Patrol time zones shall be so designated for intensive patrol, just before and after
the peak hours, through examination of hourly distribution pattern of traffic
volume over a day (24 hoursU .
[ Patrol time zone shall also be designated for intensive patrol at hours when road
obstacles are frequently detected.
[J Patrol plan shall carefully be produced to minimize the time length unattended
by patrol.
[J Considering the expressway characteristics within the responsible sections, the
patrol may also be scheduled so as to attend the high time of occurrence of

unusual incidents or changing weather conditions.

Traffic volume / Road obstacles over 1 day

— = = Traffic volume

QN e Road Obstcles

c- “ Patrol plan

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
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4.2.5 On-road works
4.2.5.1 Glossary of Terms

The terms used in this chapter is defined as enumerated in the table below:

Term Meaning
Red flags, etc. Red flags, yellow flags, powerful lights and directing/ guidance batons
Signals Signals using red flags, voice, or warning whistles

For important signals, see separately listed Attachment table.

Pointing and calling Finger-pointing and visually confirming safety before and after each individual
task, and using signals.

It includes other means of communicating with other traffic patrol crew when
necessary, in order to ensure work safety

Monitoring and Activities that include traffic monitoring, cautioning or guiding traffic,
related activities detecting and warning vehicles driving recklessly or entering restricted areas,
and providing instructions for evacuation

the Monitor and the At the site of the On-road work,

Worker “Monitor” is the person who is responsible for monitoring and related
activities, and “Worker” is the person who is responsible for investigation and
works.

Crew 1 and Crew 2 "Crew 1" is the person who is seated in the driver's seat and is responsible for

driving and patrol inspections. "Crew 2" is the person who is seated in the
assistant driver’s seat or back seat and is responsible for patrol inspections,
reporting, and recording.

Obstacle Accident vehicle, disabled vehicle, objects on the road, road damage, injured
persons on the road difficult to be moved, or other items which obstruct traffic

Controlled area Lanes, etc. where vehicle traffic is restricted by means of traffic control
installments

Advance warning point | The point where arrow signs are placed for advance warning, located
approximately 60 m in advance of the restriction start point

Start point of Control The point in the taper section where the traffic control equipment is installed
farthest from the patrol vehicle

Taper section The section beginning from the starting point of control where traffic control
equipment is installed at an angle relative to the lanes

Parallel section The section from the changeover point to the end of the control where the
traffic control equipment is installed parallel to the lanes

Changeover point Location where the taper section changes to the parallel section

4.2.5.2 Code of Conduct During Duty Driving

Traffic patrol crews shall observe the items enumerated below during duty driving.

(1) In order to be able to respond immediately in the event of spotting unusual incident, in
general, patrol crews shall drive somewhat toward the right side of the traffic lane (the

first lane in the case of a 6-lane section),.
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)

€)

(4)
)

Patrol crews shall drive at a speed which can ensure safety, whenever driving at the speed
limit is perceived dangerous, in such instances as; at night, in bad weather, poor visibility,
slippery road, and heavy traffic.

During emergency driving, headlights shall be turned on with blazing sirens. As
necessary, loudspeakers shall be used to warn other vehicles on the expressway.
Headlights and side lights shall be turned on when driving inside the tunnels.

Whenever merging with or out of the main expressway, or changing lanes, the Crew 2
shall point and call, followed by the Crew 1°s calling out, in order to ensure complete

checking for safety.

4.2.5.3 Code of Conduct for Parking and Stopping Vehicles

The traffic patrol crews shall observe the items enumerated below when parking or stopping.

In order to prevent incidents of rear-end collisions, the traffic patrol crew shall turn on the

flashing lights when parking or stopping, and also use the loudspeaker to warn surrounding

passing vehicles and encourage customers to evacuate their vehicles.

(1)

2)

3)

In general, the traffic patrol crew shall park and stop the vehicles in the positions
prescribed by the restriction diagrams contained in the attached “Collection of Traffic
Restriction Diagrams”. However, when it is dangerous to park vehicles at the position
prescribed by the restriction diagram, it is advised to first temporarily stop at the shoulder
or other location confirmed as safe and not interfering with work, and then verifying
safety and performing traffic restrictions as necessary before moving the vehicle to the
position prescribed by the diagram. When stopping on the shoulder, if the shoulder at that
location is narrow, stop as close as possible to the left side so that the vehicle does not
protrude into the cruising lane.

When parking or stopping, the traffic patrol crew shall engage the parking brake and turn
the front wheels of the traffic patrol vehicle toward the shoulder side when stopping at
the shoulder side, and toward the median strip when stopping at the median strip side.
When parking or stopping a traffic patrol vehicle on a steep slope, wheel chocks must be
used.

When stepping away from a traffic patrol vehicle, as necessary, the traffic patrol crew

shall lock the vehicle and place traffic restriction equipment to the rear of it.

4.2.5.4 Code of Conduct for Exiting the Vehicle

The traffic patrol crew shall observe the items enumerated below when exiting the Vehicle.

(1)

Exiting the Vehicle Parked or Stopped on the Shoulder Side

Dainichi Consultant Inc.
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When exiting a traffic patrol vehicle that is parked or stopped on the shoulder side, first
Crew 2 points and calls to verify safety to the rear, then exits from the right side of the
vehicle. Next Crew 1 waits for Crew 2 to point and call to verify safety to the rear, then
points and calls himself/herself to verify safety to the rear, and then exits to the left side
of the vehicle. However when traffic is heavy or other circumstances make exiting from
the left side of the vehicle dangerous, Crew 1 shall also exit from the right side of the
vehicle.
(2) Exiting the Vehicle Parked or Stopped on the Median Strip Side
When exiting a traffic patrol vehicle parked or stopped on the median strip side, the first
Crew 1 points and calls to verify safety to the rear, then exits from the left side of the
vehicle. Then, the Crew 2 waits for the Crew 1 to point and call to verify safety of the
rear side, then points and calls himself/herself to verify safety to the rear, and then exits
to the right side of the vehicle. However, when the traffic is heavy or other circumstances
make exiting from the right side of the vehicle dangerous, Crew 2 shall also exit from the
left side of the vehicle.
(3) Exiting the Vehicle Parked or Stopped in a Cruising lane

When exiting a traffic patrol vehicle parked or stopped at the cruising lane of a 4-lane
section, or at the first lane or the second lane of a 6-lane section, first point and call to
verify safety to the right and left sides of the vehicle, then either Crew 1 or Crew 2
(whomever is on the safe side) points and calls to verify safety to the rear and then exits
the vehicle first. After the crew who exited the vehicle first points and calls to verify
safety of the rear side, the other crew points and calls to verify safety to the rear side and

then exits the vehicle on the safe side.

4.2.5.5 Patrol Crews’ Duty Assignment for On-road Operations

When two patrol crews ride the vehicle, on-road work shall be as prescribed by the items

enumerated below. However this may not be applicable more than three patrol crews ride.

(1) When the patrol vehicle is parked or stopped on the road shoulder, the “work on the road”
shall be done by “Crew 17 assigned to undertake the worker’s role while “Crew 2”is
assigned to monitor traffic and enforcement

(2) When parked or stopped at the median side (passing) lane , the “work on the road” shall
be carried out by “Crew 1 assigned to monitor traffic and enforcement, while “Crew 2”
is assigned to undertake worker’s role.

(3) When parked or stopped at the cruising lane of a 4-lane section, or at the first lane or the
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(4)

second lane of a 6-lane section, work shall be carried out with the crew who exited the
traffic patrol vehicle first as the monitor and the crew who exited second as the worker.
Exchanging of Roles

“Crew 1”7 and “Crew 2” shall exchange roles when necessary. However when traffic
control is required, roles shall not be switched until installation of the traffic control
equipment (used in the taper section when performing traffic control) has been

completed.

4.2.5.6 Code of Conduct When Patrol Crews Are Engaged in On-Road Work

The traffic patrol crews shall observe the items enumerated below while engaged in on-road

work.

