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Road construction work is well documented in Indimough an
extensive library of technical guidelines, manwaald specifications. As
such, the quality standards of road works are dattiled and resulting
in high quality outputs reflecting the functionabjectives of such
guidelines. Road maintenance forms part of theksvaarried out to
provide adequate transport infrastructure. Fromedhnical point of
view, there is no shortage of technical guidanchkawm the works should
be carried out. The challenge seems to be mowgerklto how
maintenance should be organised and when it shoeutdirried out.

The technical aspects of road maintenance are ssiten several good
publications guiding the provision of a functiomafal road network in

India. A number of these documents are referrad tbis Guide. The

intention of this document is however not in anywa replace any of
the literature currently available on this topi¢ ather to complement it
by presenting a series of good practices and mamagearrangements
that have proven effective in terms of providingdly maintenance to
rural roads.

Observations regarding rural road maintenance ipesctin this
document are based on findings from an extensivatgyn analysis
carried out by the ILO in the states participatingthe Rural Roads
Project as well as earlier studies carried oundid and elsewhere. As
such, itincludes lessons learnt and best pradtiogswithin the country
and elsewhere.
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Maintenance practices vary in different parts ef¢buntry. Equally, the
environment and traffic patterns show a high lefeliversity depending
on the location. Finally, it is recognised that trganization of the road
sector and its technical and managerial resour@gsfrom one state to
the other. It is therefore important to acknowkedbat there is no
standard solution to be applied in terms of reaghioptimal
arrangements. Still, there are key issues whighyagverywhere and
which need proper attention in order to secure aakegand timely
maintenance of the rural road network.

It should also be acknowledged that some states Inaanaged to
establish a fairly well functioning maintenancetsys for its rural road
network, while others are still in early developmetages. In some
places, the systems are well established, howeles, to resource
constraints their coverage is incomplete. For th&son, only parts of
this Guide may be of relevance to some readesnras of the issues are
already addressed in some of the states.

As such, it is important to point out that the Gaidhs been prepared with
the knowledge that elaborate road maintenance reamsy systems
have already been introduced in several states dbicument makes no
intention to replace those systems but rather atieno place further
attention to the importance of such managemenhgeraents.

This Guide has been prepared with inputs from ¢elrtical assistance
team of the ILO in close consultation with techhisgaff from the
various road agencies in the participating statethe Rural Roads
Project.
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Introduction

A wide range of government institutions are bui¢diaral roads in India.
The Village Roads (VRs) and Other District RoadsDR3), two
categories of roads referred as Rural Roads, anmatly under the
jurisdiction of the Public Works Departments or &ubevelopment
Departments within the State government administiat There are also
various agricultural marketing boards and similgerecies mandated to
build and maintain rural roads. In addition, then®ayati Raj
Institutions at local government levels are in geaof some portions of
the rural road network.

Since December 2000, the Government of India hasi¢in the PMGSY
embarked on a massive programme to provide conrigdb habitations
through the rural road network across the countfhe programme
aimed to connect all habitations with a populat@inmore than 500
inhabitants with all-weather roads in plains an@ 2bhill states, desert
areas and tribal areas. Rural road connectivitpares a highly
important priority and as a result similar progragsmare on-going in
many states to connect smaller communities.

The year 2013 saw the launch of PMGSY-Il with tHgeotive to
consolidate the existing rural road network andraggtion of existing
rural roads particularly that provide connectivibyrural growth centres
and other critical rural business hubs. Maintenari¢eese roads is to be
planned as area based maintenance contracts.

Considering the impressive results of these progres) it is clear that
this targeted focus on improving the quality ofaluaccess has been
extremely successful. The reasons for its sua@@s$o a large extent be
credited to the effective management put in placentplement this
programme, including key components such as estab{ capable
client organizations, streamlined procurement ptaces, standardised
technical designs, sound monitoring and qualityu@sxe procedures
and a regular and adequate flow of funds from e¢atnthorities down
to project implementation levels. As such, theeastring of lessons
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learnt and practices serving as good examples arttorganise large-
scale infrastructure programmes.

As a result of the PMGSY and other programmesuha road network

has experienced a considerable growth in termis edial length. Also,

these programmes have contributed to a significaptovement of the

quality of the rural road network. Tracks andisrand other local roads
in a very poor shape have been upgraded to allheeatandards with
proper pavements, drainage and river crossings.

This massive improvement of the rural road netwak several benefits,
both in economic and social terms. Communitiear®nger isolated
and can partake in mainstream economic and sattigitees and access
to basic services such as health and educatiompoved as a result of
the improved roads.

The continued extension and improvement of thd raeal network does
however create new and growing challenges in tafren increasing
maintenance burden. In order to sustain the hisnaffithe investments
made in improving village roads, there is a neethdost capacity in
terms of providing adequate maintenance. After thé expected
benefits in terms of social and economic develogmeill only

materialise if the good transport infrastructurensintained over time.

When road networks mature as a result of reachiaglésired coverage
of the rural population, more emphasis needs toplaeed on the
maintenance of already existing infrastructure tassehis implies that a
growing portion of funding and technical and mamegeapacity need
to be allocated to protecting the investments naaaller in building the
road network.

In order to sustain the quality of the all-weathaesds built to service
rural areas, there is a need to mobilise politiegdport for this change
process to take place. Secondly, it involves §icamt changes within
government institutions in charge of the road nekso A growing
portion of total funding needs to be allocated @intenance of existing
roads together with the technical staff requiredattend to road
maintenance.
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This process is already on-going, although at warievels of progress.
In some states, these new challenges are to adatget recognised and
adequate measures are being put in place to adthresmcreasing
maintenance challenge, while in other parts otcthntry, the emphasis
still remains on construction works with too littitention given to
maintenance of existing assets.

There is a need for a clear policy formulation tidg decision makers
on how this change process needs to take placad Palicies should
include key functional requirements that secures dality of the

existing rural road network from deteriorating, tghhew connectivity

and up-gradation works continue. Equally, thera iseed to define
requirements at operational level, ensuring thaarfcial as well as
appropriate management arrangements are secugdento actually

carry out the necessary maintenance. This Guigenpts to describe
the functional requirements at operational levelessary for securing
adequate maintenance of the rural road network.
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1 Rationale for rural road maintenance

1.1 Purpose of maintenance

The basic objective of road maintenance is impiicihe word itself. It
is done to ensure that the road that has beenrootest, or improved, is
to the extent possible kept in its original cordtiti All roads require
maintenance as they are subjected to traffic aaddices of weather.
Even with the highest possible quality of constiargt maintenance is
essential to get optimum service from the roaccstine during its design
life. By applying preventive maintenance, the detation of the road
and its components can be slowed down, thus padsipdhe need for
costly investments in

rehabilitation and | pefinition
securing the planned The Indian Roads Congress defines road
design life. maintenance as “routine work performed to

upkeep pavement, shoulders and other
If not maintained, roads faC|I|t_|es prowd_ed for road users, as nearly as
. possible in their constructed conditions under
rapidly become | normal conditions of traffic and forces of
impassable to motorised nature”. Maintenance is “essential to get
traffic until a point | optimum service from the pavement structure
when they are no longer during its life period.”
trafficable. The pace of
deterioration largely depends on the quality ofiahi construction,
pavement and surface materials, drainage measevets of traffic and
weather conditions. Gravel roads deteriorate marekty than bitumen
surfaced roads and their value can often be asstotenegligible after
five years without maintenance. Bitumen surfaceg naae a marginally
longer life without maintenance but are more expenso rebuild. It
should also be noted that for rural roads whefédria more limited, the
critical maintenance interventions are often relat® maintaining the
drainage system. Contrary to common perceptiors, ntaintenance
priorities on rural roads are often related toazfriageway (and cross-
road) structures and not so much to road surfaces.

Managing Maintenance of Rural Roads in India 7



Maintenance ensures that the road remains senlicéatoughout its
design life. Maintenance is important because it:

v

AN

v

The

reduces the rate of deterioration, thereby safefjugprevious
investments in construction and rehabilitation,

lowers the cost of operating vehicles on the roaghoviding a
smooth running surface,

improves safety of road users,

improves the reliability of the road allowing it temain open for
traffic on a continuous basis and thus contribtidawore reliable
transport services, and

sustains social and economic benefits of improeed access.

first purpose is primarily in the interest diet responsible

government authorities. Road agencies need togirbieir investments
made in improving the road network, thereby maiitej high service
levels for the road users. The last four are @frest to vehicle operators
and the inhabitants of the area serviced by the.roa

Road safety

Road maintenance also has an impact on the safety of road users. Regular
maintenance heightens the reliability for road users through the simple fact
that damages are dealt with at a stage before they become a hazard. Timely
maintenance also includes the upkeep of signage and road markings which
contribute to road safety. Keeping road shoulders clean and free from
potholes allows pedestrians and cyclists to travel safely at a distance from
vehicles. Clearing bushes improves sightlines and allows road users to spot
each other in time. Finally, when roads are more closely monitored through
regular inspections and by staff providing on-going maintenance, damages
such as debris and rock-fall, collapsed culverts, landslides, washouts, etc.,
posing serious traffic hazards, can be detected in time and the required
remedial measures can be provided in a timely fashion.

No matter what technical designs are chosen, allgpfrom major

highways to local roads, require regular and tirmehintenance in order
to secure a reasonable lifetime on the construatieestment. Attempts
to find technical designs that are maintenancedredisillusions and in
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the long run only prove that lack of maintenanaa$eto accelerating
rates of deterioration.

Breaking a vicious circle

Without an organised approach to preserving the road network, it is often
seen that road works agencies are forced into a situation of consistently
dealing with the effects of the lack of maintenance, having to repair and
reconstruct road sections that have failed since timely and adequate
maintenance interventions were not carried out.

For obvious reasons, the first priority is to keep all roads open throughout the
year (accepting that some road sections are not passable during extreme
weather conditions). Without a preventive maintenance system in place, the
efforts to keep roads open very much consists of carrying out repairs after
serious damage has taken place. Such interventions are much more costly
than preventive maintenance. Due to the extent of damages each year, the
remedial works often consume the entire road works budgets, leaving little
resources for preventive measures.

With the damages taking place during the next rainy season, road agencies
are left with no alternative than to use subsequent budgets to once again
repair serious damages to its roads. Although these repairs are necessary,
it is obvious that this way of managing the road network is costly and
ineffective. The only way of breaking this vicious circle is to introduce the
concept of preventive maintenance, thus reducing the extent to which the
roads require major repair works. The cost savings in repair works can then
be brought forward to the next maintenance season and instead utilised for
further preventive activities that may preserve the road assets.

It is important to make a clear distinction betwewaintenance and
repair works. Effective maintenance is clearly tiinked and is carried
out before major damages take place. This invahedisities relating to
supervision and monitoring of the road assets ewele they are still in
good condition. It also requires that road authesitare sufficiently
responsive and capable of taking action when reduiras opposed to
responding with repairs when major damages hawentplkace or road
access has finally been cut off.

Timely and regular maintenance requires securirfficent funding

before repairs and maintenance become an urgenérmahe most
effective maintenance is achieved when an orgdoizé capable and
prepared to carry out appropriate interventionsamtearly stage of

Managing Maintenance of Rural Roads in India 9



deterioration and thus limit the extent of damadgdms implies that the
responsible authority is furnished with the necgssaman and financial
resources to effectively manage all facets of tastenance works.

1.2 Types of maintenance

The effective organization of maintenance is bagsuh the concept of
damage control. With timely interventions basedemular inspections
of the road network, works are planned and cawigdat an early stage
to counter the detrimental effects of traffic aneather.

Maintenance work is classified according to itsitignor frequency as

well as the scale or complexity of activities. Adtlgh emphasis is always
on preventive measures, there will still be damatied cannot be

prevented. Minor repairs are therefore part anmdgbaof the regular

maintenance activities.

Before rectifying a defect, the underlying causthefproblem should be
identified. In many cases therefore the corredistivity alone may not
be enough, the underlying cause must also be wehlt

Routine maintenance

Routine maintenance activities are usually smallesavidely dispersed,
and often performed using
manual labour. The need
for routine maintenance ca
to a large degree be
forecasted.

Routine maintenance
activities are further
defined as eithecyclic or
reactive, although the
distinction between these
terms is not always VeryFig 1.1: Routine maintenance of a culvert
clear.

Managing Maintenance of Rural Roads in India 10



Cyclic activitiesare performed at predetermined intervals throuttieu
year purely as a preventive measure because otsewenknow will
occur (e.g. cleaning drains before and during sedsainfall), and are
scheduled at fixed times during the year.

Reactive activitiesare

Common routine maintenance activities .
performed in response

* Remove debris from roadway and drains

« Clear drains, allowing free passage of water to a triggering condition

« Clear culverts and other water crossings that requires action
» Repair shoulders and side slopes before the problem gets
« Patch potholes, seal cracks and repair edges out of hand (e_g_

blocked culvert, crack

sealing and pothole
patching).

of pavement
e Cut grass and bush
* Maintain road signage

Periodic maintenance

Periodic maintenance is a majogE
overhaul of the road typically carried
out after a period of 5 to 10 years
depending on traffic levels, paveme
type and geographical and weathq
conditions. The work involved i
normally larger and require moreg
equipment and specialist skills. As §
result, this work is considerably morg
costly than routine works. The mosf
common  periodic  maintenancg
activities include renewal of road
surface and major repairs 0
structures. Periodic maintenance i
planned in cycles covering severa
_ye"’_‘rs’ thereby_ descrlblng WhenFig 1.2: Road surface showing a history
individual roads in the network are duef routine maintenance, now due for
for such a treatment. resealing.
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Emergency maintenance

Emergency maintenance responds to occasional,agg&en events such
as landslides, washouts, large trees or debriherrdad and broken
drainage structures. Emergency maintenance caatbgarised into (i)
temporary restoration works, re-opening safe passagthe road, and
(i) permanent restoration, securing the stability the road and
reinstating all its components to its former (dvedter) condition.

Maintenance activities are also categorised basecdhere the works are
located:

Off-carriageway worksconsist of maintaining shoulders and drains,
clearing of CD structures, removal of debris, agitof grass and bushes.
The works also include minor repairs to drainage: @ther structures in
the roadside area, maintenance of road signs aremeat markings,
side slopes and all surface areas within the reserve. Off-carriageway
maintenance is normally a routine activity.

On-Carriageway workeelate to road pavement and surface repairs. This
work mainly consists of maintaining a good runnsogface on the road,
free from any obstructions and damage and witinéeessary camber or
cross-fall to secure proper surface drainage.

1.3 Benefits of maintenance

Rural roads are the last links in transport netwaihkd thus form a critical
link in terms of providing access for people livimg rural areas.

Permanent or seasonal absence of road connectitityas a crucial
factor in terms of denying rural communities acdedsasic services and
economic opportunities.

The social and economic impacts of rural roadsvaett established.
Communities and local governments often attactgh priority to rural
road improvements. Rural roads provide access @eybeople live and

1 Ref: Impact Assessment of Pradhan Mantri Gram Sadak Yojna (PMGSY), Ministry of Rural
Development (Monitoring Division) New Delhi, 2011.
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important facilities such as markets, schools agalth services. Good
access provides the opportunity for improving lilvebds and increased
employment opportunities, thereby contributing be talleviation of

poverty. Although it may be argued that the ligtvieen rural roads and
poverty alleviation is mostly indirect, experierdearly shows that areas

-

.

The result of investing in rural
road construction is improved
access

-

.

The response to improved
access is a gradual increase

in travel
2

-~

.

Social and economic benefits
from road improvements are

~

.

only reached over time

Maintenance sustains good
access and allow for the
expected benefits to materialise

~

.

With continued maintenance
these benefits can be sustained
and grow over time

.

with poor road access are generally
more disadvantaged than areas that are
better served. Investments in rural
roads can therefore be justified from
both a socio-economic and a poverty
reduction point of view. Nevertheless
whatever benefits they provide are
short lived if they are not maintained.

The Millennium Development Goals
(MDGs), set clear targets for a number
of challenges in different sectors,
many of which are closely linked to
infrastructure provision. Access to
markets and other income
opportunities, basic services such as
clean water, proper education and
health services are directly dependent
on establishing proper transport access
to where people live.

In short, sustained provision of local
roads plays an essential part in
improving the livelihoods in rural
areas. Although roads as such are not
identified as a direct MDG target or

indicator, the provision of such infrastructuraiacilitating measure to

achieve many of the MDGs.

Without sustainable dpant

infrastructure, many of these targets will not bet.mAlthough there is a
common understanding of its importance, there @dtensiny challenges
as related to its provision.

Managing Maintenance of Rural Roads in India
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Rural roads have a significant impact on the afjrioel sector. Most
agricultural development schemes include substami@al road
components as part of the measures designed tofaowsng outputs.

Benefits of sustained access

v" Owners of vehicles incur lower operation costs and slower depreciation
of their vehicles,

v" Reduces the cost of operating public transport services,

v' Users of public transport benefit from reduced travel times, lower fares,
higher frequencies, more regularity of services and better comfort,

v' Farmers, entrepreneurs and traders retain access and incur lower

transport costs,

Improves the business environment for farmers and local entrepreneurs,

Rural dwellers get easier access to health services,

Children and youth experience easier access to school, resulting in lower

drop-out rates,

v/ Communities as a whole can maintain social and economic ties to the
outside world,

v' Government agencies achieve better access to local communities in
terms of providina outreach services such as health. education.

