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Policy Circular No. 9.4.31/2025 dated 27" September, 2025
{Decision taken on E-Office File No. RMDIV-22/55/2025-HOU Division (Comp. Mo, 2540871)

Sub: Maintenance Manual of NHAI -reg.

Necessity for formulation of a comprehensive Manual on Maintenance of various
parameters of National Highways has long been felt keeping in view that effective maintenance
influences Road Safety, User Comfort, Project Economy, Traffic Disruptions as well as impact
on environment.

z. Therefore, in order to educate all Stakeholders viz., Authority Officers/Supervision
Consultants/ Contractors/ Concessionaire/ 0&M Agency about different aspects of maintenance
such as importance of mainténance, common maintenance defects, common tests and
investigations, defect rectification methods, inspection methodology and technological tools
being used by NHAI for maintenance etc. make all Stakeholders better aware of the importance
of the maintenance of the National Highways and improve the overall state of maintenance of
Mational Highways, Maintenance Manual of NHAI has been prepared.

1. It is to be noted that the domain of maintenance of National Highways is extremely wide
with Numerous Codes and Manuals dedicated to the cause, therefore, the NHAI Maintenance
Manual alms to give broad overview of maintenance in concise manner without burdening the
reader with excessive information. This Manual does not supersede any NHAI/MoRTH Policy
Circular, IRC/I5 Code or Manual and/or the provisions of the concerned Contract/Concession

ments and should be strictly followed as a Guideline for Good Industry Practice of all
Frojects at O&M stage.

4, Any Suggestions/Comments on the Maintenance Manual based on experience may be
forwarded to Road Maintenance Division for updating the Manual whenever felt necessary.

2. This issue with the approval of Competent Authority.

Encl.: Maintenance Manual of NHAL.

Tﬂﬁﬁf
(CS. Sanjay Ku Patel)
Ifc Chief General Manager (Coord.)
Te
All Officers of NHAI HQ/ ROs/ PiUs/ CMUs/ Site Offices
Copy to:

Hindi Division for translation in Hindi.
Library for hosting the circutar on library site.
3. Web Admin for circulation.
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PART 1: INTRODUCTION

1.1 Duerslew of Highwery Infrastructuss in lndia

Indig has the sagond largast road natwork and 118 National Mighwiays span 8 total iength of 146,185 km,
forming the priman arteérsl netwerk of the country. This vast network-sernves as o critical backbona of the:
nation's transportation system, teciitating the movemont of goods and passengers across urban ond rural
areas plike. Aemarkably, tha road network handles high volume of thie total goods transponted within the
country Bnd i3 responsibie for Bupperming malority of India's pasaengertraffic, meking it-an indispensabla
companent of the country's econnmic and soclal framewor k.

The sheer soale of India’s road infrastructure necessitatas a robust, systematic approdch te its managoment
and maintenance. Effective road asset managsment is vital for ensuring seamless transpartation, aconamic
growth, and public safety. Given the significant dependency on rosds for fealght movemeant and commuter
transit, priortizing tha upkeep of this infrastructure becomes imparative. Ensuring roads an maintainad o
maeat required sernceability levels—datined by parameters auch s moughness, durabliny, and traffic.
capacity—plays d pivotal robe in sustaining the effliclency and iebability of the network. A well-maintained (ond
rietwork reduges travel ima, minimires vehiclo oporating costs, enhances-salety for users, and reduces the
ervironmental tootprint by mitigating fuel consumgtion and eimissiens caused by poor road conditions.

The enormity snd criticality of Indid's road network demand a well-planned, resource-opbimized. and
techinologicatly driven approach to asset management. Ensuring roads are maintsined o required
serviceability standards is not just & technical nesessity but 3 fundarmental inyestment in the nation’s
progress and connactivity.

1.2 Purposa and Obijscthies of the Manual

Thie objective of thig manual b5 to provide & comprehensive overview of the procedures involved in assessing
the condition/padormance of various highway asséls, [dentifying appropriate intervention leveis, and
outlinmg treatiment and rectilication methodologies for these assets. The manual is designed to serve as a
Rutde for affective management and mainterignce of highway infrastructure, ensuring safety, functionslity,
and sustainability.

Highwary Assets coverad in‘this manual include pavement, structures, robd furniture and road signags, TMS
(Tall Managarment System) and ATMS (Advancad Troffie Managemeant System). In Addition to the highwiry
pEzaty, the manual also places sigrificant emphagis on highway safety, detalling protacels tar work zone.
teaffic managemment and safety during malrenance activities. Further, the manual alsoe Introduces the
advanced tachnology Imtegration strategies-adopied by Industry to eanhance the cperations and mamtanance
of highway assets, By combining traditional methodologies with innovetive technotogies; itisaimad to ensure
optimal perfarmanca, safety and longevity of highway infrastruciure while optimising cosis and
enyitonmakal impact,

1.3 impartansa of Melntanance

Highwiay maintanance ploys dvital rola in sustaning the satety, efficlancy and longes ol reod Infrastroctur,
B highvweays form tho backbona al iransportation networks, their proper ypkeap Bnsunes amoath oparations,
optimses [ife cyvele costs pnd Supports broader soclo-economic ohjectives. The follpwing are the key reasona
why highwiay maintanance is indispenaabis:

I. Ensure Safety: A well-mairmiained highway significantly reducas the risk of accidents and enbances road
safety. Maintenance actvitiss address saléty hazards such as potholes and crecks that can cause vehicle
damagefaccidants, faded road markings and signage that can impair driver ewareness and maltunctioning
traffic lehts and mansgemant systems that can tisrupt the traffic Tlow,

Il. Cast Efficiency: Timealy and routing maintenancs prevents minos issues from esaalating inta majpor, more
axpensive rapairs. By Investing in proactive maintenance stratogles, the itespan of pavemants and structuros
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cnn b pralnnged, M nedd for castly emargency rapais can be minimized, resouice allpoation for long term
infrasiructure mansgemant gan booptimised.

. Minimise Trafflc Disruptions: Maintalning highways ensures uninterrupted traffic flow, which is crucial
for rsducing travel deliys, congastion caused by road closures/damaged seations, enhancing dally commuta
gxperignce for road users, supporting efficlent movemant ol goods and sendicas.

V. Prolong Infrastructure Lifespan: Reguiar maintenance is less costly than rebullding the roads,
Addressing minor 1ssues proactivaly prevents them from becoming major problem reqlining full-scale
recanstruction. [talso ensures strangth of bridges, overpasses and other highway companents, reducing the
tikelihood of eatastophle failures,

V. Environmantal Impact: Reguiar maintenance helps to provide smosth roads to improve fuel elfliciency by
reducing resistance, which helps lower vehicls smission, Regular claanup of debris and waste alang 1hn
highwaies halp in protecting and maintaining sesthetic appeal.

Thus, highway malntenance (& a criical investrmant in public sefety, economic growth and envirenmental
sustainahility. Meglecting it can lead o higher long-tarm costs, reduced prodietivity and inoreased risks for
all road users.

1.4 Typas of Mamtenznee

Highway maintenance involves acthvities and measures to keap rmads In gdod conditon, ansuring safaty,
functionality snd longavity, IUis ypically categorisad into differant types basad on He nature of wers and th
urgency of repairs. The main types of highway maintenance include thie lellowing:

I. Routine Maintenance: Regular, continuous activities that praserva tha roadway in its orginsl condition ond
prevent mingr defects from escaiating, These sctivifies sre assential for preventing minor issues from
escatating into major prablems and are camied out continusutly aver the [ite of the highway. Which Includes
but not limited to Repall of pavement cracks; maintain the drains & ducts, Footpath and Cyche track, Kerbs,
line marking, road fumiture, Lighting and signags, free of litter & debris snd thiif disposal eto, with, reasonabis
measures for satety of workren & materials, Clearing of branches andvegetathon affecting Wsibillty, checkemg
of street lights. cleanmy of damaged vehicies, itegelly porked vehicies, measures required in special
situations ke Fire, O spilling st

Il. Prevantive Maintenance: Preventive measunes takion to pravant deteroration of the agsets and extend its
litespan without any need for major strengthaning. The scope includas but ot limited to Minar cuts, ruts,
proper Drainage of Rain water from pavament and shouldoers through spats; wesp holay etn, clesring of
drains, weep holes spouts slab drain, damages of Project Highway which do not completely obstrugt the
traffic but endanger the sataty of traffic, shall be nttended to on an wrgent basis Major breach in the roatwey
of amy type which cause danger to safety of tréffic and cause obstruction in movemeant of vehicle. Tha scope
also has sotivities like closure/prevention of crestion of Un-outhorized entry to and axit frem the Projec)
Highway. Preventing encroschments on the Project Highway and presening the Right of Way Trom rilibon
develdpment.

Ill. Perlodic Maintenance: Scheduled malntenance acthities parformed at regular intenais 1o regtans the
road to e designed standards. Including but not limited to Profite corrective course of ovaraid with the
paripdic rengwal of the wearing course of the road pavemnent.

a. Separator / Islend shall be restored to the design cross section.
. Cross Berrier reguirgs minlmum mamienansce.
€. Congcrete post! metal beam cross barrers raquire repaiis

d. Claaning, repairing and maintenance of varous road furniture, Inspaction of raln harvesting system,
draingge sanitary systems, maintensnce of Electrical irstallations: Periadic painting will be required in some
areas, Maintenance / Painting of all furniture and furmishing tema,

IV. Major Maintenance: Comprahansive rehabilitation and strengthening activities conducted othar st the
and of the asset's lilg cycla or wien fignificant deteroration necessitates substantisl rapairs (o rostase
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functionality, Spacial repalrs may alao be required on sceount of fadura of an elamant of Praject Highway,
Structures may siso require rehebilitation or oven re-construction,

15 Typas of Fighvwny Assets

Highway gssats are physical components that make up the infrastructone of & highway systom. Theseassets
wre erftical Tor ensuning functionality, safety, and efficlency. Below are the main types of highway assels
categorized based on thair tunctions:

I Roadway: Rondweay inclutles pavamant, embankmant, ahoulder, ke, median and drsnags

(a} Pavement -Asphalt or concrobs surfaoes lyars designad for carmying 1raftic atong with gramutar & Sub-
base & bz tnyers.

(b) Embankment - It i% an elévatod structurd madé of soll, reck or other matorials designed to raise the
rondway ebove the surrounding términ. Embankments are commonly used in highway congtruction to
provide a stable snd slevated platform for vefiolas, improve droinage and crose low-lying areas such as
watlande, fvars orvalloys.

{c] Shoulders - A highway shoulder i the partionof the roadway adjacent to the travelied lanes, dakignad
to provide addtional space for vehicle-retated and salety purposed, |1 is o critlcs! slemant of highway
design, ensuring functionatity, sstaty, and emeigency nccess.

{d] Karb = If iz o raised edge or barrior slong the sida of @ road or highway, typically made of concrata,
stone, ar asphalt, It serves multiple functions related to safety, drainage, and road sesthetics, Kerbs are
commaonly used in-urban aroas, highways; and other roadwey systems to delingatsa the adge of the
pavemant and pravide structural and fTunchonal benefits.

(o) Median - Highvway median isthe area separating opposing anes of tralfic on o divided highway or road,
It plave a cruclal rote n improving gatety, managing traffio, and providing Spacé for other rondway
alamarts like signage of lendscaping.

[} Drainage - Highway drainage refers 10 the system snd design of souctures used to manage snd rarmovs
watar from the surface and subsuriace of highways. Effective drainsge is grucial to ensure the langevity,
safaty, and functionality of tho rosdway. Poor drainags can lead to struciural damage, accidents, and
costly rapains.

Il Btruotures: Highwsy struGtures mfar to the various built elements or infrastructune that are an integral part
of & highway system, Highway struciures are typically built with strong malerials ke conorete, steel, or
aaphalt to withatand traflic loeds, weather conditions, and environmantal foroes. Major types of higheay
structures include Giade Separated Imersactions, Major Bridge, Minor Bridge and Culverts.

Ill. Rond Signage and Road Furniura: It includes various companants including pavemant marking. sgn
Donrgs. praffic Minkers, nlmww lightlng, sately barniers, guardrails, anti-glazess, footpath, separator, noise
Drriers and Gbject markers.

{a) Pavement Marking - Favement markings aro visibly Indlcators placed on roads and highways to i
drivers, enhance safety, snd ensure gificient Uslfic Now. These markings communicate mpomant
information about lane boundaries, difections, warmings, dnd ragulations, complémanting read signs and
signais.

(b} Signboards - Highway signboards are essentinl clemants of road infraatructure, designed t© provide
critical information to drivers and pedozirians, They guide, wam, and regulate trafflo, emsuring road safety and
efficiar troffic managamant,

[c) Traffic Blinkers - Traffic blinkers are traffic control devices dsed to enhance road safety and provide
warnings o drvars, pededtrinng, and othet road usera. Thags lights ams highly visible and are designed to ot
individunls to potertisl hazards, regulote tratfie, or provide guidance in various situations.

() Highway Lighting - Highweay lighting is an essential component of tansportation infrastructure designed
b improve sataty, visibility, and overall diving conditions during nighttime or In low-visibility @rmdronmients,
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Proper lighting reduces sccidents, anhances road securty, and improvas the comfort of drivers, passengars,
and pedestrians.

{e] Satety Barriers - Safety bamiers are designed to protect vehicles, padestrigns, and infrastrudtun by
redireeting o absorbing the impact of 7 colllsion. They are a critical component of foad safety Systema,
particutarly on highways, bridgas, and interchanges. These barmiars ang pnstailed alang roadways 1o redune
this sevarity ol socrisnts and prevent vehicles fram veering off the road or colliding with fixed objects.

() Guardrails - Guardrnila are 8 type of ssfaty barrior installed along rogds s8nd highwaye to prevent vehicles
from veering off the road, crashing into obslacies, or crossing into oncoming traffic. They are designed to
shsorb and rediieet the force of & vahicle's imp@et, minimizing the potential for injury and property damage.
Guprdraiis are critical components of mad sofoty, especially in sraas with shiarp cures, steep slopes, and
high-apead roada.

{g) Antiglazers - These dfe safety featurad usad on Righways and roads to reduce the impoct of bright Lghta,
particularly from oncoming traffic or stroatights, which can cause glare and reduce visbility for drivers. These
bariers are typically imstalled in location s whare auch glars i& ety 10 baa prablem, sweh ag along curves,
interasctiong, and in arsas whaere traffic ows in opposing directions.

{h) Footpath --A fooipath i 4 pedestrian pathway pravided slongsite of within the right-of-way of 4 road of
stroel, dosigned toamsure the Safe and efficient movement of pedestrians. It is saparatad fram the vehicular
fraffic lanay, often by & curh, grass verge, or other physical barriorn, to provide o safe spaee lop walking:

(i} Separator - It iz a physical or painted structuse 10 separare thi main carrlagewvay from e service rmad,

(i) Noisa Barriers - Nosa Darriers afe siructures buitt along highways, romds, or railwoys designad to reducs
the level of noise pullution fram tealfic.

(k) Object Markers - Object markers are safety devices used diong highways and rosdways (o indicate the
presence of hazards, obatacles, or pbjects that could pose a dangar to Motorists,

IV. Toll Management System/Advanced Traffic Management System

Toll Management System (TMS) is & comprehensive solution for afficiently collacting. managing, and
fonitoring toll charges on highways, bridges, or tunnels. |t integrates technology to streamline toll
oparations, sdute gongastion, and anhance the overall user exparisnce white ansuring sccurate ravanue

gallection. Advanced Traffic Management System [ATMS] includes all the cutdeor and indoor companarnts
which are responsibie to indicate tha trallic How and to provida umargnnqrsnn-lcaa all round tha clock across
thia higiray

V. Project Faoilities

Projact Faciiities is-o collective 18rm used 10 indicata the facilities aveitable atong tha highways to faciliiate
atficiant oparation e ITHITLEN BTG af highway and usercomiom Major proyect facilitiga include bus bays,
truck [y Byes, toflet Dlookirost ared, traffic aid post ald.

Vi Miscallangous

Dthier miscellangsus components of highway includs D&M Centre, Matanol wsting loboratory, Toll
Plazafadministrative Bullding, Landscaping eto.

Highway assets are 8 comprehensive collection of Structures, systema, and mateials (het work logather ta
ensure the sate;, efficignt, and sustainable mevemant of vahicles, Proper maintanance and managerment of
these asgsets are crocial for masimizing the [lespan of the Righway infrastriciure, mimdmizing trafic
disruptions; and enhancing safety. Detailed procedurs to inspoot the conditicn of the aesets. peranmiince
evaluation and checklist tor each of the highway assets-ars axplained Ir detail in the UpCOming sections.

1.8 Broad Scops of Dperation & Maintenance of the Contractor/Concassionaire/ G&M Agenoy:

The scope of operation @nd maintenance of the project highway in pooordance with relevarn clouses of
BOT/HAM/EPC/tem rate agregment Includis the following: -
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(al Procuring and engunng safe, smeoth and unintarrupted use of the Prolect, Including prevention of loas of
damage therpte, Guring ormed aperating conditions,

(b} Minimizing disruption in the event of accidants or other incidents affecting the satity end use of 1ha Project
by provdding & raphd and effective respanes and maintaining Gaison with smergency saivices of the State.

(&) Cearrying out perodic preventive migintaronca af the Project.

[d} undertaking routine maineonance including prompt mepairs of potholes, cracks, joints, draine,
embankmernts, structuras, markings, Lighting, signege and othar eontrol devicee.

[} Undartaking major maintenances auch a8 resurfacing, repairs 1o structures, and repairs and refusbishment
of aystem and equ ippmant,

{1l Praventing, with the assistance of concemad low enforcement agencies, any unauthorized use of the
Project.

(g} Preventing, with the assiatence of the cencarmed law enfarcement agencias, any encroachmants an, or
unauthorzed et to the Project.

{h} Protection of the environment and provision of eguipment and materials thesot.

{i} operation and malntenance of i communication, eontral and administrative systema neceasary for the
efficient operation of the Project and for providing aafe, smooth and unintesTuptad use of the Project,

i} Maintaining o public retations unit to interface with snd attend to suggestions fram the Users, govermmant
agencies; media and olheragencies; and

ik} Complying with Safaty Reguirements In accordance with relevant Article of the Concesslon/Contract

(I The Contractar/Concessignaira should procure that at all frmes dunng the Operation Parod: the-Project:
conforms to the maintenance reqguirermnents set forth In raspective Schedule/clause of tha
contract/Conoession Agreamant (the “Maintenance Requiremants®) such as Sthedule-K in HAMMBOT
Projects,

1.7 Organizational Structura & Minimum Key Personnet for Operation & Maintonance of the Project Highway by
thve Contractor/Concessionaire/ 0 &M Agency

The following shiall be the Organisation Structuie of the O&M teamol ContractorniC o CmssTimna e O M
Apency the with the stipulated minimum key-personnal:

For stetches under D&M Phase, the following details should be submitted by the
contracter/Goncessionaiz=/0&M Agency betore commencement of the work:

Table 1.1 Details of key-personnel and Contact Numbers [

1 D8N In-Chiarge

K Manager GEM

& | Civil Enineer

2 Elechriciin

l5 Raute patral officer/Satety Officer
6 TS Engineers Software & Hardware
T

1

T

Supervisar
Cantral Raom Operator
Q Office Assistant/HR Assisbant -
Tatal i " | I
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1.8 Role & Responsibility OF key-personnsl
1.8.1 Job Description of In-charge (O&M)/ Manager (O&M): -

L]

Respongible fof coordination of all operational and Maintanance pctivities stipulstad under the
Concassion ugreament,

Responsibde for Uasomng with NHAIL, Police, Emengency Servicés and sl othar bodies relevont 1o
ameath operations ol the project stk

Responsible for all officinl communication with clients, government bodies and other sgencies
imvolved in operation and maintensnce In consultition with seniors,

Implementation and monitoring of all periodic #nd major maintenance works snd ensure all work |s
being done in secordance to the Concessian Agreemant snd Specification,

Prepare all the traflic management control plans and schemesto be used in controlling the traffic flow
during the maintenaroe works and In emergancing.

Conducting tha raview meetings for all operations and mamtenanca activities:

1.8.2 Job Description of Route Patrol Officer: -

" @ # ®F ® & ® ® ® & &8 & w

The Routs Patrol Officer will be responsible for proper functioning of the Control reom Operations.
Route Patrol Services, Ambulance Servioes and Crane/Towing sarvices,

Employees appointed should b able' to read/write and maintain logbooks:

Patrolling the Highway

Managing Incidents/Accidents

Responsible tor genarsting accident reports 88 perthe manusl and data callectsd fiom police stations
slong the stretch,

Implemantation of Lane Closer/divarsion Procedure whenaver reguired for malntenanca or remaval
of accidents,

interfacing with the logal agencies like Palice, Fira Brigade, Hospitals ate,

Reporting of damage on the rond/Assets

Encroachment contral & remaovil

Removal of illegal parked vehiales on projct haghway

The Rouite patrol officer would be alse responsible for managing and maintain irg all reuts operations
equipment’s Ingluding vehiclos.

Employees appolntad should undergo Faining Including fislds such as:

Vehicls usa ang malntenance;

Safety policwes.

Radio and communication procedures,

Public ratations/ customes service,

Defonaive drving:

Fublic relations/customer sgrica.

Maintenance of tratflc,

ViahlChe reoovery procedursEs,

Vietim gxtrication procedurss:

Extinguizhing vahicles fires,

Basic first aid training.

Work gide protection.

Minoryehicle rapaies.

1.8.3 Job Description of Paramedical/EMT Staff: -

The Route Patrol Officer will be responsible for proper functioning ot the Control room Oparslions,
Route Patrol Services, Ambulangs Services and Crane/Towing sendces:
1 EMT shauld bo nppointed per shift per vahicle,
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Abiivy to read) wiite & matptain logbooks.

Employess appointed should undargo at tsast ane training course (with duration of o minimum of one
manth) In a tertiany care Insttution or at a recognized (nstituta with experience in handiing ife-saving
eruipment.

Bagia training of employees should inclide fields such a5t

Vehlole and equiprment uss and maintenance.

Victim éxtication from 8 crashed/damaged vehicls.

Sataty policies.

Radio and communication proceduras.

Public ralations/customisr Samvica,

1.8.4 Job Desaription of Malntanance Engineer: -

Responsole for all Routine; pernodic and major maintenosnce work-and ita implamentation as per
apacifications describad in Schadula-F

Ensuring all quality and safety procadumes are adhefed to In parforming thi maimienance works tobe
eaEUted at project highway,

Responsible for conducting visual, closo and thorough inspaction in congultation with |E as per
concission pgraamant,

Preparation of all repores, MIS and formats for anwaid submission to IE,

To ensure proper functioning and meirtonange of all public utiities along the highway,

Responsthla for Plantation, maimtenance of vertical gardens, fountains, functioning of FOBs and othar
lacilitias,

Monitoning of painting of strugtures, ke, crash barmers, remeval of debrls, Desalting of Drains,
removal of vegetation sffecting sight line and Including all major/minor pctivities per@ining to
maintenance of the projecl

Maintenance of Road furniture along with the project as per CA.