(1)

)

General Items to be Observed

[0 The patrol crews shall give first priority in securing the safety of the customers and
themselves, and shall take action promptly, being aware of places of evacuation, and
shall maintain close communications with the other patrol crews on duty.

[0  When moving parallel to the lanes, in general, movement shall be on the shoulders,
median strip of, or off the road.

[0  When crossing travel lanes, patrol crews shall point and call in order to check safety
of left/right sides, use red flags, etc. while crossing, and run across perpendicular to
the lane whenever possible.

[J One patrol crew assigned as a Worker and the Other as a Monitor shall point and call
with each other in order to ensure safety before the commencement of and after the
executing the “on the road work”.

[ Traffic patrol crews shall confirm with each other the signals deployed by them
versus intended messages for ensuring mutual understanding, and securing the
smooth conduct of the work on the road.

Code of Conduct of the Monitor

The monitor shall stand facing toward oncoming traffic in a location on the road shoulder,

median strip, or inside a restricted area where he/she can communicate with the workers,

while avoiding danger, using red flags, engaged in monitoring and related activities,
thereby protecting the safety of the workers until all on-road work is completed. When
the monitor detects a danger, he/she shall use the designated signals so that the worker
can immediately avoid the danger, and also shall take steps to avoid the danger

him/herself.
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(3) Code of Conduct for the Worker
The worker shall always keep aware of the place of evacuation, and in general shall face
toward the oncoming traffic and perform work during breaks in the traffic flow when
safety has been confirmed. When the worker detects a danger, or receives instructions to
evade danger from a monitor, the worker shall immediately move to the road shoulder,

median strip, off the road, or another safe location.

4.2.5.7 Traffic Control by Traffic Patrol Team
Upon arriving at the scene of unusual incident, the Traffic patrol team shall impose traffic
control, as stipulated by the articles enumerated below. However, this may not be the case

when the incident was due to an obstacle on the expressway, which can be handled quickly.

4.2.5.7.1 Measures of Traffic Controls
When traffic control is necessary, the Traffic patrol team shall determine the most suitable
type of control with a minimum impact on traffic, considering the extent of the expected
traffic disturbance and possible scope of adverse impacts during traffic control, as well as the
safety of the lanes for travelling vehicles. The Traffic Patrol team shall pay attention to the
matter enumerated below during traffic control.
(1) Installing Traffic Control Devices/Equipment
Traffic control devices/equipment shall in general be installed in the positions shown in
the control diagrams contained in the collection of “Traffic Control Diagrams”. While
transporting the traffic control devices/equipment from the traffic patrol vehicle to the
restriction starting point, the devices/equipment may temporarily be placed on the
shoulder or median strip close to the planned installation positions.
(2) Procedure for Installing Traffic Control Devices/Equipment
The worker (Crew-1/Crew 2) shall secure own safety by means of signals from the
monitor (Crew-1/Crew 2) while moving the traffic control devices/equipment from their
temporary position and installing them at the designated position. When imposing traffic
control on a section with a taper section, firstly traffic control devices/equipment in the
taper section shall be installed, followed by installing them in the parallel section.
(3) Spacing Between Traffic Control Devices/equipment
[J Traffic control devices/equipment in the taper section shall be installed with an
interval of approximately 10 m each, at as small an angle as possible to the cruising

lane.
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[J Traffic control devices/equipment in the parallel section shall be installed with an
interval of approximately 30 m each, so that all the obstacles (debris and damaged
vehicles) are within the control area.

[ Traffic control devices/equipment placed perpendicular to the cruising lanes shall be

installed at intervals of approximatelyl.5m each.

4.2.5.7.2 Disengaging Traffic Control
In general when disengaging the traffic control, the Traffic Patrol team shall remove the
traffic control devices/equipment in the reverse order when they were initially installed at the

imposition of the restriction.

4.2.5.8 Dislodging from the Site
Traffic patrol crews shall observe the items enumerated below and report to the Traffic

Control Center before dislodging from the site of on-road work.

4.2.5.8.1 Ttems that need to be completed before dislodgement

When dislodging from the site of on-road work, duly observe the items enumerated below and

report to the Traffic Control Center before leaving.

(1) All the on-road duty tasks performed by patrol crews are completed.

(2) Ascertain that no more monitoring and related activities by the monitor (Crew 1/Crew 2)
are necessary in order to ensure the safety of the worker (Crew 1/Crew 2) engaged and

travelling vehicles.

4.2.5.8.2 Procedure of Launching Vehicles from the Site

In disengaging all vehicles engaged in traffic control on-road work and withdrawing from the

site, the following items are to be observed.

(1) Pay attention to other passing vehicles, and conduct pointing and call to verify safety.

(2) Keep the red warning lights, yellow warning lights, and flashing lights on until the
vehicles reach approximately the same speed as other vehicles

(3) Keep the flashing lights on until the vehicles reach approximately the same speed as

other vehicles
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(I) For approaching traffic

Meaning

Flag Waving

Warning whistle

Caution

Slowly wave flag
overhead in big
motions. (Repeat.)

Proceed with caution.

Bend the elbow to
raise flag from in
front of the body to
behind the head.
(Repeat.)

Move to the right
(left).

Wave flag in big
motions from right
(left) to left (right).
(Repeat, moving body
together with flag.)
When returning flag,
hold it level.

Slow down.

Hold flag above the
head with both hands
and then lower it.
(Repeat.)

Stop.

Cross flags above the
head several times,
then hold flags level
and still. (If using
only one flag, use
your hand in place of
the other flag.)

Multiple short
whistles

(Repeat extremely
forcefully.)

Pi! Pi! Pi!
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(IT) For on-site workers
No. Meaning Hands/flags Warning whistle
Raise hand (f] 1 long whistle
Attention aise han (flag) (Continue until other
1 OK straight over the head arty notices.)
and hold it there. p y ’
Piiiiii!
2 Start the work. Lower hand (flag) ! .short whistle
from overhead. Pi!
i 1 long whistle
Stop the work. . Conti til oth
3 P Cross hands (flags) in 1()aftr3l/ ;rgi?cgg)l other
front of the body. '
End of work.
Piiiiii!
Multiple long
whistles
4 Caution Same as (I)-1 Same as at left | (Repeat forcefully.)
Piiiiii!
Multiple short
Wave hand (flag) f :' whistles
5 Danger forcefully side to side (Repeat extremely
Run to a safe place_ over the head. fOI'CCflllly.)
(Repeat.)
Pi! Pi! Pi!
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A Collection of Traffic Control Diagrams

(Meanings of symbols)

A - Color cone 0 - Arrowsign

i ---- Worker ij -+-- Monitor
i' ---- Patrol Vehicle -' ---- Obstacle
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m Shoulder control

.ﬁl t i'fn"‘n

4 0 Shoulder

Cruising lane

Passing lane

Median
50m 40m 60m
Obstacle Patrol Vehicle Start of traffic Safety arrow signs for
(Damaged restriction advance warning

Patrol vehicle shall park on the shoulder approximately 50 m behind the obstacle.
Patrol crews assigned as a worker and a monitor shall move to the point on the shoulder
approximately 40 m behind the patrol vehicle.

[0 The patrol crew assigned as a monitor shall further proceed to reach the point approximately 60m
behind the start point of control, and shall install arrow sign devices/equipment on the shoulder in
order to warn approaching vehicles. During that time, the worker shall perform monitoring and
related activities.

O  After the work described in U is completed, the monitor shall start monitoring and related
activities inside the advance warning point.

0 The worker shall install traffic control devices/equipment (color cones) behind the patrol vehicle,
at a distance of approximately 40 m, in a way that the color-cones cross the shoulder diagonally

O  After the worker completes the work described above [0 the monitor shall move and stay inside
the restricted area, and resume monitoring and related activities.

0 The worker shall install the traffic control devices/equipment in a line, parallel to the lane until
they reach in front of the obstacle.