AN

Agricultural marketing boards and similar instituts are often involved
in building or financing rural roads. The provision of rural roads in
many predominantly agricultural States are ofteariced through levies
on agricultural products. Again this shows theantgnce of proper road
access to sustain rural economies.

The most commonly applied model for calculating éeenomic rate of
return on rural road investments is based on thenpial cost savings on
transport of farm produce resulting from the roagbiovements. The
importance of adequate roads to transport farm ym®dis often

evidenced by the arrival of wholesale merchantsugpsurplus produce
when new rural roads have been built.

2 The state of Punjab in India produces more than 50 percent of all grains in the country. Taxes
on these goods are used to finance the entire rural road network in the state. The State Agriculture
Marketing Board manages all the distribution centres for farm products and also acts as a technical
agency for rural road construction.
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Rural roads have in recent years received increasedtion, partly due
to a growing recognition to its role in poverty uetion. However it is
not the construction of roads that ensures acossstime. If roads are
not provided with adequate maintenance then tloeess value will be
lost. It is the maintenance applied to roadsphatides sustained access
and contributes to the improvement of livelihoodsd aeconomic
development. Furthermore, sustained access bthlesconfidence
required for people to invest in improved farminggiices and other
business opportunities in the rural ardas.

Increase in rural traffic

The impact of improved road access in rural areas is clearly demonstrated
when proper road connectivity is provided to a community. A common
scenario for an unconnected rural village is that it does not have any road
access at all or at best is connected with a track, open for four-wheel drive
vehicles during the dry season. The result of this dire access situation is that
transport of goods and people is essentially on foot or with animal drawn
carts.

When connected with all-weather roads, it is common to see a significant
increase in traffic to and from the communities. While farming and other
economic activities normally need time to draw the full benefits from the
improved access situation, there is an immediate increase in the number of
trips made by the villagers served by the road.

It is important to note the significance of the rural road connecting these
communities. Often, the only access to these communities and the only
effective mode of transport is provided through a single access road. If this
link is not maintained, there is no alternative means of communication. When
this connection falls into disrepair, it has an enormous social and economic

1.4 Deteriorating rural access

Rural roads are important in order to provide thparstunity to realise
the potentials of agriculture and other economitivities, facilitate

schooling, health services and marketing and gag#fier social and
economic needs. If rural roads are not properlyntamed, access
deteriorates and these activities are negativdgctd. Chart below

3 Ref: Rural Road Maintenance — Sustaining the Benefits of Improved Access, Donnges, Edmonds
and Johannessen, ILO 2007
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shows the relationship between investments in d&adlopment and
socio-economic benefits.

e

with adequate maintenance

Socioeconomic benefits

without adequate

maintenance |

first time access maintaining all-year access road investments

Benefits start emerging when a region receivestiire road access, as
goods, services and facilities become increasiagbessible. This can
bring about substantial economic and social bex)effiening up the area
to markets, health facilities, schools, governmesgrvices, etc.
Communities enjoy the benefits from improved accasd become
increasingly frustrated if the connecting road detates and
improvements in their living standards are compemui

Poorly maintained rural roads incur high transposts, often resulting
in limited profit margins to the farmers. The smeality of road access,
combined with limited storage facilities, causes dieterioration of crop
harvests and discourages farmers to produce ausurpl

After a few years, roads without maintenance bedompassable to year
round traffic. Initially, the deterioration of theads only leads to
increasing transport costs marginally. At some pbiowever, traffic
conditions, traffic composition and traffic patterohange as the road
becomes increasingly non trafficable and the cbstosportation rises
drastically.

It indicates that the initial investments in prdwigl first time access

generate the fastest increase in socio-economiefibgenfollowed by
investments that provide all year access (in dtedionly have seasonal
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access). The smallest increase in socio-econonmefit® results from
further road improvement and upgrading. Maintenawoeks sustain
and compound the benefits generated, while lackahtenance results
in a significant decrease in socio-economic besefier time.

A lack of maintenance alsaq
affects people’s life in social
terms. Once roads become n¢
trafficable, people have limited
access to schools, health centr{:
or other service centres. It als
becomes more difficult for
service providers to reac
communities, schools and healtis
centres. As a result, the level an .
quality of such service
deteriorate. Teachers are abse
more often as schools becong:
more difficult to reach, mobileft
health teams visit areas less oft
and the distribution of medicineg
.deC“neS' These. ne.g.atlve SOCI%Ig 1.3: Lack of maintenance causing
Impacts hav_e significant 10NGnigher vehicle operating costs and

term economic consequences. increasing costs of transport services

Accessibility and transport services are linked amd important
correlation is the one between rural roads and lmaasport services.
Rural people often are too poor to own their owrtarired vehicles and
depend on public transport to gain access to lmestioutside their
communities.

When rural roads deteriorate managing public traridpecomes more
expensive and transport operators eventually detidestop their

business. This translates into declining publiogport services in rural
areas. Transport is a facilitating mechanism an@d assult access to
social and economic goods and services declines.
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Health and education

Numerous studies have identified the connection between quality of health
services and literacy levels in rural communities and the proximity to all-
weather roads. With poor roads travel time obviously increases to health
centres and schools. When the travel becomes too arduous, many people
choose not to use such facilities.

Poor access also has a significant impact on the quality of schools and health
services. It is a common feature that schools and health clinics located in
areas with poor access are badly equipped as compared with similar facilities
in central locations. The reasons are very simple. Firstly, with poor access, it
becomes more difficult to maintain and re-supply these facilities. More critical
is the fact that qualified teachers and health workers are often reluctant to
live and work in such areas with limited or poor access.

1.5 Attitude and perception

Maintenance, in particular for rural roads, hasaglevbeen the poor
relation of the road sector. It is often viewediraportant only by its
absence, when roads deteriorate to the point tet are no longer
serving their intended purpose. Road maintenanck imnparticular
routine works often consists of small inputs dispdracross the road
network and therefore goes unseen to the gendshtpT he importance
and effects of such efforts are generally not apated unless significant
damages start developing in the road surface.

For this reason, the general public and their etecepresentatives do
not fully appreciate the importance of providingyukar and up-front
maintenance unless they are properly briefed andensavare of the
challenges. Limited tenure of the elected repitasies in office may
also sway their interest in the direction of usimgilable budgets for
more visible improvements in the form of rehabilda works where
roads are admittedly in a bad shape and therebwisgoto their
electorate that they are bringing significant newges. Preserving the
part of the network already in good shape has ramgur and
maintaining the status quo can be perceived adaiog enough.

Similar trends are also found in various rural depment programmes.
Such programmes commonly emphasise the construcifomew
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infrastructure while giving limited attention to meenance works. Very
few rural development programmes include a sourategly for how
assets being created will be maintained in theréutu

Officials or Engineers in the technical units (R@agkncies) also have a
tendency to favour new construction rather thagiptaimportance on
maintenance. This may not be their fault. If manatgce policies are not
clearly defined and supported by sound asset mamageprinciples,
available funds tend to be used to repair or reitatei roads that have
deteriorated and at times reached the stage tlegt dhe in effect
unmaintainable. When roads fall into serious digmepoad agencies
tend to receive more attention and pressure todeten.

The absence of a sound road management systerngecessarily due
to limited budgets, but can also be a result ofl@mmate institutional

Systematic approach

The maintenance of road pavements has never been viewed as a serious
issue, till recently, by the concerned and has always been side lined. The ill
effects and loss to economy by poorly maintained roads are quite
pronounced. The construction of new roads has always got preference over
the maintenance of existing roads. It is high time that the maintenance
aspects, such as, objective assessment of actual requirements, use of new
techniques, proper fund allocations and effective implementation are well
addressed. Though, guidelines are available on condition based
maintenance, selection of appropriate technologies, quality control,
strengthening of weak pavements, etc., these are not being followed in good
spirit. Hence, there is a need for a systematic approach in implementing a
planned and an adequate maintenance strategy.

Guidelines for Maintenance Management of Primary, Secondary and Urban Roads, Ministry
of Road Transport and Highways, Indian Roads Congress, 2004

capacity.  Often, the capacity to effectively plamd manage
maintenance work is limited. In the first placestls manifested through
the lack of information on the state of the netw@#&ndition inventories
are notable by their absence. In default of thisrimation, it is difficult

for those responsible to present reasonable argsreispend some of
the available budgets on preventive maintenancehencore road
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network instead of allocating most of the fundsr¢oonstruction and
major repair works.

Having a reliable monitoring system that providpgadate information

on the condition of the network allows road agemeied political bodies

to plan maintenance works in a manner which pretihet existing assets
from further deterioration and thereby increasimg quality of the road

network over time. It is only on this basis thdsipossible to argue for
(i) sufficient budgets and (ii) obtaining the nexay political support for

making the right maintenance priorities.

Road agency units may also be under pressure todspeailable
maintenance budgets within defined time framegioBie maintenance
and reconstruction works are more comprehensivepaced to routine
maintenance, involving considerably larger congaétreventive routine
maintenance is management intensive as it neaxs/&r the entire road
network on an annual basis. In terms of ensurimgt &available
maintenance budgets are spent before the end fihtneial year, it is
easier for technical agencies with staff shortaigetet contracts for
periodic maintenance and reconstruction works aswviblves fewer
contracts to supervise. Such interventions are misre visible than
carrying out preventive maintenance on roadsisttjood condition.

The general public are of course pleased that raa&dgrovided for them.
They will generally not complain about the lack m&intenance but
rather about the lack of traffic ability. Road useiill usually not voice
their concerns before the road deteriorates tagesthere it causes
excessive wear and tear on vehicles and eventiedomes non
trafficable. They may understand that the roaddedsriorated because
of lack of maintenance, however the negative imphaccelerated road
deterioration due to lack of preventive maintenansenot fully
appreciated. Thus, even though they have the plitysitf bringing
complaints to local authorities, they would notalfupoint to the lack
of regular preventive maintenance.

The rationale behind any on-going maintenance progre and the

underlying priorities are based on a combinatioeeMeral factors often
including the issues mentioned above.
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2 Current setting

2.1 The rural road network

India has one of the largest road networks in thedestimated at a total
length of more than 4.8 million kilometrésThis includes all categories
of roads as also those in urban areas and thos&ected under various
employment programmes.

The total length of rural roads is estimated atghdy 3.25 million
kilometres. According to a broad assessment madbebMORD, the
replacement value of rural roads is Rs. 4860 hillibhese are huge
assets and justify the application of sound assetagement principles
to sustain such services.

The poor condition of rural roads also results im iacrease in
unproductive time spent on the transport of peaplbgoods. Moreover
the benefits created through the investments iassctnprovements for
the rural population are being lost.

Fig 2.1: Local road providing essential access

4 Source: Basic Road Statistics of India 2011-12, Ministry of Road Transport and Highways, New
Delhi, December 2013
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This network includes trails, tracks and earth soawilt by various rural
development programmes and the local authoritless not known to

what extent these roads are properly engineeredstes however, they
play an important role in providing access to r@@nmunities. While

the PMGSY and other rural road programmes provisess to larger
habitations, these unpaved roads provide accessatler communities.
Maintaining these roads is also part of the maenter challenge in the
country.

Classification of roads

The ownership and responsibility for the public road network is defined by
national and state level legislation with regulations and directives derived
from this legal framework. The road network is divided into national highways,
state highways, major district roads, other district roads and village roads.
Rural roads comprise the other district roads and village roads.

In addition, there are urban roads and streets, roads in national parks and
forest reserves, border roads, project roads, etc. What is important to note is
that the classification primarily relates to their function and to who is in charge
of these roads - and not necessarily the technical standards applied.

The rural road network provides the basic access for the rural population to
economic and social services (i.e. markets, health, schools and information).
The responsibility for rural roads is vested with both the state authorities and
the local government (Panchayati Raj Institutions). In some states, there are
several agencies at state level involved in rural road works. The Central
Government has been providing financial support in construction of rural
roads for providing new connectivity and upgradation of existing roads under
the PMGSY and PMGSYII.

The poor condition of the rural roads from pastaiudevelopment
programmes and lack of maintenance is clearly mgised by the
government. The launch of the PMGSY was for th&t fime a major
rural development programme focussed directly emtinal connectivity
issue keeping rural roads of uniform standard estity deliverable. As
a first attempt to deal with the maintenance isguetroduced a 5-year
routine maintenance built into the constructiontcacts.
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Past rural road works

Rural roads have been built under various rural development programmes.
Serious efforts through these programmes also could not provide all-weather
connectivity to more than half of the villages in the country. On the other
hand, many roads which have been built could not be sustained. Careful
examination of these has revealed that most efforts have not been effective
due to the fact that in those programmes, the roads were not understood to
be engineering structures. These non-engineered structures without backup
systems and facilities to sustain them with engineering inputs for repair and
maintenance have disappeared in no time. Many of the technical aspects of
road building were never given due importance in rural roads; e.g. adequate
compaction of sub-grade, drainage, required cross drainage and a host of
others. There must not be any inhibitions about the technical details that are
required to be understood for rural roads; these are required to be adopted
necessarily. But none of these are impossible to adopt for local agencies and
authorities by any means. Moreover there are plenty of appropriate
technologies for rural road construction and maintenance using locally
available materials as well as local agricultural implements.

From the Rural Roads Manual, Indian Roads Congress 2012

At the time of launch of the PMGSY in 2000, thereravaround 347,000
habitations without an all-weather road connectidhe intention of the
PMGSY is to provide all habitations with a popubatiof more than 500
with all-weather rural road connectivity. In thase of hills, deserts and
tribal areas, the threshold is relaxed and covkkimmmunities with a
population of 250 inhabitants.

As of August 2014, the value of works sanctione®Rss 1835 billion

covering both new construction and upgrading, béngfa total of

145,000 habitations through upgrading 198,000 kexddting roads and
constructing 360,000 km providing new connectivity.

The PMGSY programme started construction activiibseut thirteen
years ago. There are more than 100,000 km thatfirasked the 5-year
maintenance contracts and the first roads are noev fdr periodic
maintenance. In the years to come, more qualigl roads will need to
be adopted into a well-managed maintenance systemder to protect
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these investments and thereby sustain the bepéfhgs new generation
of rural roads.

The Government is becoming increasingly concernédtive long-term
maintenance of these assets. The Thirteenth Fin&uaramission
provided targeted central grant
funds (Rs. 199,300 million
over a period of four financial
years 2011-15) to suppori
state agencies in the provisio
of routine maintenance forf
state roads including PMGSY .§

But allocations of resourcesf
and functions within the states
down to local governments arg
still  evolving and often
inconsistent with institutional
capacities at the local level
To effectively utilise these
funds, there is a requiremen
for an overarching strategy fo
delivery of maintenance
activities and to more closely

monitor the use of fundsrig2.2: Lack of preventive maintenance
allocated. resulting in road surface deterioration

2.2 The maintenance challenge

The maintenance of rural roads is becoming an asing challenge as a
result of the rapid growth of the network. Furthere, some states
experience a rapid growth in traffic volumes onitiheral roads, which
in turn warrants more frequent maintenance inpttese developments
need a structured approach to road maintenancedar to secure that
the necessary inputs are provided on a timely agdlar basis, thereby
protecting the investments made to extend connsciivto the rural
areas.
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Unfortunately, only a small portion of the ruraltbnetwork receives
regular maintenance. Sound management systembbanestablished
for the portion of
rural roads falling | Maintenance of PMGSY roads

ynder_ . the A PMGSY audit of maintenance activities
jurisdiction of | estimated that only 30 percent of maintenance
some state road| requirements are met for the network as a whole
agencies. Even| and even under the five-year maintenance

e . contracts surveys reveal that only 25 percent of
Wlthlr_] th|§ Cquter’ roads are fully maintained with 30 percent not
f[he situation IS Not | receiving maintenance at all.

ideal, as these rural

roads need to

compete for maintenance funding with the state ways and major
district roads. This picture is further compoundéigdhe fact that many
state road agencies are yet to establish soundgmaneent practices for
their networks.

Fig 2.3: Reaping the benefits of improved access provided through the PMGSY

Maintenance of the remaining rural road network egtremely
unsatisfactory. Many roads built by various ruragévelopment
programmes do not have an institutional home. Rdadlt by or in
collaboration with the Panchayati Raj Instituti@tuld be maintained
by these authorities. While in some states, PRés saipported with
technical departments and state funds, other P&dd to be similarly
supported with the necessary technical and finaresaurces. NRRDA
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Fig 2.4: Rural road deteriorated to the extent that full rehabilitation is required.

has taken the lead in imparting training to techhataff of PRIs and
Rural Engineering Departments.

The challenge of maintaining the rural road netwsnecognized by the
government. The 1Finance Commission considered the issue of
maintenance of state roads and bridges by the gdatrnments. In its
Committee Report, it statedit is far more important to ensure that
assets already created are maintained and yieldises as originally
envisaged than to go on undertaking commitmentifeating more
assets. We notice that maintenance of roads aidgjés has not been
given adequate importance by the states. We dnerefore,
recommending additional grants separately for memaince of roads
and bridges, and maintenance of buildings.”