1.8.5 Job Description of ITS Engineer: -

Toy ensure proper Functloning of the Advanced Trafffc Managemant System including the CCTV and
Cantral Cortrol Systam,

Praparation of MIS and all ATMS ralated répons &% per approved formats,

Timely sttanding and roparting of any majoriminor tautt in ATMS,

Rasponsible for genarating incidant dataction feports.

Responsible for all ITS and IT related work on the project,

1.8.6 Job Description of HR Admin Executive/Accountant: -

E @& & @

Respongible all ganeral HA and Admin related work pertaining to the project and O&M bulilding,
Respongibie for lm plementation of all HR/Statuary complianes,

Monitoring of manpower for securnty services, Housekeaping, maintanance work ete,

Responsible for genetal maintenance of sl public facslities like public toilets, Trafic 2id posts, Truck
Loy by Bus fay by medicel aid postets,

Responsshie lar ganatal Uasloning with local agencies for providing services like water, solld waste
digposal.

1.8.7 job Description of Electrical Enginser/Foreman: -
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Respdnsible for attending to all minotfmilor Toults in streetlights, high-mast, slectncal panel, O&M
banlding ste.

Coorginating and suporvigion of major efectrical work executad through extornal agency and tmoly
repoming the same.

Linsaning with Powser Distribution Authority dor smooth functinning of all elecirical connections and
mietering.

Attending any other slactiical relarad seues ot the project,

Job Desoription of ATMS Key porsonal: -

Routing monitaring of the Propect Highway ingluding:

Handling Emergency Galis on the Emergency Call consoleds) for calls: ofiginating from roadzide
amargency teiephones

Teaffic monitoring through visual monitoring using COTV cameras located slong tha Project Highway,
Handling of Mabile Radlo communication system from the control room and giving guidance to Route
Patrol Vahicle, Ambulance, Tow Craneorany othar smergency requirsment.
Monitoring VIDS for any viotations-and submitting tha repont th concen.,

Genarating MET reports and submitting to all concem,

Operation of the Traffic manegement und rescue console and facititete guidance to patrolling tagm o
periarmm thelr roli on tha groung,
Genaration of Shifl wise mports lor gubmigsion to &l concamed authorities.

1.8.9 Control Room Opérations: -

The Control Room Opsration shall anaure that the petrol oficers perform their duties as describad in the
regpEctive procedural manuals and shall always ensure complfance with the operational standards.

L B O 1
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Recalve and |og requests Tor assistance and othet calls from all sources

lgentity the typa and nature of incident or amargency

Initiate the appropriste response according (o the procadures

Co-ordinstn the tratfic managemant and fire servics resources st omergency scenas wril recovary to
nefmality

Ensure thal al Control Room equiprment ks fully functional

Ensure thit ail equipmant diagnostic functiona are carried out

Manrisin 4 filing system for all documantation received and generated

Capy and distribute damage reports to the maintanance deparrnent

Ensure a clgan ond arderly workspooe

Malntasning all incident/accident records, recelved from Patrcl officars ss well 18 Ivom road users
Inatructing an ambulance /crane operatos in tase of emergoncy

Artanging extermal help if required (Police, Fire brigads, Ambulahce ete.,)

Roporting Mfults | o the Malntenonce Team,

1.8 lInspections
1.9.1 GENERAL

(1} The inspections ate vitsl for effective and afficiant aparstions ard maimenance of Highwway, strugtures and
othar Facilites. Safuty of the rond ysor shall slwoys be on top of agends items, Tha maln nmphasis duning
Inspaction will ba on the condition of the rond. identification of the |atations whare deteriortion i RELUITng,
massure the extent of the problem and define the action nesded for rectification, Based on thelr niture,
trequency, oxtent and usa of togls and equipimeant the ingpections are categarized on under

[a) Visuial,
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(b Close and
(] Thorough.

[} The spectons hava been progremmed and are to B carfiad oul by Fesponstble, compatent, and
sompeahansively ained Inspectorsftechniciansfanginears, using pragatarmined checkiists and lormats for
variaus elements of the Project. They shall be made fully corversant with the inspection procedures and the
safety requirements.

[{ii] The periodicity, timing and thoroughness of the inspections will ba ditferant and is described hareunder,
The inspactions have bean classified inlo tour categories — daily, monthly, quartarly, and before, during or
after Fainy sessan. Thess sra described intha Tabla 1.2,

(i) As far as possible ingpectionswill be camiad oul in off-peak perjods (o keap tralflc detays o minimal, but
L closurs will be necessary whanevar tha pavemant is baing inspected.

[} Defects identified as-a result of Inspactions, ar ady other repoarts and complaints will ba ua-lagmi:ad'!n"m
various categories as desoribed in tits manual will be programmed for maintenance, repeir, rehabilitation or

replacement, And will be teken Up accordingly.

1.9.2 VISUAL INSPECTIONS

11} Visual Inspoctions shall ke broad ganeral inspuctions caried out quickly and frequently by highway/brdge
maintenance enginasrs having knowtedge of road structures{CA Schadule F). The purpose of this visusl
inspection shall be 1o report the obstacles 1o traffic ond deficiencies which could tead to accidents of
maintenancs problema, Such inspections should be Trequent. Tha wisust inspection shall be catried out by
visual psaessment with careful obsenation of the specilic objactftem of the Project Highhway [(or
idantifigation and guantification of tha deficiencies or damageas al the Project Highway,

[} Purpose: Ta repor the obstacles to traffic from the point of view of sstoty end cbvious deficiencias that
could l=ad to acoidents or imaintensnce probiems; This will bring out deficienciss/defects of obstruations,
signboards, blocked drains, sxpansion [olnts, kerbs, side slopes, turfing, vegetation, Painting on fences,
handraits, guardrails, datireotors, and cleanliness, underpasegs, ROW and the Like: This inspection will atso
raport eneraachments o the Highway including RO,

{iii}) Tools & Equipment: Uasally, no tools and eguipmaent ane necessary, Careful obesrvation aad visual
assarsment of the spacific object/item of the Projact aré enough for identitication and for quantitication of
the deticlencies or damages.

{iviinspections: The daily inspactions will be done by maintenance gang men, supportsd/guided by
Highway/bridge maintenance angiheers having knowladge of highways ond structures. In additian, Routing
Patrol stalt will also report auch nedds,

v} Fraguancy: Quickly and frequantiy (seetatle 1.2,
1.9.3 CLOSE INSPECTIONS

{l) Thie cléss inspacticn shall be visusl snd/for suppl@maeantead by standerd instrumental aids for BssassmERt of
dofects f daliclencies of Project Highway with careful obeernation of speciic elemeant{s). The clusa Inspection
shall ba daily / pariodic, but It Is more iIntengive-and would requirs detailed éxamnstion of elemants of Praject
Highway, It shal cover all the aspects of tha spacilic atemant of Project Highway sgainst a checklist, The close
Inspeations shall e aarrlan out quite freglently depending Lpon thie nature of structura 'of Project Highway.
Thig Inapsction snoll b carrind out by tha Higghway/Bridge Enginear having good knowledge of rbad struclunes
with thesratical background 1o analyze the nature, and extent of defectsfdeficlancias, suggest suitablo
rédmnedial measures to reotityfremedy thim and quantify repair work.(CA Schadule)

(i) Purpose: To regoit the defeats ( daficiencies of all aspacta of spaciiic olemants of the Project Highwaey and
recommend appropriate remedial measures, These inspections will cover Riding quality on the pavament as
well a5 on the expansion joints, kerbs, drainage faciities, all structures including RE walls snd nprans,
painting on the hendrails, and othars,
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{i) Tanls & Equipmant: Olosd inspacthons may ba visusl and/or supplemanted by standard Instrumental aids
tor assessment of defects / deficiencles of the Project with careful obssnetion of specitic siements, These
ars mora intenshe and require detoiled mmmination of elecnents of thie Prodact, it should cover gl the aspects
ol the specific slémant of the Project againet & checklist

{rv} By: Highway oridga maintenance anginears having good knowledge of highways and structurss with ability
b nadyze the naturs and dirtant of dofects ¢ deficlencies and suggest suftable remedial measures to rectify /
marnedy tham,

(v} Fraquency: Thase may be parndic (seetable 1.2),

1.9.4 THOROUGH INSPECTIONS

{i)- A thorough inspection shall be comprahengive and detailed for assessment of defects / defickancies of the
Praject Highway by visual inspection or with the ald of standard eguipment and non- destrustive: testing
migthods whare necessary. Such an inapection shall be carried out based on & comprehonsive checkit of
mems relstod to the matestais, condition and situation of the structure ate. Thie cheoidiat shall bo prapaied
maticulously wall in advance of inspection. Tharough inspaction shall be undertaken during the most critical
weather canditions, whichis genevally rainy sedson in project ardas. During the rafny season, the Road/Bridga
sructures sholistand vulnerabls for the demages and therelore deficiancies of the: Project Highway shall be
mere pronoenced., Theinspeation carled out during the faid period shall grovida the most oritical evallation
of the parformance of the structure. Thorough inspactions shall be of imporance for Bridgas, Culverfs ano
drainage structures aswell as road pavernants during adverse westhar canditions of mansoon period,

{ii] Besides having a qualified Highway/Bridge enginger, the inspection tagm leader shall be familiar with
design and construction features of the Highway /Bridges to ba ingpected o that the condition can be
properly and accurately assessed for a masningiul report and quantifiontion of repair woiks, The compatence
of teatr] leaders to recoghize any structural distresa/deficiencies and ossess its sefousness with complete
recommendation for appropriate repairs shall be on important pre- raguisio for antrusting this assignmant to
tham,

{iiiy Purpose: To report condition of materals, structures, various elements, particulearty with respect To the
bridges, culverts, cross droinage structures, thelr silting or scouring, pavement dusng adverse weather
conditions, drainagesyatem including catch pits) drains, s,

:fu} Tools & Equipment: Thorough Inspections will be done with comprahansive checklist/formats preqpared
meticuloysly in advance Tor variGus etructures/elements, with aid of standsrd equipment ‘and. non-
destructive tasting whare nacessary.

(v} By: Quelified Highway/bridge maintenance engineers, Sometimeas he misy have to be 3 Spacialist, Th team
lpadar must ba familinr with design and construction festuras of the Highway/bridgas. He shall nccurately
asdess any structursl distress/deticiency and assess its serousness. He will recommend appropeiats
repair/remodial monsures.

ivi] Freguency: Thase will be taken up st fixed intervals, For drainage relsted issuns these witl be durng mogt
entical wenther canditions, genarally rainy seasen when the pavemsnt/strus s arg undier severs condition
end deficiencies are mor proncunced [see table 1.2, The inspection fraquency can be sulably fevised
[ncreased or decreaged) in consultation with the Authority,

1.9.5 INSPECTION TEAMS
{i] Visunl Inspsations:
= Maintenance Enginee
*  Route Patroliing Starr
(i) Cloaa Inspections:
# Maintenance Engineor
o Assisted by Suparyison / Warkimen
{1l Thorough nspections:
& ProjEct Mbnager
* Maintenanca Enginoar
=  Maintenanca Supenvisars / Warkmen
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Tha inspection frequancy of various ferns of Praject Highway hag bean indicoted in Tatle -1.2 below. The
frequency of inspaction shall be suitably rovisad |n consultation with the Supervision Consultam and
Authorty, If the emergancies/site conditions so warrahty.

Table 1.2: Objective and Frequency of Inspection

Object Itam Daily Weekly | Monthl | Quarterl | Before:
¥ ¥ and after
Rainy
Season
Riding Surfaca Pavement L # .
Expansion joims L # .
fMedian Kerh & #f .
Bida Slopes  [Tuding & -
IPitching & Masanry & .
Fetaining wall M -
Drainage Bide Stopa r) i
Madian drain i i
[Bridge Catch Basin M i
Gullies and catch M i
pits
Bridges @) Suparstructure # .
IGullles and catch
its !
b Bubstructure 3 L |
c) Head / Wing # .
walls and aprons / |
RE Wall '
) Painteng .
B} Handral # .
Culvens REC Culvert N . .
HP Culvert | .
Guard Rails Shoulders ¥ g .
Miedians m ' .
[Traftic SiEns . .
pparntion Marking H # .
facilities
Delineator i 4 .
L ighting ™ & a
Other tacilties Megetation / M o ¥
landscaping
oll plaza fway side o t #
pities
Mraffic 3 . [
Conditions
Encroschment T o
3
LEGENDS: =
# Visuyal Inspection [ Thorough inspection
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# Oose Inspection ¥ Visual Inspection During Rainy Seasan Gnly,
1.10 Servicos to be provided at Prafect Facilities

Al the Facilities will be provided with services as described below:

(i) Administratiee / ‘Operation and Maimtensace Building: Such buitding(s) will be under control of one
Maintanance Enginesr who will e supported and gulded by other senior stafl, He should slso be assisted by
junior ataft and the warkiaree for day -to-day renning and malntanpnoa,

(i} Bus Shelters and Truck Layby: A1 Bug shalter & Truck Layby clganing should be done dady at the rate to
repeat on avery Bth day at one location in wrban section, 15th day at one location in Semi urban location and
onhes A month at onz loeation in Rural section. Fie-Puinting should be done when it is evaluated 1o be faded

'E‘I!l'-ﬁ!l"

{ill) Electrical Servioes: At Administrative / Operation and Maintenance Building and project lights power
suppty should ba proviged [y the Local Distribution Authority.

yivh Medscal Ald Post: Concessionaire/Contractor should operate a fully e uipped Medical Ald Post along with
Forarmedic Staff.

iv) Tratfic Ald Post: Concessionaire/Comractor operates a fully equipped Traffic Aid Post,

ivih ATMS Control Centre: Concessionaire has provided o fully Equipped ATMS Control Centre as per the
Concassion Agregmeant

il Water Supply: At Toilets water should be provided either from Bore well or shall be transpored intankars
and pumped in overhead tanks on daily basis during non-peak hours of traffic movement, Storage tanks

should be cléaned snce every six months, In the Administration/D&M Office weter dispansers shall be
installed for providing good drinking watar to all people vigiting the affice.

{ix) Solid Wagte Disposal: At Administration/O&M Bulldng, refuse collection bins should be provided. Tha
refuse should becollected on a ragular basis and disposad of a8 par local municipal reguiremant,

i) Highway Lightimg: The lighting instaliations should be sersced/iepaired/raplaced as-and when reguired.
Rapair / replacémant sie depanding on the traflic densty and should ba done duning lean penad using Main
DSkt

(i) Security: Adegums security should ba provided at the offices,

i) Surveillsnce: Adequate surveiliance should be provided using ATMS. Its camaras should be in critical
Locatiens. Retor ATMS for more details

(o) First Ald: A first Ald Box should be provided st the Admin/ O&M office. Patrolling Vahicle shall be deputed
for Patmolling the area round the glock far sccidants. Concessionalne / Cantractor should oparate a fully
enuipped Medicat Aid Post along with Paramedic Staf,

1.11 Asset Inventorization:
An imvantory of all Highway Assets should be maintained through perlodic NSV surveys. Tha tallowing
project related information ahould be maintalined ot alt site Difices/PIUs/RO8:

rJ:| Highweay Longth I3 e Hy {F PO M, Ky ooy, b0 o0 ) 0 NH el NE--
iy | Main Carriaguwin i b | 2 LA N
e BT | 2 Lo With Paved Shoulder
el | ) Lane
| ooafim | B Lana
&Lana -
L iR | Othar {please specify]
lil} | Senice Roods ! K {LHS =nd RHS Both} .
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vl | Cantral Madian Width e Mm [0BmM

...... Km | Othar [please specify)

1.8.2 Details of Structures, Raad Junctions and Projeot Facilities.

SL Descriptions Unit Total Numbers | Remarks/chalinage

Mo,

1 Flyovars MNo's

3 RUB Na's ‘
i ! Major Brigges Na's

& Mingr Bridgas Mo's |
i g R Bax Tulvarts HQ'F

g Slab Culverts Ma's

B RCC Pipe Culvorts MO

9 Underpasses Nes |

19 Majar Rosd Junctiana No's |

T Minar Road Junctions MNo's |

12 | Appmach Roads - . Al locations

13 Toll Plazas No's KEm

14 Wayside Amenity | No's

| Gomplex

15 Bus Bays and Sheiters No's

16 Truck Lay Byes Mio's LHS and RHS

17 Highwary Lightings Lenghh, Al locations

in Km

18 Higzh Mast Lights Mos,

19 ATMS Works - . Along the progact highway

20 Landscaping and  Tres | - . Ao the project highway

Plantation
a Camp Offices Mo's |
22 Administrative Buse | Ng's Tall Plaza Bullding |
Camnp

1.12  Strocture of the Manoat
This mianual 1§ organisad into B major sechions. The detalted contents of each of the saction is as follows:

i Faemnl

Pavgmeant refors W the structucal layers of materiole conytructad 1o provide o durable, amooth and stabie
surtace forwahicle movament an highways, These are generally classifind into thrée types, Flaxible, Rigld and
Composite Pavimants. Various typas of maintenantd of pavament, virious o istrégses on the pavameant,
decishon troe and intervention tevels for different types of povorments are saotalned in detall in Part 2 of this
manal,

I Siruok LS
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Highway structures have different compenents and each of the camponsnt has [is own Importance tar the
sate and relisble oparstion of structures. Hanee to evaluate structures, it Is nacassary to ovwgluate the
individual eomponents saparately by considering varous parameters, Major componants of structures
penerally evalualed Includes wearing coat and expansion joints, dack slab, baams/girders of supurstructire,
bearings, substructures (Plors), substrectures (Abutment), foundations, protection woiks, retaining wals
elc, All the componenis of structures, assesamant of condition of structires and mgthods of struoture
gvaluation ars explained in detallin Part 3 of this manoal.

] Fiond Fumijiume

Road fumitin &a collectiva torm used tor assets installed mong the highway, in order 1o improve the safety
and pulds the usars along the Highway. Major components of road furmitire include rood signage, mad
miarking, signtioards, traffic blnkers, highway Ughting. safety barriers, gusrd rails, antigiazers, footpath,
Feparaion, naiee barmers, cbhioot markers ste. Those are asseased in datoil in Part 4 of this manwal.

4] Oftoer H gy Elernants

Part 5 of this manual details on highway slements including BOW ang horticulture malntensncs, drainage
maintanance and shoulder maintenance. Details of methodalogy of execution, performance assessmeant and
checkllat for axecution |s axplainad in this chaptar.

W, Systema = THMSATMS

Toll menagement system (TMS} Includes diffarant somponentsftools that are respensibla far efficiam 1ol
collection. Componente of Toll Managemant Systam Include Tratfle Lights, Automatic Boom Barlar, Dperator
Manitor Receipt Printer, Use: Fare Disploy, Overhoad Lane Status Light, Oparptor Custemisad Keybaan,
License Plate indicatory Gamara, Docurment Scan Camera, Incident Camara, AVCC, Waigh in Mation, Static

Weigh Bridge atc.

Advanced Traffic Managemsnt System (ATMS] includes all the euttoor and indoor components which ara
rasponsible to indicate the traffic fow and 1o provide ememency sanvices all round the clock scross the
highway. Components of ATMS includa Vidao Surveiliance Systam, Mobie Radlo Communication System,
Wideo Incident Detectlon System (VIDS), Vehicls Actuated Speed Digplay Bystem, Emergency Roadaide
Tetephone System, Yarable Message Sign System, Meteorological Deta Syatem, Automitic Trathic Countar
Cum Classifier, Travel Tima Estimation System,

Systams refatod details Including varlous compnnents and checklists far maintenance and monitoring of
these components are explained In detail in Part & of this manual.

Wi Work zone Teattle Maragerient Plan and Safety during Maintenanoo Actvities

Satety in highway projocts is entical to protecting workers, drivers, antl pedestrians during construction,
maintendnce, and ogaration. Effective satety measures snaure the smooth execution of projects wivile
rinimising rlsks. Part 7 of this manval highlights the imporence of highway safety, work zong safely
aftangamants, rallic managemant plans and sadely checkifts,

Wil Taghnalogy Inigation

Technalogy integranion in Fighway operations sng maintenance enhences efficiancy, safety, and cost-
sffectivensss while improving the overall user axpariance. NHA) has its m-houss applications viz,, NHAIONE
Auplication to effectively manags the maintenance and NHA|I ERS/IMS GARE spplications for incident
managament on Nationsl Highways. Further, Datsioke is atso used extensfvoly for monitating, proposal
submisslon, ivoice submission and digital recoid rapositony, NHAI also operstas 1033 toll free halpling
number to cater to emergency and non-gimargency Stuations of rod users on National Highwayn,

113 Reference Standards, Codes and Guidalines

I IRG:'SP: 127-2020 - Manual for patformance assessmant of Highwey Assets during oporationa aned
maintendnce stage

Il JRC: 82-2023 = Code of Practioe for Maintananes of Bituminous Roads

. IRC: 37-2018 - Guidelines for the design of Flesible Pavements:
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.  IRC: 5P B3-7018 - Guidelings for Maimenance, Bepair and Rehablitation of Cement Conarete
Pavemants
V. IRG: 115-2014 - Guidélinas for Structural Evaluation and Strengthening of Fiexible Road Pavaments
wsing Falling Woight Deflsctometor [PWD) Techhigue
Vi,  IRC: 117-2074 - Guidetines foe the Structural Eveluation of Riglid Pavement by Falling Waigh!
Detlectometer
Wi IRC: 5P: 84-2018 - Manusl of Specificatons snd Standards for Four Lanning of Highways
Vil IRC: 58-2015 - Guidetings for the Design of Plaln Jolmed Rigid Pavernents for Highways
%, IRC:SP;30-2019 -Manual on Economic Evatuation of Highway Projfects in India
X IRC:5-2078 - Biandard Specifications and Code of Practics fur Rosd Bridgss
Xl  IRC: 78-2020 - Code of Practice on Limit State Design for Foundations
¥l HRC: 83-2018~Standard Speaifications and Code of Practice for Road Bridges
%l 1RC: 112-2022 - Code of Practice for Concrete Aond Bridges
K. IAC: 5P:13-2022 - Guidetines for the Deaign of Smpll Bridges and Culvers
. RO SP: 18-1878 ~ Manual for Highway Bridge Maintenance Inspection
Wl [EC:8P: 35-2024 - Quidalines for Inspection and Maintenanca of Bridges
®VI  1RG:SP: 40-2010 - Guidelines on Repeir, Strengthening and Rehabltitation of Goncrate Bridges
®IL IAC: SP: 68-2011 - Guitlatines und Specifications for Expansicn Joinis
XK IRC:SP: 51-2016 - Cuidelinas for Load Testing of Bridges
KK MoRTH, Fifth Revision— Specifications for Foad and Bridge Works
L PRO: 35-2015- Code of Practice for Road Markings
¥XIl.  IRC:E7-2022 - Code of Practicefor Road Signs

1.14 Arvision of the Maintenance Mamal

The Maintenance Manual shall be revised and updated once every 3 (three] years or earfier as per Site
conditiong/ applicability of new technologies/materials/methods and contract provisions.