U  The worker shall report the conditions of the obstacle to the Traffic Control Center.
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m Traffic lane control

5 ]
i 1} Shoulder

A
El .,
Cruising lane
— A {1 — . — S

Passing lane

Median

50m 60m 60m
Obstacle patrol vehicle Start of traffic Safety arrow signs for
control advance warning

Patrol vehicle shall park approximately S0m behind of the obstacle.
The worker and the monitor shall move to the point on the shoulder approximately 60 m behind
the patrol vehicle.

0 The monitor shall further proceed to reach the point approximately 60 m behind the beginning
point of the control, and shall install arrow signs on the shoulder in order to warn approaching
vehicles. During delivering the task, the worker shall perform monitoring and related activities

O After the task [0 is completed, the monitor shall proceed to the zone inside the advance warning
point and resume monitoring.

0  While the monitor resume monitoring and related activities as described in [, the worker shall
install color-cones approximately 60m behind the patrol vehicle in a way that the color-cones
cross the shoulder diagonally..

O  After the above task [ is completed, the monitor shall move and stay inside of the controlled
area, and resume monitoring and related activities.

The worker shall place colored cones in a line up to the point of obstacle, in parallel with the lane.
The worker shall report the conditions of the obstacle (debris and the damaged vehicle) to the
Traffic Control Center.
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m Passing lane control

Shoulder
A Cruising
=l —- — —
G mmy
o A B Passing
——
Median
50m 60m 60m .
Obstacle patrol vehicle Start of traffic control Safety arrow signs for

advance warning

A patrol vehicle shall park approximately 50m behind the obstacles (damaged vehicle and debris).
The worker and the monitor shall move to the point on the shoulder approximately 60 m behind
the patrol vehicle.

0  The monitor shall further proceed to reach the point approximately 60 m behind the beginning of
the control point, and shall install arrow signs near the median strip in order to warn approaching
vehicles. While the monitor is delivering the task, the worker shall undertake monitoring and
related activities.

O After the above task [I is completed, the monitor shall resume monitoring and related activities
staying inside of the advance warning point.

O The worker shall install traffic control devices/equipment behind the patrol vehicle, over the
length of approximately 60 m, in a way that the devices/equipment to cross the passing lane
diagonally from the edge of the median strip..

O  After the worker completes the above task [, the monitor shall move and stay inside of the
restricted area, and resume monitoring and related activities.

0  The worker shall install the traffic restriction devices/equipment parallel to the lane until it passes
over the obstacle. The worker shall report the conditions of the obstacle to the Traffic Control

Center.
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m Road closure on site

Shoulder

Cruising

Bl

£ )
-

Passing

@) @) O @) O O @) @) 0O Median

v
\ 4

500 1000

Obstacle patrol vehicle Start of traffic restriction

0 Patrol vehicle shall stop approximately 100m behind the obstacle. If the flow of traffic on the
main expressway road is being blocked, this shall be done in a way that fits the circumstances.

0 The monitor and worker shall stand behind the patrol vehicle, with red flags in hand to direct
approaching vehicles to slow down and stop.

0 The monitor and worker shall confirm that vehicles on the road are slowing down and safety is
secured After the work described in completed, the worker shall install traffic control
devices/equipment perpendicular to the lanes, beginning from the shoulder toward the median,
behind the patrol vehicle (or starting from the median in case that the restriction is changed from
passing lane restriction to road closure).

O  After installing the traffic control devices/equipment is completed, the monitor shall make the
necessary announcements to the stopped vehicles and conduct monitoring and related activities
while staying inside the control area.

The worker shall report the conditions of the obstacles (debris and the damaged vehicles) to the
Traffic Control Center, and shall move the patrol vehicle to the position approximately 50 m

behind the obstacles.
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m Road closure between the ICs

\
S— _B; Shoulder
i I f : A —_— Cruising

-. f A o A i Passing

Median
Closed
road
section
Branching point to the exit ramp patrol vehicle Start of traffic ~ Safety arrow signs
restriction for advance
warning

(D Patrol vehicle shall stop on the passing lane approximately 150m behind the branching point to
the exit ramp.

@ The worker and the monitor shall move to the point on the median strip, approximately 60 m
behind the patrol vehicle.

(@ The monitor shall further proceed to reach the median strip, approximately 60 m behind the
beginning of the control point, and shall install the warning signal arrow signs.

@ When the above task [0 is completed, the monitor shall conduct monitoring and related
activities inside the advance warning point, and shall direct approaching traffic to slow down and
guide them to the exit ramp, with red flags in hand

(® After the monitor has started the monitoring and related activities described in [, the worker

shall confirm that vehicles on the road are slowing down and that safety is secured, followed by

installing traffic control devices/equipment in sequence in a way that the equipment crosses lanes,
diagonally, starting from the point on the median strip approximately 60m behind where the
patrol vehicle to the point where patrol vehicle is parked

After the above task [1 is completed,

The worker shall move the patrol vehicle forward and park it there.

The monitor shall perform monitoring and related activities while staying inside the control area.

Q@ B0 e

The worker guides and controls traffic flow at the place where the patrol vehicle is parked. The

worker shall report to the Traffic Control that the disengaging control is complete..
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4.3 Traffic Control (Excluding ITS)

431 General

4.3.1.1 Code of Conduct

The traffic control operators engaged in Traffic Control shall, at all times, deliver duties of

ensuring the safe and smooth traffic flow on the expressway, and shall observe the code of

conduct enumerated below.

(1) Traffic control operators shall maintain close communication with the police department,
fire department, and other related agencies, and cooperate with them.

(2) Traffic control operators shall comprehend the current traffic conditions in the area of
responsibility through the Traffic Patrol Team or related agencies.

(3) Traffic control operators shall respond to inquiries and reports received by the Traffic
Control Center.

(4) The equipment used for works shall be operated correctly and quickly in accordance with
the designated procedures.

(5) If the equipment used for works has failed, and it is not possible to carry out the work, or
if an abnormality in the equipment is detected, it shall be replenished or replaced
immediately.

(6) Except inevitable necessity, leaving the position is not allowed during duty hours. If it is
necessary for inevitable reasons, the approval from one of the other traffic control
operators shall be obtained.

And duty shift changeover shall be carried out promptly, and there shall be no
interruption with duty work resulting from shift changeover

(7) At the end of the shift, the details of works performed and other necessary items shall be
recorded in a daily work report. In shift changeover briefing, records of the daily work

shall be confirmed by both parties.

4.3.1.2 Control of Traffic Control Crews
The traffic Control Center shall give necessary instructions to the Traffic Patrol crews, and

receive necessary reports from them, by radio communications or by other means.

4.3.1.2.1 Locating the position of the Patrol Vehicle

The traffic Control Center shall receive the report on respective items cited below from the
Traffic patrol crews by means of wireless phones or by other means, in order to confirm the
positions of the Patrol Vehicle.

(1) Embarking on and disengagement from the patrol duties
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(2) The time of the incidences of patrol vehicle’s passing through the interchange and
junction

(3) Arrival at and disengagement from the scene of unusual incident to be handled

4.3.1.2.2 Wireless Communications

The Traffic Control Center shall pay attention to the matter enumerated below when they uses

wireless equipment,

(1) When using radio communications, traffic control operators shall only conveys key points,
briefly and accurately.

(2) If the communicated message is understood, the traffic control operator receiving the call
shall respond, saying "Roger" as a sign of understanding.

(3) If Traffic Control operator has difficulty understanding what the other party says, or if
traffic control operator misses it, he/she shall endeavor to confirm the content of the
communication to understand it accurately.

(4) When communications from multiple mobile stations are received at the same time, the
traffic control operator shall communicate with one mobile station, instructing the other
mobile station to "Hold", and maintain control over communications.

(5) When an "Urgent" communication request is received from a mobile station, traffic
control operator shall stop the communication with the other mobile station and

communicate with the mobile station requesting an urgent communication.