Similar central grants were recommended by thé" Enance
Commission. To quote from its RepoA& proper road infrastructure is
vital, not only for economic development but atsobfetter delivery of
services such as education and health. There teage to show that
road networks lead to, among other things, imprdeedher attendance,
quicker medical attendance and a greater numberingfitutional
deliveries. We hope that the enhanced provisiofimgmaintenance,
including the focus on the newly created PMGSY sdedp in sustaining
road connectivity.
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The maintenance challenge is however not only aemat securing

adequate funding. Sound asset management priscied to be
introduced as an integral part of rural road pescand maintenance
programmes thereby protecting investments alreaayenmn improving

rural roads. Ensuring that available budgets élisad in an effective

manner essentially implies that work programmespadopreventive

approach to rural road maintenance. This reqamastimate knowledge
of the road network, obtained
through regular inspection ang
monitoring. On this basis, it i
possible to prepare
comprehensive maintenanc
programmes that ensure th
the network does nof
deteriorate over time. A
structured approach td
planning is a key componen
of any effective maintenancd —
management system. Fig 2.5: Recording the condition of a road

The planning process needs to be followed up l®ceife arrangements
for implementing the works. Although the technglognd work

activities are not much different from constructimorks, rural road
maintenance works is spread over a large geograparea requiring
continuous and concurrent inputs at numerous lacsti This places
specific management and supervision demands agtcies in charge

Road maintenance management systems, RMMS

Some states have made good efforts in establishing sound maintenance
management systems, some of which are fully computerised. There is no
lack of competence to operate such systems. In many places however, the
challenge seems to be in sustaining the commitment to operating a
programme based on a systematic approach to maintenance based on sound
asset management principles. In this context, experience clearly show that
sound management procedures are not dependent on technology but on the
political will and discipline in the relevant agencies to pursue a maintenance
approach that give priority to protecting existing road assets.
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of the works. It also
implies that works need to
be organised in a different
manner as compared wit
road construction
activities.

From the above, it is clear
that there are challenged
both in terms of funding |
as
development. These

well as capacity

sentiments are also

reflected in the

Fig 2.6: Regular inspections form the basis for
effective maintenance management

government policy
document “Rural Road Development Plan: Vision 2025'This
document summarises some of these challengesi@asdol

There is multiplicity of agencies handling the warkrural roads.
Except for PWDs and some rural engineering orgaioizs,
practically no funds for rural road maintenanceal@cated. There
is no clear ownership of rural roads being builtept under the
PMGSY where five-year routine maintenance is ertstineough
state governments formally allocating funds for pluepose. A few
states have taken initiative recently in settinglagicated funds for
roads. Uttar Pradesh and Karnataka have road fung for
maintenance. Some other states have set up road fon both
development and maintenance. As a result, budgsmants for
maintenance are now showing an upward trend. Ruetts still a
wide gap between availability of funds and thosgineed for proper
maintenance.

There is virtual absence of an institutionalisestey of inventory
and condition survey and planning and managemeitgsyfor rural
roads, which can identify and prioritise mainteraimterventions
for the core network.
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The PRIs are not raising any funds for maintenaAttbough they

are expected to be ultimately made responsiblerfaintenance,
they are not being provided with funds for mainteseaby the state.
Moreover, except in a few states, they do not rawe technical

support to undertake such activities.

About 80 percent of rural roads are in poor coaoditdue to a
combination of several factors, lack of funds awdrpquality of
construction. The culture of quality constructidnroral roads is
now improving with the PMGSY setting up three t@ntrol in this
direction. Attention to drainage and compactionarious layers of
embankment and pavement will also help in reducthg

maintenance burden.

Vision 2025

The challenge before us is both expansion of the network to provide road
links to unconnected habitations and at the same time maintenance of
the existing vast rural road network built at huge cost to the economy
over the past over fifty years. A balance between road building and road
maintenance has to be achieved. Timely upkeep and maintenance would
help in availability of roads for passage of traffic continuously particularly
in monsoon, reduce time of travel besides reducing rate of deterioration
and adding to safety of road users.

For sustainable maintenance of the road assets, strong political will
backed with administrative and technical support is required. There is
evidence of increasing awareness and commitment to maintenance by
the States in the recent years. The tempo needs to be built up and
continued.

Among several issues to be addressed for ensurigtenance of rural
roads on a sustainable basis, the most criticattified in the Vision
2025 document are:

Government policy:A firm policy and commitment of the
government in the states to maintain the rural sdadserviceable
levels all the year round. Preservation of existiogd assets has
become a matter of critical importance. The staigegiments
would need to provide full funds under non-planrf@intenance as
per recommendations of the Finance Commission fimeto time.
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» Dedicated fundsA dependable and adequate flow of funds on
continuous basis to enable the road agenciesdotiftly plan and
implement their maintenance programmes.

* Maintenance backlogzinding ways and means of phased removal
of the backlog of periodic maintenance and bringimg roads to
maintainable situation.

» Linkage to initial constructionEnsuring proper design and quality
construction in the first instance as this woulduee the
maintenance burden subsequently.

* Maintenance management systenimproving maintenance
planning and accountability through creation of drazgisters,
setting up database and simplified maintenance geament
systems so as to optimize use of allocated funds ioritize
maintenance interventions, with first charge on twre road
network.

» Institutional reforms: Strengthening institutional arrangements
through productivity improvement of gang labourghtening
supervision and monitoring and auditing arrangesyamining of
personnel to improve local skills.

e Contract maintenancéntroducing innovative ways of execution of
maintenance works such as encouraging creation igfom
enterprises and labour cooperatives.

e Panchayati Raj Institution8Building up the capacity and capability
of Panchayati Raj Institutions to undertake thentesiance of rural
roads. Providing technical support to these intibits.

* Modernization: Modernisation of maintenance operations,
introducing low cost equipment for pothole repagrsding and use
of modern materials.

» Experience sharingRegular awareness programmes of what works
and what does not work. Documentation of successfategies and
dissemination through publications, workshopsateshational and
international levels.
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3 Financing rural road maintenance

3.1 The challenge

The challenge of mobilising sufficient resources rimad maintenance
has been on-going since modern road works techypolag developed.
Already in the 19 century it was acknowledged that effective
maintenance required skilled organizations and #usquate funding
was allocated to pay for such services. Until thewernments had to a
large extent relied on various forms of obligatagntributions from
landowners as a means of securing a minimum ofterzamce.

Finance, or the lack of it, has traditionally béte®m main excuse or reason
for roads not being maintained. Lack of funds éstainly a major
obstacle in many places. However, recent studiesvsthat the
ineffective use of available funds can also be pnwontributor to the
deterioration of the road network. Rather thaningjvpreventive
maintenance its due recognition and prioritisinghding to the
maintenance of roads still in good condition, tlemdl is often to spend
available funds on repairing roads which have beftrunattended too
long and which has deteriorated into a poor comditt at which time
maintenance becomes very expensive.

From an asset management point of view, such desidead to an
ineffective use of available resources. Road cooson is considerably
more costly than maintenance works. Providing teaiance at the time
when defects are still limited is a much more dffecway of using
scarce resources. This implies that before embgudm a programme of
extending or upgrading the network it would be ¢adjito first ensure
that existing roads are kept in a good condition.

The challenge is however not as easy as it souNdswvorks consist of
roads, some of which are in good or fair conditwinile others have
deteriorated to the extent that they are not péssébthis scenario, there
IS a strong pressure to give priority to the ratds have fallen into total
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disrepair, leaving the roads in good or fair caondito be attended at a
later stage. The problem with this approach iodaohately that this
process has a tendency to repeat itself duringptteving construction
seasons, again leaving good or fair roads withawyt attention and
exhausting available budgets on costly reconstrnatiorks. Over time,
this leads to a heavy maintenance backlog and te mied more roads
requiring emergency reconstruction.

Addressing all demands

The costs of maintaining rural roads are well known. Equally, it is evident
that there are no short cuts past the funding issue. The cost of maintaining a
rural road network is directly proportional to its size. With a chronic shortage
of funds, it is often suggested that the size of the road network needs to be
limited. Since rural roads constitute the vast majority of roads in a given
network, it may be argued that the number and extent of the rural roads
should be limited.

With the continued demand for access in rural areas, authorities are therefore
left with the tough choice of either providing new road connections (which
eventually fall apart) or maintaining already existing roads. In many places,
all-year rural road access is still only provided to a limited portion of the rural
population. Unless sufficient funds are mobilised for a sustainable expansion
of the network in which there is enough resources for both new development
(and reconstruction) and maintenance, the practice of diverting maintenance
funds to construction activities will continue.

The challenge for managers is to break this vicidude and instead
introduce a more preventive approach to maintaitiegretwork. While
there is always a need for some emergency workis, ¢rucial that
adequate budgets are also set aside for prevembiks on the roads that
remain in a good or fair condition. Considering farge backlog of
maintenance in many places, this may appear agrdidg task. Still, it
is the only feasible approach to halting a gradiedé¢rioration of a road
network.
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3.2 Funding confidence

Roads are resource-intensive to maintain compared other

infrastructure such as water supply and buildin@dten, it has a poor
record of transparency and its financing can appsaa seemingly
bottomless pit. Despite the resources allocatethaintenance, roads
seem to fall apart while the road agencies contaskeng for more funds.
As opposed to construction works, the budgets atltmtto maintenance
do not create any new assets - it only preservest vghalready in
existence.

Giving maintenance its due attention

The maintenance of road pavements has never been viewed as a serious
issue, till recently, by the concerned and has always been side-lined. The ill
effects and loss to economy by poorly maintained roads are quite
pronounced. The construction of new roads has always got preference over
the maintenance of existing roads. It is high time that the maintenance
aspects, such as, objective assessment of actual requirements, use of new
techniques, proper fund allocations and effective implementation are well
addressed. Though, guidelines are available on condition based
maintenance, selection of appropriate technologies, quality control,
strengthening of weak pavements, etc., these are not being followed in good
spirit. Hence there is a need for a systematic approach in implementing a
planned and an adequate maintenance strategy.

Guidelines for Maintenance Management of Primary, Secondary and Urban Roads, Ministry
of Transport and Highways, Indian Roads Congress, 2004

It is therefore understandable that funding autlesi have some
reservations against allocating money to this @gtirhe combination
of institutionally weak recipient organizations aathck of reporting on
the use of maintenance funds may further erodeidemte among the
decision makers who are requested to allocate féordthis purpose.
Also, due to the lack of institutional capacity $ome organizations
charged with rural road maintenance, there may bg/ Vimited
documentation supporting the need for increased nte@ance
allocations.

Very few maintenance programmes have good reposystems that
actually detail the specific needs for maintenaimceerms of specific
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activities at identified locations along the rodiyrament. In many
places, there are no up-to-date inventories ofdhd networks. Equally,
for the budgets made available, there is seldomrapgrting on how
road damages have been rectified and how funds sperd.

The issue of funding confidence is also a concerthfe road agencies.
In the absence of up to date road condition invieegp budgeting for
maintenance is not based on the real maintenarqpgreenents but
instead based on previous years budgets and assass® of what
increases can be expected in the forthcoming arbugget. Most road
agencies are able to provide reasonable estimhathe pequired budget
however, since the budget allocations providedsagrificantly lower
than the requirements there is a tendency to ldkaeerdemands when
preparing annual work plans.

Where budgets have been allocated, they are sopetiot utilised for

the maintenance of those roads but on improvingratiads. In addition,
the implementing units do not always use the atktdunds as per
priority of maintenance required. As such, it difficult to understand

that finance ministries and treasuries have cergservations against
putting money into road maintenance. It is, howgpessible to carry
out this work in a transparent and well-documemadner. With proper
road condition inventories, it is possible to dragvcomprehensive and
detailed work programmes clearly defining the wadtivities against

which budgets are allocated. During works impletaton, it is possible

to specify contracts to sufficient level of detailearly documenting
where and what work should be carried out. Withnsbinspection

procedures and payment based on performed outetrogress of
work can be properly verified and expenditure edatio specific work

outputs. Without this, it is difficult to instil #h necessary funding
confidence within the relevant financing authostie

Structured programming and supervision arrangemedatshowever,
require a professional organization in which sucdlecedures are
institutionalised. It needs a team of competeatff stith the relevant
technical, financial and administrative skills ahd logistical means to
supervise the works, thereby achieving the levetrahsparency and
good governance which is today expected by fundioghorities.
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Without this capacity within the executing agenciesleasing the
required funds for maintenance runs the risk of @yomot being spent
on its intended purpose.

3.3 Funding sources

The traditional approach to funding the cost ofding and maintaining

roads is through the revenue base coming out otthdar tax collection

system of the government. Realising that roadseapensive to build

and maintain, most countries have introduced vehicknsing fees and
fuel taxes to increase revenue. Still, such fupdiechanisms are often
insufficient to cover the full needs of the roadtee Secondly, the

revenue collected through this taxation systensis ased to cover other
government expenses outside the road sector.

Funding for road maintenance can be generateddnreamiety of sources.
In most cases, the funding for maintaining highwagd local roads is
provided through subventions from state or fedgmlernment, using
revenue from the regular taxation system. Theatahd raise sufficient
taxes and revenue at local level is limited andecognition of this,
central governments are in most places the maaméier of local roads.

Road maintenance is normally financed through tleegment
recurrent or non-plan budget, which is the mainrg®wf funding the
operation of public services. Unfortunately, exgece shows that
budget allocations for road maintenance are ofteafficient. For this
reason, various arrangements have been deviseaéelo additional
revenue that is specifically earmarked for therfiag of road works.

To address funding shortages there are some dlternfinancing
sources that can be utilised, such as vehicle dingnfees, cess on
agricultural produce and earmarked taxes on fugbme states have
established arrangements in which specific taxmegds collected in
dedicated road funds, thereby providing additidnabing to maintain
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roads. Equally, the union government has estadishfund used for
financing road works activities.

In recent years, public private partnerships haeeolme popular
arrangements for financing maintenance and operatianajor roads
and highways. These schemes predominantly utiliser toll fees
collected directly from the traffic. The publiciyate partnerships
models and toll financing applied on high-volumads are not effective
on rural roads because of low volumes of traffic.

Sourcing money for rural road maintenance is mbadlenging due to
the specific nature of rural roads. Rural roademonly constitute some
70 to 80 percent of the total length of the pulbbed network. The
maintenance of such an extensive network of infuaire assets creates
a significant financial challenge in itself. Altlgh rural roads have
moderate levels of traffic, and therefore less veeartear, they still need
regular maintenance to prolong their life and condid availability of
access.

Local revenue collection

Rural roads form an important part of the sociatdgs provided to

scarcely populated areas in a similar fashion adthhend education
services. In order to provide such services talrareas, it is therefore
generally recognised that there is a need for eatdmancing to fund

both construction and maintenance of rural road/oes.

Still, it is argued at times that whilst financglpport is provided for the
construction of roads in rural areas, it is thepoesibility of local
authorities to maintain such assets once they haesm built. Such
arguments are fraught with a lack of recognitiortha realities on the
ground. In many rural areas there is simply neféicient revenue base
for the funding of road maintenance. Although rozantenance is less
costly than construction works, it still requiragrsficant budgets, at
levels often beyond the means of local communities.

5 The Central Road Fund established by the Union Government is financed from levies on petrol
and diesel, utilised for funding amongst others highway maintenance and rural road construction.
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Fig 3.1: Rural road providing valuable local access

Tax on agriculture

The main economic beneficiary of rural roads isfdrening sector. In
several states, arrangements have been put in fate the sale of
agricultural products, specifically to finance tlevelopment and upkeep
of rural roads and provision of markets, cold stes etc.

In rich farming areas, the provision of rural roaslsecognised by its
users as an important support service for the tffedransport of
produce to local markets centres. It is thenipess obtain the support
of the farmers to finance rural road maintenanceuth levies on
agricultural products. As a result, agriculturahrireting boards and
similar institutions are involved in building omfincing rural roads.
Such arrangements are feasible in areas with atwefarming sector
with a significant surplus of agricultural produdearmers and plantation
owners are then prepared to invest in improved ezadss as it enables
them to fetch better prices for their produce aa&lex access inputs such

6 Since the 1970s, the states of Punjab and Haryana have financed rural road construction and
maintenance works from taxes on agricultural goods. The state agriculture marketing boards or
Mandi Parishads manage the distribution centres for farm products and also act as the main
technical agency for rural road works. Similar arrangements are found in Uttar Pradesh and
Madhya Pradesh.
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as equipment, fertilisers and extension servidasareas with limited
agricultural yields, the upkeep of rural roads rsetedbe financed from
other sources.

Tax on mining operations

There is a significant amount of rural roads thaters to heavy
commercial vehicles engaged in transporting mdseffiam mining
areas and stone quarries. This type of traffiseaw heavy wear on the
local road network. Systems have been introducedvhich the
government have imposed a levy on the mineralketruicks involved
to finance the maintenance of local roads. Sinasifeangements are also
worthwhile considering on rural roads into forestaes and used for the
transport of timber.

Road funds

Road funds are based on the argument that roas siseuld pay for the
services provided in the form of a well-maintaimedd network. Whilst
the actual organization of the road funds may virg,basic principles
apply to all. A specific levy is applied on fueldis used to finance road
works! The money is placed in a dedicated account amiréstered by
an independent body with representation from rosets) government
and private sector. Several states have alredallishied such a funding

Fig 3.2: Providing essential access to farming areas in Punjab

7 The major source of fund for development of rural roads is now the Central Road Fund. Currently,
out of the total cess of Rs.2.0 per litre on petrol and diesel, a component constituting 75 paise per
litre on diesel is earmarked for development of rural roads.
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mechanism and more states have recently takemitisive of setting
up similar funds for roads. Some states, such t&ar Pradesh and
Karnataka have road funds dedicated for maintenamige Other states
have set up funds for both road construction andter@ance.