PART 2: PAVEMENT MAINTENANCE

2.1 Types of Pavements ahd Comman Distresses
Pavements are commonly classified based on structural Behaviaour and matanal type. The thiee main typos
usad in Natienat Highways are:

| Flaxibia Pavemants

Thess pavemeants have a bituminaus surtace and raly on multiple Layers of motedals to distabute loads 1o the
subgrade. Tha figura baiow illustrates typical layers in a flesible pavemant.
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Cracks

Crevnnil Level

Figura 1.71 Typical croas section of axible paveimant
Majar distresses observed in fiexikle pavemants arg tbulamed a5 undsd:

Table 2.1: Distrasses in Flenizle Pavemant

Cracks (n hituminous pmuﬂ!saﬁlau{ﬂud based on the type, severlty

and extent of cracks.
= Poarjoint
matching at the
tirma of
These gracks ar canstruatlan
— parallel to the = Reflective cracks
1.1 Eﬁﬂ'm diraction of from an
traftic underlying iaver
movarmanT, s HMA fatigue:
(onsat of alligator
cracks)
= Shrinkage of HMA
Cracks :::BEE ;tlua to Lo
. peratures or
SN |l I
1.2 hardering
Cracks centraling. It is 8 : ;
typa of tharmal « Raflgctive clacks
arncking. SN Ey STashs
benaath tha
surface HMA fayur
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ftis s series of z:’bi:::"
iseiipncsor B I o’ ook
: EHpQingE an
| Avigators Hmm *::”:N bottom of the
13 | Fatigua A —— HMA loyer
Cracks it 2 Ovarinaded Traffic
ic loading, It :
canaithar ba naceam
Bottom-up/Top- ::t::'lumt MI;::H
down cracking, prﬂ_ﬁdnl-cﬂ;mﬂh Baizih
These dra small
depressions in
the pavement
surface that
| Maistura
panetrate atl the : .
3 Pekial iy tha Infiltration thraugh
8 pracks resultin
HMA Loyt It can Sothotas
D& the end resull.
of alligator
cracks,
An area of
pavamant that
has DEan
ced with ; -
:-Tranmmrlal. T3] A IS
TR dusto strustu il
iAo inadequacy
3 Patching aristing
Inferior matensis
pavarment, It may :
= : used at tha time of
be croated by
previous patchwork
Ipcalized
pavement
oetennration.
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Itis e surface
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wheei path. It
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Localised Sulgrads
pliimsnt sattlemont
surface with remuiting from
8 ME '”;T:: slightly lower Inadequits
slevations than compaction
Fhas Surtounding during
pavament. construction
A fitm of- asphalt
h::iar mmm Excessive asphalt
Eu ﬂ:'f: . bindar in the HMA
usually creatas a EX i
shiny, glass-lika P _muf
9 | Bleeding refigcting surfacn h“ll”“'mﬁ::;ﬁ-'" i
ihat can became
surface Treatment
quite sticky. it Low HMA alr vold
can lead ta loss . : ~
of shid i
resistance wihen
wit.
Loza of bond
batwean
It e genarally the agdregate
Rl dislodgament of particlod and
i e sggragate asnhalt binder
partjcles. Machanical
dislodging due 1o
traffic

. Hifd PavermsTs

Rigk pavements, arconGite pavements, have i suff, dursbis surface that distnbutes loads thiough siab s, Thiay
coralst of 2 single concrete laver supperted by 2 subbase. Despite higher infiial couts, they affer lower life-cyele costy,
figh ioad reswtance, misimat rutting and dorabilitg en weak subgrades,

B R B A A E e AWl SB08 BRCTEN
Tl AR /
-'“F\‘* 2 m\“ a §
[ s s —
R

Figure 2.2: Typical cross sechien of rigid pmament
Types of Righi Pavements:

21 |Page



1. Jolnted Plain Concreta Pavement JPCP) — Ubes trandeeiss ond jonghudingd jems 0 paimil seaqping
movement. Dowel bars ald laad iransfer, while pe bars hotd slabs Togeiner.

2. Jointed Roinforcéd Concrata Pavemant JRCP] = Similar 1o JPCP but inoludes stel remfoscemant 1o sesure
that the eriaking i farfow and roduce slab hickness.

3. Continuousty Rebnforced Concrate Pevement (CRCP) - Do not higve rogular transverse joints, i1 s
continuous steel rminforcement to bold cracks togethar and the reinforcamant is anchored to provide wnsion.

armmStm i 2 -min b m

LTS T
ittt
PRI SeRST 1

\\ ] Longiludinal Jain

= Trankwerse Jomts [writh fiebre)

Figure 2% Plan view of Jointed Plain Concrete Pavemant (IPCP)

Langtiydral Bantfmoermn Discontoued s Buch
iDakimnd Bad) aledr (155 50 0 %)

§
j

4 fa et
Moy . 7 Langrudal Jain
Trmrm s Farin = (wilh Senbaral
T s i

2.4: Plan view of fointed Reinforced Conarets Pavement [IRCP)

L]

LT B

4

\' RIS AT T

{

HH A A

Continuous Langauomal
e n =0
LLLE Twmm
(0.8 m 2 5 m)
Long/tudinal Joent
{wnth bebars)
Figure 2.5: Plan view of Continsousty Relnforced Concrate Pavament {CRCH

Fibre Rainforced Concrate (FRC) enhances durability by smproving emch reslstance and reducing siab thicknesa
recuineerens. FRC pves aditanal Sekural toughness Yo the pavemont snd have signiticant residusl strangth 5t lampa
deformiatfons

Rigid Pavement Doterioration & Defects

Cwver time, sll pavements deterionate dus to taffic, climse, Bnd construction quality. Paor design or mix qunlity
mecenrptoa-taiure. Algid pevemant defests inclute:

WEEF WG [
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«  Burface defooty [too ihid of this slab
«  Structural delects (doaper issuss aftecting loundation)

*  Common distranses - Lineontrotled seacks, Tauling, scaling, and Inas of tarturs, often saasod by joint filuros,
subgrade settlement, of pocr warkmanship.

For detalled defect causas, reter to Table 3.1 of IRC: 5P: 83-2018
Table 2.2: Distresses m rigid pa

: g Surface cracks formed beforg
Fl:imi:thrmlraa;_u concrate hatdens In a pattern
: of ahart cracks
Crack  onented  roughly
LOPRIUAINAL | paratteLto the pavement ege
or langitud inal joint
Cracking
I Crick  oentated  roughly
pili 5 parpendlcule o i
eracks

paverment centarking

Crack thatl traverse betwean
Diagonal crocks | perpendicular joints in slabs
(langth =2m)
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Crack Aci0Bs @ comer of -a
breaks/cracks slabr {crack langth 0.3m - 2m|
: Network of shollow narmow
E;F:ﬂ CHaGKING | cracks axtending onby through
i upper surface of concrae
|
1
laotatee  loss  of surlace
i miatarial In small aran
Impressions on final concrete
Surfage Animat/Wheal surtace due to movement of
Defedts HNpIEssions animata/venicles betore
sotting of concrete
Poating off the uppel part of
slab suface [5mm e 15 mm)
¥ . following Grazing or impropes
surtace Tintshing

24| P apa




Ravelling

Loss of fine aggrognias from
rratrly and hardened coment
pasie/laltonce fom  the
gurface thiough abrasion that
may or mey not have been
previously eracied.

Polished Surface

Wear and tear under high
vodumes of traffic, poaor
Testuring

laint Deteots

Jolnt Separation

Joint opening or mowement
dua to shoulder movemant
incorract tie bar installatitn

Jaim Seal

Stripping o extrusion of [oint
sealant

Spalling a1 joints

Brapkdown of  suface
i terial within 808 mim of the

point
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Diffarence in elevation aoross
Faulting/stepping | o Jolnt or crack greater then 3
mm
Blowiupy Localised upward mowement
Compression ot shattering &f a slab at
Fadluire transvaraa jolm or crack
' 3
Drop-off  (Lana | Sattlemant of shoulder dua to
shoulder) erpsion af unpavod shoulder
Daformation
Vertical movament at joinfg
Slab rocking {or cracks) that occurs under
the action of raffic loading
_ Localized dowmaard
Depresslony differential displacemeant
sEAtiemant comparad with the
surrounding pavement
J'.'“
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| Lotaligad upward differsntial
| displacsmen bacausa of
action from  pavement
foundatian

Higawa:

Ejpotion ol  fine  gratned
matenal and water from
, undemaath the pavement
[ Pumiging through' joimts, cracks o
pavemenledye caused by the
passage of vohicia over 1ha

ainty,
Cribar
Miscollomedus | - *
Eefacis
Partial arza of a slab brokan
out by several cracks |
h ]
PR particular 1o continuously |
ratnlorced concrets siahs, !
| —
1] LAORTIEHoUA T e T

Composite pavement refars to o fype ol road strociors Ued combines Twio or moee o stingt layers:al materisds—Iypically,
a Minible Hot Mix Aapfialt (HMA) lyor placod overa rigld Porttand Cemenl Concrate (PCCT basa, This bybeld desigh tkas
ddwartags of the siremEhs of bethmaterials:

& A=phalt: Prades B smooth, Aaxible raing sarfacs;

& Concreia: Offars high ducgbility and st strociural preangih,

Typlcal Crogs Secilon

0 dnphak orer Sonoiele 0 Concesle g Suphnt

Fi‘il.lrﬂ T Typlmh;ru:l woatisn ol Gompoarts pavermeni
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Mast compoaite pavemenis comsiat of an HMA surface esinr o concretn bass, which may either binewly Sonsiruind-or
ah exlgting concreto povament purfece (rfer 1o above figure]. Howewes, thire ate cases whars this structure i
revargdd—n Sbnorete sSurfacais pbacod ovnran HMA Basa.

a I the first case, the rghd concreta himse supports the exible HMA suface.

® In e second cass, the hound saphalt base (HMA) provides hatior suppart orkl reduced erosion domparad 1o

waditienal Lnbound granular bassa.

Bahislaur o Laypess Aftar Falluss:
Whan the conarete Layer banisath tha HMA cracks o fads, itlosss its rigid natute end staris behaving like a granular base
LT [ovian M M seavdimin, WiMBL It can selldistibute loads, bul with reduced struciural sapadity,

Cammon Digtresses in Composite Pnvamend
Gompraite pevarmantsaften fo similar dutmeses to flexibla pavements, sinca HMA (s typecally the top layer, Mowsvar,
e g the miltt-layesed slrustsie, some additional Unioue naus s rray arise
1. Fatigue Cracking in the Cament Treated Base (CTBE
n Caused by repedted tritiic loading.
o Tenuile stréasog ol the BoTom of tha conomme Liyer Lod to cracks over lima.
2. Raflectivie Cracking:
n  Cracksirom the mﬂﬂpngmn:mtﬂ Lmyor propagdate uowsrd At e HEA LB:.IIL'
u This deedts dus o differardisl movernent eiusae by the rigldiy of the conitats hase.
o MG FUTing iz Common in Nexibie pavamants, M composite pavements i can oicur ditfarantiy.
o Iftho concrats base tals sarty, it losesstrangth, calising higher strass on underlying Lyyees.
o itthe subgrade connot hisndbis this adaditionl siress, rulting devatops:

2.2  Investigations

Deaslod technical sssessments are cartled out to assess (he structurad and functionat condition of the
povemgnts. Tachnical invastigations are-crucial 10 onsure that pavorments are built/maintained to mest
perlormance axpectations, are costaffective and have long service life,

The detallad technical analysis and pracautions to be taken while conducting the technicel surveys aie
detailed in the following sactiona:

I Vit inovantgation

(&} Fraguency: Visunl imeostigation of the projact atreteh is carrled out op o egular basis avery momh, Apart
from the reguiar qm&émm, detaliad -assesament (5 corrled out: pré-monaoon 1o understand any
deficiencias and take up any provantive malntensnos acthvities as per the requirement,

Apart trom the detailed visual investigntion and regular assessment, dally Insprctions are aiso carmied out
by the highway maintenance exscutivas/Fupeansars to address orltical distrasses like potholes, cracks;
ridting atc.

ib] Results and Interpretation: Detolled vizual inspaction (s carriad oot for the pavement and based antha
paveament condition; the sultable ireatments are undertaken. Frequency of Inspection and various types
of digtiesses areas follows:

Table 2.3 Visual Investiga
< ZBmirn dopith = Low
Proth e 26-50mm depth - Met um :_: mw_‘;;ﬂ Dty
>50mm degpth - High iy
<% mim wite - Low <10% - Low
Longitudingl Cracks - | =5 mm wide - High 15-50% - Fréguen Dhadty
50 - Throughst
<5 P Wil = Low®S miem <15% - Low rii
Timneverse Crecks | Wide - High 15-50% - Freguent .
*5{7% - Thraughout
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2B rirn Side = LowsE i <1 5% « Linw Oty
Alllgotnr Cracka wiclg - High 15-5008 - Fragusnt
=504 - Throughout
i 4o
Padehing 15500 - Fregueent Dially
Medium SE0% < Th
i : roughout
Extensivaly damagnd - High
=5mim = Linw <10 Lowy
RiLstiang =10 = Mg Lo 10-20% - Medim Duslly
*10mm - High =205 - High
=5t - Low
g <3 5mim— Loww : :
mm' - 1530 - Medium T ﬂ::’" Blly
>3 - High
_ 5-10% biturmen - Low S b B
Bleading 11=26%: biturman = Madiam 50144 - High Dusnlly
>25% bitumen - High
Significant Voida — Low ehis - Low
Patohy Aross <50% loss— B=10% = Indermiltent
Ranveiling Masdivim TH-A0%, - Fregqusnt Dhasily
Sagmilicant Lossgof i1-75% - Extenzive
Aggrogates >50% logs - High #1556 - Throughout
g 15mm- Low <5 - Lo
Q':.m.q 'T 15-30nm = Madium 51094 - Medium Daty
>30mim - High 1056~ High
< 00 mmyem - Good
Roughness 2000 - 2400k - Falv Bl Ay
= 2A00mimi ki - Poor
Rigltt Pavemaent
. =1 Srnrn wisfth = Lo
g‘ﬂm 1,5 - 3mm width — Maeium : Wiy
=3 - High
= ferirm - Low
Longituingd Crack | 0.6 - B - Madiwm - Woankdy:
Brmm - High
! ), S - Lowt
gﬂxmﬂ 0.5 - Brmim— Meium - Wy
>Bmm - High
ol Sinm - Lo
Multipte Craoks 0.8 -3 = Medium = Wienkly
SR = H'Iil'l.
1 ornar Brokon = Good
Carmef Break ::::: ;EL-::I -3 cernern brokan—Fair Weakly
Y =3 emmars broken - Poor
1T = Low
it Spaking »10mm- High L>25% - Poor Weskly
L=25% - Lenw
Joint Sai L - 25-50% - Madium - Waakiy
L=50% - High
Fralrmim = Low
Faiilting b =& B - Mediism - Weakly
b 1mm - High
b T dmim = Low
Blow ug/Bucking h—1-2&mm - Madum - Waalkly
h - >2Bmm - High
Local nress damiaped - <10 - ood
2oaling Medism 10 -20% - Fair Waekly
Continuoun Scaling - High >20% - Prnar
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< AHBOFAmkm - Sood
Roughness 2300 - 3000 - Fair - Ba-Annuadly
3000 m T - P

{e) Checklists: Chocklist vary baged on the type of inspaction carried cut and also the type of pavemant
baing evalusted, Tho following tables indicate the checklists to-be sdopted for both flexible and rigd
pavomant consilerng both routing and major maintenance.

Flexible Pavements

Checikiist for Routine & Proventive Maintenance: This suivey Is cafried out monthly to sssess the sfte
condition and to understand If the pavement has any deficiancies. The Sufvey outcomea {aarrﬂl.'yﬂtl in
dotail to understand any requiremant af praventive maintenance. Detailed checkiist format is attached

A% per AnnElure 1.

Tabla 2.4: Checklist for Routing Maintenance

Cheuiklist for Major Maimtenance: A Detailed watidhrough survay is conducted by the pavement expert
tEmm prior to start of the major maintananca works. This assessment is carned out for sach lana whael-
path wige to identify the sxact type of distress and the location of the distress Slong with images of thi
pavement Tor avary 10m interval. Farmat for the checklist used m detarlad walkthrough s presented n

Table 2.5 a8 below and detailad mmum sttachad In tha Annaxurae 2.
Talvae 2.5 Chaaklist for Flexible Pavemant - Major Maintenanca

Rigid Pavamants.

Checklist for Maintanance: The following checklist = generally adopted Tor rigld pevernents, |t censists of
detailed walkthrough survey and each panel s assessed in detall To understand and categorise (ha distress
type. Thee defects are categorisad basud on tha classification system of IRG: 5P: B3-2018. The detallad sample
ehecklist for rigid pavemnarts is altached as per Anneoxure 3 and |s as follows:

Tablo 2.6: Checklist for Inspect
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I, NEtwork Survey Vehiole (NSV)

NSV survey belps usto undemstond the functionab’superficiol condition of the pavemant which reflacts the
comion of the end user. Additionally, it also pravides read inventory dat.

As per respactive Concesalon/Coniract Agreamant, the pavemant must be maintained within the fimits of
differant paramaters such as roughness, cracks, rutting, ste. Some theso paramestors cannot bo messured
manually iy vistal sursey, Hence, NSY Survey i very wunmtmrnmwmmm

Haction Datalla
Purpose Bvalumtes pavement functionsi condition, prowdos mad inventory data. Soma
pnradinters ke roughness, cracks, rUtting, mte. canrot be measured manually,
Sumvay Tz p yanr [Pre-mensood & post-mensoon), Halps plan preventive maasuses
Fraguoncy bufurn monsoon snd rectify damnies aftar Monaoon.
Measurement | Continuols measurement: rasults provided ot 10m, 10Gm, and 1l inksrvals,
intorvola . -
Pararmatsr Descdption | Anatysls Rernark,
| Interyal
Key Results & | Longhudinal | International Roughness Index | 10 m. 100 m, | Roughness
Imorpretation | Profiling (R - Unevenness of the | 1km may bo high
pavement, prosented lar Tkm et rumbie
seation. alfipe o
Heghet raughnass areas should be | stiuciurs
inepected  for olistress  or |mirvim,
undislaticns, |
Transverse Futting - whes! peth depression | 10 m, 100 m, | Fut depth s
Profiling: dus e wohicilor  loading. | 1%m maragad for
Racomimandad aanlysks-at 1 00m sactions fo
sations, identity
potential
rigks.
Pavement Includes  osecks, potholas, | 10 m, 100 m, | Used o
Surface blewditg, shoving and spalling | 1 kin daelde
Distreases {Tor rgid pvement) eic. Image- retification
braand DARHZHTIEN halps et hoedology
deleiming rac kel o i
rieasLren.
Vidoo Imaging | Capfires roadeida rvmntary (skgn | Continuous. | Helps it
boafds, MBCE. and othes assets} ansat
for cundftion aaspismant, cangitien
AssEEamant
and
| planning.
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Aasd Ineludes curvate, gradient, and | As roguired
Gaomatry cross slopo. Camber dats 1S
Dato chackied for Surface din i
Pevemant Ausesoas  skid mrmm:u nr , -ll-lrm:pdrnd
Textura pEvEmmEnt suitace. .
(Macrotextiig
b . 1
Geo-tagging | GPS coordinatas (%, ¥, 7] holp In | ©
aunet  Asue . dentificstion and
| aigital mapping
Checklists | Pre-Survey Caditerotion of linar, comas, any dther  spnsiing i
| Checks acgulpemiant tar haignd & aligriment
Check shaets in 1arms ol venicts, drivar, data Stomes Kl
andd safuiy
[ Trinl run on known section to undarstand rpeatability, |
accurnry nnd imogn visibility
Coliyration for bumps Cl
During Survey | Lano-wise datn collecton  should  avold  Lane 0
Checlks deviatons N o i
Vihicln speed 30-H0 km/h 0
Diry poverment fof 188 Sensors 3
Daylight conditions for video/Imagn capturn. | v M|
Post-Survey | Data processing with minienal minual imobament. W]
Chechks |
Imnge procensing sotwans recomosended for distrass | 0 I
iisntihotion. I
Randorm aecton vorthestionthrowgh viswsl Inspection, T
|

Toble 2.3: Samgle NSV date tlemplites

dmta
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Distrens data [Flaxibls wif

SSs=csscoes

[ Eaiing Welah Datsofixrmei

Falling Waeight Deflectometer [FWD) s o very essential non-gdestructive testing equipmant far structural
evislusitlon of llexlibig and rgld pavements, THe use of EWD in road infrastruciung projocts is Increasing rapidty
25 it can mimic real traffic loads and measure deflaction very accurataly. This information will gve an angineer
an idaa of the lead-besring capacity along with possible issuss below the pavamaent and whathaer it ragquiires
repair or strengthening. The [RC has published cormprahansive guidelines - IRC;115-2014 for flexible
pavements and IRC:T12-201E5 for rigld pavements-defining methods of carmying out FWD surveys. They will
take Imto congigeration the whole process from g prelimingsy pavement condition sumvey 10 deducing
deflection data to take well-informed decigions concerning maintenance and lile extengion of & pavement,
Pavemant distressss Uk cracks, rutting, voids beneath Ifted slabs, eta., will be detectad and trastod propetty
by FWD survay ensunng ite durability and saftety in the long run for road networks,

{it} Fruquenecy

This saction shall comprige of two freguency sspects of the survay, I8, frequancy of sursay ang fraguancy of
dota eollection. Thiéss pré detailed in subsequent sections.

Frequeney of survey

» Tha biest time to camy out an FWD survey 8 during modetate weather conditions aftar tha offaat of
monsoon preferably in the month of September o Octobear, avolding axtreme Wemparatures snd
wiathar,

®  Aituminous matenala in flexible pavements Bre temperatine sensitive: Extreéme haat can sotien
BlRuminous layers, beading to highe deflection readings, while-axirerma gotd con maka ther srither,
pnderastimating deflections. Modersia Temperniunes snsure the resulla refect typical pavement
bahaviour,

« Inngid pavemants, tempemture gradionts across tho slab thickness can caussn curling or warping,
affacting defiectuon data, Weutral tempemiure conditions . (early. morning o e aviining] ans
preferable to minfmize these affects.