4.3.1.2.3 Record of the report
Duty operators at the Traffic Control Center shall record the contents of communication with

the Traffic patrol crews.

4.3.2 Comprehending the Traffic Conditions
The Traffic Control Center shall be held responsible for collecting information from the
Traffic Patrol crews, travelling vehicles, and other relevant agencies, and are responsible for

comprehending the current traffic conditions in the area of responsibility.

4.3.2.1 Collecting Relevant Information from the Traffic Patrol Crews on Duty
The Traffic Control shall receive reports of the traffic condition, weather conditions and road
conditions from the Traffic Patrol crews on duty. If an unusual incident occurs, the Traffic

Control Center shall receive a detailed report specified in the chapter 4.4.

4.3.2.2 Traffic information gathering from travelling vehicles

Whenever the Traffic Control Center receives a report from the travelling vehicle, attention
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shall be paid to the matter enumerated below.

(1) The Traffic Control Center shall process the call in an efficient way:.

(2) In confirming the reported facts over the communication link, the traffic control operators
shall take initiatives in raising questions and confirm the fact as accurately and concisely
as possible.

(3) If multiple calls arrive at the same time, the traffic control operators shall make sure not
to be confused, and take necessary actions, such as giving priority to one call based on

the importance of the contents while placing the other call on hold.

4.3.2.3 Traffic information collection from related Agencies

The Traffic Control Center shall exploit all available means to collect expressway traffic
information from the police department, the fire department, and other related agencies. The
Traffic Control Center shall not disclose to other parties the contents obtained from radio
communication with police crews or with any police-related information learned during the

course of the duty work.

4.3.3 Traffic information dissemination

The Traffic control Center shall undertake the following actions when such expressway

information is received as shown below

(1) In principle, the traffic control operator shall immediately transfer messages to the Traffic
patrol crews..

(2) If indications are that the situation could potentially hinder safe and smooth traffic, the
traffic control operator shall notify the police department of such an incident
immediately.

(3) When a report on an unusual incident is received, the Traffic Control Center shall take

necessary actions stipulated by the rules of chapter 4.4.
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4.4 Countermeasures to be taken against unusual incidents

4.41 Traffic accidents
4.41.1 Role of the Traffic Patrol Crews

Whenever the traffic patrol crews encounter a traffic accident, or when they receive
instructions for emergency mobilization from the Traffic Control Center and arrive at the
scene of the traffic accident, they shall respond by taking measures and report it as prescribed

below.

44111 Details on Measures To be Taken

At the traffic accident scene, traffic patrol crews shall deliver duties as enumerated below. At

the accident scene, top priority shall be given to protection of life and safety of persons

involved, and to taking urgent measures most suitable under the circumstances.

(1) When traffic patrol crews arrives close to the traffic accident scene, traffic patrol crews
shall use loudspeakers to make the public aware of the incident and of enforcement
measures being taken as follows.

[J Targeting at vehicles travelling by the accident scene, alert them that the patrol
vehicle (s) are stopping or parking at the site (excluding those making emergency
stops)

[J Targeting at persons involved in the accident, evacuate them off-the-road to a safer
place.

(2) If the traffic control is deemed necessary, traffic patrol crews shall execute necessary
measures as prescribed in the chapter 4.2.5.

(3) Traffic patrol crews shall rescue injured persons, and guide people to a safe place off-the
-road. However depending on the severity of the injury, there are cases when the injured
persons shall not be moved unless prior diagnosis indicates it will not worsen their injury.
Be sure to carefully examine the conditions of the injured before assisting them to be
evacuated or providing them with first aid.

(4) Traffic patrol crews shall investigate and check the items enumerated below
[J Number of vehicles involved and positions where accident vehicles are stopped

Types and model of accident vehicles and the severity of the damage

Vehicles loaded with hazardous substances and/or substances of potential leakage

Conditions of the injured persons

O 0O o 0O

Damage to the road or road accessories,
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U
U
U

Objects/debris scattered on the road
Traffic conditions

Supplementary information on unusual incidents

(5) Traffic patrol crews shall undertake the following tasks enumerated below.

U
U

In case of a minor fire, extinguish the fire using portable fire extinguishers.

If scattered obstacles/debris on the road is manageable, relocate the objects
off-the-road where they will not interfere with the traffic. If removal of
obstacles/debris is deemed beyond the capacity of the traffic patrol crews, they shall
ask the Traffic Control Center to dispatch workers from maintenance and repair unit.
And if obstacles are deemed to be associated with the accident or crime, the
permission of the police department or an order from the Traffic Control Center shall
be obtained.

In handling minor road surface contamination, the patrol crews shall undertake an
urgent cleansing of the road surface. If cleansing operation is unsuccessful, traffic
patrol crews shall report to the Traffic Control Center and request dispatch of
workers of maintenance and repair unit.

Cooperate with the emergency medical department or other agencies in their rescue
operation.

Cooperate with accident investigations conducted by the police department or other
agencies.

If mobilization of a vehicle towing service is deemed necessary, urge the occupants
of the accident vehicle to ask the towing company for a towing service. If they are
unwilling to seek assistance of particular towing service provider, traffic patrol crews
shall report the fact to the Traffic Control Center.

When removing the accident vehicle with a towing vehicle, the traffic patrol crews
shall supervise the work.

Other tasks to be delivered on instructions from the Traffic Control Center

Other matters that can be handled by the traffic patrol crews by themselves. If the
traffic patrol crews are unable to execute the task, traffic patrol crews shall report to
the Traffic Control Center and demand assistance of workers who are used to be

engaged in maintenance and repair.
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4.4.1.1.2 Ttems to be Reported

At the traffic accident scene, traffic patrol crews shall report the items enumerated below to

the Traffic Control Center.

(1) Location (kilometer post on inbound/outbound route) of the incident

(2) Number of deaths or injuries and the status of the injuries

(3) Need for and required number of ambulances

(4) General situation of the traffic accident

(5) Number and the model of accident vehicles, and the severity and extent of the damage

(6) Need for and required number of towing vehicles

(7) Flow of traffic at the accident site

(8) Need for and required type of traffic control

(9) Damage to the road or road accessories, or the situation where debris scattered on the
road

(10) Need for and required number of maintenance/cleaning personnel, required type and
required number of cleaning vehicles

(11) Name, property and quantity of the hazardous and/or difficult-to-handle substances
carried by the accident vehicle, if any

(12) Name and quantity of cargo carried by the accident vehicle which needs to be disposed
of immediately, if any

(13) Other necessary items

4.41.2 The Roles of Traffic Control Center
When a traffic accident occurs, the Traffic Control Center shall take necessary actions as

prescribed below.

4.4.1.2.1 Initial Response
When an initial report on the traffic accident is received, the Traffic Control Center shall
confirm the facts and take necessary actions as prescribed below.
(1) When an initial report on the traffic accident is received, the Traffic Control Center shall
confirm the items listed below.
[J Road name
[0 Inbound or outbound route
[J Kilometer post
0

Description of the accident
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)

()

(4)

)

(6)

0 Need for ambulance

0 Whether or not the accident vehicle can run

[J Other items thought to be necessary in order to respond to the traffic accident

When a report on a traffic accident is received, the Traffic Control Center shall
immediately notify responsible police department of checked items and request
mobilization.

If the accident situation suggests that the traffic accident requires mobilization of a fire
engine or ambulance, the Traffic Control Center shall immediately request mobilization
of such vehicles from the responsible fire department.

If the situation suggests that the traffic accident demands mobilization of the Traffic
Patrol crews, the Traffic Control Center shall immediately instruct the Traffic Patrol Team
to hurry.

If the situation suggests that the traffic accident demands alerting passing vehicles of the
incident, the Traffic Control Center shall notify it of adjacent toll gates.

If the situation suggests that the traffic accident incident is needed to be notified to other

related agencies, the Traffic Control Center shall do so.