The challenge with these funds is to protect theamfother use by the
government. Secondly, it is important to estabbsmechanism that
ensures that a minimum portion of the proceedfiasated to the rural
road network.

Several states collect taxes on fuel and agrialltproduce that are
earmarked for the upkeep of their road networkshesg sources of
funding constitute valuable contributions to theaficing of road works.
With an increasing road network and also risingfiravolumes,
budgetary needs are growing for financing road teasnce. As part of
the strategic planning for the road sector, ithisréfore important to
continuously assess how these revenue sourcesbctatto the overall
funding needs for maintenance and the growing ehg#s in this
respect. Experience show that the levels of tkepses are fixed at the
time when they were introduced but have not begustatl for cost
increases and the growing demands for financing.

Convergence with MGNREGA Scheme

Poverty alleviation and employment creation schecagsalso be used
as a source of funding for maintenance, and iniquéar routine
maintenance works as it involves many work acteitthat are best
carried out using manual labour. The Mahatma GiaNdkional Rural
Employment Guarantee Scheme, MGNREGS, offers tesmpguobs for
unemployed people in the rural areas. ThrougtaboHation with such
schemes, road agencies can enter into co-finarmirangements in
which they provide inputs of materials and equipmermile the
employment schemes fund the labour component. IEgua the
technical agencies provide adequate technical syppds possible to
ensure that works are well organised and produaglife outputs.
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Such arrangements can
prove effective for
routine maintenance
works which involve
many activities that are
best carried out using
manual labour.
Furthermore, this
arrangement is attractive
for both the road
authorities as well as the
agency in charge of the
employment  scheme.
Labour recruited for such
purposes also lead to
increased involvement of

communities in  the
Fig 3.3: Village road built with inputs from MGNREGS upkeep of local roads.

MGNREGS and other rural development schemes aliéd tunal roads
that require regular maintenance. For any infuastire asset developed
through these schemes, there is a need for pravidgular maintenance.
As mentioned above, such work can provide sigmificamployment
generation and cash income in poor rural areas a wygular basis —
since the maintenance works are required every year

Community mobilisation

Many attempts have been made to transfer the nmainte burden to
local communities. It is fair to point out thatlfdeelp schemes for
maintenance of public roads have been distinguidhyetheir lack of
success unless funding is provided by the goverhmBespite major
efforts in pilot projects to mobilise communitiesr fthis purpose,
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experience shows that it is difficult to sustails@arrangements in the
long term without relying on external financial isssnce.

Community contributions

Drawing contributions from local communities for local infrastructure
provision is a well-known concept successfully applied in schemes such as
water supply, irrigation and public buildings. It has also been used with some
degree of success for the construction of local village roads. Great caution
should however be taken in assuming that what works for water schemes and
building works can also be applied for road maintenance.

Significant efforts have been made in rural development programmes to set
up systems in which the responsibility for maintenance of village roads, and
its financing, is transferred to the communities. The rationale behind these
attempted schemes has been that when there are insufficient funds to
maintain local roads the only alternative is to rely on self-help schemes in
which the communities are mobilised.

The experience is, however, that roads are much more resource intensive to
maintain than other infrastructure such as water supply and buildings, and
therefore becomes difficult to sustain through such community contributions.
The lack of success in sustaining these schemes clearly shows the need for
significant inputs, both technical and financial, to secure adequate
maintenance of any type of road.

Management responsibility for a road is linkedtsoawnership. Here it
is important to distinguish between community isfracture and what
forms part of the public road network. Althoughaluroads are often
improved through community development programrites,important
to bear in mind that the majority of rural roadtuatly forms part of the
public road network. As a consequence, the owipeestd responsibility
for its operation is already vested with the gowaznt.

Despite this, it should be recognised that theeel@ral actors such as
religious trusts, philanthropists and corporatisnéch may take interest
in providing improved local road access as patheir support to local
communities. This should be encouraged but aldade the important
aspects relating to maintenance.
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Finance Commission

In recent years, the Finance Commission has resedrthe need for
central assistance to the States for financing nogidtenance and made
significant allocations for this specific purposeluding those for rural
roads, through the PMGSY and other rural road prognes.

Side by side of funding mobilisation, an effectivanagement system
needs to be put in place together with adequatebaurof skilled
technical staff. Without this, there is risk tlaailable funding is not
spent according to its intended purpose. Not @dgs it result in a
continued deterioration of the road network, itoalsads to reduced
confidence in the responsible road works agencies the risk of
reductions in budget allocations for maintenancekaio On the other
hand, if there is a competent agency in charge satind management
systems in place, providing quality maintenancekaothen authorities
are prepared to invest more in protecting the rogdork.

Adequate funding of routine maintenance

An expenditure tracking study carried out by the ILO in 2014 concluded that
with the current level of Grant in Aid received from the Finance Commission,
there is sufficient funding for the provision of routine maintenance on the
maintainable portion of the rural road networks. Still, evidence from recent
field surveys shows that routine maintenance practices vary considerably in
the states covered by this study.

Some states have installed sound arrangements for providing routine
maintenance while other states hardly carry out any routine maintenance at
all or limit such work to the road surface, leaving shoulders and the drainage
system unattended.

This clearly demonstrates that funding is not the sole determinant for the
establishment of sound maintenance arrangements. In order for preventive
maintenance to take place to required levels there is a need for a clear policy
framework and supporting implementation arrangements reflecting the
strategies and priorities set out in the policies.

3.4 Preparing a financing plan

Lack of funding for maintenance is endemic in thad sector in most
countries. With growing road networks, as a restikéxpanding road
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connectivity, and increasing traffic volumes, fumglifor rural road
maintenance becomes a growing challenge. Whenablaifunding
sources are not meeting the demands for maintenascdting in an
overall deterioration of the road network, it ispontant to (i) establish
the magnitude of the shortfall in funding, and @¥plore additional
revenue sources. The table on the following pagensarises the most
common revenue sources with their strengths anéivesges. This table
also attempts to provide a ranking of the viabitityhe various financing
options.

Although the ranking presented is the general trérete may be some
variations depending on the particular situatioeach of the states. The
preferred financing arrangement is through the leggatate and federal
taxation systems. When these do not suffice, éxpes show that
leveraging dedicated taxes on fuel is the prefesemthnd option since it
is easy and inexpensive method of generating additrevenue. All the
same, it is important to acknowledge the significeontributions that
can be provided from taxes on farm produce, mindystries and
vehicle licensing. Equally, rural development pesgmes with a well-
defined maintenance component can become a majar iacterms of
preserving rural road assets and at the same &merate a significant
number of local jobs.

Many states have already embarked on several sé theproaches and
today rely on various sources of revenue to finaisa@ad maintenance.
The need for financing however needs to be contiglyoassessed and
balanced off in line with growing maintenance dedsaresulting from
an expanding road network and increases in trafficmes.

Unfortunately, experience shows that it is easiéntroduce a specific
road user charge and other earmarked taxes thadjust these charges
on a regular basis. Essentially, the sector nadisancing plan which
is updated on a regular basis, thereby ensurindghbavailable revenue
sources are sufficient to meet maintenance demartus.process needs
to be primarily driven by the state governmentshasspecific demands
and potential revenue sources are best known atldével. Still,
considering the magnitude of funding requirememis the ability to
generate local revenue, many resource poor staagsneed financial
support from federal sources, similar to the curr@mangements in
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Common funding options for maintenance

Rank Funding Strength/justification Weaknesses/
source Challenges
Regular Roads are part of public services. Insufficient
1 government | Providing maintenance is the allocations.
recurrent continued commitment to such Ineffective use of
budgets service delivery by government. available funding.

Funds made available exclusively Reluctance to

for road maintenance and cannot be | introducing new
2 Fuel taxes | diverted to other purposes. Easy to |taxes.

collect. Maintenance is funded by | Difficult to adjust.

direct taxation of the road users.

. Direct taxation of users. Can be More tedious to
Vehicle . .
- . designed to be progressive, based | collect.
3 licensing . - .
fees on vehicle welghts. and charglng Shpwn tobea
more for commercial vehicles. limited source.
Successful in areas with high Only feasible where
agricultural production. Relatively | there is a significant
4 Tax on farm | easy to collect and can be production surplus.
produce earmarked for farm access roads.
Can be managed by the farmers’
associations.
Can be used in particular areas with | More difficult to
Tax on mining activities or production of collect.
: bulk materials such as stone Funds need to be
5 | quarries . T
o aggregate, minerals, coal, cement, |used for maintaining
and mining - : .
etc. Places the maintenance particular roads with
burden on heavy road users. heavy traffic.
Employment generation schemes Need collaboration
6 Rural dev. | can create long-term employment between agencies.
schemes opportunities by engaging in routine | Can cover off-road
maintenance works. maintenance
Using local government income to Insufficient resource
Local .
7 X fund access roads reflects base in poor/small
taxation ; R L
community priorities. communities.
Taxation is directly linked to the Can divert traffic to
8 Road tolls | USage of roads. Used successfully | roads without tolls.
on high volume roads. Not
appropriate for low volume roads.
Communities take their own Difficult to sustain.
. initiative to finance, build and Places heavy and
Community o )
9 L maintain access roads when unfair burden on
contribution ;
government does not provide such | resource weak
services. communities.
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which federal funding is used to support mainteparfcstate roads and
construction of rural roads.

Several states have already established a varfesrrangements to
source funding for road sector activities outsithe peneral taxes
collected by government (i.e. market taxes, fugkle road tolls, fees on
particular industrial goods, etc.). In many casthese alternative
revenue sources provide substantial funding fordae sector. At this
point, the challenge in some of the more wealtlayest is therefore to
establish a viable financing plan, which is matchéith the total needs
for maintenance — also addressing the full needshefrural road

network. For this to take place however, there iged to (i) establish
the demand for road maintenance based on sountl rmaas@gement
principles and (ii) institute sound proceduresm@intaining roads based
on the same approach.

When funds are generated from alternative sourcesjmportant that
existing allocations from regular government fumgdisources are
maintained and not reduced when other means ofding maintenance
are introduced. The main purpose of establishavg sources of funding
for maintenance is essentially to cover a shoriat thus protect
existing road assets.

Not all states are blessed with the same wealttesfurces and thus
warrant continued support from central governmentptovide and
maintain adequate access in rural areas. In effectUnion Government
has been the main financier of rural road constindhrough various
rural development programmes and in more recemnsyémough the
PMGSY. Once the network matures in the low coriviégistates, there
will probably be a need for continued support frthra centre, shifting
the emphasis from new construction and upgradingksvoto
maintenance. This is already recognised by thdralegovernment
through the additional central grant for maintemarmé state roads
including rural roads by the $2ind 18 Finance Commissions.

While financial support can be sourced from thetregrit is however
crucial that the requisite management capacitgteddished at state level
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in terms of planning, management and implementaifomaintenance
works.

3.5 Managing road maintenance funds

The road sector has to compete for funds againstitigs relating to
health, education and other public services. Roaithtenance, being a
comparatively expensive undertaking, makes it vialbke to under-
spending in the context of annual budget debategesponse to the
growing shortage of finance has been to introdacenarked road related
taxes and charges and depositing these into aaspéfebudget account,
or road fund, to support spending on roads. TlsickEgument behind
this concept is that users may be prepared to mpeaific user fee if
they are certain that the funds generated is wsidgrove and maintain
the road network.

Emerging from this process has been the establishiwmieso-called
“second generation” road funds in many countri@smajor feature of
these road funds has been the creation of a wkiliedk regulatory
framework to assure proper management of the fuardb that the
revenue is used for its intended purpose. Secendrgtion road funds
are governed by a management board with represegfitom the users,
the construction industry and government, whichaisked with the
oversight of how funds are utilised. This boarchisharge of securing
adequate resources and channelling these fundseteoetevant road
agencies.

An important feature of the management of these fwads has been the
desire to establish a more commercial approaabetd management and
financing with sufficient autonomy to operate withanterference in
day-to-day management.  The mandate and detailgdlatery
framework is thus formed with the intention tha¢ flunds manage to
operate with limited political interference.
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A major feature of this arrangement is the cleéit bptween the overall
management of the network and the implementatiomaintenance
works. The management board is tasked with asssgnalfinancing
plan including user fees, state and federal govemriunding and other
sources and setting the right priorities of workiahtis in line with sound
asset management principles. This plan shoulddle@ed on an annual
basis in terms of its effect on the total assetiealf the road network.
The objective of this process is to ensure thatawalable funding
actually protects the existing assets and at Eastl any deterioration
of the network.

The maintenance management board would securerpegpesentation

of the beneficiaries of the road network such asll@aommunities,
farmers, merchants and transport companies, theestgblishing a
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direct accountability to the users from whom théntemance taxes are
drawn. In addition, key representatives of stateegnment authorities
and the PRIs need to be part of the board.

Road agencies and public works departments, orotther hand, are
responsible for programming, procurement and manege of the road
works and for the supervision and payment of catdra executing the
works. The planning of works needs to follow tlndigies and priorities
set by the management board, again clearly denatimgtrthat sound
asset management principles are adhered to. Aetulis are executed
relying on current practice involving the privatec®r and where
available the departmental labour force.

In order to carry out a regular evaluation of therfgrmance of the
maintenance programme, it is useful to establigfoaitoring unit that
collects road condition data and on this basis &gk of the overall
status of the network. This information forms theesis for estimating
future maintenance demands and allows for adjudsnéo the
maintenance programmes to ensure the most effactigeof available
funding.

3.6 Funding priorities

Trunks roads always receive the highest prioritgmallocating funding
for maintenance. Highways and major roads are expensive to build
and therefore justify higher priority when allocati maintenance
budgets. Due to the high levels of traffic, theg aostlier to maintain
and also deteriorate faster when provided inadequadintenance.
Similarly, priority is given to maintaining secomglaroads before the
requirements of rural roads are addressed. Theedanith this approach
is that when resources are scarce, most fundirdstemend up being
spent on the main roads leaving little left to nbaiim rural roads.

It is therefore important to see rural roads asnéegral part of the
network. Transport access to local communitiesistsof the combined
services of major roads and the rural road netw@&ilral roads provide
the last section of access to local communitiesterQ it is the only
connection available. A disruption in this servicenders local
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communities cut off from the outside world. Thewpurpose of rural
roads is to provide access to basic services ante reconomic
opportunities.

When roads deteriorate to the extent that theynaréonger passable,
these basic services and economic opportunitiee@tenger available

to the communities. Rural roads built to propehtecal standards are
equally vulnerable to poor maintenance practideis.equally important

that rural road maintenance is given due attention.

The provision of rural transport access is very mamatter of equitable
growth. Rural roads are often extended to poormgonities in order to
improve access to health, education and econonmioromities. These
groups are the ones who first lose out when buddjetations are
insufficient to maintain roads.

The integrity of the road network needs to be eskid as a whole
including the rural roads. Roads built under défe programmes (i.e.
PMGSY roads and non-PMGSY roads) need equal aiterds they all
constitute important links in the transport network

Fig 3.4: Providing rural access in Madhya Pradesh
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Consistency in investment decisions

During construction and improvement works, prioigygiven to roads
that provide the highest user benefits. Theseipes are based on both
social and economic considerations. A comprehers# of guidelines
has been developed for the selection and pridiitiseof rural road
investment$. As part of this process, it is important to nthtat a key
assumption is that these roads will be maintaittezteby allowing for
the expected benefits of the infrastructure investis to materialise.
Given that the roads where subject to a politicad aocio-economic
process of prioritisation at the time when they evbuilt, there is no
reason to repeat this exercise when preparing d maintenance
programme. The decision has already been madexip connectivity
to the communities served by the road. Providirgntenance then
becomes the final input in order to reach the idéehpurpose of the
initial investments.

On this basis, there is therefore no need for @rgkgrioritisation
exercise, determining which roads should be maiathbased on social
and economic criteria. Instead, it is up to thedragencies to determine
how best to utilise available funding for maintecauwith the overall
objective of protecting the physical assets credledugh the heavy
investments made at the time when the roads wergrccted.

Maintaining a commitment

A common misconception when allocating scarce funds for maintenance, is
the need to carry out a second prioritisation using indicators such as the
importance of the road in the network, size of communities served, traffic
volume, agricultural potential in area served by the individual roads and
access to basic social services. Roads built to all-weather standards have
already been through a prioritisation process. With the decision to build the
road in the first place, political decisions have already been made to provide
proper transport access. Providing maintenance is therefore a confirmation
of the earlier commitment to establish such services. There is no need to
repeat such an exercise when preparing a maintenance programme.

8 See Rural Roads Manual, Indian Roads Congress, New Delhi 2002
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The challenge arises when important roads have leéteio deteriorate.
Obviously, the roads providing the only connectitd many
communities or connecting to markets, health cergrel schools should
remain high on the priority lists. If they haveebeleft to deteriorate,
they should be given priority in the plan budgetrighabilitation works.

If such roads are still in a fair condition, thedoassets need to be given
priority in the annual maintenance programme.

Still, the principles of consistency in funding @ggons remain. In recent
years, rural road development programmes have dated clear
selection and funding criteria that give priorityduch roads in order to
maximise social and economic benefits of constuactnvestment in
improving roads. These benefits will only matasel through a
maintenance programme that continues to maintasetbommitments.