«  Duting the monsoon, excassive rainfall can esturats tha subgrade and base ieyvars, eausing higher
deftections and potentislly misieading results. By waiting until the monsoon completes, allow the
subgrade to drain the exoess water and stabiliee, providing more representative deflection
measuraments,
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* Post-monsoen Surveys can fevesl pavament distresses that developed due o water mgress, such as
woakening of layers, rutting, and cracking. These lssues are critical for planning appropriate
rehabilitation measuras. ' -

» Fixing @ month post monsoon remives the varability of seasonal effect. This will halp gening o
uniform parameter ta abtain the remalning life and owerlay anshsis,

Fraguency of Data Collection

The freguency of data collection for FWID survoys is genorally cartied out depending on the type of pavemant,
its oonditian, and the specific guidalinas outlined by tha IRC.

{i} Flaxible Paviemant
As per [RG:1156-2014, tha following guidaline |s Indicatod o consider the test frequency,

Table 2.4: Spacin,

of points r FWD data collection

Singie-lane two-way | Maasure along bath outer wheel paths &0 130 =
Two-lane two-way I
Singls tarriagevisy Mansure atong bath outer whasl paths &l ™o | Boo
Measure outer wheel paths of outer FET B0 65 | 250
Meas ter wheel path of distressed
Four-lans single ISR PAtT ey B0 130 500
st .
shiouldor (fof widening)
Measing outer whael paths of outar lenes ] BS 250
Faur-lane divided Measure outer whas| path of innertane B 130 500
carmageway Measure siong the center line of paved
shoulder {for widaning) L 260 500
Measure cuter whaal paths of outermos! lanes 30 65 250
Dividat] Measure aufer whaal path of morns distressed | 50 130
mwumn _ inmer h’ni_:__ s ho
threa of mare Lones Measure along the certes Uneof pavad 156 250 i
| 6houlder (for widening)

However, ldentitying the saction in such a varied frequency based on the pavement condilion mekes varous
ehallanges in idantifying the actual pevamant sondition and data recording. Residog, planning for tailer made
mialntenance and atrengthening work bacories chatienging.

Therefore, A unifarm lane wise frequancy may be adopied 1o obtain the data. For sach lane 4 dats point may
bé considersd ot 2000 intarvil, and the analysis must be dene lor avery line separately,

Similarky, instead of homogenaous section, the analysis must be carried out in each lane kM to get 4
consistent and uniform remaining Ute and subsaquantly ovensy deatgn foe tha project.
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i} Rigid Pavamant

Ag per IRC:117-2015, generally defiection |5 measured ot 500 m Internal, Algo, messutaments are taken at
closar intervals where potantial voide o jaint Inefficiencies are suspacted, Deflaction measurements ae
polsctad &t tha intediorn, carnar, and adge positions of slabs, Tests ol tronsyarss jemis and iengitudinal joints
aré done inthe outer lane, as haavy loads primarily affect these lanes.

{b) Results and Interpretation: The following are results and intsrpratation of PAD survey, Floxible
pavarments analysis s carried out based on IRC:115-2014 and rigid pavément analysis is camisd out basad
on IRC:117-2014.

i) Flexible Pavament

* Koy Parametors Analysed

)
=
=]
5]

Defisction Bowl Parameaters (Obtained from PWD directiy)

Elastic Modulus of Pavement Layers (Bituminous, Granular, and Subgrada)
Remadining Life Estimation

Oworlay Regulrements

+ [nferpretation of Resulls
Remaining Life Estimation;

e}

The rer'nﬂinlng iife of the pavement |8 calculated by comparing the back-calculated (ayver madul|
with allowablo Tatigue Gnd rutting eriterda. Sections: with lower modull o higher defiections
indicate recduced strudturel capacity and lesser remaining ife.

Far good pavamant condition (E = 3000 MPa for bituminous layars), ths remainng Uil (s typically
highar. Cormversaly, povamants with 3air or poor condition (E batween 400 = 1500 MPa) reguire
Immediste attention, However, one can gef an actual ploture of pavement condition from
remaining Ute aftar turtner anatysis;

Effect of Vaids and Weak Subgrade:

2

High defiection values at apecilic polnta may indicate voids or weakened subgrode loyers, These
anomaties suggest waler ingress or settlament, necessitating stabitization or undarsaaling o
pravent further deterioraticn.

Lacalired gatiactions slgniticantly Higher than surrounding areas slgnal the prosence of voids
Banaath the bituminous layer or subgrads instabillty,

Owerlay Desigh!

G

¥

Bazed on the back-calculated moduliand deflection data, overlay thickness & recommandad to
ragtore siruciural-capaaity.

Termparature and. seasonal vanations ae cormected 1o standard conditions (typlcally 35°C) to
ersune TRalksHe gesign,

[if} Rigid Pavement

o Keyporameters analysed

Modulus of Sebgrade Reaction (k-valua]

Elastic Modiuluz and Flexural Strength of Pevement Quality Concreta (PQC)
Load Tranafer EMiciancy (LTE] of laints

Vaoid Detoction Boneath Slabs

# Interpretation of Results

Subgrode and Congrete Mool
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o The elastic modulus of contrete and subgrade rosction modulus are back colcuiated from
geflection dats. Povemants with £ = 30,000 MPa for POC indicats scund concrets, wiile values
balaw 25,000 MPa polnt to potantial distress.

o Low subgrada modulus (k = 50 MPalm) suggests poor subgrade support, requiring subgrada
stabrillzation.

Lopd Transter Eficisncy (LTE);

@ LTE assesses the capacity of dewal and tie bars to transier londs Bomss joittts, An LTE > B0%
indicates healthy joims, while LTE < 50% signals detenoating iransverse jomts

& For leagitudinal joints, an LTE below 40% indicates crifical eonditions raguiring retrofitting or
ol bar retrotitting (DBRL

Voud Datection end Remadiatitn:

6 Large dafiactions gt stab cormers or joints signify volds beneath the concrate. This can liaad to
vornar cracking ond slab rocking under rettic loads, Grouting or slab jacking i recommanded o
fill voids and restore unifarm Support,

Fatigue Lite and Remaning Sarvice Life!
o The cumulative tatgue damage principle astimates the ramaming fatigue ife of the pavament, If
the Fatigue damags excesds acoeptable imits, slab raplacement or overlay may bé NDCOSSarY,

{e) Chacklists

The detailed chiecklist for WD suUrveye coverng both flexible and Aghd pevements is necessary for getling an
efficlent outeome Tom tha survey. This table highlights: key steps, dsta requrements, airved amalyide
priocediies.

Table 2.5 Checklist for FWD Survey

| ‘ Canduet visusl inspection to classify

Pavament Condition Survey | pavament condition {Good, Fair, Poor),
Document oracks, rutting, etg.

Idantity homegenecus sactions 1 km for
unitanm segrments).

Maote iocalized distress srds,

Prepare tralfic diversian plan,
Pre-Survey Praparation TratMic Management Plan Use conis, Nags, and asfety measuras 1o
erELEre unintemrupted sUrvey. |
Ensure PNVD is calibrated aw por [RC 115
2014 {fuibie) or IRC 117-2014 (ngid),
Plarrsarveys post-monsson or dunng
modarats wanther.

Ayvpid pavernont tompariture > 4570 lor
Hexible pavements.

Flexibla:

, Test points st each Wne in v 200 m

| Bufictoi Toiing e | DTP=n-ingon cindsion,

Survey Execution Trst interior, corner, adgs, trangvarse [oints
| {500 intereats),

Centra |pad plate dver marked test point.
Engure full contact with pavement,

Chainage and Section
Selection

-

Equipment Celibration

Wasther and Tampersturs

Loading Plate Pogition
L 1
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Pertorm 4 drops a1 each iocation (1 saating, |

D Testing 3 tost dropa),
Ensuro consistent load itmmﬂr dﬂ H"I:I
| Place gecphones at 0, 200, 300, 450, 600,
Geophone Satup a0, 1200, 15400, 1800 mm fram the load
plate centra. o
Record load and dafiection data digrtalty.
Dats Cotlection Ensure temperature data is logged during
ench test.
Use KGPEACK or simiins software for flexible |
Back-Caleulation of Layar pavaments,
e 31 T H Ltse datlection basin analysis for rigid
pavements.
Moduius of Subgrads | Caleidate subgrade modulus from deftection
Reaction (K} tasin [righd pavemants).
4 Caloulate bituminous, granulsr, and
' Elaw::“ndl-x::.m subgrade Loyer modull for faxitla
ol pavemants. =
Tempomture Cormection Apply porrection for pavement moduli st
Datn Analysis | (Flexible) non-standard emparstores (»35°C).
Adjust subgrade modulus far monsocon ar
Soesnat Comestivn winter conditions using IRC equations.
B8 Bt ol a2,
| ChartelAn Bavit :::::n shape and upmid af deflection
[ Irerpralatie '
i ool Idmnitify potentiol voids or weak layers.
. — : Evaluate joints; LTE > 808 (good), LTE < 50%
Load Transt
i FINEIENSY | (eritical for dows joints), LTE < 40% (eriticat
for bie bars).
- Analyse high comer deflections to identify
Patection of Voids (Rigld) \ifg Bsrth st
; Caleutate remaining lifo using tetigus
F Life (Flesl - : :
AvigIe FiRsRie) darnago rmﬂl:ﬂ (ad par iRC 115314k
I — Estimata remaining senvice life of concrete
Cumilathe Duarm
o “e (RE) | Jiahs (3s per IRC 56-2015), |
Recormmiand ovarley Ihrﬂlrnm I:lasadﬂn
Remaining Lif
it Overlay Disign deflaction data,
For fiexibla, design as perIRC 37-2018.
: . Recommend dowel bar retrofitting for
lai crfittirg
HiotRett {Rigid) transverse jointa showing paarLTE.
4 Suggest untderseating or slab jacking to il
Grout b illzatio
3 _'_D SRR Sanilzean voids bensath rigid pavemants.
Homopgeneois Saction Dividga pavemant into sectiohs based on
Classification deflection patterns.
- [ata interpretation Bummarize E-values, duflection profitss, and
Reporting and Summary | overlay reeommendations.
Documaentation Clasgity pavemnant sections as Hesaltfy,
PEH:HI“BE Haalth Ern-mm__ Mad r i :i_l. |
Rehabiliratien Plan Priovitize sactions for rehaobilitotion based on

disiress and remalning Iife.
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B, Metial Ghoractenaation

Muterigl charocterization involves dalermining the physicel, mechanical and chemical propedies of
pavemen! matatiala. Proper material charactarisation ansures that pevement will perform adequately under
wrpoctod walfic and eovironmental conditiona. Test pita and core gutting are the primary materisl
Gharsetafsation teglia carmied out Oh pavemenis:

5.
M.

Mathind

Soction

Tost Pits

Purposs

*  Assess conditicnol gretular Layers and subgrade whichare
eritleed for pisement performanas.

# | Helpaanakes govemant-darmags; espacioliy thoss dus 1o Fsues
In undafiying layers, oiust composition, and drainmgs.

Freguency

= Gupparts FW0 Deck-celoulstion.

& Mot defined —depands on pevarmsnt condition,
For majtr malntenanse wonks the recommended frisguancy is 1
peat it avary 5 Kmoan the showulder akda.

Expanted Resulls

- WHMM Layer Praparties; Grodation, Liguid Limit{LL]. Piastic Limit
(FL), Aggrngoto impact Valus (Al

- G5B Layer Propartbes: Geagation, LL, PL, AN

- Subgrade Soil Properties: Grain sire analysis, CHA (uh), Frae Swell
Inde, Clay Cantent, LL '

- Structural Data. Laver thicknasses (Bibuminous/Conciety, WHM,
CeSEy

- Pavemant Droinage: Dralnage condition easassed wisuelly and vis
-snit condtion

lasin Interprasation

R

Batlemant | Progence of cley | Subgradg lover propasties o e
with high swell saEegsed,

ndax

brvvmetigmte sutmtlae doainige
condifion Le,, non-undamnGSH
Lmrar conmectivity with
ehoutdasfrmedian

Paarment
failing
regulady,
deaplieatl
Imyara in
Ao
Eonttion

Draining loyer are
not

nlerooonacied
l'l‘I'ﬂ.U!h-l!lurt thio
OrEs SECTon.

| Checklist

Thiz ciithing uhould be canmied out layer wise .

The sampls meterakof aech iryel should e collected without any
aontamingtion of the other layers

Tho crest compnsition should ha measuies afer praperclaaning of
anch Layar

The moiature contentsnd the En-plocs denmty of subgrode layer
sholitd ba meiired gt e

Propar sataty ahall he acranged during the test pit expcution

Core Cutting

Purposs

Controld cliting ol aaphelt layar 1o ssseas bound biverconditian.

Used to check crack depths; layer debonding, bindor edntest In dases
Ik cutting and Blaoding.

Notdafined - hasad on condilion of posament: Agplied In Locathcas
showing disiresses such as rutting, blaeding, or cracidng,

# Whaval conditien of baund layars

= Hindor contant and gradation of asphatl layers

* Asphaitthickness - Eveluation of erack type (lop-dawn v
bortom-ug) and depth
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[ Interprotation

| Binder contant and gradation ao usetul 1o idontity coused of distiess

forrmation, matarty for cagesriting and biaeding, l

| Incage of Cenclea, dapih of thiecracks and indtlason of thie crocks
iottom up of top-davn cracking) con be chetkad on the coras and
Vg duato hetps v stratagizing the roehatb aapth doring rectfestions.

GChacklisi

e The eome ghal LB fokan t0 tha Rl depth with- campauch thot it s

| ol damiaiad

» Thediameter of the core bt shoubd be chosen Dased on tha
saquirameant 1H0mm Smm sizal

= Al TR detalls [Chainags, condition, GFS cosninatas mnd poojaot
stigtely ahould be noked along with the core photagraphs for
future nolnnpnc.

o Thelnitisl gbeanantons of the oo shoued B noted.

e Propor satety shall be arranged befors the oxacutan of core
elitting

Groumnd

Parirtrating
Rader (GPR)

Non-gdaetrucing teating imng electromiggnatic weees (o datect and
minp aulmrfacs featuras. Spetilicolly aeed in rghl pavements anid
srructures. for mapping reinforcement and sligning hars, Gssessing
pavamunt thicknase, and [dentifing sabsurfaca woids o c aties,

Efficient data coltection with minms| traffic ﬂl‘sruﬁfln-n
Reduced teating ragullements La,, piysical core edtraciion and lah
taating

Cantinuaus subsurtace prafiling for ecounate condition mapplng

ErrarasLimitations

INECTrACIES
Instrument Effoes; Malfurction or peor calibiration of OPRdévice I

Human Errgrs; Clperaton weoor of ineerrect inter pretation of redar
regulty

Raference

Standards

BASHTCHH 37-04
ASTM DAT4B-10
ASTM DEOE7-08
EN 302066- ETSI
s SHRAPS-300
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Figure 2.8: Core outting

GPH requires significant expertise and timely calibration to ensune effecthve application at tha site.

GPR is aan be used for the purpose of detérmining the pavement thickness, presonos of volds In the
pavement layers and identifying the presence of moisture In aub-surface layers. Further, it is
recommended to use GPR befors strategizing any major malptennnce to understand the whaoltstic
condition of the paverment.

2.3 Intervention Lovels gnd Treatmants

interviention |8wels and trestments in pavemont menagoment mefer o predafined  threshalds oad
corresponding gotions required to maintsim or restore the pavement’s funetienal and structural parforman ce.
The |levels ara baged on the functional pavement avaluation using NSY, atructural eealuation using PAVD and
vigual survys.

I, Flexibin Peivarien

2.3.1 Routina Maimtenonoe: 1t includes ol freeselbyilles requirsdTor regules and gernesad Upkeepool the paswarma | gt
thia riorrrdad veaar @and vl of Tha itghsway, A% part of foutme rmaslidnarscg, ha Somimony glkared Pﬂ\'ﬂlﬂﬂlﬂ clinirsgis
Inefode ruting, surface oracks, depressiong; settlement, slippage; and potholes:

Siralegies o motify esch distress Woe cormmbnly obsaemd in the povament (s ghen in the tabke Db, Tha tasting
mthads have bean discusasd in (he pravous secton, The irsstmant methodology will be chanossed in The secceading
sections.

Distross Inbaiantion Infication Teating Treatmant Ramacks!
Type Leval Mathod Mathodology P
intormation
R ITTEET TS < 10 mim o= Mo | Aceapisble mits Wimiial Mo traEtmiand rocgiared Mo kot on |
intervention Inapectian structursl o
reeded funetional
Stratght Edga periGrmange |
| Teed [
1020 mm — | Cormgctive Heavly mendval  with | Prevantss |
Comective | Mossures Required | Netwark Bobeat!fut filing Purthal  rattig |
([ PP TS Eur-.:w preTEasenn |
required Wahicie erack sesling in case of !
erecks |
7 20 mom Detafiad Drataiind imiastigation Raatoros’  tho |
invastigation ar pawmant's |
T —— Sullimg et rul SueTae soiface  ood |
Mallupa neads o b Inday Structurai
Imvestipatec | | indagrity.
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Special Note | Singln  wheel I Skiel Stane Landor with | Ensures  aven
for Rutting | path it | Millirg attachment to | ‘surface
surface remove  thE  heove | eondition
i
Pravantn
AS-1 Ermulgion is slso | exposure  of
appliad volds to the
‘sifsce and
poedible.
rmuslture:
infilfration,
Roughness Z000-2400 Within ihe | Lasar Mo Irgatmant teguited | Powvsmont
mmfkm (within | permissible Limits of | Profilamstss condiion
permissile IR Bocaplable

IRG urmits)

s za0ammiion | Signibeant  suriace | Lasoe M o g EEIng Erisuigy
liremdarites Profilormesay, i y srooth  ride
affscring  rde | Test P, Core | IMiaY o oveday ausry
fjuasdity, Casttirg
Dataitad sirg

— required ~ :
Surfees ¢ & mm Low & moediom | Crack Width | Crock seating using RS- | Praventa water
Cracks intensity Maasuremant | 1 emulsion/not bitiman | infilietion and
aeatant gotarigration
=6 nm Larga aren & soverg | Grack Rfnabilitation with | Addrosson
damage Mapping Bituminous Conciota | undorlying
{NEV),  Cora paverment
Cuting HELEE
‘Depressions | <10 mim Within _ perimissbto | visual No Immediate. action | Minar
& | Emits Inspaciion, rediined dapransions oo
Sattlements Lawal Suininsy el attest ride
fuatity
|
= 10 mim Rigk ta road wser | Tant Pit, Luvnl Rerabiliigiton up 16 | Ensures  user
Survey sfioted depth for |safeyy  and
SMOGTH fhding quaslity camfan
Stippage Minor skippage Visaal Inciite affocted section | Minor  sepair
Inspeation using Siel Steer Losder | presents
wikti Miliing | furthorfadiuse
attachment, rapsir with
bltuminous:  gomulsion
il iy st
Major slippags | Darmsge 15 ptangive Eutengive robabilitation | Ensures  long-
to addrass root cagse” | tedin paere
mtahildy
Potholes sl potholes. | Visus Rectanguiar  cutting, | Repair of
Inageestion thermugh gieaning, | petholes,
fiting whn hot mis, | surface
compacting patches,
oragis, minor
ruts and
Mite: Catel milk may bo mm‘“'
Heid n Tare Cofndtilinng
whatain use of hiot mis | Situminous

£ Fit i bl

|
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Extansivaliocu
g pothales

Caore Cuthing
Winumi

Carmprehungie

rehabalitetion for long- |

term pavemeand atat iy

i of Euitalils

grade s per
npplicatile

spetifications
af MaRTH |
should b
done Lring
guteematad
Maching/Equi
pmont as the
usR af
muto et ed
Machino/Equl
| prnant

| irproves  Tha
guality conirel
of tha repair
A takos
iesamr  time.
Tantative
Spacifieations
of thim Maahing
are  Labulated
pralow,

|

| Mastic amphall
ppplication for durablia
and imparmealbis
sunAce

Wl
InapacTion

Engurpa
dgrirakility wndars

hesiivy trlie

Savera disiress

Critical
Arons (Bridgs
| decks,
TECUTTIRE
imsums)

Wit indugad
pEvement damage

Prawants
J:Jt'-.lmhﬂm
detaroration
dug 1o walnr
| stagnatian

Continugun

watir  logong
mhserac

Bervice
Rosds & Slip
Aondy
AWater
Logging
Inaues)

| Trazgted with  Pover
1 Block and Whitn
Topping o7 longeawity

Inepaction,

-

2.3.1.1 Usa of Automatic pot hole filing, compacting and patching machine.
Repalr of pathotes, surtace patches, cracks, minor ruts and updulations with Bluminouws Mizes/Saatants of

sulthble grade as per epplicable  specifications of MoRTH should be done dsing sutomated
Machine/Eguipment as the use of automaled Machine/Equipment irmproves the quality control of the ropalr
and takes lesser time,

(i} Generic Specifications of Automatic pot hole filing, compacting and patching maching:

« The eguipment should be contained in & single vehicle with operator/Drivar cabin with Electronic controls
and proper ingtrumented control panels for manitoring and controlling frateh repalr operations.

s Tha Machine should be able to fill the potholes and seal the cracks mechanically, ina fully automatad
process thas should inclsde cleaning the demagad area with & et biast of air, spray amuislon onihe patch
ftem abt in-built spraying gun; dispanse Hot Asphalt Mix from an in-buidt chamber with hesting aerengament
and shoild hove in-built vitratory compactor. The machinery shouwld be-such that it cousas minlmur
digturbances 10 the movemant of vehicule: teaffic on road,

42{Peee



= Thit Machina shall be capable of working with bitumindus mizes of sultabla grade, after removel of ail failed
materlals, elasning of surtac, npplying 1ack coat, compacting and Mnishing the surface to torm & smoath,
centinuous surface andfilling of eracks with bltuminous emulsion using fully automatad maching includ ing
removial of unusable materiats / efiovers ato. The machine should hive in-built provision of Cutter, Blower,
Teck Coat Sprayer, Hot Asphalt Dispenser and Vibeatory Roller capable of combining mechanically the
procegsed of cutting the distressed surface to required size and depth, cleaning the surface, applying tack
noat, dispansing asphalt mix and rolling,

= Thi aquipmant should be capable of potholg Titling, susface repair-and crack filling, rectification of spatied
areas, depressions and ravelied areas of dameged pavemant adges n rosdwaye sorfpces.