4.4.1.2.2 Follow up Actions

When the Traffic Patrol crews arrives at the site of the traffic accident, the Traffic Control

Center shall order them to check and take necessary actions as listed below.

(1)

The Traffic Control Center shall check the items listed below.

[0 Location (kilometer post on inbound/outbound route) of the incident
Number of deaths or injuries and condition of injuries

Need for and required number of ambulances

Details and particulars of the traffic accident

Number and types of accident vehicles, and condition of the damage
Need for and required number of towing vehicles

Traffic condition around the site

Need for and required type of traffic control

Damage to the road or road accessories, or condition of debris scattered on the road

O 0o ooogooogo o ™

Need for and required number of maintenance/cleaning personnel, required type and
required number of cleaning vehicles

[0 Name, property and quantity of the hazardous or difficult-to-handle substances
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carried by the accident vehicle, if any

[J Name and quantity of cargo carried by the accident vehicle which needs to be
disposed of immediately, if any

[J Other necessary items

(2) The Traffic Control Center shall immediately notify the responsible police department of
the facts confirmed by the Traffic Patrol Team.

(3) If the report from the Traffic Patrol crews suggests that mobilization of a fire engine or
ambulance is needed, the Traffic Control Center shall immediately request mobilization
of such vehicles from the responsible fire department.

(4) If the report from the Traffic Patrol crews suggests that alerting passing vehicles of the
incident is necessary, the Traffic Control Center shall notify the incident to the adjacent
toll gates.

(5) If the report from the Traffic Patrol crews suggests that mobilization of a towing vehicle
is necessary, the Traffic Control Center shall notify the towing company of the incident.

(6) If the report from the Traffic Patrol Crews suggests that mobilization of maintenance and
repair personnel is necessary, the Traffic Control Center shall notify the incident to the
maintenance and repair unit.

(7) If the report from the Traffic Patrol Crews suggests that alerting other responsible

agencies of the incident, the Traffic Control Center shall do so.

44.2 Disabled Vehicles

4.4.2.1 Role of Traffic Patrol Crews

When the traffic patrol crews encounters a disabled vehicle, or when they receive a command
for emergency mobilization from the Traffic Control Center and arrive at the site of the

disabled vehicle, they shall handle it and report as prescribed below.

4.4.2.1.1 Details of handling
At the site of the disabled vehicle, traffic patrol crews shall deliver the duties enumerated
below.
(1) When traffic crews arrive close to the site of the disabled vehicle, traffic patrol crews
shall use loudspeakers to make public announcements and emergency measures as below.
[J Announcing the publics and the travelling vehicles in its vicinity on the situation that
the patrol vehicles are stopping or parking (Such announcement shall not be done

when patrol vehicles are making emergency stops)
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[J Evacuating persons involved in the disabled vehicle off of the road or transporting
them to another safe location

(2) If the situation leads to traffic control, traffic patrol crews shall control traffic as
prescribed in chapter 4.2.5

(3) Traffic patrol crews shall investigate and check the items as listed below

Position where the disabled vehicle is stopped

The type of the disabled vehicle and description of trouble

Whether or not the cargo contains hazardous substances

Whether or not asking for the service of a tow operator or a repair shop

O O 0o o d

Traffic conditions

[J Other unusual incidences involved with the accident
(4) Traffic patrol crews shall undertake the following tasks as below.

[J In mobilizing a towing service, urge the persons charged with the accident vehicle to
request the service of the tow and removal. If they do not wish to have a towing
service, the traffic patrol crews shall report the fact to the Traffic Control Center.

[J Traffic patrol crews shall be engaged in watch and alert at the rear of a disabled
vehicle, upon an instruction from the Traffic Control Center, in the event that the
lives of the on-board occupants are exposed to such risks as passengers aboard the
bus, the vehicle loaded with hazardous substances, or in anticipation of longer repair
time.

[J When removing the disabled vehicle with a towing vehicle, the traffic patrol crews
shall supervise the operation. If supervision is deemed not necessary in ensuring the
safety of occupants of the disabled vehicle, or safe travel of passing traffic, the patrol
crews can offload such a duty.

[J Other duties as demanded by instructions from the Traffic Control Center

44212 Items to be reported

At the scene of the disabled vehicle, traffic patrol crews shall report the items enumerated
below to the Traffic Control Center.

(1) Location (kilometer post on inbound/outbound route) of the disabled vehicle

(2) Model of disabled vehicle

(3) Causes of the vehicle disabled

(4) Location where the vehicle stopped and the status of the stopped vehicle
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(5) Traffic situation around the site

(6) Need for and required type of traffic control

(7) Need for staff from a repair shop

(8) Need for and required number of towing vehicles

(9) Name, property and quantity of the hazardous or difficult-to-handle substances carried by
the accident vehicle, if any

(10) Other items

4.4.2.2 Role of the Traffic Control Center

Upon receipt of a report on an incident of disabled vehicle, the Traffic Control Center shall

take necessary actions in the following.

4.4.2.2.1 Initial Response

When a report on an incident of a disabled vehicle is received, the Traffic Control Center shall
check and take necessary actions as below.
(1) When a report on an incident of a disabled vehicle is received, the Traffic Control Center
shall check the items listed below.
Road name

Inbound or outbound route

0

0

[J Kilometer post

[J Positions where a disabled vehicle is stopped

[ Description on causes of vehicle disabled

[J Need for towing vehicles
[ Other items thought to be necessary in order to respond to the disabled vehicle

(2) If the situation suggests that the disabled vehicle indicates the risk of a secondary
accident or matters under the jurisdiction of police department, the Traffic Control Center
shall immediately notify the responsible police crews of said incident.

(3) If the situation suggests that the disabled vehicle demands mobilization of fire department,
the Traffic Control Center shall immediately request mobilization of such vehicles from
the responsible fire department.

(4) If the situation suggests that the disabled vehicle requires mobilization of the Traffic
Patrol Team, the Traffic Control Center shall immediately instruct the dispatch of the
Traffic Patrol Team.

(5) If the situation of the disabled vehicle suggests that travelling vehicle need to be alerted,,
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(6)

(7)

the Traffic Control Center shall notify the incident to adjacent toll gates.

If the situation suggests that the disabled vehicle needs mobilization of a towing vehicle,
the Traffic Control Center shall urge the driver or occupants of the disabled vehicle to
seek the service of the towing company. If they do not specify a particular towing
company of their choice, the Traffic Control Center shall appoint a towing company for
service delivery.

If the situation of the disabled vehicle suggests that other jurisdictional authority shall

intervene, the Traffic Control Center shall notify the incident to relevant authorities.

4.4.2.2.2 Follow up actions

When the Traffic patrol crews arrives at the site of the disabled vehicle, the Traffic Control

Center shall order the crews to check and take necessary actions based as prescribed below.

(1)

(2)

3)

(4)

)

The Traffic Control Center shall check the items listed below.

[ Location (kilometer post on inbound/outbound route) of occurrence

Type of disabled vehicle

Causes of vehicle disabled

Location where the vehicle stopped and the condition of the stopped vehicle
Traffic condition around the site

Need for and required type of traffic control

Need for a service of a repair shop

Need for and required number of towing vehicles

O 0o ooogooogo b

Name, property and quantity of the hazardous or difficult-to-handle substance carried
by the disabled vehicle, if any

[J Other necessary items

If the situation report from the Traffic Patrol crews suggests the necessity for
mobilization of the police department, the Traffic Control Center shall immediately notify
the responsible police department of the incident.

If the situation report from the Traffic Patrol crews suggests the necessity for
mobilization of a fire engine, the Traffic Control Center shall immediately request
mobilization of such vehicles from the responsible fire department.

If the situation report from the Traffic Patrol crews suggests the necessity of alerting
passing vehicles, the Traffic Control Center shall notify adjacent toll gates of the incident.

If the situation report from the Traffic Patrol crews suggests the necessity for mobilizing a
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towing vehicle, the Traffic Control Center shall notify the towing company of the
incident..