3.7 A preventive approach

To make best use of available budgets and achievilighest possible
service levels, a key priority when preparing antexiance programme
would ideally be to ensure that available fundswsed in a preventive
rather than in a reactive manner. This obviousiglies that available
budgets are sufficient to cover both preventive emergency works.

Timely action should be taken before major damagesar and the roads
break down becoming impassable. Even better,rastiould be taken
while damages are still minor, thereby halting dleterioration process
at an early stage an
thereby also maintaining
high service levels for the
users. Timely action before
major damages occur is les
costly to carry out.

In general the old adage that “if it is not
broken don't mend it” could be
slightly amended for the common
attitude to rural roads into “if it is not
broken don't maintain it”.

The economic benefits of a preventive approachheefore three-fold.
First of all, it lowers total maintenance costscsirthe defects are
attended to before any serious damage takes plé&®condly, the
transport user costs remain low since the roadps ik a good condition
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at all times, and thirdly it improves the regubariand reliability) of the
service provided by the road.

In order to organise a maintenance programme usingeventive
approach, implies that first priority is given toetroads still in good
condition. The basic principle here is to avoidlsuoads at any time
falling into serious disrepair by providing adecuand timely routine
maintenance.

When maintenance funding is limited, this also ieglthat some hard
decisions need to be taken by

the technical staff in charge
Rather than embarking orfes
costly repair works on roads il
a poor condition, the availablg
budgets are used for protectinf
infrastructure assets that an *
still in a good condition. Such
priorities form the basis for a
sound asset manageme
system.

3.8 Asset management

Financing is often a binding constraint on secutheysustainability of
infrastructure investments. The very notion ohagilitation' is often

indicative of failed maintenance practices, i.ee tonstruct - lack of
maintenance - deteriorate cycle has taken pladeaat once (except
when a road has reached the end of its designliifeyder to avoid such
scenarios, sound road management strategies sbewadopted to give
priority to the conservation of the inherent assdtie of existing road
infrastructure.

A road network has a certain value that can benastid in monetary
terms. Investments in rehabilitation and improvetweorks increase the
value of roads. On the other hand, road determoradue to lack of
maintenance decreases the

value of the network. Roa(fig 3.5: Measuring damage to road assets
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agencies aim to increase the total value, theredwimising the extent
and quality of road access being provided. Avéldiudgets therefore
need to be carefully balanced between the demanadmtenance and
the desire to build new roads (including the relitatipn of roads in poor
condition). Since construction works are much moostly than

maintenance, the best approach is always to gote griority to protect

existing infrastructure assets.

When designing a road asset management prograrhisesancept is
translated into the following ground rules:

(i) First, prepare an inventory of various assets viwement,
embankment, drains, drainage structures, road,digric control
devices, protective works for the rural roads urjdesdiction of
each Executive Engineer and consolidating for tates

(i) Provide routine maintenance to the infrastructureaigood and
maintainable condition. "Good" condition is regardes when it
requires a minimum of routine maintenance, comgjstiof
preventive works measures most of which can beiechrout
utilising local labour, tools and materials.

(i) Then provide spot improvements and periodic maariea to halt
the deterioration of sections in fair conditionetbby reinstating
them to a maintainable condition.

(iv) Rehabilitate existing assets that have fallen setwous disrepair.

(v) Control and prevent encroachment on the Right-of-wa

From the above, it is clear that effective assebhagament requires a
certain knowledge of the road network. Individuaeads need to be
assessed and classified according to their conditioCondition
assessments of the network are carried out foraeparposes and to
varying degrees of detail. For rural roads, isusficient to determine
whether the roads are in good, fair or poor cooditas shown in the
figure below. On this basis, it is possible tab#ith a reasonably good
picture of the budget requirements for routine padodic maintenance
works as well as rehabilitation and reconstructianks.
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Good Fair Poor

c
,g Pavement and Pavement and No remaining
cg drainage system drainage system drainage system.
= in good order only still exists but in Pavement non-
@ s . .
+~ | requiring timely urgent need of existent or in total
- o “
o preventive overdue disrepair, tracks
= maintenance maintenance and trails
o
New road or road Recently Never an
g‘ provided with improved road engineered road
& a.dequate and with inadequate or very long
T | timely maintenance absence of any
maintenance maintenance

A road classified as in good condition would norgakquire only

routine maintenance in order to protect its intiggriFair condition roads
are normally due for more extensive maintenanceksvoil his may be
caused by lack of attention to routine maintenandbke past leading to
an accelerated deterioration or the road surfasentwain off justifying

periodic maintenance, thereby re-instating the tosa good condition.
Roads in a poor condition mean that they have idet¢ed to the extent
that most maintenance inputs have limited effecthenquality of the
road. This category also includes tracks andstrathich were never
upgraded to a fully engineered road.

With this broad classification of the road netwoik,js possible to

establish a rough estimate of the total maintenaegairements. The
total length of roads in good and fair conditiodigate the amount of
routine and periodic maintenance. Using average estimates for
routine and periodic maintenance, it is then pdssi prepare budgets
with sufficient accuracy. Equally, the number @éds in poor condition
forms the basis for preparing an investment progranconsisting of

improvement and new construction works.

A condition assessment using these broad categadss allows
management to monitor the total asset value ofdhd network over
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time. Condition surveys are carried out on a raghbésis to plan future
road works. As a result, technical staff in chanfi@ cluster of roads
possesses the necessary information to make thessment of the
network. Compiled into a central database, theatveondition of the

road network can then be compared to earlier yieassder to monitor

the extent to which road funding policies resuldimimproved condition
of the network.

Equally important, this exercise is useful as amsda simulate the effect
of various funding strategies. An integral parthe process of preparing
a road works programme and budget is to look ahrddissess the effect
of the investments proposed. As part of the pmdesvould be logical
to make a prediction of the subsequent road camdigsulting from the
planned maintenance and construction works.

Road asset management in Himachal Pradesh

The priorities applied in road maintenance in Himachal Pradesh clearly
demonstrate a healthy approach to asset management based on the
condition of the roads. The Public Works Department carries out regular
condition surveys of the road network as part of its annual programming and
budget exercise.

First priority is given to allocating sufficient budgets for routine maintenance
of all roads in good condition. Secondly, periodic maintenance is provided
on the roads in fair condition, where the lifetime of pavements and other road
elements have been depleted, i.e. resurfacing works, strengthening
pavements, major repairs to drainage structures.

Roads in poor condition are not included in the maintenance programme but
instead placed in the capital investment programme for reconstruction or
improvement works.

The clear distinction between maintenance and investment activities (non-
plan and plan budgets) is not only important in terms of ring-fencing
maintenance budgets for its intended purpose. It also clearly identifies the
part of the network that should be included in the investment programme.

This exercise can be carried out to various degofesgcuracy. The
preferred development is obviously to see the pomif good condition
roads increasing while the portion of fair and lwahdition roads is
reduced. A more precise method is to apply avesaget values to good,
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fair and poor condition roads. This approach alglanners to monitor
the total depreciation or appreciation of the vaitithe road assets over
time. It can also be used to assess the resudssgt value change
resulting from combined inputs of maintenance amstruction works.

The major challenge with this system is not onlyséxure adequate
funding for routine maintenance work but also t&ensure that available
budgets are used for this purpose on priority astddiverted to other
road works activities.

The real funding challenge is related to securinfjcsent budgets for
periodic maintenance. The various componentsefdlad are built to
last for a certain duration of time. Periodic itppwf maintenance
reinstate these road components to desired sdexets. Again, the
scheduling of such inputs are based on an assessfratimal timing,
(i) before the defects cause serious damage gndh@n service levels
deteriorate below the standards expected by theusers.

3.9 Economic analysis

The principal objectives of road maintenance ar&etep roads open,
reduce rates of deterioration and extend the lif¢he road network,
reduce vehicle operating costs and improve thedsgesjuency, safety
and convenience of private and public transportainténance also
provides employment opportunities and additionatkeiaprospects for
the local construction industry. These are the titsnef maintenance,
which will be benefits foregone if no maintenanakets place.

The provision of rural roads should be treated ssceal service similar
to the provision of local schools and health chnicThis is clearly
reflected in the basic criteria of the PMGSY in @fhihe overall aim is
to provide all-weather road connectivity to mostted rural population
thereby facilitating both economic and social depetent. Therefore,
once a rural road has been constructed and/or brooiga maintainable
condition, there is no need for an economic anslytsi justify
maintenance. There is enough all-round evidenceeapérience that
lack of maintenance results in huge cost burdeehabilitation later.
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Fig 3.6: Rural road in need of off-carriageway routine maintenance

3.10 Routine maintenance priority

Routine maintenance can be shown to be the moseffestive activity
in terms of the upkeep of a road network (alondnwinergency works).
Its benefit to cost ratio is normally far higheathfor new construction
or for that sake periodic maintenance. For mosilmgads, the annual
costs of routine maintenance amounts to less thaerdent of the
construction of the road in the first place anduac5 to 10 percent of
periodic maintenance costs.

Routine maintenance can be compared to patchiogf defore the water
leak causes further damage to the roof structudetiaereby avoiding

expensive works such as replacing larger parteebtilding. Failure

to provide routine maintenance speeds up the detion of the road,

necessitating earlier periodic maintenance worksgchvis more costly.

In turn, when both types of maintenance are notireecin time, total

rehabilitation works are required at an earliegstaOn the other hand,
if preventive routine maintenance is carried outirime, future periodic

works can be deferred.

At a certain point of time, routine maintenancedees less effective
and there is a strong justification for more subiséh periodic
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maintenance works. If there is limited fund awvalidafor periodic
maintenance, experience shows that the continuatibnroutine
maintenance still has a value. Good drainage egdlar inputs of
surface maintenance will continue to limit wateonfr causing major
damages to the pavement. Although the surface tbimess and user
comfort is reduced, the road remains in a functigriondition providing
basic access to the rural communities it was iredrtd serve. Again,
this proves the importance of routine maintenance.

Unfortunately, the current practice in many pladgsthat periodic
maintenance or major rehabilitation works are gipeority instead of
first ensuring that routine maintenance is provided the entire
maintainable network.

Current routine maintenance practices

Recent surveys by the ILO in seven states in Northern India revealed
considerable variations in terms of providing regular routine maintenance.
Two of the states did not carry out any routine maintenance on rural roads
(only renewal works). In four states the maintenance was generally limited
to patching works. Only in one state, where the majority of maintenance
works is still carried out using departmental labour, did the maintenance
arrangements include regular repairs of the drainage system.

3.11 Cost of maintenance

The costs of rural road maintenance depend on deuof factors and
for this reason show wide variations. Essentiaiigintenance costs are
dictated by the cost of the various work activities. equipment, labour
and materials, and the frequency of repairs redquir€he cost of the
maintenance works as well as the amount of damagyes rural road
essentially depends on where the road is locatddtaristory of past
construction and maintenance works.

Other important factors determining the need fommesmance include
the technical design and quality to which the read originally built,
soil conditions, traffic volumes and weather coiodis. Rural roads
normally receive limited volumes of traffic and tefore variations in
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traffic have less impact as compared to rainfadl e type of terrain in
which the road is located.

Type of terrain

Roads through mountainous
terrain are always costlier to
maintain as compared to road§
in flat or gently rolling terrain.
The choice of road alignmen
when the road was built canges
have a significant impact on| =
the maintenance costs and il
particular in  mountainous
terrain. Road sections with
steep longitudinal gradients arg =
more difficult to maintain due
to increased risks of soil
erosion from surface water.
Large side cuts and fills may also lead to incrdasmintenance as
compared to roads with alignment carefully adjustethe topography.
For this reason, it is important to bear in mindufe maintenance
challenges when designing the alignment for ruyads.

Fig 3.7: Retaining wall on a PMGSY road
in Himachal Pradesh

Roads passing through flood prone terrain posécp&t maintenance
challenges. Insuch areas, itis important thexigtlis sufficient cross road
drainage and that the pavement is on sufficieritii rmbankments to
keep it dry during high water levels.

Quiality of construction

The quality to which the road was built has a digant impact on
ensuing maintenance costs. A well-designed drairggtem has a
significant impact in terms of reducing future maimance costs. Lined
side drains and frequent use of mitre drains resltloe risk of erosion
and silting of the drainage system.
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The chosen pavement design determines when steigth and
resurfacing works will be required. Equally, treewf quality building
materials obviously has an impact of the longewftthe road.

Aggregate consisting of good
angular rock as compared to
rounded river gravel increases
the strength of pavements
Adequate compaction ensuresj
that pavements reach their
intended levels of

performance, providing a firm

basis for the surface seal.

In mountainous terrain, good £
design of retaining walls can
reduce future maintenance |
demands. Similarly, frequent
culverts with well-designed
inlets and outlets with [&=
adequate anti-erosion [

measures will limit future [EEEEEEEETS A

maintenance reQUirementS- Fig 3.8: Good angular stone aggregate

Past maintenance

The history of past maintenance on a road hasa gngact on the cost
of maintenance works. Roads on which limited neaiahce have been
provided in the past will obviously have a consatde backlog of work
which needs to be dealt with. Sadly, good maimeegractices are less
common on rural roads as compared to the main meadork. When
introducing new maintenance practices, the expeeiés often that the
costs of the works are higher than prevailing ayer@ost norms during
the initial two to three years. Not only is therebacklog of routine
maintenance, there are also many roads which ameloe for periodic
maintenance (renewal works).
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Still, it is important

that these extra
burdens are addressed
as soon as possible.
Just by reinstating
drainage systems and
sealing cracks and
potholes have a
tremendous impact on
the longevity of the

road as well as
providing a significant

improvement in the

comfort for the users
and reduction in

transport costs.

Fig 3.9: Catching up with long overdue maintenance

The cost of maintenance also varies from year & & roads being
provided regular attention. New roads built to d@pality standards
normally have limited demands for maintenance dyifire first years of
operation. Equally, roads that have recently beevided periodic
maintenance require limited surface maintenancigltine next couple
of years (there is still a need for off-carriagewagintenance). Finally,
when the strength of pavements no longer cateh®prevailing traffic
volumes, the need for maintenance will increase.

Backlogs of routine maintenance

In Meghalaya, the ILO recently carried out condition surveys of rural roads -
where limited maintenance has been provided in the past. With very limited
maintenance provided to rural roads in the past, the main purpose of these
surveys was to introduce appropriate methods for surveying the condition of
the roads as part of the preparatory activities for letting contracts in which the
main emphasis would be to re-instate the drainage system.

With significant maintenance backlogs on all of these roads, it was estimated
that off-road carriageway maintenance would amount to an average of
Rs.33,000 /km.
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Cost norms

The IRC Rural Roads Manual provides cost normsrémtine and
periodic maintenance of rural roati§.hese norms are presented both as
average costs per kilometre as well as cost ofowarimaintenance
activities. The Rural Roads Manual provides an ahcost norm for
routine maintenance (ordinary repairs) ranging ketwRs. 22,000 and
88,000 per kilometre. In addition, the responstblghnical agencies at
state level also maintain cost norms on commoninmeunaintenance
activities. These norms need review in the lightastual ground
requirements depending upon type of road surfdiceai® and terrain as
also traffic.

Road agencies therefore need to establish thetr ramosns based on
prevailing prices on construction works and theualctneed for

maintenance on the roads in each of their distoctslivisions. The

actual need for maintenance can only be establitmedigh regular

monitoring of the network and detailed conditiomv&ying. Such cost
data provides far more accurate estimates of futudgets necessary to
maintain their rural roads.

The figure below provides some indications of desels of various

types of rural road works. As shown, the cost aidravorks show

considerable variations, again, the main reasoing loifferences in site

conditions, costs of materials and other inputd,tha standards to which
the roads are built.

It is clear from this figure that rehabilitation,pgrading and
reconstruction works are considerably more coditgntmaintenance
works. This in itself provides a strong argumennt froviding regular
maintenance, thereby avoiding a situation in wigolstlier activities
such as rehabilitation and reconstruction workseqeired.

9 These cost norms are based on the Report of Committee for Norms on Maintenance by the
Ministry of Road Transport and Highways
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There is a further cost element which is worthmgin this context and
that is the very low costs of off-carriage way ntairance works,
essentially consisting of keeping the drainagessysh a good condition.

The table below presents the costs of such maintenactivities based

on 2014 market prices recently used in an estigatrercise in
Rajasthan.

Unit prices for routine  off -carriageway works

Activity Unit Rate (Rs)
Bush clearing m? 2
Clear side drains (50% silted) m 18
Clear side drains (100% silted) m 35
Lower berms m? 18
Repair shoulders m 15
Side slope repair m 18
Clear culverts m?3 295
Clear culvert inlets/outlets m3 177
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The point to be made here is that not only arestsgaple work activities
easily carried out by unskilled labour - they arexpensive to
implement. On the other hand they are probablyntiest important
maintenance activities in terms of protecting adraad slowing down
the rate of deterioration. Still, with all thesalid arguments, routine
maintenance is still not performed on rural roadsnany states in a
structured manner and including all the requirdd/gies.

Obviously it is not a technical issue, nor a fugdissue. As in many
other countries, it is a management issue and vaegobketting clear
priorities as part of a well-defined policy framewand on that basis
introducing effective implementation strategies.

Rural road standards

A common challenge with rural road maintenance is that such roads are often
built to varying quality standards. Many local roads are not developed to fully
engineered standards. Originally, these roads started out as trails and tracks
that have gradually been upgraded to cater for vehicle traffic. Local roads
pose particular maintenance challenges, as they often do not have a
complete drainage system and adequate road pavements.