» The machine should have preumatic cutter-breaker 1o remova loose rocks/Etonis, sir Blowar ta clean the
damaged area, smulzion container of minimum 154 litres 1Nk copagity with ardangement to soray, hot
bituminous contemar of minimum 5 tons capacity with dispensing system and proper controls 10 ensure
dlspensing af right quantity, at the recommended temperature of B0-100 degrses centigrade and B-10 tons
vibiratary compactor which can sxert hydraulic presaurs 10r proper compaction af mix. Safe cabin for the
drvar/oparator, Traffic control Indicator Ughts when the-work is in progréss and work Ughts mounlad on the
vehicle rmaking it capable of working in the:niehf,

= The equipment shall be completély controlled by one persan from the driver's position of the equipmant's
8 with no aupport squipment most be used. The maching must bo capeble of patehing whils moving
forward oF reverse, most be capsble to perform all patching functions with transmission engaged and In
motion,

= Tho machine should slse be abile 1 capture the GPS locations a5 well Bs photogiaphs of the repairad The
Equiprment should be capable of doing the road reparrs during night time o avoid traffic gisturbence in the

dany tirns.
= Width and height of the equipment to meet RTO reguitements without reguiiring oversize Pemmits,

= Additinnal Featuras: Lights, Day tifme running lights, Map light, tum signal/hkazard, 12-valt power outlst, Sir,
Coolant, Fusl, Temperature Gauge, Speed-o-meter & Trip meter, Tachomater, back up aiaem, tinted glass,
Tool box mobnted cn the squipment;

{il] Specifications of Material to be used in the maohine:

All Material used in the machine shall conform & spacifications for BITUMINGUS WERK IN CONNECTION
WITH MAINTENANGE AND REPAIR us per lotest edition of Specifications for Road pnd Bridge Warks (ssusd by
tha Ministry of Road Tranaport & Highways (MORTAH), Goversment of Indizand published by the Indian Boads
Congress (|RC) Specifications and Matenal Specifications items.

(i} Tentative numbaer of machines to be deployed:

The firm/agancy should deploy, at least One Machine/Equipment for each 100 km of 4/8 lara NH and for each
200 km of 2 lanes2 Lane PS NH.
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Fig 2.9 Automatic pot hote filing, compacting and patching machine

2.3.1.2 Routine Maintenance Treatmants

(1} Crack Sealing

Crack sealing is undertoken to prevent water infiltration by sealing the cracks praventing possible onsal of
potholes and structural fallures. This is applicable for longitudinal, transverss, and low-tntenaity alligstar
cragks (-3 mm width and <10% affected arsa).

. Crack Sealing using Bitumen Emulsions - Manusi mathod of crack saaling
Methodotogy:
Stap 1: Clean the cracked surtace to rermeove dust and dobris.,
Step 2: Pour bitumen emulsion directly anto 1he crscis.
Step 3: Sproad the emulsion manuslly using a wiper to ensuie penetrotion into cracks.
Step 4: Spraad alayer of sand over the surface 1o enhance odhesion and prommot e sealirg.

Figure 2.10: Crack sealing with Bitumen Emulsions
Note: This method s cost-affective and widaly adopied, thouwgh It offers relatively lasser durabltity
comparad 1t hat bitumen saaling.

b. Crack Sealing using Hot Bitumen Sealant - Mechanical mathod using Crack Sepling Machinery
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Figure 2.11; Crack saaling machine

Mathodology:

Step 1: Cleantha cracks thotoughly using an air comprassor to remove dust and loose material,

Step 2: Apply hot bitumen aaatant into the cracks using a specialized crack seaiing maching.

Step 3 Remove any exciss bitumen Trom e surface.

Step 4: Spray a mixture of sand and lme over tha sealed aran 1o snabls fester setting and prevent sticking,

Figura 2.1% Crock sealing with hot bitumen sealant

Nota: Core testa taken on the sealed cracks using méchanical methods hive shown that hiot Bitumean
seplant provides superior sealing performance by minimizing maistum infillration.

{H} Pothole Filling
Pothoke fiiting s to be carmed outwithin 24 fours of its oscurmencs using cold mix, which con b sourced fram

gtarmgl verdors or preparad jn-housa,
Mathodology:

Step 1: Esch pothole and patch repair arce shali be iInspected and all loose and defective materlal

rem v,

Stap 2: Tho aros aball be cut/timmesd (o 8 regular ghape. The adges of the sxcavation ahall be cot vertically,
Step 3: The arci shall ba tharoughly eloanad with compressad air or any appropriate method approved by the
Engineer to remove oil dust and loose particlos,

Step 4: Layers balow the Lavel of the bituminous construction shall ba filled using material of the equivalsnt
spacification to the ofdginol construction, wiich ehall perticutarly include the specibind standards ot
compaction,

Step 5: Thearen and sides for Bltuminous conatruction shall be applied witha tack coat eonforming to Clagse
503 of these Specifications bafore back iling operation,

Step 6: The midure 1o be used In bituminous patching shall Be elther a ot mik of 8 cold mix in aceordancs
with the approprinte Claugss of thess Specifications of sny olher approved patehing matonal.

The bituminous mixture shall be placed in layers of thickness nat mare than 100 mm (iocea] and shall be
compacted In layers to the compaction standard s dalingd in the sppropriste Clauses of these Specifications.
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Step 7: While pianing the final leyer, the mix shall be spraad slightly proud of the sorface sa that after rolling,
the surface shali he Hugh with the adjoining sutface,

Figure 2,13 Typical aross section of flexibie pavement

{il) Rutting and Shoving Repair using Skid Steer Loader with Milling Attachmant
This method is sultalde for minor rutting {16 mm) and surface shoving, it isused o rermove the hesve of
the ruttingshoving and thareby aliminate rutu-n_: on the prvamant,

Figure 2.14; Bob eat repain of rutting

2.32 Preventive Maintenance: It includes a systematio inspaction, detéction, corraction and pravention
of Imciplant fallures Before they betoms actual falluras. i |5 pedormed to improve or axtand the
funchenal lite of the pavernmant | 54 strategy of suiface treatmaents and Speatations intendad 1o mtard
progressive fallures and reduca tha need for any major maintenange.

Praventiva Intarvention | Treatmunt Mathodology "Timw  Limit | Remarks/
Mansurs Lawal fier Additional
Ractification | Informetion
Patchwork & | Distressed Patchvwork/Rehabilitation:  Milling  of Eannntinl o
Rehpbilitwtion pafEmErd disfrossed nfon o repincing . b esing functional
| Eectiong Bituminous Congrets (BG) or Danse malrtenanee
Bituiminous Macadam (REM)
Micio-Surfacing | Surface Micro-surfacing: aiean surlace, remove 1 Goat-emestive
irregularitiesl | ani undulstionefsallisments, and spply
undlations! | micre-sanfscing leyar
Eeitlamants
Micro-Milling & | Rotting < | Micre-milling and Rut Box Repals/Micro- Ensutas.  unifarm
Aut Box Rapair H0mm surfacing: Use micro-milling maching o sartiace
e the hesws portion and to lewal
sufdoe, claan thorowghly, then epply
migro-puroting -t on tha fop of 'micra | I
rriiibind sRction
Hal Band | Mkl Hot Sand Spraying Apply cosrag s Uzed 10 Bcddrass
Spraying Bigeding on | over surfpee o abRocl excass paphol mancr tlendmg
|. pavarmant bindar
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Figurs 2.15: Micro-surlacing

Flgure 276 Micha-miling and Rut bow regakr

233 Major Maintenance; It is pedormad after a deficiancy occurs in the pavement such a8 lossaof friction,
misdarata bo sevare rutting or axtensi cracking, Some of thetreatmonts considared os o part of Major
Malntenence ara presented balow,

Trestmant Application Critaria Distrass Typa Diescription Koy Benafits
Mathod
Fibre Based | Pawermant hars | Funotonal A thin -8 mm preventive | Seals suincecracks
MMbcrge MINEAE Ufe > design | Distress (Mo | maintansnces Laryer
surfecing raflic atructural Cemprising polymer- Raatores textuns and
DarmgE] modified  amulsion, fing | Bkid resistancs
it Fursctional waiar, and suditives. detarioration
Cixtremaes must ho
3= 16 2l fl
:'Epgﬂir_-allﬁn
" Glass Grld | Applicabile  only  on | Fienchional cracks | & hign-strength  asphall | Retnforces pavement
Hapid strocturally = all g reinforcament grid with a | structure
sactions with agaquests sell-adhashes Gk
rarmaining ilfe modifisd  bscking  to | Peduses iskol erick
prevant rellactive creeking, | propagstion
Recommended  wihisie
d0mm  overinys  ace Enhamces varlay
proposad and surlsce feapan
cracks  or  functional
disrissay dro nbasrvad .
Bitmanas Effective for pevement | Functional  and | Placameni of one or more | Restornes SUTHEN |
Cheriays rehabiliiation, stuctural lggars  of  bituminous | End sendoeabiliny |
cprmbining  mirustural | doficeencies material  oved  exisling
risintoroament and pavmmEnts W improve f"““‘“ RN |
tunctional structural and functionat | 18
Improvements ﬂ-undl_lu:nnh and ‘aaitend the | poeoocae dda |
mmaining  Ufke ot the auslity
PNt
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Localized feilutes mast
b freatad prior
analiny

Bituminous REcommended for | Gracks,  minor | Invotves full width milling | Reenoves distrassed
inipys PANIRES Wil | sunce and removal of the existing | layers
surfsnedevel distiosses | disvesse surtsce fallowed by laying o
matth na Eraeks but no nirw bituminacs lnger. :rﬂmm umifarmiity
| o stnacturs feliure L L
| ldes  for  surfsce
' rahabilitation
Cold Central | Sultabie Tor lprgs-scaln | Rohabllitaticn Recycing of HAP Bt & | Envimnmentally
Fam pawviemant rohabliitanon | technigus cemtral  faciity  using | suntoinable
Rascyeling with tocus on mdditivia lile  grmalsitied b
(G sustAinatity ang cost- asphalt to prodis o fresh H“:;EL“:: i
nfectivenRES ik, AREER A
Coet Effactive nd
durabie
Dold [n-Pince | For In-silu pavement Gurince and base | ITvohves o milling and Tims &hd  cost
Recycling recycling distressen rouse  of the sxigting | afficieot
(CIPF with minimal tmnsport pAVEMBNT 10 Creats @ naw |
i ol mataiats racyclad basw lysr with | Mineniess
additives {e.g, amulaified | STVOOMNGl
of feamed bitumen), faotprmt
comabructon  timae
arid lngestics
(Btony  Matrx | Best suited for high- | Rutting. latigue | A gep-graded  structura; | High retresistance
Asphalt (5MA} | volume  fraffic  ronds, combingd with high binder |
highways, and  uetian gantent _and ﬂwu:mur"'“‘“"“ durability
roads with heavy e adiftives weh as fibres, i
e ensuring fatigu reeistance '“*'“”“
partormance '
White Topping | Apples te diehiosssd | Structural | A techmique invalving the | Inoresses structural
povaments raguiring | distress, serfece | placemant of n concmte | performana
Improved  structural | Tallures cunrkey over @n exlsting
capacity bituminaus surfaca, | NOduoEs  leguent
stranginaning the | MaNtenance
mtmlﬂ- .Eu|ﬁh1.lfﬁh'i-ﬁ5ﬁld
rvid pndbprrys. cbisuies
concditions
Lo service  life
aontributss 1o

ietuced il Eycie
Coats
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The selection of appropriate treatment methods shall be based an the fype of pavement dizstreas identifisd.
Fater to the fiow chart provided below for @ systematic spproach to determine the recommended treatmant
based on the observed distress type

Fijpure 2.17: Fibrs based Micro-surfacing

Bl o7 AT D T e g

[T gl ns g Tt

Belurmer v

=’y iyl Bores=g ok o] Bpgry

Bl gz e
e g i aiEnTn i uaiye

[ TEERTE ECSTRN N, *1 T F = ]
Flgure 2.18; Blass grid Rapid

Figura 1.1%: Evpcwution ol Glass grid Rapid

Flgure 3. 30: BHomenous Inlay Eut.-uu

Notae Additioml rastmant ieghnigoos ke bn-place recyoling tnchniguas pre ganaially nol pretered dus to challengos
in guslity contiol whebeas Hot and Cold n-piant Becycting mathods are incoaesingly adopted for thein quality assursnes
snd sustainsbilly advantages,



234 Intervantion levats and distress - Deciaion MHaking Tree

| rmvarnant Distresses gnd Istervenian Levels |

SHE S e e e e R

Bt arrernies Mak i | e

Figurae 2.31; Declsion Tres for Figxible Pevemeant

2.3.8 Maintenance Methodology for Pavement Sections Affected by Overoaded Truck Traffio.

Pevement sactions exposed to frequent overloading from heawy commercial wehicles are highly
susceptible to premature distress. To effectively menags such sections, a two-pronged approach
involving preventive maintenance and major rectification strategies js essential. The process beging with
routine momnitading and guick response, followad by dataited investigations and corective actions based
an the identified root causes,

Typical Fallures Observed in Overloaded Sactions
1. -Rutting

2. Cracking

3. Potholas

4. Burface Ssttlements

Pravantive Maintenance Strategy

Pravantive malnisnance Bims to arrest tha progression of early-stage failures and Bxtend tha pavement's

survica Hie, gspecially in overloaded zones.

1. Milling and Micro surfacing
Thig includes milling of tha haave portion of the rut to lovel the sufface of 1he pavement and
rasurtacing is done using micro surfacing.

2. Cold Ml for Minar Cracls and Potholes:

Areas with smaller crecks or potholes up te 1 m? are mectifisd uaing conventional cold mix or
sppropriste oreck sealing methods, These techniques are gulck, aconomical, and effective for bmted
Burface damege.

3. Use of RAP with Emulzion for Preventive Trestmant in Larger Distress Zones:
In areas exhibiting wider surfaos-level distress, cold mix can ba replaced with a blend of Reclalmed
Azphatt Paverment (RAP) and bituman emulsion. This method 5015 a8 0 proventive raatmment, offering
better bonding and flexibility, While not a permanrent solution, it nelps in slowing the prograssions of
damags and maintaining surface usability untll further investigation or major maintenance ks
scheduled.

(For detailed strategies refer point2.3,1, 2.3.2 & 2.3.3)
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2:3.6 Transition to Major Maintenance and Rectification

Whian preventive measures fail o contain recuming distress, & mors- detated approach s nitiated.
Investigations are cartied out as manticned In saction 2.1 of this manuat to undemtand the axtant of
failures and to idantify the dapih of the fesua.

Rectification Strategies Based on Investigation Findings

1. Subgrade-Aelated Failures.

= I the subgrade is found 10 be inadequats, afther stabilization technigues (using ime ar cement
pre amployed, or Tull-depth mconstruction ls underaken.

o In npome cosss, the subgrade may inherantly possess good strength but still shows distress due to
parsiatent overicading. Inguch seenarios, the focues shifts to surface reinforcement using stronger
bitLiminous marer|als,

2. Drainage Layer lssues:

o Impropat dralngge oftan leads o molsturs tetantion and STuct ral weakening.

o When drainage fallures are idemified, the Granular Sub-Bass [GSB] loyer is replaced or reprofiled,
and surface water Ngw 1S Improved through design comection,

2. Dverloading Without Soil Reloted Issues

& Where the subgrace |9 intact, bOT the distress s causad soiely by overloading, major maintenance
Interventions are planned including the use of HIMA, PMB 76, or other high-performance
hituminous Layers designed to withastand higher stress and resist deformiption,

Overalt Approach to Maintain such sactions

The overall appropch to maneging ovarinaded pavement sections involves:

s Menitoring for early detection.

#  Timely preventive maintanance using cold mns, BAP-amulsion blonds, and Bobesat resurfacing,
+ Detailed investigstions when failures persist.

Targeted rmctification based on the layer affected, whether it's subgrade; GSB, or surface laysrs,

24 Plgid Pavamant

Ripd pavements are long-lasting and highly duratle | the construction is done properly. The rate of
detarigration |5 comparathyety much Slowar than that of flaxible pavernents. However, the pavament s
subjcted 1o loading and anvinonmrented Sonditons which fads oo detarioration, msrtanancs bedames
necassary 1o maintain thejr intagrity, With propar design, construction and maintenance, rigid pavemant can
sane for over 30 Years Without mejor repairs,

Maintenance Categories for Rigid Pavemeant Prasarvation

Concrete Pavement Restoration [CPR} Technigues - Aopalr and maintonanco apamtions withaut any
overiay

Rehabilitation - Strangthening involving overlay options

Reconstruction - Undartakan aftor tha end of s=rvice lita of due to Sevira distresses in longer stratchos
du 1o faulty design/constrection

Maintanancs
Category
[ | 1
Heoneste Hixmnnd: Rehabiiitation Reconstruction
Anstoration
Bowtineg Manianances — Ovorlays |
Preventive Maintensnce Irbay

_ Major Maintenance
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nppropriata
additives shall |

Be wsed o
anfiance i

I strangth o
EOTREVITy,
The type of treatment proposed depands on the type of defect, its sevir ity and cause of the defect, There Bre
yarlous kinds of reatments avaitabla tor rigd pavemeant ns depicted in Tabte 2.10.
Tabie 2.6: Treatments for Rigid Pevemeant

Siwing, cleening, and sasling cracks in condlete pevement using high-guatity
sealant matosials.

Crack Saaling

Figure 2.%: Crack ssallng In Rigid Pavements

Fomenal of xigting detardoratod joint sealint materisis, refacing and cleaning the
joint sidewsils, and installing new materlal (liquid seatant and bDacker rod or
perfarmed compression seall.

Joimt Resaating

Figurs 2.10: Jolnt Ressaling

praparing the adges of cracks by removing deteriorated material to oreate a delined
taservolr and Bling these with B suitsble sealant materisl

Route gnd Seal

diagionally Inserting daformaed U bars 80088 oratks 10 meintan ageregete interiook
Cross- SHEching and pravent the cracks from widening or moving mt a predatermined spacing and the
halns refilied with apoxy fesin.

Inserting U-Shaped stest staples or bars Into erecks or joints to stabilize and
-Stapling melnfarcn the pavament angd atot refited with high performancedhigh -strangth
carmEn b morisr epasy moikar

Remaoval of small, shallew (Upper one-third 1o one-helf of the alab) areas- of
detenorated concrate and subsequent replacement wath a cementitious or
proprietary repair makana,

Partinl-Dapth Bepalr
{(PDR)
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Full degrls repumdr

Repair involving the replacement of part or whole slab panel to the full depth of the
slab

Elab raplecamant

ramovel of dotericrated concreta slabs and replacing them with new concrete to
rasions ahuctural]nl.a!rhf and hunchonaldy

Bondad Inlay

application of & new concrete leyer dirsctly on top of Bn existing pavement surfacs,
Bnsuring A strong bond between the two layers

Fualty
Owesrlarys

Bondad

These owergys are dmectly bonded to the existing pavement surtace. They are
gultable for pavermants with minor distress. The minimum thickness of bonded
enarlary & 1 0Dmm Tor light trallic and 150mm for heavy traffic.

Partially
Owvarlays

Banded

Thisse overliys allow for some movemgnt betwaan the new and axisting Layors, They
afn used whizn the underlying pavamant has significant distrossas that could affect
thir parfonmance of the overby,

Unbended Overlays

In unbronded systems, § separation isyer s placed batwaan tha axisting pavement
and the new overlay to Bccommodate movements without transterring strosses.
Unbonded overlay add siructinal capscity 1o the-adisting pavemant and can ba
placed an poor and deteriorated pavements. The thickness of concrete overlays
dapends on the traffic loads, existing pesemant comditions, and snvisenmental
tactors. High-quality concrefe mixes with appropriate additives shall be used to
snhance strangth and longevity,

Slab Siabilizatian

Filling of voids beneath cancrota siabs by injecting cement grout, polyurathana, or
nfher stitabls matarials through drillsd hotes R the concrete ocated dver the void
BrEEs,

Sinbacketing

Raising of settied concreta stabs 10 their orginal slévation by pressure injecting
cement grout or polyurathane materials through drilles holes at carefully pattarned
lopanong.

Dowel Bar  Retrof
{DER)

Placermant of dowel bars deross joints of cracks (7 on existing conarets Favimesnt
to restors iood Trangfer,

Diamond Grinding

Removil of B thin layer of conGretd from the gavemant surface using special
Bouipment fitted with a series of closaly spaced, diamond saw blades.

Diamand Grooving

Cutling of nmarrow, discreis grooves: into the pavement surface, either i the
longitudinal directian or tha franswieese directhon

Reconsiruction

Full reconstruction of pavement shall be required 8t the end of its sanvice |ife or due
1o severe distressad where contrete overtays sre not feasible or stab stabilization s
not edyvisable or feasible. If the pavement has already experienced axtensive
cracking, faulting, widespread pumping or other forma of distress, simply filling
voids will not restore the structuralintagrity. Alsa, if the undeslying soil or fill matarial
does not provide adequate load-besring capacity, slab stabilization may not be
offictivie. This warrants for raconstruchion,

{a) Intervention levels and distress - Decision Making Tree

Soal with low viscous epoxy

Route and Seal

Table L.7: Treatments based on Distrass

Tand & wet Smm

 Singie Discrete Gracks '

Single Transverse Crack 1.2 w0 5mm
Single Longitudingl Crack 1 we@bmm
Multiple Cracks Intersecting with one
OF Mone joints of cracks hZ i

_ |ComerBreak: 00| %2 | wshSmm
Muylriple Cracks intersecting with one T

| o oreE jeints or cracks > e
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T

Singlo Discrete Cracks _ wi1.5-3mm

Single Transversa Cracks 3 w: 0.5-3mm
Single Longitudinal Crack N - w: 0.5-3mm
Single Discrete Cracks & W=3mim
Seal and Cross-stitch Single Transvarses Crack 4 | we 3-Bmm
Single Longitudinal Grack - 3 L wa-emm
| Single Longiudinal Crack 4 wiB-13mm
Multipla Cracks intersecting with ona
ar rn:m joints or cracks i 8 Wi 3t
Partial depth Repair Spalling of jaints 2.348nd B WTOmm
Corner Braak 34 andS W 1.5 mm
Puchout
‘Popout!/Pothcla
Single Tranaverse Cracks ] W B
Single Loagitudinal Crack 5 w >12mm
Full depth ropair Muitiple Cracks Intersecting with one -
Of MOFE |Oits O Ccracks R . |
Blow up or buckling 4 h=25mm
ﬁl'::: ;‘:‘m:“‘“ ol Seal defact 3 L 25-50%
ﬂ““lm" ressalthe | it Seal detact 5 L >50%
Ranvaling or honayoomb 4,5 Arsa =250
Sontedinay scuUnh:E a5 Aren >20%
Multipis Cracka Intersecting with o
l . or man joints or cracks (brokan into 4.5 W i
- Siab Replacamant mare thsn 2 pleces) :
Shatterd siab |
[ Pumping & | Amaash |
Stabilize ; = Fgulug oi stepplng 5 b=t Himim
it S Daprasaion 45 Fe=S0mim
: Hadve 4.5 __ h=50mm

Notonsw = width of crack, Oia = Diginatar, L= langtl, hahopht

2.6 Fovemant Manmmfement Syetam

According to AASHTO (1993), Pavarnent Management. Systam (PMS) s defined as “a set of tools or methods
that assEt decision=makers in finding cost=offective strategios for providing, evalustng, and maintaining
pavements na serviceable candition,”

With the increasing demand for efficiant roadway maintenance and mansgemant, the implemantation of a
Pavemant Management System (PM35) has become indispensable,

PM5 aids agencies and decision-makers by evaluating paverment conditions, forenasting performance, and
wantifying cost-effective maintenance stratogies. By angtysing data on traffic, pavernemt distress and
enyironmental factors. PMS prioritizes repairs, minimizes costa, optimizes resource aliocation and ensures
the safaty and dursbility of romd networks.

fm) Elamants of PS5

An effactive Pavemint Management System comprises key components that work together to ensure
gfficient road maintenance ond management. These include data collection, whith involves gatharing
infarmation on pavemant conditions, traffic loads, and smaronmental factors, detarioration madats, which
pradict future deterlorétion and performance; treatment effectiveness models which describes the
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improvement post applving irbstment and Gnally decision-making frameworks, thot pricrtize malntenends
and rebabilitation steategies based on cost-aHlectivenass and policy objectives. Together, these elsments
gnsure oplimal resource aliscation and sustanable paseament managemant.