(6) If the situation report from the Traffic Patrol crews suggests the necessity for
mobilization of maintenance and repair unit, the Traffic Control Center shall notify the
unit of the incident.

(7) If the situation report from the Traffic Patrol crews suggests the necessity to alert other
responsible agencies of the incident, the Traffic Control Center shall notify them of the

incident.

443 Road Obstacles

4.4.31 Role of the Traffic Patrol Crews

When the traffic patrol crews encounters road obstacles, or when they mobilized themselves
on command from the Traffic Control Center, and arrived at the road obstacle site, they shall
deliver duties to handle the situation and report it to the Traffic Control Center as prescribed

below.

4.4.3.1.1 Details of handling

At the site of the road obstacle, traffic patrol crews shall perform the works enumerated

below.

(1) When traffic patrol crews arrives close to the location where the road obstacle will be
handled, traffic patrol crews shall use loudspeakers to make the public aware of the
obstacle and exercise enforcement as enumerated below.

U Notify surrounding passing vehicles of presence of the patrol vehicle stopped or parked
(except for the events of patrol vehicle’s emergency stop or park )

(2) Traffic patrol crews shall relocate objects on the road to the shoulder, off of the road, or to
another location where they do not interfere with traffic. If removal is beyond the crews’
capacity, traffic patrol crews shall report to the Traffic Control Center and demand
assistance of workers from maintenance and repair unit. And if obstacles suggest an
association with the accident or crime, the permission of the police department or order
from the Traffic Control Center is required for the removal.

(3) If traffic control is deemed necessary to remove on-road obstacles, traffic crews shall
perform it as prescribed in chapter4.2.5.

(4) When traffic control is deemed not necessary in removing obstacles, traffic patrol crews
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shall remove them as prescribed below

O

When it is possible to safely stop the vehicle in front of the obstacle after the object
on the road was discovered, in general, traffic patrol crews shall stop the patrol
vehicle on the shoulder or in another safe location approximately 50 m in front of the
object on the road. If it is not possible to stop the patrol vehicle safely in front of the
obstacle because the obstacle was discovered too late, traffic patrol crews shall stop
the vehicle on the shoulder or in another safe location at a distance beyond the object
on the road. Care shall be taken not to make a sudden stop or take any other action
that would interfere with the flow of traffic.

The monitor shall in general be engaged in monitoring and related activities staying
at the shoulder or median strip, at a position approximately 50 m behind the workers,
and shall guarantee safety before giving the workers the signal to commence work.
Even on receipt of the signal to start work from the monitor, the workers shall

confirm own safety before commencing the work.

(5) If the road obstacle is a valuable one, the traffic patrol crews shall recover and store it in

the traffic patrol vehicle, and shall obtain instructions from the Traffic Control Center.

Traffic patrol crews must abandon their claims to valuables that are acquired during the

course of duty work.

4.4.3.1.2 Ttems to be reported

At the site of the obstacles on the expressway, traffic patrol crews shall report the items

enumerated below to the Traffic Control Center.

(1) Location (kilometer post on inbound/outbound route) of the obstacles detected

(2) Type and shape of road obstacles

(3) Traffic condition around the site

(4) Need for and required type of traffic control

(5) Need for and required number of trucks to load and haul obstacles

(6) Other necessary items

4.4.3.2 The Role of the Traffic Control Center

When detection of a road obstacle is reported, the Traffic Control Center shall take necessary

actions based as prescribed below.

4.4.3.2.1 Initial Response

When detection of the road obstacle is reported, the Traffic Control Center shall order the
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traffic patrol crews to check and take necessary actions based as prescribed below.

(1)

(2)

3)

(4)

()

(6)

(7

When detection of a road obstacle is reported, the Traffic Control Center shall order the
traffic patrol crews to check the items listed below.

[J Road name

[0 Inbound or outbound route

[J Kilometer post

[0 Type and shape of road obstacles

[J Other items thought to be necessary in order to respond to the road obstacle

If the situation suggests that the road obstacle represents a risk of secondary accident or
matters of police jurisdiction, the Traffic Control Center shall immediately notify the
responsible police department of the obstacles.

If the situation suggests that the road obstacle demands mobilization of a fire engine, the
Traffic Control Center shall immediately request mobilization of such vehicles from the
responsible fire department.

If the situation suggests that the road obstacle demands mobilization of the Traffic patrol
crews, the Traffic Control Center shall immediately instruct the Traffic Patrol Team to
hurry to the scene.

If the situation suggests that the travelling vehicles need to be aware of the road obstacle,
the Traffic Control Center shall notify it to toll gates.

If the situation suggests that the road obstacle demands mobilization of workers of
maintenance and repair unit, the Traffic Control Center shall notify the unit of the
incident..

If the situation suggests that other related agencies shall be aware of said road obstacle,

the Traffic control Center shall notify them of the incident.

4.4.3.2.2 Follow up actions

When the Traffic Patrol crews arrives at the road obstacle scene, the Traffic Control Center

shall order them to check and take necessary actions based as prescribed below

(1)

The Traffic Control Center shall instruct the Traffic Patrol crews to check the items listed
below.

[J Location (kilometer post on inbound/outbound route) of obstacles occurrence

[J Type and shape of road obstacles

0 Traffic condition around the site
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[J Need for and required type of traffic restriction
[J Need for and required number of trucks for loading and hauling obstacles
[J Other necessary items

(2) If the report from the Traffic Patrol crews suggests that mobilization of police is
necessary, the Traffic Control Center shall immediately notify it to the responsible police
department.

(3) If the report from the Traffic Patrol crews suggests that mobilization of a fire engine is
necessary, the Traffic Control Center shall immediately demand mobilization of such
vehicles from the responsible fire department.

(4) If the report from the Traffic Patrol crews suggests that the travelling vehicles shall be
aware of the incident, the Traffic Control Center shall notify toll gates of the incident.

(5) If the report from the Traffic Patrol crews suggests mobilization of workers engaged in
maintenance and repair is necessary, the Traffic Control Center shall notify the workers of
the incident.

(6) If the report from the Traffic Patrol crews suggests that other related agencies need to be
aware of the incident of road obstacle, the Traffic Control Center shall notify them of the

incident.

4.44 \Vehicle on fire

4.4.41 The Role of the Traffic Patrol Crews

When traffic patrol crews encounter a vehicle on fire, or when they receive instructions for
emergency mobilization from the Traffic Control Center and arrive at the site of the vehicle

fire, they shall handle and report as prescribed below.

4.4.4.1.1 Details of handling

At the site of the vehicle on fire, traffic patrol crews shall perform the works enumerated
below. At the work site, top priority shall be given to protection of life and safety, and the
prioritize measures that are most appropriate for the circumstances.

(1) When traffic patrol crewss arrive close to the location where the vehicle fire will be
handled, traffic patrol crewss shall use the loudspeakers to make the public aware of the
incident and enforcement measures as below.

[J Making aware passing vehicles of the presence of the patrol vehicle stopped or
parked (except for parking vehicles making emergency stops)

[J Evacuating personnel involved in the vehicle on fire off-the-road or to another safe
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location

(2) If traffic control is deemed necessary, the traffic control crews shall impose control as
prescribed in chapter4.2.5.

(3) Traffic patrol crews shall rescue injured persons, and guide people to a safe place off-road.
However depending on the conditions of the injured, there are cases when the injured
person must not be moved unnecessarily. Be sure to carefully examine the conditions of
the injured before assisting evacuation or providing first aid.

(4) Traffic patrol crews shall investigate and check the items enumerated below

Number of vehicles on fire and positions where vehicles on are stopped

Types of vehicles on fire, and condition of the damage

Presence of vehicles carrying hazardous substances and potential leakage

Presence and conditions of the injured

Damage to the road or road accessories

Conditions of objects on the road

Traffic conditions

O oo oo oo o

Other unusual conditions
(5) Traffic patrol crews shall perform the works enumerated below.