In this respect, the PMGSY has had a tremendous effect in terms of lifting
rural road standards through the uniform application of adequate designs and
quality. Furthermore, the good performance of PMGSY roads indicate that
the standard designs applied generally cater well for the type of traffic
normally found on local roads. It is now recognised that these design
standards perform well and for this reason several states have embarked on
upgrading local roads built to the same standards.

The solid designs used in the PMGSY seem to result in low maintenance
costs. In most places, the pavements perform well after more than 10 years
of use, only requiring minor surface repairs.
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4 Technical considerations

4.1 General

Rural road maintenance is not a new topic. Tipe yf works has been
carried out since the Romans built their road nétvgmme 2000 years
ago. Equally, in the 21st century we are in atpsito implement such
works applying the most appropriate technologytlfis purpose. The
evidence for this is clear from the works carried where rural roads
remain passable despite the wear and tear causehffig and the
environment.

Fig 4.1: Local traffic in Assam

Since road agencies have the capacity to constads, the technical
capacity to maintain the roads should be availabtée ensuing stage.
The technology as such, relating to the individuaik activities, is not
much different from those required to construct agtthbilitate roads.
Such work is well documented in manuals and workcgjations.
Appropriate work methods and productivity ratesehbeen established
for this type of works in equal level of detail fas construction works.
The management requirements are well known andteféeprocedures
have been developed for implementation of ruradl ro@aintenance.

Without compromising the importance of maintenaricés generally
accepted that the technology required is simple easly to apply.
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Experience also shows that the technology and wmthods can easily
be disseminated to local contractors and governstafft

4.2 Functional requirements of rural roads

The main function of rural roads is to provide asce As such, rural
roads have a distinctly different function from thain arteries of a road
network. While highways are designed to catehfgh levels of traffic,
travelling longer distances at higher speeds, than mpurpose of rural
roads is to provide a reliable connection througttbe year between
local communities and the main arteries in the roatwork. Since
traffic volumes are low and the fact that localdeare shorter, there is
no demand for very high design standards on thisgiahe network.
However, they need to be well engineered.

Since rural roads cover large
geographical areas in orde
to provide access to all
communities, there is a neeq
for an extensive network. As
a result rural roads constitutg
some 80 percent of the tota
length of the road network.

When constructing thes
roads, there is therefore g
need to select affordabl
design solutions that meet i
functional requirements o
providing basic acces
throughout the year. |
Equally important is the need§
to arrive at technically sound

Fig 4.2: PMGSY providing basic all-weather
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designs that keeps the future maintenance coatsatimum.

Definition

An all-weather road has been defined by the Indian Roads Congress as a
road, which is negotiable during all weathers, except at major river crossings.
This implies that the roadbed is drained effectively by adequate cross
drainage structures, such as culverts, minor bridges and causeways.
Interruption to traffic as per permitted frequency and duration are however
allowed. The pavement should be negotiable during all weathers, but this
does not necessarily imply that it should be paved or surfaced or black-
topped. An earthen road with gravely soil or an earthen road with a gravel or
WBM layer on top permits all-weather use, depending upon rainfall and soil

type.

Alignment choice

The choice of alignment has a major impact on &utomaintenance
requirements. High alignment standards, aiming¢cease curve radii
and reducing road gradients, require more earthand fills which may
lead to an increase of soil erosion. By lowering design speeds, the
road curvature can be fitted gently into the emgstierrain thereby
reducing the amount of excavation works and limgitifiuture
maintenance demands.

Cross-sections

To limit construction and future maintenance cottis, width of rural

roads is kept at minimum dimensions that stillwalkufficient space for
the traffic to operate. The current IRC standamdsapplied to PMGSY
and the states may apply the same standards foloth® MGSY roads
as well.

Axle loads

An important role of rural roads is to facilitatbet transport of
agricultural produce from farm to market. The traors is normally

organised through the use of trucks. Such traffiquires properly
engineered roads with adequate consideration giwethe pavement
design and cross-drainage structures. The paveanentross-drainage
structures need to cater for the same axle loatfeasst of the network.
The standard pavement designs used in the PMGSaf éat the
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prevalent traffic and as a result limited damageliserved on the
pavement.

Surface

Most rural roads are either earth roads or provigligal a gravel surface,
which is often adequate on roads with very limiteaffic. The most

important components of such roads are those detatdrainage, since
the main wear and tear is caused by rainfall. Whweffic numbers are
higher, it is necessary to consider more durablemants including a
bituminous surface seal. Bituminous seals proadenore durable
surface which is less prone to erosion from trafficcl surface water.
Both at the time of original construction and whiledertaking periodic
maintenance of road surface, the requirement af #€istance should
also be considered to reduce risk of aquaplanirighwik a safety hazard.

The longevity of any surface seal is mainly depehda the quality of
(i) the underlying pavement and (ii) the drainagéhe surface. A solid
base course provides adequate support to the swéat allowing heavy
vehicles to pass without causing any damage. Amaihtained camber
or cross-fall on the road carriageway and its sthensl allows water to
quickly drain off the road.
Poor surface  drainage
resulting in stagnant water o
the road or its shoulders will
eventually penetrate into the
road body and compromise
its load bearing capacity.
Heavy vehicles passing on
soft road foundation will
cause depressions which i
turn may lead to the surface

CraCkmg up. Fig 4.3: Progression to Pot-Hole
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Roughness indicators

Since rural roads are designed to cater for lovesigth speeds than
highways, there is not the same demand for a lavghoess of the

surface as compared to main roads where traffieki@ higher speeds.
Although the construction of the surface shouldfoon to established

workmanship standards, the development of a highaghness on rural
roads is not as critical as on highways. The roaimcern related to the
quality of the surface on rural roads is to avoatev penetration into the
road body, which may compromise the bearing capatihe pavement.

Due to the lower prevailing speed on these rodmsdévelopment of a
higher surface roughness can be tolerated as ktigaurface maintains
its drainage. In practice, this implies that theoant of patching works

can be increased before there is a need to pravidenplete new surface
seal.

Fig 4.4: Excavating side drains, Meghalaya

Drainage

A key design parameter determining future mainteeaequirements is
the drainage system. The drainage system needseaofor intensity of
rains, evacuating surface water in a controlled meanvithout causing
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erosion or silting of road components or surrougdireas. Equally, the
drainage system needs structures for streams\ad drossing the road
alignment. The cross drainage structures are wegifpr peak flows
during the rainy season to avoid causing any damgmgethe
road. Investing in proper drainage is thereforéngportant preventive
measure to limit future maintenance demands.

Road safety

Road maintenance works essentially aim to prestrgedesign and
quality standards applied when the road was bdiltis principle also
extends to the safety measures installed as p#meabad design. This
implies that signage and line markings, speed atigig and other
measures need to be given due attention also dynizgning and
implementation of maintenance works. Traffic irases and higher
driving speeds resulting from improved roads cao ahuse new traffic
hazards. Therefore, it is useful to include thalreoad network in on-
going traffic safety monitoring schemes to idenbifgick-spots and high-
risk zones. Rural roads are often where local conities, including
children are most exposed to road traffic. AltHowgequate traffic
safety measures should be installed during theteart®n of the road,
experience clearly shows that more can be donagitine operation of
the network. Some road safety concerns can bd dédl through
interventions such as additional signage and spegdating measures.
Very often, such measures are simple and inexpemsiinstall and can
be included in on-going maintenance programmes.

4.3 Design standards

Like any other road, rural roads are designed amidtained for specific
levels of serviceability and vehicle types, takintp consideration local
terrain conditions and weather patterns. Ruratl rd@signs focus on
reliability and durability concentrating on essahtaccess, careful
attention to critical sections (poor sub-soils,digats, flood patterns,
landslides, etc.), surface drainage and installmmg-lasting cross-
drainage structures.
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The technical standards for rural roads
India have been developed on the basis
extensive experience from earlier work
and prevailing traffic patterns. The MO ,eerram- i
comr?uon desi%n for thg construction of al§ :ﬂ“"?@?"ﬂ
weather rural roads consists of a flexibl :
pavement on an earthwork formation with
granular sub-base, water-bound Macade:
(WBM) base course and suitable surfag
course. The type of surface is decid
based on the intensity of motorised traffi
and annual rainfall. The surface may rang
from an unsealed surface (gravel road) tc
bituminous surface with a pre-mixed carps
and seal coat.

The experience from this design is that the _ _
majority of roads built to such standards @ﬂ@%ﬁﬂ@ﬁﬁﬁn on
programme) perform well. The pavement designs gseérally
cater for the traffic loads experienced on thesels A positive
feature from this practice is that there is vetitelisettiements
observed on the roads built to these standards.terims of
maintenance, this implies that the majority of ieppeequired on

the pavement are related to the surface seal assioé-
carriageway maintenance activities.

Current rural road standards prescribe modest geienaesigns for
cross sections and road alignments thereby reduttiegneed for
excessive earthworks. This leaves a smaller emviemtal footprint and
in turn has a positive impact on demands for maantee.

Equally, careful attention is given to the designhe drainage system.
The practice of building lined drains limits silgirand scouring from

10 Most of these roads are providing basic access to rural communities with limited traffic levels.
Although this is the general trend, it is acknowledged that some roads are experiencing increased
levels of traffic justifying upgrading works applying higher cross-section standards.
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taking place. Furthermore, adequate and qualdgssdrainage allows
for a safe discharge of water away from the road.

Dealing with excessive traffic

When establishing new connectivity in rural areas, it is often difficult to predict
the resulting traffic once construction works have been completed. Still,
experience show that average daily traffic on most rural roads is in the range
of 20 to 200 vehicles per day, although traffic numbers may be higher in more
densely populated areas. For this reason, most rural roads can be built
applying a uniform standard that caters for low volumes of traffic but still
stands up to the prevailing weather conditions.

There are however instances when local loads experience high volumes of
traffic and also excessive amounts of heavy vehicles. At times, rural roads
may provide shorter travelling distances and thereby attract more traffic.
Equally, mining operations or collection points for agricultural produce may
cause increased volume of heavy traffic.

Increased traffic volumes may dictate higher designs standards than to which
the road was originally built. If this is not done, there is a risk that
maintenance works becomes ineffective due to the inconsistency between
the road design and traffic loads.

A lot can be done by strengthening the pavement to cater for an increase in
traffic, and is probably the most common solution. However, with more traffic,
there may also be a need for pavement widening, a more durable surface
treatment and an increased road width to allow safe passage of the traffic.

Considering the uncertainty involved in predicting future traffic when building
new roads, it is therefore useful to have a clear strategy for stage construction
in the cases where traffic increase to unexpected levels rather than
overburdening the maintenance programme.

The quality to which the road was originally biilis a great impact on
the need for ensuing maintenance. Quality assaram@asures during
the construction of the road need to ensure that georkmanship is

secured and that materials are to the prescribalityjuAgain, there are
good lessons learnt from the PMGSY with the qualdptrol system it

has instituted. Roads built under the PMGSY é&good quality, which

in turn limits the need for costly repairs when aimenance regime is
applied to these roads.
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Having developed sound rural road standards, thi@ ctzallenge at
present is not so much related to current rural tealding practices, but
rather addressing the extensive networks of raradls built in the past
which do not conform to such standards. Thesesr@aduire more
resources to maintain and in many cases due to ploer condition

should receive upgradation works.

4.4 Drainage

General

In terms of securing a long life for rural roads imost important type
of maintenance is related to protecting the dransgstem - most of
which is found outside the carriageway. On highsyayhere traffic
volumes are more intense, a substantial amouesolrces are also used
to maintain the roadway surface. Compared to haylswrural roads
receive low levels of traffic and pavement worksigtitute a smaller
proportion of the maintenance required. For theeads, the
maintenance priorities are more linked to the piovi and upkeep of the
drainage system.

Water is the main culprit behind defects develominghe carriageway
or the roadside. It is the main contributor towesar and damage of low-
volume rural roads. A central part of road maiatere works is to direct
water away from the road structure as quickly dfidiently as possible.
With a well-built road, the most crucial elementrodintenance works
consists of ensuring that the drainage system roggdi to operate
effectively.

Water can be in the form of ground water, surfaegew(streams and
rivers) or rain and can damage the road in seveags:

by washing away soils (erosion and scouring),

weakening the load bearing capacity of the roacpent,

by depositing soils (silting) that obstruct the gsge of water, or
by washing away entire stretch of the road anstitsctures.

AANENEN
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Damage and wear to the road can be reduced ifldle df water is
controlled. Minor damages can easily be repaisegaat of the regular
maintenance provided to the road and its structufabe flow of water
is not properly managed, the deterioration of thadrwill be more
serious and occur more rapidly. This leads to drigmaintenance
demands and in the worst cases result in serioomgles that may
obstruct the passage of traffic.

The drainage system is built up as a continuousarktfrom where the
water reaches the road reserve to the point wherdischarged in a safe
manner away from the road and all its componehtsilure at any point
in this system runs the risk of causing damageht road. When
inspecting the drainage system, it is thereforeoirtgmt to verify that the
entire system is in good order.

A common denominator for an effective drainage esysis to keep it

free from all obstructions, such as rocks, brancsiéisand other debris.
The most common activities consist of clearing $thens, drains and

culverts. In addition, it is important to carrytqueventive action at the
source of the debris. Installing adequate antsieromeasures avoids
any scouring or silting in drains, side slopes aaterways.

Finally, it is also worth mentioning that the drage system may have an
impact on the environment in the vicinity of theado Water collected
through a road drainage system needs to be carefiidcharged,
avoiding any damages to the adjacent land and giegpe Equally, the
drainage system needs to be carefully adjustediees not conflict with
the drainage systems on adjacent farmlands.

Roads are often constructed during the period wthere is limited
rainfall. It is therefore only during the ensuinginy seasons, it is
possible to establish whether the design of theéndge system is
adequate and sufficient anti-erosion measures e installed.
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When carrying out drainage maintenance, it is ingrarthat the reasons
for the damages are fully understood. When sunggyt is essential to
establish the exact cause and effect of any draifadures. The

performance of the drainage system should therd®bserved during
rainy periods, in order to obtain a realistic inggien of the how, and
how much, water is moving in the vicinity of theatb On this basis,
good preventive measures can be taken that hopetdiuce future

maintenance requirements - and increase the liéetifthe road.

Surface drainage

Drainage of the road surface is provided by shatiiagarriageway with
a camber or a cross slope. The combination ohatagvater on the road
surface and traffic can quickly cause erosion &f tbhad surface.
Secondly, if surface water penetrates into the twadl, it reduces the
load bearing capacity of the pavement, which maysedurther damage
to the road. To avoid these problems, it is imguarto secure adequate
drainage of the road surface.

Most roads are designed with a camber with itsésgpoint at the road
centre line, with a descending gradient towardstlael shoulders. On

'{\ catch water drain
surface seal =/ @ \

‘ side cut
A

. \ side drain
\ culvert
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stream
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narrow local roads, the camber may be construcitd avcross-slope
providing a continuous slope from one side of theedrto the other.

Cross-slopes are also used to achieve good driyingmics to counter
the centrifugal forces exerted on a vehicle mandegwa curve. When
roads have a grade towards the cut side of a slbpesurface water is
led away to a side drain and eventually throughestorm of crossroad
drainage arrangement such as a culvert or a splash.

The optimal gradient of this slope varies dependimghe type of surface
materials. For earth and gravel roads, it is renended that the camber
is installed with a slope in the range of 7 - 8ceat. On earth roads
where the surface gets slippery when wet, it magdmessary to reduce
the camber slope.

For roads with a bitumen or concrete surface, &msber is normally not
more than 2 to 3 percent, because water will edkly off a hard,
waterproof surface. On earth and gravel roadscéneber needs to be
steeper because the water flows more slowly anduiiace is often
more uneven. Gravel and earth surfaces also abeamb of the surface
water unless it is quickly drained away from thado

Maintaining the road surface is a common mainte@aaivity. A
smooth road surface is the key quality criteriather road users. From a
technical point of view, it is important to maimaa tight and self-
draining seal on the roadway in order to proteetuhderlying pavement
layers. Water penetrating into the base course s base may
compromise the load bearing capacity.

wheel ruts preventing water

from exiting the carriageway T /original camber
\ ‘::a

|
base course
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Securing a long-lasting camber very much dependtherdesign and
quality of the initial construction works. It i particular importance
that the base course has been designed and baiiétkength and quality
catering for the prevailing traffic. Overloadingdaexcessive traffic can
cause damage to the surface and reduce the caloper s

Trimming road shoulders

The road shoulders need to be maintained to thigginal shape and
slope to allow for water to be drained off the rcanlface. Standing
water at the edge of the road softens the shoutder®lso causes water
to penetrate the road pavement, resulting in lédsearing capacity of
the shoulders and the road carriageway.

Silt and debris have a tendency to accumulate@roidd shoulders. This
accumulation of soil needs to be removed, therelmgtating the correct
slope on the shoulders in order to secure propgEnage of the road
surface.

debris on shoulder preventing water ¢

from exiting the carriageway | damaged shoulder causing
stagnant water

_—_

Rural roads are often built with soft shoulderes, the materials used for
constructing the shoulders are not as strong gsatement. Traffic may

create wheel ruts on the shoulders, which in tuay tnigger potholes

and edge breaks on the road pavement. Regulartenante of the

shoulders will reduce these problems.