I Data collection and database management:

Dpta gollection s one af tha most cruclal systaims, which affects decekslan-making, halps auseas rooed
conditions, forgcast luture detarloraticn, and prioritize repales. It ensunes afticlant resourcs allocation, cost-
atfoctiva maintenance, and enhances long-tom road network parfomance and safely. Vardous data is
nitided in e databasa for propér Tinetuning, Figure 22 shows 1his data that is regultad,

Data bage

1
L 1 L 1

|
. Pavennznd Maintanance ’
Inmm'}.rnn{ Desipn dam rmndititlndm : data Uit el
I
g 1

Stractuml Functional
Lndill.m dilal  jcomndiion dul.l
—mmew

= WD -duin

Figure 2,11 Data required for Pavement Database

() Inwantory data: Rosd geomatrics, sections, drainagas, and other amenities, it any

liy Design data: Pavament and mix design details, materizl characteristice, and specifications ol
paverment levars

] Pavemant condition data: Surface dafiaction, roughness, skid rasistante, cracking, rutting elc,

) Maintenance history data: Timing and mathods adopted to execule previous mamtensnce

v) Other data: Tratic volume, speed, axle loads, seasonal correctlon factors, cost ol maintenance
aperations, and vehicle operating costs eguirsd for performance prediction s well 88 sconomie
avaluation of maintenance operations. '

. Deterioration model:

It i5 @ mathamabcal mbdel that riprasents the expectad values of pavernen] chargeiernsiics over a dalinad
analysis perlod, Datoricaation cen be tracked based on both structuret and functional conditions. Structural
condition rafers 1o the aiility of the road infrestructure B0 support the applied inads, while functional
condition pertning to the guality of the ride, To aisess sructursl condition, performancs Indicalors such &
Structural Number (SN}, and remaining life can be useéd. For functianal detaforation, parfarmance
indlcators Lo the Pavement Condition Index [PCI) ond Roughneas Index [RI} can be npplled.

A deteriaratton model consists of twe parts: one withaut any treatments spplied to the road, eslled the
parformance madal, and tha other with the Intervantion of treatments, The perormance model 1s an
increasing function, representing ihe "do-nothing” acenario, wiich shows how the road will perfarm over [ts
lifespan. When treatments are applied, the road quality improves and shows a jump of impravement In
perfonmance paramete:.

General formn of deteriorationy model can be repressntad as;
Conditional parameter = {v1, v2, v3....)
Whiera ¥, v v3., . ara indepandent variablog,
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The contribution of these variables leads to the deterioretion of road condilions, and when @ condition
pararmatar reaches a threshold, a treatment ie tnggered. Once applod, the tréatmant improves the moad
guallty, and the pavemant will deterioraie at 5 different rate depanding on the type of treatment, Therefors, &
i crucial Lo assess tha pxtoent of improvement, known as treatment effectiveness. and to determine tha new
deterioration rate after the reatment is appltied.

1L Treatmant effactivensss:

Traatmanm effectiveness measures how well 2 mﬂlrﬂuﬂﬁﬂjm or rehabilitation traatment Improves pavement
conditian, Treatment eHectiveness con be modallsd by parforming betore-and-attar condition studies,

Atver spplying a treatment, the pavemant will dateriomate ata ditferan rate, A less sffective traatmient epplied
(ater will lead to faster deterlaration, requirng mofe frequent treatmants. In contrast, majar trgatments dalay
deterioration, reducing the need 1of frequént Intorontions and potentinlly lowsing overnll costs, Tharefora,
treatments should be carafully chosen (o achiove an optimal balance of high seniceability and reduwced
coskE,

V. Life Cycla Cost:

Life Cyels Caost Annlysis (LCCA) analysis i & tool that provides 5 comprehensive evaluation of The costy
related to & pevement altarmativd thicughout ks Ufespan, meluding both constrocticn gnd mamtanehce
expensas. This providas a frammwork for declsion-makars to choose the most cost-elfactive altarmative by
considering ail lang-term oasts,

TESOPTh duvelan dntuboss

(a} Purpaone

The purpose of thia SOP s 1o astablish @ clear snd atructured procedure for developing a comprahensive
database 0 support a Pavement Managemaent System (PM5). This database will be instrumstat in collacting,
staring. analyaing, and reporting crucial dotn, The end gosl |8 teenable infarmed decision-making for sflectiva
panvemant malntenance and managemaent, ditimately optimizing resourca allocatian and axtending the lifa of
roRo matwaorks.

(a) Data Collection and Requiremants

A standardized format has Bean estabiished for pll data collection to ensure consistency and dfficienay. All
field data is aoliected using this fxed format, minimizing the need for additional efforts to morganize o
refarmat the dota. Technlenl surveys are conducted by 8 designatad group of agencias, which are provided
with the standardized fofmal. This approach ensuses uniformity in data coliection processes and elimingies
inconsistencies, streamtbining the subsequent stages of data processing and anatysis. Further the data s
ragularly updated WHENEVER NEwW SUnWys are conducted enguring thet the datahase remaing up-to-dete and
raftoct the latest pavement condtian, The database Includes the following itemis:

1. Pavemant Condition data; It ncludes structural condition data Inoluding surface dellection and
remiaining lifs {from FWD survey) and functional eendition dita including roughness, rutting ond
ather pavement distrasses (from NSV survey]).

2. Pavement Maintenance History: It includos tho pavermdnt composition data from pavement
design report, test pks and core r:uthnu. previous malnienance data including detads from all
routing, preventive and penodic maintenance detals carbed bul onthe pavement

3. Orharessential date: This includes all the fnvaniony dats, metedial testing resulls and tralfic data

ALl e abave data helps in undarstanding the correlation of pavement conditicn t the treatment techniquss
adopied, parormancs of anch technology and can be vkad far devalopmant of detgrioration models

ik} Impartonce of the databages
& centrafized database (s essential tor effectve-pavement managamant, GMerng soveral kay Bonefits:
] Centrallzed Data Collection and Storage; It consolidaies all rélevant deta in one place, ensuring
consEtancy snd reducing discrepanches, which helps maintain data intogrity and Sa50 ol 9coeEs:
i) tmproved Analysis Acourasy With comprehonshe and siandardized data aets, the dathbass
enhances the precisfon of Bnalyses and predictions, enabling more secutstes forscasting of pavemant
canditions,
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i) Focilitated Malntenanos Planning: The database nelps poioritize repales by providing elear insighte
into pavemaent condithans; optimizing resource allocation, and ensuring irmely intervantions,

k) Foundation for Data-Driven Declsions: |t supports informed decision-making by otfering real-tima
and histarical data, sllowing stakeholders to select the mast effective malnienance strategies bosed
o aolid evidence,

v] Enhanced Efficiency and Resource Allosation: Streamiined processas and ciear nsights enabia
sfficiant rescurce use, reducing costs and ensuring that maintenance effarts are diracted whare they
are must negded.

vi) Improved Stakeholder Communication: By providing transparent and easily interpretable data, thie
database enhances communication with stakeholdars, fostering trust and informed decision-making.

2.7 Stondord Operating Prooedurs (S0P far Pevemant Mairmecance Executon neleding
Latest/Inmnsilivi Techmology implérmantiition

This section establishns a structured fromowark Tor the affigient exgcution of maintenance activities an
project roads ansuring adherence o quality, safety and sustainability standards. It sppliea to sl major
maintenance activitios including adopfion and miegration of advancad mchrologios ard metarials.

MEAL g implemehted several Innovative Ischnol oghes durng maintenanoe warks of thelr read: essata, With
their performance being regularly monitored. Thess advanoed technologies reguke not onty technical
Bxpertss but also & well-planned quality controi proce & during axecoetion, managed by & speckalized gualty
conirol team. The Authority is further supporied by an team of Supervision Consuttants, which moniions the
conditions of the highway assets and monfior the rectification/oparation/maintenance activities of
contractoss 1o ensure the suceess of all maintenance and construction sctivities,

The guidelines, implementation mothedology and chocklist durdng axecution of all these echnologies are
prowidad in tha following sections:

I Implemantation Framework

A structirred methodology shauld ba implementad for use ot innovabiva technblogias through Suparasian
Consultant team, who dedicatodily momtars all the works during the complets execution process ol
malntanance works.

faj Tha Superdston Ceraultants should team consistsol young, energetls, and wall qualifiaed engirdars
fram esteemed ingtitutions such as 1Ts, NiTs snd others. Their techmica knowladjie, enthugiagm, and
innovative probiome-solving copabilitios drive the success of ol maintenance and construction
Betivitiag,

{b) Specistized Quality Control Teama: Supandision Consultnnta  team should consist of technical
axpartisy inomise design, feld axecation, ongd mbmtonng, wha collaborges with conractor for
fucoaaatully exacution of maintenancs activitios. Thess Team afe full umo deployed ot site for
muanitering during the axscution of the warks angd ey ara the kérty mombers to ensure successfully
implementation of SOP.

Key Advantages of the Supervision Consultant Team

Dynamic Engagament: Proactively identity and salve problams during execution.

Technologieal Exportise: Ensurs pm‘&lm monitoring snd accurstd reporting.

tnnowvattve Approaches: Apply ouning-edge methods torefficient project execution.

Collaboration Across Teams: Facilitate seamlgss communication between contractors and the
head oifice.

Il Exscution Flow Chart

The following are the staps Involved |n uxecution of various trestments techniques as part of major
maintenance works:

Preliminary assassmant and planming

Mix Deaign

Exocution manitonng, guality control and guality agaurance
Maonitaning and feodback

aao e
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(a)} Preliminary Assessmaent and Planning

Project Assessmaent: The assessment ol the projeot & the first step in planning maintgnanca
activitias, This Inctudes:

« Comprohensive évaluation of conditions (ineluds traffic and environmiEntal parsmeteis)
&  Ancesd sovedityond ypesof road distreases
s  Reveew groject history and priof intgrventiona.

(b) Mix design

Once The maintenance tachnology i finalised, the following steps shall be tollowed in finalising the
ke dasigns:

Maturial selection and Characterisation
+ Source moterials sxclusively from approved vendors, ensuring striot complianog with guality
Hitandards.
o Testmaterias tor compatibility with sita-specific conaltions and performanaos objectives.

Prepgaration of Mix Design

Firstty, mix design of comrvantional nmix (BC or DBM) is performad at any reputed laboratony such as 1Ts,
MiTs, CHRI or NABL gccradited laboratory. For implemantation of inaovative technologies, usunlly
expert committes may be formed constititing exports from the theld and researchars to ensure
tarmutation of mix design to implementation goes amoothly,

Based on the methodology finalisad by the expert commitiee/supervision consulta, as thi case may
be, Supervision Consultants monltors the end-to-end guality control process from Bilurnen
madifigation 10 site execution. In this process, Supervision Consultents team reverifes min deign to
ansure translation from contralled labotstary to field is proper.

S0P formulation

A detalled implementation guidelines is developed comprising details related o gquality control
measules, montoning protocols and Dos and Don'ts-of techhoiogy implamentation,

fc} Expcution Monitoring, Quality Control and Quality Assurence

As a part of the sxecution of monitoring, the lollowing activities should be camied by the E'upén.-imn
Cansuitant am on ground in consultation with the NHAL

Training and Education: Training of contractor, supanvisod and abour taam 1S very gruninl prigr to
implement any bechnalogy. Suparvigion Corsultants team conduct a training program along with
productitechnology expens. '
Execution Monitoring: Supenasion Consullants closely monltors the overall process during e
exgcution for guslity control and guality assurancs, which includes:
1. Quality Contralat Site
= Manitor procesaes from mis design 1o fiald implamentation.
¢ Conduct toolbox talks to address on-site challenges,
s Purtarm raguiar quality checks and maintain records for audiis.
+ Collaborata with the haad office for updatos and gutdanca.
= Carry out guality inspections allgned with IRC guldelines and sxpart opinion.
2. Quality Assurance
& Flald podformance 1asts 1o ensure sdherance (o expacted standards
« Routing Ingpaction of materals, equipment and progeeses
& [Daily analyes of HMP betch reports in 0o with ASTH D995 and 15 3066 standards o
identily varisbility in aggragete snd binder dosagas
» Addressing Non-Compliance by |dantifing deviatione promptly and implement
opfrentiva getions immediately to mitigate isks

{d) Post-Execution Activitias

Post-exscution activitios include the following:
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Propars a comprebatshe raport detalling of matasials, processes and test rosults
Maintain fecords for aQdits and uture refersnoe:

Collect faadback from contraotors, the Supenvision Consultants team and stakeholders
Incorporate lessons leamed inte Iulure S0P updates
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PART 3: STRUCTURE MAINTENANCE

3.1  Background

Highway strisctures, such a3 bridges and overpasses, are complex anginesring marvels thal encompass
yarkous components, pnd tha function of each compaonant is vital for ensuring the safe snd relinble operation
of the sntisg gtruciure. These components can (nclude foundations, pier £ abutments, pier caps, bearing
pedestsls, selsmic amostors, bearings, glrders, deck slab, axpanston jaints, drainage shouts, approach slabs
and safety barrier that collactively facithate smooth Now of vehicular traffic crossing &ny obsiacis such as
witer bodies, crogaronds, rail lines, and valleys.

To guarantes the structural integrity and stfety oF these highway structures, a comprehanshve svaluation and
maintenance strategy |s required. Tha evaluation involves & meticulous assessment of sach component
independantly, Waking into conslderation & range of parameters and factors. These pararmatery might inclute
smaoth funchioning of highway crossing (miay be o dtrednt, dyver, Erossroad or rail lines ate ), in add ition 1o
atructuns own safely, Stroctures satety in tum depands upon its constituant rmatarial strength, load-bearing
capacily, tafgue resistance, emvironmental conditions, and more. Each component's peiformance s
aEsaRLad to ascarnain it adequacy, ability to parform intendad function wnd Toowithatand its complete design

lte.

The evaluatian of highway structres [nvoives 8 detailed examination of each component to punmntes 18
confribution to the cverall safety, durability, and reftability, Thass asssssments help engineers to make timaly
decisions regarding maintenance and contribute 1o the overall longevity and effectivennss of the
infrastructure.

The necessary requirements, inspactions and required repalrs of varous componants highway structures ane
given in various IRC codes and spetial publications including MORTH construction specifications. Some of
the most relevant codes pertaining to inspection and maintenanoe of highway structuTes are

(a} IRC: 5-2024

() THC: 78-2020
(o} IRC:B3-2018
(d) IRC:112-2020
(g} IRG: 5P 13-2022
[t} IRC:SP18-1878
(g) IRC: 5P 35-2024
(h) IRC: 5P 40-2019
(1} IRG: S 69-2011
[} IRC:SP127-2020
[k} IRC;SP35-2024

3.2 Types of Structures
The highway strisetures weis categorized based oh tha usage of bridgas, spearhcally!

Tabla 3.1: Typs of Structures

Major Bridge / Viadicts! Minor Bridge! Culverts

| water padies

1
z Crissroads Elevated corridor / Fhmvars f VOP S VYUPY LYLPESVLP
3 Raiway lings ROB / ALIB
4 Pedestrian crossing FOB fPUP
5 Aninial crossing AUPRELIP
Definitions:

1. Major Bridge (MIB): A bridige with @ total langth axoeading 60 mators,
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Minor Bridga (MNEB|: A bridge with s1cial length of G maters 1o 60 metars.

Elevated Corridoc: A biridge to oross a highway overat grade road with projact highway alevated (o cross
tweo or mare crosstoads f obstectas.

Fryovar (FD):A bridge to eross o major ot grade highway inwhich projedt highway is ¢levnted over at-grade
<1404 8

WOP (Vehicle Over Pass): A grade-separated structure for the crossroad above the Project Highway.

VUP [Vehicla Underpass): A grade-separated structure Tor 1ha crogsroad below the Project Highway,
LVUR [Light Vahicle Underpais): A grode-separated structune spacifically for the crossroad pammitting
fight vehicle raffic balow the Profect Highway.

SVUP (Small Vehicle Underpsss): & grede-separated siructure for the crossroad pammitting small vehicle
traffic balow the Project Highway.

PUF (Pedestrian Underpass): A grade-separated structone aliowing podestrian path to cross below the
Project Highway,

AUP (Animal Underpasal A grode-separatéd structure allowing snimals 0 cross below the Project
Highvway.

EUP {Elephanmt Underpass): A grade-separsted struciure specifically designad for alephants to cross
below the Project Highway.

ROB (Road Over Bridga)! A structure built over raltway Lines w carmy the Project Highway.

RLB {Road Under Bridga): A structure Bullt under railway Lnas to carry this Project Highwy.

Viaduet Multi span structure with high plers crossing deap Vallay,

Cilvarts: Structures with o tofal langih of up 106 mabarg, categorimad a3 Tallows:

& Box Cell Culvert

b. Slab Culvent

¢ Masonry Arch Bridga

d. Hume Pipe Culvert

Clazmification of Strictures

The classification of structires s ghan i detall in chapter 3 of IRG: 5P 35-2024. The satipnt Teatures of thie
gamais furnighed I this ranust for resdy reference,

The bridges can be clpgaified based on thelrvanous aftributes:

Table 3.2 Classification of Structuras

Functionality Road, Rail, Viaduet, Aguaduct, Reitraad, Prgeling, Pedestrianete.
2 Comstruction Material Masaney: BrickfStonelPlain Congrete blocks:
Rainforced Cement Concrate
Pro-Siressed Conorete, Stosl
Timber bridges
Piastic, Fibre
Steel Composite Dridgas
a irter-span Ralations simply supported, Conthnusiis, Coantllever gle,
4 mﬁrﬁﬁmﬂ of High Submersible, Non-Submersibie; Causewoys
5 Span Length Cub'ert, Minor, Major, long
. _ RGC T Baarnt, Arch, PSC | Girder, Stiffenad Ginder, Truss bridges;
i Type OF SUIBrSIURIUNe: | por oy Girdet, Stael-comptsins Girder and Sax Gidar :
Arches, simply suppaned spans, continuois spane, Rigld framea
type with decking Inlegral with substructurs, Cantilevar or
4 UEBINL P hfmruc&dﬁmh‘ﬂv:r. Euzganmn. Cable stayad and Extra-dosed,
I/T-biearn, Box girder, Composite Girder, sagmantal eto.
a Meathod of Cannections: Weldad, Rivetad, Rigid, Pir
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Relatre Position of Bridge

i Through, Semi- Through, Deck

MNavigable/non-navigable, movesbls, Bascule, Transporter,

10 Clearance for Nayvigation

Swing bradgas efc.
11 Tvpe of Leading 7OR, 40R; Class AA, Spacial Vehiclo, Class A and Clasy B
12 Lita and Sardica Termpetirany, Pefmanant

13 Dagree of Redundanty Daterminate, Indetarminatsa

34 inspection Protocola

34,7 Types of Ingpecnons: Inspection protocol for highway. structures within the projsot highway ia
categorized a3 tolltws 1o ensure efective operation, manténance, and Implamentation of the Azset
Managamernt Systom:;

I. Routing Ingpection

Routine: visual inspections are to be camied oul by highwayibridge maintenance engineera who. have
kripwiadge ot highway/road structures. The purpese of visual inspection Iz to repart the defects, and
gdeficiancies of pavement/structure, missing of damages 1o gafaty barrier jorash barriers), obstactes to traific
and tratfic signs installed of erected on highway. Such inspections should be conducted daily. Perodically
minimum twice a year Pré and Post monsoon. The visual inspection may be carmied out by visual assessmant
with careful observation of the specific abjactfitern of the Project Facilities for identification and for
quantitication of the deficiencies or damagas of the Project Fecilities, Geotageing Cameras and Distance
Measuring Devices shall be usad fo update base asset performance parameters on & daily basis, If timely
inspection and safoly issues are not reported of docomented, It could lead v acoidents of sevore
mantenance ssues,

Tha following dtrueturs compornants and parametors shall be inspected og part of routing inspaction,

Potholas on wearing coat.

Stagnation of rathwater on bridgs deck.

Physieal damagn to erosh barrer / safety bamer.
Missing sign boards.

Ovestopping of marks atsructure tocanan [tamy,
Anproach saitlemant.