[ In case of a minor fire, extinguish the fire using portable fire extinguishers.

[J If the vehicle suffers minor fire, relocate the object to the shoulder or other location
where they will not interfere with the traffic. If it is impossible, traffic patrol crews
shall report to the Traffic Control Center and demand dispatching workers from the
maintenance and repair unit to assist removal and clearance. And if the causes of fire
suggest an association with an incident or crime, the permission of the police or order
from the Traffic Control Center shall be obtained for the removal.

[J In case of minor fouling, perform temporary cleaning of the road surface. If it is
impossible, traffic patrol crews shall report to the Traffic Control Center and demand
an assistance of workers from the maintenance and repair unit.

Cooperate with the fire-fighting activities by the fire department or other agencies
Cooperate with rescue activities conducted by the medical department or other
agencies

[J In case of mobilization of a towing vehicle, urge the driver or other person involved

in the vehicle fire to seek assistance of the towing company. If they do not specify a
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particular towing company, traffic patrol crews shall report to the Traffic Control
Center.

When removing the vehicles on fire with a towing vehicle, supervise the work.

Other works based on instructions from the Traffic Control Center

Other items that can be handled by the traffic patrol crews by themselves. If it is
impossible, traftic patrol crews shall report to the Traffic Control Center and require

the assistance of workers of maintenance and repair unit.

44.41.2 Ttems to be reported

At the site of the vehicle fire, traffic patrol crews shall report the items enumerated below to

the Traffic Control Center.

(1) Location (kilometer post on inbound/outbound route) of occurrence

(2) Number of deaths or injuries and condition of injuries

(3) Name, property and quantity of the hazardous or difficult-to-handle substance carried by
the vehicle on fire, if any

(4) Need for and required number of fire engines

(5) Need for and required number of ambulances

(6) Condition of fire

(7) Number and types of vehicles on fire, and condition of the damage

(8) Need for and required number of towing vehicles

(9) Traffic condition around the site

(10) Need for and required type of traffic restriction

(11) Damage to the road or road accessories, or condition of debris scattered on the road

(12) Need for and required number of maintenance/cleaning staff, required type and required
number of cleaning vehicles

(13) Other necessary items

4.4.4.2 The Role of the Traffic Control Center
When a vehicle fire occurs, the Traffic Control Center shall take necessary actions based as

prescribed below.

4.4.4.2.1 Initial Response
When information concerning the vehicle fire is received, the Traffic Control Center shall
order the traffic patrol crews to check the following items and take necessary actions as

below.
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(1)

)

3)

(4)

)

(6)

(7)

When a report on the vehicle fire is received, the Traffic Control Center shall order the
traffic patrol crews to check the items listed below.

[J Road name

Inbound or outbound route

Kilometer post

Description of the fire

Need for fire engines

Need for ambulance

Whether or not the vehicles on fire can be driven

O 0O 0o oo o &

Other items thought to be necessary in order to respond to the vehicle fire

When information that the vehicle fire occurred is received, the Traffic Control Center
shall immediately notify report the checked items to the responsible fire department, and
request mobilization.

When a report on the vehicle on fire is received, the Traffic Control Center shall
immediately notify responsible police department of the incident and request
mobilization.

If the situation suggests that the incident of “vehicle on fire” demands mobilization of
ambulance, the Traffic Control Center shall immediately request mobilization of such
vehicles from the responsible medical department.

If the situation suggests that the incident of “vehicle on fire” demands mobilization of the
Traffic Patrol crews, the Traffic Control Center shall immediately instruct the Traffic
Patrol crews to hurry to the scene.

If the situation suggests that the passing vehicles shall be made aware of “vehicle on fire”
incident, the Traffic Control Center shall notify toll gates of the incident.

If the situation suggests that the other related agencies need to be made aware of the

incident of “vehicle on fire” , the Traffic Control Center shall notify them of the incident.

4.4.4.2.2 Follow up actions

When the Traffic Patrol Team arrives at the scene of the “vehicle on fire”, the Traffic Control

Center shall order the traffic patrol crews to check and take necessary actions based as

prescribed below.

(1)

The Traffic Control Center shall order the traffic patrol crews to check the items listed

below.
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2)

()

(4)

()

(6)

(7)

(8)

[J Location (kilometer post on inbound/outbound route) of occurrence
Number of deaths or injuries and condition of injuries

Name, property and quantity of the hazardous or difficult-to-handle substance carried
by the vehicle on fire, if any

Need for and required number of fire engines

Need for and required number of ambulance

Condition of vehicle fire

Number and type of accident vehicles on fire, and condition of the damage
Need for and required number of towing vehicles

Traffic condition around the site

Need for and required type of traffic control

Damage to the road or road accessories, or condition of debris scattered on the road

O 0O 0o oo oo o o

Need for and required number of maintenance/cleaning personnel, required type and
required number of cleaning vehicles

[J Other necessary items

The Traffic Control Center shall immediately notify the responsible fire department of the
incident report from the Traffic Patrol crews.

The Traffic Control Center shall immediately notify the responsible police department of
the incident report from the Traffic Patrol crews.

If the report from the Traffic Patrol crews suggests that an ambulance shall be mobilized,
the Traffic Control Center shall immediately request mobilization of such vehicles from
the responsible fire department.

If the report from the Traffic Patrol crews suggests that the passing vehicles nearby the
vehicle fire scene shall be made aware of the incident, the Traffic Control Center shall
notify toll gates of the incident

If the report from the Traffic Patrol crews suggests that a towing vehicle need to be
mobilized, the Traffic Control Center shall notify the towing company of service delivery.
If the report from the Traftic Patrol crews suggests that the workers from the maintenance
and repair unit need to be mobilized, the Traffic Control Center shall notify the unit of
assistance delivery.

If the report from the Traffic Patrol crews suggests that other related agencies need to be

aware of the incident, the Traffic Control Center shall notify them of the incident.
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445 Traffic Jam

4.4.5.1 The Role of Traffic Patrol Crews

When traffic patrol crews encounter traffic jam, or when they receive instructions for
emergency mobilization from the Traffic Control Center and arrive at the traffic jam scene,

they shall handle it and report the situation as prescribed below

4.4.5.1.1 Details of handling

At the traffic jam scene, traffic patrol crews shall perform the works enumerated below.

(1) When traffic patrol crews arrive close to the traffic jam scene, the patrol vehicle should
follow the tail end of the traffic queue, as necessary, in order to give warnings to vehicles
approaching from the rear. The position of a patrol vehicle giving warnings to
approaching vehicles shall in general be in a safe location, such as the shoulder, at least
400 m away from the tail end of the traffic jam.

(2) When there is a change in the traffic queue length, or when it is deemed that the road
condition is dangerous, traffic patrol crews shall immediately report to the Traffic Control
Center and follow its instructions.

(3) When a patrol vehicle, giving warnings to vehicles approaching from the rear, needs to
move in the reverse direction, one of the patrol crews should stand behind the vehicle as a
guide in order to confirm safety. However when it is recognized that moving the vehicle
in reverse is dangerous, reversing is prohibited. In such a case, the vehicle should turn
around at the next interchange to resume providing such warnings.

(4) The vehicle engaged in warning the approaching vehicles shall suspend the task if

emergency mobilization is invoked elsewhere..

4451.2 Ttems to be reported

At the site of traffic jam, traffic patrol crews shall report the items enumerated below to the
Traffic Control Center.

(1) Location (kilometer post on inbound/outbound route) of incident occurrence

(2) Condition of traffic jam and prospects for its clearing

(3) Cause of traffic jam

(4) Need for and required type of traffic restriction

(5) Other necessary items

4.4.5.2 The Role of the Traffic Control Center
When traffic jam occurs, the Traffic Control Center shall take necessary actions based as

prescribed below.
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4.4.5.2.1 Initial Response

When a report on the traffic jam is received, the Traffic Control Center shall order the traffic
patrol crews to check and take necessary actions based as prescribed below.
(1) When a report on the traffic jam is received, the Traffic Control Center shall order the
traffic patrol crews to check the items listed below.
0 Road name
Inbound or outbound route
Kilometer post

Causes of the traffic jam

O 0O o 0O

Other items thought to be necessary in order to respond to the traffic jam

(2) When a report on the incident of traffic jam is received, the Traffic Control Center shall
notify the responsible police crews of the incident.