Maintaining a grass cover protects the shouldesen fscouring and

traffic. On narrow roads with moderate traffice thest solution is to
extend the base course to the edge of the roa@btheroviding a more

solid surface at places where the traffic makegueat use of the

shoulders. Alternatively, sections with weak skleut can be patched
with well-graded gravel material.
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Side drains

Side drains collect water from theTz:
carriageway and surrounding areas an” "
lead it to an exit point where it can be
safely discharged. The side drains nee
sufficient capacity to collect all rainwater: '
from the road carriageway and dispose ¢
it quickly and in a controlled manner to RELTE R
minimise damage. Sides drains can b

constructed in three forms: V-shaped:-::..:
rectangular or as a trapezoid. '

v-shape

rectangular |-

AT

trapezoid

The V-shape is the standard shape for

ditches constructed by a motor-grader. It candslye maintained by
heavy equipment. However, it carries a lower ciapdtan other cross-
section shapes. The rectangular shape requisespase but needs to be
lined with rock or concrete to maintain its shapehis shape is often
used in urban areas where there is limited space.

Trapezoid shaped side drains are built and mamdainsing manual

labour. This shape carries a high flow capacitylancarefully selecting

the right gradients for its side slopes, will rési®sion. Trapezoid drains
can also be lined, thereby increasing their flopecdty and resistance to
scouring. Lined drains do however need to be eteaf silt and debris

using manual labour.

Fig 4.6: The lack of maintenance of road shoulders has resulted in poor drainage of the
surface leading to premature failure of the surface seal.
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The main challenge in terms of maintaining goodliuaide drains is

to control erosion and silting. Erosion is caubgdarge quantities of
water travelling at high speeds. Soil erosion lsameduced by various
design measures such as widening the side draistlling scour

checks, lining the side drains and by leading tlagewaway from the
road before it builds up a significant flow and agpe

Fig 4.7: Silt accumulating in side drain

In hilly areas, side drains need
closer attention due to rock fall
and landslides. These soils and
debris usually end up in the side
drains and need to be cleared as
soon as possible before the water
finds alternative routes outside
the drain.

Clearing side drains is usually
carried out using manual labour.
The table below shows some
appropriate task rates for such
work. It is useful is to convert

these rates using linear metres of
drains, on the basis of the depth of
soils to be removed and the
original cross section dimensions
of the drain.

tasks based on

hard and dry soil | ditches without any

Soil condition
moist and loose average
4.5 mé/wd 4.0 m¥/wd 3.5 m3wd

standing water

Soils and debris removed from the drains need widmharged at a safe
location where there is no risk of it being wasbadk into the drains or
causing damage to downstream properties.
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Catch-water drains (cut-off drains)

Catch water drains are ditches more or less phtalldne road. Their
function is to collect surface water coming frorgtrer lying areas before
it reaches the road and divert it to safe crossgugh as at culverts,
bridges and drifts. These drains are effectiveeducing the amount of
water reaching the road, thus limiting the potérda@mage to the road
and consequently reducing the maintenance costs.

Catch-water drains usually have a trapezoidal esestion. The drains
need to be easy to maintain thereby limiting emsttamage and
maintenance needs (wide with sloped sides). Nmbpeaty maintained
catch-water drains may start pooling water andgedhe
stability of the slope and trigger land slides.
The risk of silting can be reduced by
maintaining a continuous
downhill gradient with
a clear outlet
at the end. -7 ’ J catch-water
A drain

= minimum 5.0m

Cut-off drains need to be regularly monitored cdesing the following:

* surface water often carries a lot of silt and if pperly built, the
drain can silt up quickly,

» as they are off the road they often receive lesmtar@ance -
especially when they are difficult to reach,

» when they fail, water can break through in a cotre¢ed flow
causing damage, and

 they may be ploughed up or blocked off by peopleguthe land.
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Culverts

Culverts are the most common cross-drainage steictsed on roads.
Culverts are required in order to (i) allow natuseleams to cross the
road, and (ii) discharge surface water from draimg the areas adjacent
to the road.

Culverts are constructed using 'r
wide variety of designs. The
most common culvert design ig
based on the use of concretfs==s
. . . e
pipes. Pipe culverts are built withg
one to three rows of pipes wit
diameters commonly ranging
from 0.6m to 1m. Smaller
diameters are discouraged as th
have a tendency to block up mor
frequently and are more difficult
to clean.

Fig 4.8: Blocked culvert

Culverts form an essential part of the drainagéesysand for this reason
need regular maintenance.
The most common

maintenance activity for
culverts is to keep the pipes
clear of silt and other
debris. As part of this
activity, it is important to

maintain the inlets and
outlets free of silt and other
obstructions.

Culverts are maintained
using manual labour.
When cleaning the pipes, it
is useful to have a shovel
with an extra-long handle.
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The table below shows some appropriate task ratesldaring culvert
pipes.

When clearing the pipes, it is important to chdwkinhtegrity of the pipe
joints to verify that the pipes have not been dasdagy dislodged.

Task difficulty: depth of silt in culvert pipes Tasks relate
Diameter | upto¥a Yito Y Y510 % over ¥ |toculvert
pipes with a

600 mm | Srows/wd | 3rows/wd | 1rowwd | 2wd/row |igtq| length

1000 mm | 2 rows/wd | 1 row/wd 2 wd/row 3 wd/row |of 6m

Culvert aprons and headwalls need to be inspeaiedariy cracks,
damages and settlements. The apron on the doanstsele needs
particular attention ensuring that there is no sogutaking place.
Finally, it is important that the discharge of wdt®em any culvert does
not cause any erosion to downstream slopes or girege

waterflow

downstream scouring

eroded bed

Side slope stabilisation

Slide slopes are prone to erosion. When rebuildisgle slope, it needs
to be carried out preferably using a graded matedech is properly
compacted. This involves cutting a bench on whieWw soils are added
in layers not thicker than 10 cm and compacted \Wwiahd rammers.
Make sure there is some moisture in the soils widmenpacting. Once
sufficient layers have been placed, the surfatenisned to the desired
slope gradient and covered with grass to prevdatdierosion.
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Grass cutting and bush clearing

Clearing vegetation in the road reserve is impartaorder to maintain
off-carriageway drainage. Removing bush and galiewss for the free
flow of water on slopes and in drains. Tall grasd bushes also have a
tendency to collect debris, which in turn may coompise the
performance of the drainage system. Excessiveagge along the road
also reduces the line of sight for traffic. It @lsenders shoulders
unusable for pedestrians and cyclists.

Clearing works consist of
timming grass, removal off S
bushes and other vegetation arffs =
rubbish in the road reserve. &
may also involve trimming of|
branches of trees when theg
cause obstructions to the roa
users or there is a risk that the
may break off and obstruct the
traffic. Trimmings and removed
bush must be disposed of in
safe manner not causing a
future damage to the road o
nearby properties.

Grass on shoulders, side slopd::
and in drains should be cut
leaving the roots intact. Health
growth of grass stabilises soils

and provides these surfaces wiftig 4.10: Need to clear bush in side drains

Managing Maintenance of Rural Roads in India 83



good protection from soils eroding during extensaias.

When repairing side slopes it is often useful Bmpgrass and other types
of vegetation as a measure to protect the surface $couring.

When tree saplings have newly been planted, mitant that they are
not damaged when clearing grass and bush aroundsdpéngs.
Furthermore, vegetation close to these saplingsldhze removed to
allow good growing conditions.

The main growth of grass and bushes take pladeinainy season. For
this reason, this activity is normally scheduleditke place immediately
before the rains commence and at some point dthigngainy period.

Fig 4.11: Vegetation neatly trimmed on shoulders and in drains

Bush clearing is carried out using manual labolihe work can be
organised as task work, giving each worker or aigrof workers a
clearly defined area to clear each day. Contractichents would use
square metres as the unit of measurement, howesgéeat is easier to
allocate work by indicating a specific length oé ttoad within which the
road reserve is to be cleared. Indicative taspuigtare shown in the
table below.

Task difficulty - density of vegetation

Light Dense
300 m?/wd 200 m?/wd
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Grass cutting is a favourite activity among maiatee workers,
however it is not necessarily the most importaqetyf work in a
maintenance programme. A common feature is tonséetenance gangs
busy with vegetation control while crucial actie#i such as clearing
culvert pipes have been ignored. Although busériig is an important
routine maintenance activity, it is important thatpriority in relation to
other work is fully acknowledged.

45 Pavements

The main concern of users of rural roads is toldbe @ travel safely and
at reasonable comfort at any time of the year. dRers will normally
assess the quality of thig
service based on the
condition of the road
surface.

Technical staff, involved in &
preserving the road §
network however, needs to /

monitor the condition of all &
road components, knowing
well that for a road to
function properly
maintenance inputs are
required  beyond the

confines of the Fig 4.12: Good rldlng surface on PMGSY road,
carriageway. Rajasthan

Although, the pavement constitutes the most vatuabimponent of a
road, its protection is not only a matter of timedpairs focusing on the
surface. The longevity of the pavement is als®allp linked to the
proper operation of the drainage system and ergsthiat the road has a
pavement and sub-grade with adequate load beajagity to cater for
the expected traffic.
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Potholes

Potholes are a common form of damage on both pawedunpaved
roads. They develop under the action of tyrese@afly from heavy
vehicles. For roads with a sound base course,dliegitually develop
when the surface seal is worn out. Potholes magldp earlier from
cracks in the surface caused by pavement settlsmentiting from
inadequate load capacity or unstable fills or sidzgs.

Potholes increase rapidly in size during the raegson when water
collects inside the hole. Besides causing discanéothe road users,
potholes allow water to penetrate into the pavemdhereby
compromising its load bearing capacity, which imtaccelerates the
deterioration of the pavement and its surface.

excavate to obtain
“square” edges r fill compacted in layers
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Patching should preferably be carried out at aty edage when the
damage is still limited to the surface seal while base course is still
intact. In such cases, the remedial works onlssbof applying a new
seal to the surface.

Deeper potholes penetrating into the base coucgereemore elaborate

repairs. This includesutting back the pothole reaching a sound road
base and creating a rectangular shape with cledicalavalls. The base
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and side surfaces are then coated with an apptegdsijumen primer
before the hole is filled and compacted with qyatitaterial similar to
the existing base course and finally provided a sesiace seal.

Potholes often develop as
a result of poor drainage of
the base course. Blocked
side drains or culverts,
resulting in water
penetrating the pavement,
may be the reason for such
damages. When carrying
out patching works it is
therefore useful to
: g examine the flow of water
Fig 4.13: Poor quality aggregate in base course on this particular road
causing premature potholes section and if necessary
take adequate action to secure its safe drainagetfre road.

On roads with base courses consisting of Water-Bddacadam, the
reason for potholes can often be traced back toutiee of inferior
material. If the base was built using rounded egates, it will not
achieve the necessary cohesive properties reqtoredter for heavy
traffic.

Without the interlocking achieved with angular asgate, there will be
movements in the base course aggregate which brgakise surface
seal. Although this problem can appear on any,nibathterialises more
quickly on road sections with steep gradients.

The frequent occurrence of potholes can also hedicator of a poorly

performing base course or sub-grade. Althoughhjragcworks is a

relatively inexpensive activity, it may at some mobe necessary to
consider more costly solutions such as adding arpant strengthening
courset!

1 Older rural roads built before the launch of the PMGSY were not equipped with the same quality
base course. With increasing levels of traffic, many of these roads are now in need of pavement
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Edge repair

Edge failures are caused by weak materials and sbaulder
maintenance that leaves the surface of the roaehpant higher than the
adjacent shoulder. The unsupported

edge then breaks away by trafficg
narrowing the running surface of thg
road.
Edges are often more vulnerable t
settlements due to shoulder
consisting of poor materials or with
poor drainage. Rural roads wit
narrow carriageways rely on thg
shoulders for passing traffic. With
increasing levels of traffic, the
shoulders of such roads should b
strengthened, preferably using simila
materials as in the base course or
well-graded gravel material. ||
Maintaining a healthy cover of grass
on the shoulder will also protect theig 4.14: Edge of pavement breaking
edges of the surface seal.

Ravelling

Ravelling is a process in which the
surface layer loses its aggregate
particles due to insufficient binder
in the surface seal. This may take
place when there is insufficient
bonding with the underlying

surface or from an uneven
application of binder when

applying a chip and spray seal. A
poorly maintained spray bar with
blocked nozzles or the incorrect

Fig 4.15: Ravelling

upgrading. In some states, there is now also a growing demand to upgrade earlier PMGSY roads
experiencing excessive traffic growth.
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adjustment of the height of the spray bar will progl an uneven
application of binder. Equally, incorrect bindesntent in a surface
premix may cause ravelling. Finally, ravelling ciake place if the
surface seal is poorly spread and compacted. Rayekduces the
thickness and durability of the surface seal. Angdh severe ravelling
require patching or resealing. Left unattendedilt result in the
formation of pothole&?

Delamination

A delamination is a result of poo
bonding with the underlying
surface or insufficient stability of
the wearing course, resulting in
total loss of the surface seal. T
loss of the surface seal ma
eventually lead to the developme
of potholes unless the defect i
addressed by patching or reseali
the failed section. Fia 4.16: Delamination

Cracks

Cracks in the road surface can develop in variati®ms and frequency.
Most cracks are caused by movements or settlenrethe underlying
pavement layers as a result of poor materials okmvanship, instability
of fills and shoulders or movements in the sub-gra8ettlements may
also take place on aged pavements or as a resutaffit growth
necessitating higher pavement standards.

Individual cracks can be sealed in order to preveter from entering
and weakening the pavement. A high occurrence ratks (e.g.

crocodile cracks) needs to be treated with a nalv deleft unattended,
cracks develop into potholes, causing further dantagthe pavement
and its surface.

12 Sample pictures on this page are from the Defects Catalogue Manual in Himachal Pradesh.
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The frequency of cracks provides
some indication of which layer of
the pavement is causing the
settlement. When there are less
frequent cracks, the settlements
are likely to originate from the
deepest layers in the pavement,
i.e. the sub grade or sub-base.

Some settlements may eventually
subside and repair work is only
required on the surface. Settlement cracks calgednsufficient
pavement strength or unstable fills will reappead @an eventually
result in a disintegration of the surface. In theases, more substantial
remedial measures are required such as stabifisgngnd strengthening
the pavement.

Fig 4.17: Large cracks

Rutting

Wheel ruts are caused by deformations in pavemeititsinsufficient
strength to cater for the prevailing traffic, mgs#s a result of poor
compaction works or overloaded vehicles. It oties place on roads
with a high prevalence of heavy traffic for whidtetpavement was not
designed.

The longitudinal depression
resulting from rutting compromises
the road camber, restricting wate
from being drained from the roa
surface. Un-drained  watef
penetrating the surface can furth
weaken the pavement leading
more deformations and finally

breaking the surface. Fig 4.18: Rutting

Shallow ruts can be treated by filling the depmassiith an additional
seal. More severe rutting, i.e. deeper than 50o0@m,be repaired in a
similar manner as when patching deep potholes.wheel ruts are then
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cut to a rectangular cross section and filled Wwabke course material and
finally sealed.

Depressions

Localised depressions are caused by the unevelensettt of the

pavement layers often for the same reasons as wigng occurs.

Depressions are more common on older roads withelirpavement

strengths and which are experiencing heavy traffiepressions on new
roads are either a result of
construction faults, usingf
poor quality materials or
when the drainage fai
resulting in the paveme
being saturated  with|
water. Depressions cal
also develop as a result @
differential movements atj
structures, often found af

bridge and  culvert= . .
approaches. Fig 4.19: Depression and resulting cracks

Besides compromising the smoothness of the roddcayrdepressions
lead to severe cracking and eventually the surfeeeking up. Being
the result of poor load bearing capacity, it ienfhecessary to replace
inferior material in the base course and sub-gr&adequent depressions
on a longer road section can be treated by addimgmastrengthening
layer.

Bleeding

Bleeding is a result of excessive amounts of bitubiader in the surface
seal. The excess binder is forced to the roachserrby the action of
traffic. The spot where bleeding has occurredfs and has a smooth
surface. The “fat’ surface reduces skid resistaespecially when wet.

In extreme cases, the surface layer may separdtbraak away under
the action of traffic. Repair works normally castsif spreading sand on
the soft areas. Large areas of bleeding are trdateapplying a new

surface dressing.
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4.6 Timing of works

Having carried out a road condition survey, sometht® damages
observed require immediate attention while othera@ial works can be
programmed to take place at a later stage wheich bé maintenance
contracts is planned. The table below attemptgrioritise works
according to key factors concerned with (i) safd anobstructed flow
of traffic, (ii) preservation of the road assetsd afii) preventive
maintenance to avoid any further deterioration.

The highest priority is obviously related to safiel anobstructed flow of
traffic. Such activities are given urgent attentioSpecial attention is
given to activities that should not wait from ag®evation point of view.

This work should be carried out without much detagreby limiting the

extent of damages and thus preserving the asReistine activities can
be given less priority and carried out during shackk periods. Equally,
recurrent activities are scheduled to take placennmbther recurrent
maintenance is required.

4.7 Classifying the condition of the road

An overall assessment of the condition of the neetsivork is useful for
long-term planning and budgeting purposes. Keeppttated records of
the overall condition of the road network can au@e confirm whether
the budgets are used in an effective manner whiekepves the total
asset value of the network.