Cleaning of Drainago spouts

B s B & B o= 8

1, Fniad e Sias. HSpeoTion

Close Inspactions of Highway strectures for assessmant of defects/deliclencies shall be perlodic in nature
and woulld require detaited examingtion of all alamantsof the Project Highway-at spacilic intarveas with pro-
defined check lista. The frequency of close inspections would depend upon thi nature of The elemaents of the
Structire. This 13 to-be done before bridge is open W iralfic and-second DLP contrnet axplresin bétween To
be done in avery three yaars: Details chack U8t for ench type of stractura preparad duly considaring the IR
SP 35-2024 are furnished in this manual for guidance. Ciose inspection may be visunl or maoy Involwe
investigationato be carried out using instruments, Howeyer, minimum one-such inspection should be carried
out anea in sty months (ke pre and post monscon). This Inspaction s to be chrmed out by the Bricige Expert
team having good knowledge of Structures with [heeretical background 1o analyse the nature, and estent of
defects/deficiencies; suggest suitabla remedial measures [o rectifyfremady them and guantify repain work.
Underwater inspaction also to b dona similas to pancipal inspection for components submarged in wister,

Il ThoroughdSpacial inspeation and invostigation

A thorpugh ! Special inspaction and investigation |5 a comprehensive end detsiled assessmant of
defecta/deficiencies of the bridge with the aid of specialized Investigative squiprmant and / of non-destrucive
testing. Such an inspection is to becarriad out st intervalsof oncs in 5 years or notice of severe and complax
defects ( distrass identified during pedadic clogs Inspection of after any natural disaster lke asithquaku,
fioods, highwinds, unusual forces,
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ALt Inspactmn fathods

Tha various methads-tor Badge Inventony and Condition sunay are ghven below;

1)

[}
i}
i
vl

Flatd Invertory & Wsual Condition Survey
FPhotoMvddeo Log
Integrated GPS/GIS Mapping Systems-NSV EMBIU
30-degres Drone survey

Ay other atest technological tood

Tahis 2.4 Tools and squipmant for iInspaction

Table 3.3: Tools and eguipment for inspection

1 Tools for | Wisk broom, Wira brish, Scrapars (Tinch of B0mm], Fist | 3
Cleaning bladed, screw driver, Shoval
2 Tool Tor Visugl | Binpoular, Flaghlight, Lghted magnifding glass, Inspection | 3
Aid mirroes, Dve penetrate. Grack scopes, Vernier callipers’
3 Tools for | Pockit kmife, 1ce pick, Hand brace and bis. Inceament | 2
Ingpegicn irper, Chipping hommer with lgather holder, Plumb Dok,
Too! belt with ool pouch, Ghain drag, Range pabed Thin stesl
rodl (o profe (B-20 mm diometar] ameny paopers, piano-wiie
4 Tl four Measuring tape Sm, 30, Stm and 100m, Lasar Maasuiing | 1
MasnLeririg | Davice, Callipara, Dptical Crack gaugs, Paint tikm gouge, Tit
riatsr nad profractor, Thismomaber, D-Mater (ultrasanic
thicknoss gaups|, Electronlc Distance Meter [EDM), Line
level and strng line. 2-meterstraight adge and calibrated
wadge for messuring rut depth Feeder Gauges, micromotar
Paupges; callpers, torgue winches Straipht cdge, prolractor,
spint level Thermometans stc.
5 Toola Tor Tablet, Note-Fad, Piastlc jar, bags for keeping eamples Clip- | 1
Documantatio | boards, boli-paint pens or pencilsand note ook, Inspaction
i farma, Inspection reparta
B Toots for | Boat, Ladders, Rupes HangeTs &to, 1] s ftha
Access - o | Raguireman
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7 Miscallaneous | G -ciamps, Penatrating ail, Insect repellent, Wasp and | Thess shouldbe |
equipment homet killer, First-aid kit, Dust masks or respiratons. A box | provided os per
of chalkfor marking, markess clamp Man power
deployed during
- inspection
8 Sataty Tools PPE Thase should be
provided as par
Man poner
deployed during
inspacton
g Visual &ids Inapection miror, binoculars, magnifying glass, Camara,
camera flash light#tc,

34,3 ImpliErrartation of Briggy lventory she Condition Ranng System [EIORS) fof raconding Assarand Hialth
ol Struetargn of il Picjociy

To angure the Systematic management and safety af its Infrastructure Assets; the Bridge Inventory and
Copgiion Rating Systom [BICAS] is devaloped based with the following key-Tealures:

a} lnventory of Structures:

e Establishment of & unified repositary of all structures, each assigned with & Unique Asset
|dentification Mumbar,

s Comprehensive Recording of Structural Spacifications, gengraphical Coodinamas, AS-IS Drawings
and ralated Dooumentation.

bl Condition Assegsmant:

= Systemstic avstuation of Structural Health basad on Fredeterminad Rating Paramster,
= |gentification of Troffic Restrictions or Susponsion of Heavy Vehicle Movernant, #s applicable.

¢} Inspaction and Repormng:

s Consolidation of historical inspection data, condition ratig, recommendations, and maintenance
taguirarments inlo a centralised dashboard.

Supervislon Consultans shall record one-time structural specification detsils of projects on BICRS Plattorm
uging NHAI ONE Application pmd AS-1S Drawing and related documents can be uploaded on Dotn Lake Fortal,
Thereafter, structural health condition shail be recorded amnd reporied on BICRS platfarm in all structure
relntad inspactions, Detailad SOP to facil tate use of BICHS related modules on NHAIONE and Data Lake s
gvaltahie in Bata Leks Helpdesk manu tor gagy referance and Guidance

3.5 Dintrosses in Structures
3.5.1 Distrass-

Daterlorgtlon iz a complas phenometon and [t rmay not be paasible to include pll e distress types into ona
mechonism, Deterioration is any adverse change of the normal mechanical, physical and chamical
properties, eliher on the suiface or on the whole body of concrete, generatly thicugh separation of it
COMM RO,

The deterdoration of congrate bridges takes place mainly because of tour types of action |.e,, chamical,
physical, mechanical and alectrochemical. The details of the various elements scting on the bridge and
comesponding detedoration along with the remedial messures are graen in 5P:40.

Usually, 8 bridge deteriprates from tha deck downwards, The deck is the first elamant of a bridge that (s
impacted by the traffic. It is olso exposed to the worst pnviremment aped temperafure vanabions. The
Commonly Occuring Distressas of Typicat Bridge Companents hove been dataliad infollowing parms,
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7.5:2 Distresn in concrete Bridges

* Deterioration/aging: Detenomton is-ony adverso change-of normal meohanical, physccal and chemicat
properiied, either on suraceE or on whiohs body of concrate, genarally 1hiough separation of s components.

* Digintegration: Diginlagration nto small fepmaents or particles die to ary causs, coltislon by vakicle o
impact

* Honeycombing: Condition of iregular voids causes by Tailuare of the mortas to offectivaly fll the space
betwean coarse aggregate partcles. This may be due [o conpested relnforcument, Insufficiont cernent
nnﬂtm'rt impropae l:m"nnafﬁ'n um;rnm ratio-or in udaq Uit n-iacamﬂnt mnhnlqua

o

*“‘"r...‘i’i‘-

o

* Dalamination: it dccura over i lange area of gormoding reinforcing $teel and results in o plane saparation

within the conorsta |mma~|;|'m'r=aly fa TS th-u- p!rnlj ol rainforging utadal.
T A e e

. Scaling: I8 the lass of surlace-morthr in concratd. Thid procedure axpodes the aggrbgats paticlss and,
in it pdvenced stages, rasults in the loss of aggregate and loss of saciion, Scaling i often indicatie of
Inncisguile alr sntrainment.

! Join Spalks:-An elongated depression along anaxpandion,; contriotion, or censtruction joint

B Spalling: Spating (s o depression, resulting from the dislodgament surface of conorete. Spalling is the
Incal disintegration of o partion of & conorete surface. The predeminant cause of spalling is the comrosion of

rain foreing steal in concrete,
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a Lesching: Water saeping through concrata, disgsolves water-soluble compaonants (such a5 calcium
hydroxide) in the concrete, which appear on the undersids of the deck, as ktaing or efflorescence.

* Cracking: A crack is an incomplets separation of concrate into one or more parts to & varisbls depth, but
visiblg at surfocd. Cracks can be identified with their length, widih, type and location of crack. They miay b
Longitudingl cracking, Transverse cracking/Vestical cracking Diagonal cracking Bending cracking en the
darmer and Map cracking.

i Pop Duts [Plain Camant Congrete): Conlcal tragments that bresk out from the surdace of the conorate
laaving voldswhich mm vary insize from 28mm to ss muech as 300 mm in dismeter 8t concrete surfacae,

. Pitting {Plain Cement Congrate): Loss of thin ¢oats of suriace morter direcily avar conise nggregate
particies, without apparent demags ta tha aggrogate particles. The pits are usually not over 3mm indepth

g Mud Balks: Saall holaa In the surtace of eongrste left by dissclution of mud balls that ge mixed with
the concrete will digsabve with time and leava holes in the concrete, either by detarioration or by adharence
to forma.
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" Discolpuratian: Departui of colowr from that which i normalor desired,

" Efflorascanca: A whita {soit} deposil on concrate (o brick) csused by pracipitation of dizssolved salts
brought 1o the surfacs by the caplilary action (leaching] of moistura.,

- Exisgation (stalsetites): A Uguldity or viscous gel-like material discharded through & crack oropening
Im the concrete by the |Eaching wate! .

. Carroston-Stain: Stain |3 formed due-to the comosion of relnforcament.

" Whoar & Tear: Wearof concrets surface can b due-to moving vehicles ordue to high hydraullc gradiont
N segregation; Congditon inwhich the coarsa and fine aggregate and Cement pasle, become saparated.
. Excessiva Daflection: This could ba dus bo deficiency inthe struciurnl copactty of tha superstructuns

urder passage of nornal loads, Time dependent stresses also can causa such dofioctions it the estirmated
villes of shrinkaga and creep ara differant from the actual values.

" Corrosian & Exposed Relnloresmant * Rodlction In AfealSaction Loss
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* Leakege of at joints

* Setttement or bulging of cralas

- Dam!nﬁz

* Damagad or loose karbs
*Missing elamants
* Chemical atisck

3.5.3 Distress in steal Bridges
* Carrosion/RList

* Fotgue Cracking

Fid Rl RE



* Looda LJLI-lJ..I::Ir TiveT ar [!IT‘IFF l.-ﬂ-l'!‘I-'E wild reear welds dnd bolt

-

A0

* Deterfhorption of paint o g

* Loas of saction

TP oy



* Buckling and Bending including mmsali grment
r

“wWald Crocks

*Lpss

® Crocking rigar the bearings
* Looss base plates

* Unusual Vibration

* Excessve deflection

2.0.2 Distress in Masanny Bridges
* Loosgningfloss of martar/Poor pointing of joint
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* Cracks: (vertical cracks dus subEidencs, Lateril and dingonal eracks indicative of damperous gtate, in tha
vigimity of Dearings)

* Beaing * Bulging

* Garbanation

* Delamanation

T Leashing

* Datétidgration of StoneBricks

3.5.5 Pra-strassing Steel

.y Lossof pra<siress
' Cable Corrosion
" Lofge-anciiiages

3.5 6 Timber

* Cracking and spUtting of members due to overioad, aging or under-designing of members,
¥ Abnormial deflactions dus to overloads or undar deskgning or imperfeot joint;

" Infestations decay eic, dus 1o envirorimental agEressivensss,

Y Laosaning of joint s dus to (ack of good warkmanship,

2.5.7 Commionly ODcourrad Distrosses-of Typical Bridgs Cormpononls

35,71 Wesdring SEurface

it may be affectad due bo eracks, disintagration, potholes, tell-taka rings ete, As per IRC: 5P 83 and IR 89
frilly be refereed to for rigid and flexibie pavaments respectively

?E.lrl.i SR



3.5. 7.8, Substnictura
* BoOLT

Dusreyd e nadr Che baka

Maverment of Plérs [Titting and or shifti

Camags due to Impact from boats, vessels, floating Mocks or treas o vehiclas pasaing. undar thi
bricge

Debriz resting against piars

Vegetation growth on the pier

Leakdgs of water from the expangion |ipts camaging ths plivs

Oampness gn the piar

Leaching on the pis

Siting

4.5, 7.3 Foundation

Sattlosmarit
*  Abnommiol Soour
*  Tilting
= Cracking

®*  Busintegcation

®  Docayof faundation

¥  Emmeion

*  Cavitelions/honeyoomblng

= Damagsdos to mpact of (lopbing boediess, boulders et
= Saagage-damaging the foundation

* Vahlcle impact damaging the foundation

*  [Doamaged ot looss oarthgunke regtraints

il W T



3.5.7.4 Bearings-and Selsmic Stopers

* Impropar funetioning
QAT R

N Movarments restricted or gloess " Cormasponding of staal para
- Splitting = Detenaration of bed biock
Y kimplng off puldes

5 Missing rollers

¥ Non-effectiveness of anchor bolts

*  Deterigration of matarsis by procoss ol Dgoing

. L el of ol

¥ Abnormalfattening

# Bulging

b Chsplacamant of pads

*  Misallgnad dack joint

= Shaarmg of hold down bolis

1 Shaking of bed block

x Elnstcimric Bodrings

b imprapar Seating ol Hearings

' Boaring dallectad penmianermthy

. Separatian betwesn Rubber a0d Steed

o Crabris around the Bearing Seat

" Cotour chanpn of Elastomenic Pads
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1.6 NDT testing

1.6 1-Varous MOT test and their referance codes are tabulated as under;
Table 3.4

§1. |Name of the Application Extent of Type of | Reference

No. TestTechnigque and propertios | damage lo | Eguipment |Codes
measured concreto used

surface
1 Pull-out Test tn-situ Minos Hydro- 1. EDIN EN
{Hole drilled & Compressive Mechanical 12389
nser placed in old Strength 2. 1S0/DNS 8046
conorete) 3. ASTM C 900
2 | Penatration In-situ Minar Mechanical | 1. ASTM C BD3
Resistance/Windsor Compressive
Probe Tesl Sirength
3 Reaistivily Probabidiby/Riak Minor Elecirical 1. BS 1881
MeEasuremaniy ol Renforement
Comosion
4 | Hall -Cell Poteniial Rate of Nil Electro- 1. ASTM CB7G
Measurements Reinforcement Chemical |2Z. BS 1881-Par
Caorrosion 201
5 |Uirasonic Pulss Homoganeity and Ml Electronic | 1. 1513311 (Part
Vielocity Cuality 1)

& Acoustic Emission internal cracks, Nl Electronic | 1. ISQYTC 135/
voids & olher SC8
defects

7 |Dynamic Response | Pile inlegrity & it Electro 1. 15 14893

Technique Vioids Mechanical
B Ground Penetrating Location of i Electro- 1. ASTM DG432
Radar Voids, Thickness Magnatic
af Members,
Dataminmtion

B Radiography Location of Ml Eleciro- 1. IS5 2585
Reinforcement, Magnebc
Vioids, Cracks
Grout defects
in Pre-stressed

| cables )

10 | Carbonation Test Depth of Minar Cheamical |1. AFPCAFREM
Carbonation 2. JIS A 1153

3. UNI 9944
4. ASTM CATG
11 | Crack Monitoring of crack Nil Mechanical | 1. Using special
Meazuremam widtn & length Microscopes
& Crack

Gauges
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3.6.2 NOT Test Reaults Analysis
Tng following tabii ghes the capablity of Defect Dataction through diffetant types 0f NDT Tosts:
Tabla 3.5

Sl | Test Name Cracking Corrosion| Woar | Volda Strangth
Mo, and
Abrasion

1 Pull-out Test (Hole (] (] N N (] Good
Drilled & insort placed
in old concrede)

2 Pengtralon Resislancoe/ L] (] N M (] Gt
Windsor probe Tes|

| Rersistivity ] ] Good ] M M
Messuremoants

4 Hall-Cell potenktial ] (] Good [ ] L' N
Measumonnis

_i ! 'Lll'ml‘uh- [etel-t ] = N ] Choarsr] ]
alesity

L i Aooustic Emimakon Tosi G ] M 1] Giood ka

T mﬂmm Bood M L L] Ghod Sod

B | Ground Ponetrating Good Good ™ Faw | Gooo N
1 _

10 _ | Anciograp _Gooa | N M| Fer [Gosg| w |

11 Cmrbanalion Tes) H ~ oo M ] ]

12 | Crack Masaurormant ool ] M M M ]

§ - ] I _Tm'fmlt ™~ ] N ] ] Gaood

14 Enchricopic Test I ] Famir ] Eoo N

15 | Thesmmogimphy Fair Cood Poor F ain Good Fd

16 Patrography L) ] Foor M 4 M

|17 | impact-Echo Fiip . ] M Foir M

18 | SchmidvRebound N NN ~ n ™ Good
FHamurser Tesat

18 | Parmwatsility ] ™ M M T T

20 | Cover Metor b ] ¥ ] M [

b3 | Mn:nm M O L] ] ]

. Content)

T2 Harmmer Rapiisayy ] ] ] L] Fanie N
Chakha

23 | Linoor " A et L LY M
Resistance (LPR) L

2 | Galvans- Static Pudes L] ] [N (] (] M
Hum:r_:l g

3.5.3 Fallowing nan-destructive tests.and special investigation should preferably be carried out at indicstive
intervals specified in the tabie balow as par the sultability and razuirament al any elament of 1ha bridgs.
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Tabia 3.5: Testing Msthodalogy of Structures

‘Iman Bvary 3.

1 Uitra-Pulse Valogity 5 5
Tast SN

2 Aebound Hammaer 4 1 span for evary 3 5
Test / Core test SpAns

1 Half Cafl Potantial 5 1 apan for evary 3 5
Teat EQENG

1 span Tor sy 3

4 Corbonation Depth 3 spana 5

5 Translent BDynoamic a 1 span for gveny 3 5
Responss test SpENS

Lager vibrameter taet _

6 | iamytorspangrester | Vetmidepan | | SPon i RS 0

than 30m) e

However, these tests o specisl Investigation techniques shall also be carriegd out either all or fewtests based
on thisseventy and eriticality of the nature of defect / distress and type of the element ot bridge that is affected
kasad on the findings fram the pariodic inspections.

a7z Date Collection Medhanism
Tha data collaction mechanism shall be followed a8 por PERFORMA meamtioned in IRG: 3P 35-2024.
Table 3. 7: Parforma for aciinm

1 Abutiment
2% BButrimng

23 | Dirtwisll
24 | Weep notmn
25 | Wingwalls
26 AEuTTrant

paitection
works

27 Fier

28 PR B

79 Pt
protocton
Wk

3 Waterway/
Channeal

31 FevarfChatel
faed

B |Pogs



3.2 Caubgie busite

g Fpurs

2.4 Ratiineg vl

a5 T walks

i H+ RiE v Ly

3.7 FlaarChanne
| profoction

4.8 AREOR

3.9 Curtainoist
ol wealls

18 L] Groundirmnh
anphoes

4 Foundations

il Foundation
(raftfopend il
aifwaall)

4.2 Aqaroe

4.3 Fondatmn
privtaction

-] SuiEra oL
e

5.4 Girdorafain
bEamECania
g

LW Cross
bepmetdiaphr
BgrmEs SLapen
ders

&3 Articulann

5.4 DR stah

55 Gty
aliah

LR lainta

L] Appurtenans
ealAuailiary
worhs

G:1 Wearlng
surtace

6.2 Foatpaing

Lo Exparisios
poinia

&4 Pri-sireesing
alamismta
(oo gy
ete.)

6.5 Mcdinn

BB Kierbadaaan|cn
5

a7 Light poats

B2|Pape



.8 Drainage
Eprouts

A3 Fotapntsraltin
Bfguard
slana/cresh
bainigr

6.0 Watarprootin
§ Syatorn

ChE Painting
gysiam

632 LIttt ey

7 Baarings

7.1 Eual'inis

72 Bearing
gRatetaps

A Esrtheuake
TOSLIOEN S

T4 TapPlote

1.5 Boviorn Platy

& Culvars

8.1 Bed

8.2 Apron

B3 Cont aff wall

B4 Type of
Culvart- Fips,
Slab, Bax ate.

TR Parapetirailin
g
ffones/crash
L

AE Slgns fu
imarking

i ) Waaring
CoUran

i Slope
jartdie o

ES Shouldst

.10 Aty oehard

1.8 Prioritization of Binlges for Maintengnoo

E8.) Weightaye of various bridge components
Table 3.8 Relative Waights of Brdge Component dmd their Subcamponents

Sl Brictge component T Priclge sub-component B weight | Overall i
Mo, WWRkghts ) i@ *waights:
Braup
i 2 3 3 5 &
G 1-Approachas: a6 57,7 Adignmernt 6.0 0.68

Bijfage



1 =12 Signages 58 0.1
C-1.5 Embankment/cuthing 128 LTS
1.4 Rallingferash 16,2 0.55
barrlersfguard stones/parape
£1.5 Approach slab 9.7 0,36
£1.6 Approach faini 8.9 0.36
©1.7 Sigha drains 10.3 .31
C1.8 Slope protection 20.1 072
C-2 Substruciure 18.0 C2.1 Abutrment 14.2 285 |
£2.2 Abutman cop 111 2.00
C2.3 Dirt wall B 0.8
C2.4 Weep holes 45 081
CZ.56 Wing walls 74 1.28
[:2.6 Abutment protection 8.0 162
WaoTks
C2.7 Pagr 21.8 3.82
C2.B Pigrcap 13.6 2563
2.8 Plar protection works 125 2.25
C-3 Waterway/channel 5.8 €3.1 Aver/Channel 4.0 0.22
C3.2 Guida bungs 1340 0.rs
CRISpurts Bd 1.24
34 Retaining wall 15.0 087
36 Tow walls 1.6 0,44
C3.6 Fioorfchannel protection 12.0 (.70
3.7 Apran 11.3 0.65
C3,8 Curtain/cut off walls 147 0,86
£3.9 Ground/rock anchors 14.0 081
-4 Foundation 327 C4-1 Foundations 66.0 21.58
(raftiopenipllefuell
.2 Aprisn 13,9 4.55
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Ca. B Foundation protection 20.1 6.57
5 0-5 Superstrioturg 2.7 C8. 16 rdars/Maln baans 350 TR0
G5.2Crnss beam&/disphragms ja.2 30
ChH.3AMIculation 12.7 276
C5.4 Dack glab 5.1 3.28
Cs.5Cantitevar alab 13.2 2.85
C5.E loints 9.8 ¥ S
& o6 4.1 CE,1 Weanng surface 7.9 .32
AprpLrtaranced Auxilia CE.2 Footpath 2.5 (.40
Ty wWorks
©6.3 Expansion joints 174 73
Ch.4 Prestressing elaments 187 77
(anchorages eto.)