(3) If the traffic jam situation suggests that emergency mobilization of the Traffic Patrol
crews is necessary, the Traffic Control Center shall instruct the Traftic Patrol crews to
hurry to the traffic congestion scene.

(4) If the situation suggests that the passing vehicles need to be alerted about the incident of
traffic jam, the Traffic Control Center shall notify toll gates of the incident.

(5) If the situation suggests that other related agencies shall be made aware of the traffic jam,

the Traffic Control Center shall notify them of the incident.

4.45.2.2 Follow up Actions
When the Traffic Patrol Team arrives at the site of the traffic jam, the Traffic Control Center

shall order the traffic patrol crews to check and take necessary actions listed below.

(1) The Traffic Control Center shall order the traffic patrol crews to check the items listed
below.

Location (kilometer post on inbound/outbound route) of traffic jam incident

Condition of traffic jam and prospects for its clearing

Cause of traffic jam

Need for and required type of traffic control

O O 0o o d

Other necessary items
(2) The Traffic Control Center shall immediately notify the responsible police department of
the report from the Traffic Patrol crews

(3) If the report from the Traffic Patrol crews suggests that the passing vehicles shall be
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alerted about the incident, the Traffic Control Center shall notify toll gates of the incident.
(4) If the report from the Traffic Patrol crews suggests that other related agencies shall be
alerted about the incident, the Traffic Control Center shall notify them of the incident.

4.4.6 Sudden changes in the weather

4.4.6.1 The Role of Traffic Patrol Crews

When traffic patrol encounter a sudden change in weather, or when they receive instructions
for emergency mobilization from the Traffic Control Center and arrive at the site of the

unusual weather, they shall handle the scene and report as prescribed below.

4.4.6.1.1 Details of handling

At the site of the unusual weather, traffic patrol crews shall perform the works enumerated

below.

(1) In order to prevent danger to traffic, traffic patrol crews shall perform road closures and
take other necessary steps as needed.

(2) As necessary, Traffic patrol crews shall use loudspeakers and other means to alert traffic

about the abnormal weather, and provide instructions for appropriate driving.

44.6.1.2 Items to be reported

At the site of the unusual weather, traffic patrol crews shall report the items enumerated below

to the Traffic Control Center.

(1) Time and location (kilometer post on inbound/outbound route) of the incident of usual
weather occurrence

(2) Weather type and conditions

(3) Need for and required type of traffic control

(4) Other necessary items

4.4.6.2 The Role of the Traffic Control Center
When unusual weather occurs, the Traffic Control Center shall take necessary actions as

prescribed below.

4.4.6.2.1 Initial Response

When a report on an unusual weather is received, the Traffic Control Center shall check and

take necessary actions based as prescribed below

(1) When information concerning the abnormal weather is received, the Traffic Control
Center shall check the items listed below.

0 Road name
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Inbound or outbound route
Kilometer post

Weather conditions

O 0O o O

Other items thought to be necessary in order to respond to sudden change in weather

(2) When a report on an unusual weather incident is received, the Traffic Control Center shall
notify responsible police department of the confirmed facts..

(3) If an unusual weather condition suggests that emergency dispatch of the Traffic Patrol
Team is needed, the Traffic Control Center shall instruct the Traffic Patrol Team to
mobilize immediately..

(4) If an unusual weather condition suggests that travelling vehicles need to be alerted, the
Traffic Control Center shall notify toll gates of the incident.

(5) If an unusual weather condition suggests that other responsible agencies need to be

alerted about the incident, the Traffic Control Center shall notify them of the incident.

4.4.6.2.2 Follow up actions

When the Traffic patrol team arrives at the site of the abnormal weather, the Traffic Control
Center shall order the Traffic patrol to check and take necessary actions based as prescribed
below.
(1) The Traffic Control Center shall check the items listed below
[J Time and location (kilometer post on inbound/outbound route) of occurrence
[0 Weather type and conditions
[0 Need for and required type of traffic control
[J Other necessary items
(2) The Traffic Control Center shall notify the responsible police departments of the report
from the Traffic Patrol Team.
(3) If a report from the Traffic Patrol Team suggests that the passing vehicles need to be
alerted about the incident, the Traffic Control Center shall notify toll gates of the incident.
(4) If it is considered that the report from the Traffic Patrol Team requires the information to

other related agencies, the Traffic Control Center shall notify to them.

4.4.7 Other unusual incidents
4.4.7.1 The Role of Traffic Patrol Team

When traftic patrol crews encounter an unusual incident, or when they receive instructions for

emergency mobilization from the Traffic Control Center and arrive at the site of the unusual
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incident scene, they shall handle and report as prescribed below.

4.4.7.1.1 Details of handling

At the unusual incident scene, traffic patrol crews shall perform the works enumerated below.
At the work site, top priority shall be given to protection of life and safety of persons involved,

and to measures most suited to the circumstances.

4.4.71.2 Items to be reported

At the unusual incident scene, traffic patrol crews shall report the items enumerated below to

the Traffic Control Center.

(1) Time and location (kilometer post on inbound/outbound route) of the incident’s
occurrence

(2) Details of the unusual incident

(3) Other necessary items

4.4.7.2 The Role of Traffic Control Center

When an abnormal condition occurs, the Traffic Control Center shall take necessary actions

based as prescribed below.

4.4.7.2.1 Initial Response

When a report on the unusual incident scene is received, the Traffic Control Center shall

check and take necessary actions based as prescribed below.

(1) When information concerning the abnormal condition is received, the Traffic Control
Center shall confirm the facts listed below and take necessary actions.

Road name

Inbound or outbound route

Kilometer post

O 0O o O

Description of the unusual incident
[J Other items thought to be necessary in order to respond to the unusual incident

(2) If the unusual incident suggests that the mobilization the Traffic Patrol Team is necessary,
the Traffic Control Center shall instruct the Traffic Patrol Team to hurry to the scene.

(3) If the unusual incident suggests that the passing vehicles need to be alerted about the
incident, the Traffic Control Center shall notify toll gates of the incident.

(4) If the unusual incident suggests that the handling the incident falls under police
jurisdiction, the Traffic Control Center shall notify the responsible police department of

the incident.
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(5) If the unusual incident suggests that other related agencies need to be alerted about it, the

Traffic Control Center shall notify them of the incident.

4.4.7.2.2 Follow up actions

The Traffic Control Center shall confirm the items below and instruct actions when the Traffic Patrol
arrives at the unusual incident scene.
(1) The Traffic Control Center shall confirm the items below

[J Time and location (kilometer post on inbound/outbound route) of the incident’s
occurrence

U Details of the unusual incident

[J Other necessary items

(2) If the report from the Traffic Patrol crews suggests that travelling vehicles need to be
alerted ,about the incident, the Traffic Control Center shall notify toll gates of the
incident.

(3) If the report from the Traffic Patrol crews suggests that the police department shall be
alerted about the incident, the Traffic Control Center shall notify responsible police
department of the incident.

(4) If the report from the Traffic Patrol crews suggests that other related agencies need to be
alerted about the incident, the Traffic Control Center shall notify them of the incident.

Forms for Reporting
Form 1
Reporting Notes on Traffic Control Patrol
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Reporting Notes on Taken Measures to Tackle Incidents
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Form 2

Shift Handover Sheet (Traffic Patrol)
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Form 3
Shift Handover Sheet (Traffic Control Center)
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Form 4
Recordings of Correspondence and Information at the Traffic Control Center
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Reference: Supplement Materials to Dispose of Difficult-to-Treat Substances
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