C6.5 Median 4.8 020
8.6 Kerbalcormices 4.6 .98
CE.T Light pasts 3.7 15
G658 Drgan Do spouis 7.4 30
C6.9 Parapetirailing/guard 11.9 048

stonesforash barrer
CE 0 Waterproofing systam 7.6 031
£6.11 Painting system 4.3 0,18
CE. 12 LHalities 3-8 A6
7 -7 Beorifgs Ta.0 iC7T1 Bearings a0 .00
C7.2 Bearing soata/caps 25.4 3.50
G aEanthquake 24.68 3.44

restrainteSioppers

8.2 Rangs of volues Tor varlous distress

Table 3.9 Distress Typa and Range of Values Conesponding 1o Condition States of Bridge Components

Ao P g



Al Distross type Rango of values for Condition Statos
M.
Linft | Il (] 1) v
([Excallant] | + {Good] {Fair) {Poar} {Crithcal)

| Erosion o Ml 0-18 17-20 21-30 =30

2 | Abrasion <10 10-20 21-40 41-50 =50

3 Scour  {depthifrom | M Mik <0.25 0:26-0.50 | 0.51-1.0 *1.0
Ground el

4 Vegotation NG | Nl 24<10-25 | 5/26:50 | 10/51-75 * 10475

5 Deformations mr Ml €5 510 11-50 b
{deflection/tit}

B Honeytomiing o Nit <5 515 16-26 *25

7 Celamination T kil 5 5-15 16-25 =h

B Spalling s Mil =5 510 11-20 =5

2] Staining/ scoling’ | % il <10 10-25 26-50 =54
leaching

10 | Rust T Mil <5 510 11-25 575

1 | Crackingiwidth} PR Mit <0.3 0.3-1.0 1.3-2 >50

12 | Exposed L il ch 5-10 11-15 =25
reinforcemeant

13 | Rieduction in omea aof | % Hil <5 5-10 1120 >2
fainforcenmant

14 | Soction loss W =5 5=10 1115 16-25 =15

16 | Efflorescendi il <10 11-25 26-50 =210

16 | Crushing b Mil il 5 &-10 525

17| Rutting Mim ll <10 10-25 26-50 =50

18 | Unévenness 4 il <5 B=15 16-25 >0

19 | Degradatlon  [woar | % Bl =10 10=20 2150 =50
and tear)

20 | Missing slemunts No. il <2 2-5 610 >10

21 | Leanimutulging i il 5 §-15 16-25 »26

242 | Looss joints Mao. hi <2 3-5 6-4 =8 )




23 | Undesired restrainty | No. il Hit 1 23 =3
X4 | Maring boars % Mil =10 10-26 265-50 »50
25 | Inadequate drainage | No, T =2 35 B-8 8
spots
24 | Sitting % il <10 10:26 | 2650 >E0
3.8.3 Distress virlues lor approachas
Table 3.10 Distrass Typas coresponding to Condition States for Appreaches/\Wesaring Course
5l DHstress type Range of values for Condition States
Ho:
Wnit [ fl i I W
(Excallant] | (Good) (Fair (Poor) (Critacal)
1 | Alligazor  (Fatiguel | % Nl 15 G--18 16-30 =30
erocking
2 | Longitudinal Mm il <5 610 11-20 520
3 | Transwersa eracking | Mm Nil <5 =10 11-20 =20
4 | Block cracking: i il 1-5 115 =300 =30
& Reflaction cracking Mm Mil <5 B-10 11-20 »20
6 | Edge oracking Mih Nil 1-5 618 16-30 »30
7| Slippage -] Mil 1-5 6-15 16-34 =30
8 | Bleeding 9% Ml <10 10-20 2150 =50
§ | Senlement/Bumpos! | Mo/ mm | Ml Wels | B30 3-5/31-50 | »5/250
Heave
16 | Pothioies No. il <2 -5 6-8 =f
11| Patehing. % il 0-5 615 16-30 =30 ]
12 | Pumping % Mit <10 10-16 16-25 536 |
13 | Ravelling % Mil <25 25-50 51-76 =75
14 | Rutting Mim il Eh 5415 1625 >0
15 | Shoving/cormugation | Mm Mit =b 5-10 11-25 »>25
16 | RRin guts Mo, 15 &-10 118 16-20 #20
17 | Lane/Shoulder grop | Mm Mil <25 25.50 51-100 =100
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18 | Misging alamanis M. Mil ] G-14 11-15 =1k
18 [ Erosion i <B 515 TE-30 31-50 >B{)
20 | Sliting of Joints % <5 515 16-30 31-50 =50
21 | Damags to drsinage | % <10 10:25 | 26-45 4B-60 >0

companents ke wall | sevarily

B,
22 | "D" Cracking ma ML <5 5-10 11-15 215
23 | Faulting Mm Ml uh 5-10 1136 35
24 | Joint damage W il i T0-30 J1-50 250
25 | Blowup M il = G-25 25-50 250
26 | Scaling i =h 1015 16-30 31-50 >5i
27 | Pap out im2 ML <3 J-H 74 |
28 | Punch out mm Nil £75 75110 111-168 =150
29 | Lane/Shoulder mrm Ml <10 10-30 21-50 550

Separstion
30 | Shatlerad Slab Mo, Ml <3 a A-F 6
31 | Gorner Spalling. mim Nil <25 25-38 35-50 =50
32 | Vegetation M it <25 25-50 &1-76 »>75
33 | Goma Braak T Pl <25 25-35 25-50 *50
34 | Pulished Agprogato % Mit <20 20-45 46-70 =70

3.8 Maintenance Protoeal

Basad on the type of distress and ¢laments of the bridga, which ks identified B8 pan of foutine inspection,
peviodic close inspaction and special inspection, the fepalr and rehabilitation has to be decided and
implarmonted within th time frame as well as specifications furnished specifineg in Tatle 3.5,

Table 3.11: Malntonsnce Criterin for strustures snd Culveits

Demaged Idoys
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iood coadmon bank - damagnzl nof2 -
thir mainy sa@son) |per AC: 5P A0-20149,
remtment 3 oo Bpeons and wasks | e e
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solic Bpran sogan
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PART 4: ROAD SIGNAGE AND FURNITURE MAINTENANCE

4.7 Intraduction
Road fumnitufe plays a erbcal role in ensunng satety, efficlency, and usability of highways Thess essantial
componants, ineluding signoge, guardralts, road markings, lighting, delineators st provide erucial gutdance,
warnings, end protections 1o road users. Proper instaliation, meinténance, and perladic inspections of road
turniture are integral 1o progenving its functlonabity, physlioal strugture and effectvaness. These manual
outiings best practices, standerde, and proceduras for maintaining road furmiture, enauring it remains in
ocpbmal condiiontosupport safe and seamless highway oparalions,
4.2 Pavemant Marking
Read markings piay a erucial role in ensuring the safety and efMckancy ol highway, Thay provide sssential
guidance, delineation and wamings to drivers and pedestrlans; contidiuting to the efficient functioning of the
rogd network. Effective rond markings enhance visibility under vairlous conditions, regulats traffic, and
improve highwey safaly. Thig section focuses on the malntenance praclicss for rond marking. Through
consistant malntananca and precise application, road markings relnforce e teust of rosd users on highway
infrast roctur,
| Harpmolm
Parmimsters to b investigarad:
s Weaar
*  Luminsnce Cosfliciant
»  Ratro-refisctivity [Dey avd Wet)
*  Siid Resistance
I, Mathod of Inspeckicn
Above porameters of Pavement Markngs shall be measured along entire length with randomly selected
sampling hrough sutomatio digital measurement tools or measursd manually shall be supported by GPS
coordinates and video back-up. Performance Based Assasameant shall be carled a5 mentianed below:
= Tomessure the performanca parametars of continusualy marked sections, the project stretoh shall
e dividad into &km sectionsand minimum 20randoem reading imrdomly generated chainages before
survey! sholl be taken combinedly from tha longtudinal mankings (keeping in mind equal readings
froem aach) ond 10 mndoem resdings shmll be tasen combined fiom the amow, chavon and othsr
markings (excluding tranaverse bars). The B0 parcantiles of the values shall be considered to check
the perlarnancs of the rosd marking. (E.g. 1120 test polnts aig taken In o section of 5 km, minimum 16
paints shauld pogs in performance evaluation],
* Most iraffic sections and exclusions mentionad below shall be excluded from this sempling pracess
and method @s mentisned in IRC:35-2015 shall be followed.
« [ the markingis carried out ot intermittent logations, at oach such locations, 10 random points shall
be selected within 5 km and the parameters shall be checked |n every 5 km. All the exclusion pointa
{as par Annaxure — B) sholl bo exclisden from this, The 80 parcantiles of The values shalt be considered
1o check the petformance of the raad marking.
*  Thi wint durability shall be spplicable for all the pavement marking, day and nighttime wsibillty shall
e measured on white paint-and skid résistance shall be measured on zebra crossing, pedestrian
Coossings, bus bay, bus gtop, cycle track, intersection detineation ete.
#  TheLuminance coeHiciant and ratro raflectvity Bhatl be measured af per Annasure B and E of IRG 35-
20 S respaoindly,
*  Any othor gendral performance standard of the rosd mankdng shall bo 88 broadly per Chapter 15 and
16 afIRC:36-2015
Most TralMicked 8 actions & nd axcllsiona:
= Imersections, side roads approaches, Speed breskers, Median openings, Pedestrian Srossings,
Db and fuel stations region having cdunt of commeércial trafflc 6 vehicles per peak hour sroksing
the rosd marking, Transverse Bar Marking.
* Any location whera the road marking was asked 1o bs earried out within 14 daya [inoluding) of
BiUTEn DU Wl
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Wenr

Vsl Aysmsarnent ae

per Annasurg - F ol
IRC:36- 2015 o0 by

Image prooossing |

Phyalgal & Funcionsl poramsabers; Preqoancy
Pavemant rn.lrh!ng shall b visually inspected evary weak and cleaned for dust and debris aspacially st
intersgctions. median oponings, side roag sppoaches, dhaba's, fuel stations, constiuction sites and any
other oritical locations.

P00 ot Ales
FEMBINing

'I'hI.E: Hnirﬂ'numfurPﬂwnm Marking

Cat-7 Deboct-
withir 24 houis
Cat-2 Dpfect -
whibin 2 months

Fo-Painting

Daytima
Wisility

Ae mehtionsed in e

sacimn i

Az per seclion 18.5 of IRG-35-
2015
| During axpected lifs Sardes Time
# Cametit Road - 130med) m2 Ao
= Bituminous Ronad -
T00med/ma A

Cab Defect -
within 24 hours
Cat-2 Defect -
within 2 mariths

Re-Painting

Mightiims
Visibility

Resiztares

As mentioned i tha

aaction [l

Appor Section 156 of

IRE:535-2015

As per section 15.5 of IRC_35-

'SLNo.

i

Al
| (medim’ )
Min
Threshold
upte:
(praterrabie
Zypars) |

q | o

65

i
3

| @5-100
| 2100

8% 8

180 |

2015

nitial and Minimum Parfarmance
for Night Visibilty uncer wst
conditian {Retra reflactrty):
* Inifinl Tdays Relra
refheckivity 100medim® /e
= Mindmum Threshald Level 56
e/

Ity @i
bi-annuaily
hisreafer

Cal-1 Defact -
Within 24 hsrs
Calr2 Dedect =
within 2 months

Re-Fainfing

Initial and Minimum performance
for ki Resistance
“Initial (dsys); S5EPN
M, Threshold, 448PN
*Note: shall be considered under
 wrban/city traffic condiion
encompassing the locations like
pedestrian crossings, bus bay.
[bus stop, eysle frack infersection
dalinaation, ransverse bar
markinga etc.

|nitisity ana
| Be=ariramlly
| thersats

Re-Pairting |

“Cat-1 and Cat-2 sa defined In section 166 of IRC:36-2015
4.3 Rond Signs

i

Rogd signboards are the language that asiablishes aommunication between road

users and road infrastrudtune that conveys Important information to roag users. They
provide clear instrisctions, whrnmm. and guidance to ensure sale and atficient travel
across the ropd network. Proporly designed, nstalied, and mnintained signboards.
enhance driver awarenass, reduce accidents; and fecilitate smooth tralfic Aow. This
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gaction focusas on the maintenance pracrices for road signboards, amphasizing their
role in maaeting regulatory requirements and addressing the evolving needs of modarn
highwayn. Enauding the visibifity, socurscy, and durabilily of mad signboards is
fundamantal to fostening & safe ond relmbie trangportation systam,

I Phirameti g

Porgmeters to beinvestigobod

Il Shape, Posstion ond Visually conspicucus

I} PRetro-ratiectivity

H Mathod of Inpgeation

I The parameters of Sighboards sholl be measursd for each Signboard (Including cvarhead,
toll plaza canopy etc), Massurerens shall be through automastic digital measureman
toola or through Netwark Survey Venicle capabla of inventory Ingpection o1 it measured
manuallyshall be supported by GPS coardinates fnd Video backup. It should also be noted
to identity the colour of the measured signboard Using chromaticity coordinates.

. The retro-reflective surface of signboard sfter cleaning with soap and watar and in dry
canditien shall the minimum cosfficiant of rero-refiection as par IRC:67-2022, This shall
be determined in accordance 0 ASTM D $856-08: Standard Specification for Retroreflective
Sheating for Tralic Gonhtrol,

. Recording format for perodic testing shall be followed as mentioned In Annexure-Vill of
IRC:67-2022

. NHAI s slso conducting independent video survays wharnin Al based analysis of ROW
videos fa done 1o ssess the actual position and naturs of the road signages which is
compared with reguiiremant stipulated in the contract/concession agrecrment as well as
assessment of reguirement by & gualified road safety auditor. All the data i 1ime and geg-
siamped end uploaded on a dadicated GiS Dashbosrd. Similar approsch. should be
raplicated Tor Inapeation of road signages on regulsr intervals.

. Investgstion Barpmatarn & Fraguoncy
Following schedule shall be followad for inspection diring maintananca.
Table 4.53: Maintenance Criteria for Sign Boards

Cieor of dust, Diis |

Clegning and
famly basecly ﬂm‘lyﬂalu femowal  of Within 24 hrs
VR UGG hatruotion
~ Ehape and |
ha |
d Faurs In cosa, of
Prhysical ::;’“:":l:_-’f"'“‘f antatary Signs,
- ondition condtion, In ' i
(Shane. an I nat [TEOMatony Bigns {Singla
Pogillon and | ; mln. with nd Dual post signs), 16
Condition)  Vimual - abserention il A i ¢ e af overtnad
im@aEe- o vidso r " End canopy Sy boalds
apkup al obsened
tsstey In Conditlon
ol Signbaurd,
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hours 0 pasec of

dndatory Sifgna,
Fgtro s o autonRky st
= wary  bwo Replacernent nfarmatony Signs (Singie

refiactivity _ in
gt E ! signhinard Bual post Sighd;

B manth b oceso of
prhesd  antd  Gandmy

—_—— ] E— —— ey ] — m m— 2
~ |Postshall be free of hours In cnss of
L weads, e PGl Slgaa,
Pairn ¢ [nmubibery, mid ole. Repainting o [Cautianary and
o m“ O Vsl obsarvation lBl-annualy sigrboasds  finormaiory Signs (Singls
; aifth i B viteo ansts 70 Dusi past sgnk), 16
SHETTT R Rl LT in case ol oyerasd
I :uncw@humis

Repasting of

amthly  patre-

rivg rﬂﬂmm [#ithin £8hes
vigit) shosts  on

4.4 Tratfic Blinkers and Signala

Bolar blinkers are an innovative and enorgy-eihicient solution designed th enhance road safaty by
providing clear and continuous visual wumlnmmdrhnﬂmaml pedestrians at high-risk locations.
‘Powseted by ranawable solar gnargy, thiy piay 3 critioal role in slering road users to hazards,
guiding traffic in adverse conditions, and improving viasbility at intersections and construction
Fonis, Thig aection provides guldalings on the maintenance practices for salar blinkers, focusing
on thairdurability, sustainability, and cempliance with safety standards.

k. Pacamatere

Parameters 1o be Investigated

I Priyaical Condition: Pesition, Qrisntation snd Visuatly conspleuous

i} Visual Cenditicn: Fiashing rate, dimming.

IH) Funptional Condition: Battary, wiring; solar panel, LEDa

il. Msthod afinspection

{l) Abowve parameters of Traffic Blinkers/Signals shall be measured for each Tiatfic
Blinkers/Signal. Measurements shall be through sutomatic dignal masurament toais of through
Network Survey Vehicle capable of Inventory Inspaction or I measumed manuatly shall be
supported by GPS coordinates and video back-up.

{ily Physical and visual candition of Solar blinker shall be checked wsually every night by
ra:s.p-unnlhin route opefations & mamlengnce teams: r,pnmmhlf during route patrothing
operations) and shall be reportad to relevant mointenance mambers for rectification on the very
nixt day. This activity becomes critical sspetially in low visibility or fogly weather situatians,
Routine chack on tha elactricat componants and solnr panils shall e checked every six months
by qualifiad electrician and malntenance eams, Functional eondition shall include

1. Crack or discolouration of solar pansls

2. Inspact batlerny commpartmant for voltage, charge levels ond corosion
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3. Weathergioofing

]l invgEtigaton Parmmetars & Fréquency
Following schedule shiil be followed for ingpection during maintenance.
Tlhl.l-ﬁ 10: Hljl'ltld'lll'lll E:ritlrl.l!nr En-l.u lllnlur and Sig

. 'P'mmp-n and
Lrigtstation of
Blinkor gl b
dirseted  towards
e Requeed
Eolar panets ghall Duaily b Witins 24 rirs
b anentaied &5 ' |
il initial
instatlation  for
optimal  suntignt
EMpOsUe } |
« Elinksd  shell ba-
| free fiem
Wity 1““"15;“’”““““ i ey e [itnin2a s
nignnged of oither i
HiT LGk es.
# Flashing reto (4

per sac) ;
rvamu o Dimming ¢ hon Disidly E""'I |||ﬂm:’ oy [Pithin 24 s

wnrking ol few of
ol LED=s

Condition

Clsaning free ot dhst, dirt, Monthty  [leaning  Within 7 daye

dseotouration  of
siolar pamils
unchionnl [« nspoct bettery

ongition compartment for |
solar [ woltage,  oharge Blannualty [o90red . bihing daye
470 R = E‘Nﬂﬂnﬁm aay
By carroalon |
* Waatherproofing
of all components
rﬂﬂuﬂgpmh’l
MNote: Fraquancy sfall be improved at lacations with vighar dust degosits ke mining anas, sand
Stormaale
4.5 Highway Lighting
Highway ighting is:a eritical component of raad Infrastrusture, designed 1o enhance visibility and
aafety tor drivers, padestrians, and other rosd users, particutany during nighttime or adverse
weather conditions. Propery planned and-maintaiped highway Lighting reduces the fisk of
accldents and Mool ates smooth traflic How, This seotlon provides guidance on the maintenanoe

87| Faye



of highway lighting systems. By ensuring reiiable and well-maintained lighting, blghway
authorities can fostes sater and more accessibla transporiation natwaorks.
Highway lighting covers straet poles on main camiageway and service roses, High mast light at
junctions, median opanings, toll plazas atc, snd toll plaza canopy lighting,
k Paramaksry
Paramstsrs to ba investigated
N Warking Conditions: mimar failures or non-tunctional |ighting fixtures
i) Physical Condition: Alignmant of fixture, boam angle
iy Hiumisation
W) Othar; Ohstructive slemants (vegetation, encroachment stc), cleaning solar panel, lene
. Hethod of inspastian
Above parameters of Highway Lighting shall be measured for entire length of Highway.
Mansuremants shall ba thrbugh automanc diuhlﬂ n‘lmurﬂmmtmnqs or through Network Survey
Vehicle copable of invartory Inspection of It measured manually shall be supporled by GPS
toordinates and video back-up. Each section of highway lighting shall be measured and section
wise maintenance requinemant ahail o documentsd.
Waorking conditions of highway lighting shall be anecked visusily svery night during routs
patroling operations and ba reported Lo maintenance team for rectilication the very next day
Fréguency of maintenance shall be enhences far regions atfoctad with adverse wenther
conditions like fog, rain, snow ec,
i Investigmion Purametar & Frequansy
Following sehedule shall be tollowed for inspaction during maintenance,

Table -'l-.‘l‘l;Hllm;lmnr.- Criteria for Hig

ll‘htm shati. b

_ tl.éﬂrlt]ng it nkght med
» Mimor falras n non-working lighits.
Tghing aysiom i be reported o Dasity i 24 s
It Enancs dery nist
for reatication
» Major feduess in Rectification |1f'1lli
lighting system Py af fallure nante
w Iﬁﬂﬂl‘.‘l‘i and e -
primEation 1
Tisturies and bogm .
Physical ango shall ba
Condition ehatkad e Morhiy m e 24 brs |
afticieniy ot
Mumination  and
solir charging; o
= Batlsly i -,
Muminetion lavels E““m me
Udmnation | -as it LT Month ; in 7.
Goncession ' ' Lighting TR
sl E
= TErown AT
2 rimming  of
" wgimaion ar ian
? tEEmporary . nd
- :;;2“ EnGIoae e TR FEMEIng R
ottt the Gone any
llumnaton | posrcton |
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‘Bi-arnuaily

i « Dust, debris  an [may o
leaning ‘egler  [anel and raduced Claaning ) o
it lans oy reduie depending on Sdled  pasel, WNIEn 7 days

L the efficlency of anvironmaente lsng

o lighting and weathst

; ooaEitons)

4.6 Vehiele Aestraint System (VRS)

Vehicle restraint systems, commonly refenad 1o o9 safely barriers [rghd, somi-fiexile ang
flexibla barriems), end terminals and crash cushions, are essantisl camponents of highway
Infrastructure designed to enhance road safsty by réducing the severity of accidents. These
systems function to prevent vehicles from leaving the roadway, crossing into oppasing traffic
lanas, or eolliding with roadside hazards, This section outlines the mamtenance practices for
vahicie restiaint systams as these sydtoms play a vital rolein protecting toad users, minimizing
damage; and maintaining the averall salety and efficlency of highway operations.
Dacislon on Repair, Replacement or Upgrade of Vehicle Restrsint System shall be based on risk
asspssrrantand exposure of hazardous.
| Paramaings
Paramatyrs 1o beiovestigated
i1 Aouting Mointananoo

a. Vegetation control, oocasional claaning and painting

b, Reflactons and raflegtive slickers
i} Goilision Maintenance
ifi) Heightof barriers
iv End torrinals and connection botwean self and different barrer sysiems
vl Structural Intagrity of each compongnt of VRS

B POl Dot featenels and secure and nol lose or missing, free of rust.

b, endermingls and anchorage systems are intaot and functioning proparly,

6. Inapect Tor surace cracks and repalr spalling or oxpoesd reinforcement for rigd

barlers

d, ‘Wire fengion on Wire Rope
I, Msthod of Inepsction
Abave parameters of Safety Barmer shail be measured in lneas lengin. Measuremants shill be
thraugh automatic digital meastrement toals or through Netwark Sursey Vehicle capsbie of
irventary Inspection of If messured manually shall e supported by GPS coordinates and video
hack-up.
All VRS alemants must undergo wstisl checks for obvious accidsnt damege during roating safety
inspettiong, Inspsctions shauld ha enrducted on foot where teasible For long stretches of
barriars or sactions on high-spead roadd, vizuol assessmants may ba performed tram & siow-
moving vehicla, provided the sections am cleady visible to Lhe Inspector from within the vehicls.
For VRS installations associated with structuses—such as crash barmlers ot Toll gates, bridge
pigre gl abutments, or bridge parapets—inspections ¢dn be integrated |nio the routing
asaasgmaont of the correaponding slructirs assets
& basho inepection can be done by the hghway patrolling taam if it includes pereonnal who are
proparly talnsd Tor VRS inspaction, VAS installation being nspected must be checkad Tor Visible
accident garmage, Intagrity of connactions and tha condition of sach etement to aea if they are
Sl up 1o spacifications.

. Investganion Porameiam & Fromuenay

Following schadule shall be folliwad for inspection during maintenance.
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