Whether the road is in good, fair or poor condiiiogicates what type of
interventions is required in order to reach theirddsservice levels
expected by its users. Roads in good or fair dmrdiwould be
characterised as maintainable roads and are irgtlidehe annual
maintenance programmes. Although, poor and veoy pandition roads
may have some assets worth maintaining, they neguifisant
reconstruction or improvement works in order tochedesired service
levels. Equally, their poor condition renders mmshmon maintenance
activities useless resulting in limited impact snbe key functional
standards of the road are not in place.
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Damage . Criteria . Action Priori
Features concerned with safety of traffic
Any type of breach, that
endangers safety of traffic or

obstruct flow of traffic

Breaches or blockages
in the roadway

Remove blockages and

repair cuts Urgent

Tree branches at height less than 4.5m over the roadway I(())uwt e??,::g(;sr;? ] Special attention

Carriageway and crust condition

Cracking in local areas less

ﬁjr;ﬁl;ng without than 25% of the total area Ié;c:klsseahng orfilingof ~ Routine
More than 25% of total area Special attention
Stripping Less than 25% of total areas Apply local sealing Routine
Exceeding 25% of total area Apply surface dressing Special attention
Bleeding Less than 25% of total area Sand the surface Routine
Exceeding 25% of total area Apply surface dressing Special attention
I7e§s than 5Qmm depth with Routine
limited cracking Prime and fill with
Less than 50mm with severe bituminous mix ) .
Rutting cracking Special attention
More than 5Qmm depth with X\rl::kzurface dressngover Special attention
severe cracking Overlay required
Potholes As soon as they develop Patching Special attention
Reflection cracks Widely spaced Crack Sealing Recurrent
Closely spaced Apply surface dressing Special attention
Edge subsistence and Any extent Patch road edge and Recurrent
rutting repair shoulder
Deficient camber Any extent Reconstruct camber Special attention
Undulations Any extent Investigate and rectify Special attention
Loss of material on Any extent Regravelling Special attention

unpaved road
Shoulders and side drains

Deformation or ' Fill and compact to restore '

scouring of shoulders i camber RENE

Silting of side drains ~ Any extent Clean the drains Routine
Reconstruct to desired

Scouring in side drains  Any extent shape. Install scour checks Special attention

and mitre drains

Cross drainage works

Causeways: Potholes in paved surface, erosion of inlets,  Patching, repair and Special attention
outlets and guide posts replace P

Culverts: Silting, erosion of inlets and outlets, and Remove silt, repair erosion ; .
seftlement cracks and cracks Rlatenicl
Other works

Remove bush and cut
grass

Road furniture and signs dirty, corroded or missing Clean, repair and replace  Routine
Source: Manual for Maintenance of Roads, IRC 1989

Vegetation control Routine
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It is important to emphasise that the overall ctiodiassessments are
only useful for the main programming and budgepngcess. For the

purpose of planning specific maintenance worksgtiea need for more

detailed conditions surveys.

Pavement Condition Index, PCI

Most road agencies in the country use a standargeseement condition
index as an indicator to describe the overall diowliof the road or a
road section. This grading of the quality of tlegment is described in
the PMGSY Operations Mandéland is summarised in the table below.

Surface Pavement

Riding comfort Normal driving

condition Condition at 50 km/h speed

Index, PCI

Very good 5 Smooth and pleasant ride  Over 40 km/h
Good 4 Comfortable 30 to 40 km/h
Fair 3 Slightly uncomfortable 20 to 30 km/h
Poor 2 Rough and bumpy 10 to 20 km/h
Very poor 1 Dangerous Less than 10 km/h

The pavement condition index is an indicator of sheoothness of the
surface and the level of comfort at which the tcaffan travel on the
road. Since it only refers to the road surfacks, ot an indicator of the
condition of the road as a whole. A complete asrest of the road
would also include the condition of off-carriagewa@mponents such as
the drainage system and all structures.

Still, this indicator is useful for describing thendition of a pavement,
as it provides a fair picture of its current qualitf this is linked to basic
asset management principles, one can argue thatbieetive of the
maintenance works is to protect the good roadsléwed of quality that
provides users with a comfortable ride. Equalhe avould assume that

13 PMGSY Operations Manual, National Rural Roads Development Agency, Ministry of Rural
Development, 2005
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roads providing slightly uncomfortable travel wouldeed more
maintenance inputs, such as periodic renewal, t® @gain secure a
smooth and pleasant ride. Rough and bumpy roatisatiowing travel
speeds up to 20 km/h, would require substantiaforgment works.

It is interesting to note that the definition ofvary good pavement
condition index has been defined as a road allowisignooth ride at only
40 km/h. Although this criterion is lower than fdgher category roads,
it is in line with the design speeds recommendedural roads.

From the point of view of deciding where to carmyt goutine and

periodic maintenance, or placing the road under ridgabilitation

programme, one could categorise the roads inte twaditions only i.e.
good, fair and poor condition. This would implwtivery good and good
roads are grouped together and included in theineuhaintenance
programme. Fair roads would be considered for bmitine and period
maintenance while the poor and very poor roads aveohstitute the
group of roads to be considered for rehabilitatiord improvement
works.

Drainage assessment

As mentioned, the quality of a road is not onlyedetined by the
condition of the pavement is also dependent onghality of the
accompanying drainage system. For rural roadgms&the main cause
of damage to the pavement. The PMGSY Operationauilahas
adopted the AASHT®8 definition of the quality of drainage as shown in
the table below.

Quality of drainage Water removed within

Excellent 2 hours

Good 1 day

Fair 1 week

Poor 1 month

Very poor water will not drain

14 American Association of State Highway and Transportation Officials
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However, this table does not provide full guidanoghe importance of
the drainage system. Experience clearly showswhan the drainage
system fails, resulting in stagnant water on oruadothe road, the
pavement deteriorates rapidly. While a pavemenfain condition
according to the pavement condition index may serfor some time,
damages will take place within a short period ofetiif the drainage
system is in a fair condition as defined in thddaibove.

This implies that when performing maintenances itportant to ensure
that the drainage system remains in good conditr@hpreferably in an
excellent condition. Moreover, restoring good dagje can often be
carried out through inexpensive measures (i.enalgaculvert pipes and
re-excavating drains), which have a significant actpin terms of
limiting further deterioration of any road - no ttest which condition it
is in.

Fig 4.20: Stagnant water on shoulders

Overall classification of a road

Both the pavement and the drainage system need itacluded in any
assessment of the condition of a road. From art pssiction point of
view, it is clear that the upkeep of a functiondrginage system is of the
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highest importance. When carrying out road coodigurveys, it is often
seen that the poor performance of the drainagemsyst the root cause
of damages to the pavement. For this reasoninitgertant that both the
pavement and the drainage are considered whersamgsése condition

of a road.

Productivity guidelines for routine maintenance

Activity

Task difficulty
Inspection 5.0 km/day

Difficulty = Silt depth in culvert
1.Upto%% 2.%1t0% 3. %10 %

Cled el s e as shown 5rowsiwd 3 rows/wd | 1 wd/row |2 wd/row

and outlets 4. Over %. Tasks for 600 dia.
culverts with 6 rings
. Difficulty = type of work
bCIgar debris from m3fwd 05 25 1. Removing loose debris.
ridges Y
2. Excavating silt
Difficulty = soil condition
Clean side drains m3wd 40 815 3.0 1. moist and loose 2. average
3. hard and dry
Difficulty = soil condition
Clean mitre drains m3fwd 40 35 3.0 1. moist and loose 2. average
3. hard and dry
Repair scour checks | No/wd 6

Difficulty = soil condition
Side slope repair mdwd 25 2.0 15 1. moist and loose 2. average
3. hard and dry

Difficulty = soil condition
Shoulder repair m3/wd 25 20 15 1. moist and loose 2. average
3. hard and dry

Difficulty = soil condition
m3/wd 1.7 15 13 1. moist and loose 2. average
3. hard and dry

Difficulty = soil condition
m3/wd 1.7 15 13 1. moist and loose 2. average

Patch potholes in
gravel surface

Fill ruts in gravel

s 3. hard and dry

Grub shoulders* miwd 200

Grass cutting and Difficulty = Denseness of
bush clearing ey S A vegetation: 1.Light 2. Dense
Grass planting m2wd 3

* Tasks measured in linear metres covering both sides of the road.
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4.8 Technology choice

There is considerable scope for increasing effayen road maintenance
by adopting work methods and approaches relying frge extent on
locally available resources. A combined use oblaband machines
often provides the most appropriate solution. @ennaintenance tasks
are more effectively carried out using machinesjlevbthers work
activities are best carried out using manual labdive most appropriate
technology depends on the nature of the work ardatrailability of
labour and equipment in the area.

Most routine maintenance activities consist of wibwkt requires limited

amounts of equipment, mainly relying on basic htals and manual

labour. When such works are carried out on a exddsis, the amount
of work required on a road in good or fair conditie limited. The table

below show some common routine maintenance aetvand the labour
inputs required to carry out such works.

Although the nature of the work is fairly simpledarequires limited

technical skills, there is a need for oversightrfrtechnical staff who
have a full understanding of how the various conemd® of the road
function and how the maintenance works can besepve the road. The
challenge in terms of maintaining a large ruratroatwork is related to
the large geographical area where the work is éatcat

Routine maintenance work can easily be packagedsimall contracts
let out to local contractors based in the vicimfythe roads. Due to the
limited size of the works contracts, this type ariwis more attractive
to smaller firms. Small-scale contractors exidanger numbers and are
also found in the rural and more remote parts efabuntry. For this
reason, they are ideal for execution of routinemeagiance works. Since
the works require limited technical skills and guuent, these firms are
appropriate for carrying out such work. Equalhg timited size of the
maintenance contracts is compatible with theirrfzial capacity.
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From a logistical point of view, it is also prefblato recruit local firms
for such purposes. Local firms can more easily ilisgbthe necessary
human and technical resources required for routiamtenance works.
Furthermore smaller firms normally operate with éswoverheads,
which also limit indirect costs and
generally lead to lower prices.

In places where there is still
significant departmental labou
force in the road agencies§
experience show that routing#
maintenance can be effectivel
carried out using this huma
resource.

Periodic maintenance generall
involves larger volumes of
resurfacing  works. The

appropriate selection of
contractors for such work veryf
much depends on the
configuration of the local
construction industry. In places
where there is an ample supply o
medium and larger firms in
possession of common roaq
construction equipment, it wouldy
be natural to utilise these firms forgs
periodic works.  Side-by-side, &
capacity of local small contractorg&
should also be enhanced to be abfE==== _— -
to take up such activities. Fig 4.21: Resealing works in Meghalaya

In more remote areas, there is often a shortadgrgér firms. In such

circumstances, it is more appropriate to packagmdie maintenance
works into smaller lots, thereby allowing smalliems to participate.
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Engaging local contractors in road maintenanceisonly boosting the
local construction industry, it is also useful @rms of building local
capacity to deal with emergency maintenance wokksal firms with a
competence in road maintenance works can be metii®re easily and
quickly when an emergency occurs and traffic acaessds to be

restored.
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5 Institutional arrangements

5.1 Organization

Roads are organised in a hierarchy according todlleethey play in the
network. Village Roads and Other District Roadavjite basic access
in rural areas. State Highways and Major DistRoads comprising the
secondary roads provide both mobility and accasstiion. The National
Highways constitute the primary network. Mainterard the public
road network is shared between several organizatiepending on the
category of the road. The network of roads is rgadaby state and
federal agencies. At state level, public worksad&pents, agriculture
marketing boards and rural engineering servicesnacharge of village
roads. In addition, the Panchayati Raj Institugiare in charge of a large
network of other rural roads.

Road standards are usually determined by the famat the road and
the traffic volumes they cater for. Equally, thead maintenance
arrangements vary depending on the function ofrtlael. Main roads
with higher traffic levels are given higher prigriin maintenance
programmes than local roads. Also the responssgesied service levels
in terms of addressing maintenance needs are higherain roads than
on rural roads. Such priorities influence how teses are allocated to
the road network and also how maintenance is csgdni

Institutional arrangements for maintenance of ruwatls include:

(i) responsibilities of organizations involved in plamm and
implementation and relationships between them;

(i) funding organizations and their relationships wilanning and
implementation agencies;

(iif) coordination between agencies responsible for vareategories of
roads;

(iv) role of democratic and consultative processesdéisaba making (to
ensure participation of relevant stakeholders), and
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(v) role of the private sector in implementation andesuision
arrangements.

The responsibility for maintenance of roads is elgslinked to
ownership. The rural road network is under thésgliction of the state
and local government authorities. Not only areythasked with
maintaining these assets, but they are also theemwmf the
infrastructure. In practice, when government tngitins build roads or
other infrastructure, such assets end up under dheiership and it is
their responsibility to maintain the assets.

The upkeep of national highways
is vested with the Ministry of Road
Transport and Highways and as
such is the responsibility of the
union  government. For

implementation of development
and maintenance, the Ministry
entrust the highways to the
National Highways Authority of

India, Border Roads organization
and the State PWDs. State
governments are responsible for
State Highways, Major District

Roads, Other District Roads and
Village Roads. At local level,

Panchayati Raj Institutions are
tasked with the provision of local

infrastructure as well as local
access roads. This also includes
the maintenance of such assets.

Each of these levels of government
makes arrangements to protect
Fia 5.1: Time for preventive maintenance  their  respective  infrastructure
investments by assigning the
responsibility for the maintenance to designatetinecal agencies. For
roads under the jurisdiction of the state governsyehis responsibility
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is delegated to the Public Works Departments ollainimstitutions. The
maintenance responsibility of rural roads formiragtf the state road
networks may also be delegated to other institstgurch as agriculture
marketing boards or rural engineering service depants.

The Panchayati Raj institutions constitute the keMevel of government
with a mandate focusing on local development. Ast pf this

responsibility, PRIs are involved in various rurdevelopment
programmes which involve the development of log#taistructure.

Some of these schemes are funded by the statdevafeggovernment but
implemented through local government. A major lemaje for the PRIs
is the limited technical capacity they can affoodkeep within their
administrations. In recognition of these limitaso there are often
specialised agencies that provide technical suppdine PRIs in relation
to local infrastructure provision.

A major portion of the rural road network has béeilt by schemes
under the direction of the PRIs with support freThnical agencies such
as the Rural Engineering Services. Constructiotocdl roads often
features as a significant component of rural dguakent schemes as the

o |
1§

LoV R

Fig 5.2: Local road, Punjab
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need for improved access is often regarded astagrigrity in many
rural communities. This infrastructure constitutegjor assets and also
needs to be protected from deteriorating. Thefiisrad these roads will
only be sustained if they are provided regular nesiance. It is therefore
important that adequate arrangements are madenwitbiPRIs and the
supporting technical agencies, to ensure that eadmice also takes
place on this portion of the rural road network.

Rural development programmes have in the past éacosly on the
construction of new roads. This strategy neeah#mge, introducing a
balance between constructing new roads and maimge@xisting assets.
The benefits of rural development schemes will drdysustained if the
infrastructure assets are protected. On-goingraromes and also future
ones would be more effective if basic maintenanoecepts are
introduced in these schemes. This is not an iniiplestask. After all,
the PRIs have managed to mobilise technical supyotiuild such
infrastructure. On this basis, it should also begible to make similar
arrangements for maintaining infrastructure assets.

5.2 Maintenance arrangements

The government, at central and local level, thratgyhelevant agencies,
holds the ownership of and responsibility for thaimenance and
operation of the public road network. Within tloigntext, there are a
number of arrangements that can be used for impigngethe actual

maintenance works - as shown in the table belove &hosen road
maintenance arrangement may also comprise of dewdrdhese

approaches.

The combination of approaches 1 and 2 was norraaby in the past by
the technical agencies in charge of road maintena®ome states still
have a significant departmental labour force whittkaintains a

significant portion of their respective road netkwor Most states

however, have disbanded their force account unidsresstead rely on the
private sector for the execution of maintenancekaidiVhen road works
are carried out as a force account operation, etgnp, materials and
labour are provided directly by the agency. THeativeness of these
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approaches is dependent on the

Implementation availability  of  equipment,
arrangements materials and adequate

1  Paid permanent staff supervision.
supported by equipment

2 Paid casual workers for The third approach covers the
defined tasks lengthman system, which has

: , been applied with reasonable
3  Direct contracts with . h it
individuals or groups (payment success In other countries.

by result) Although this arrangement in
4  Contracts with small, medium prthIpIe relies on a ContraCt In
and large scale contractors which the workers are paid on the

basis of outputs, it is often

S Agreements with communities o o jenced that due to limited

6  Agreements with defined supervision  resources, the
village level organizations payments end up being based on
7  Self-help: attendance - and in effect
(i) voluntary . resembling  previous force
gg;&gegszgr‘gfa?%drsh're account arrangements. The
(iii) collect funds and combine draWba_Ck with these systems is
self-help with rented that, (i) due to the lack of
equipment inputs production related incentives,

productivity rates can be low, and
(if) with the limited supervision provided to thedividual workers, the
work performed is often ineffective or it does rauldress the real
maintenance priorities.

There has been a drive in recent years to move &eaypublic sector
execution of civil works and instead relying morethe services of the
private sector. Contracting out maintenance mayaoessarily follow
conventional contracting procedures. Certainlyréartine maintenance,
it has been possible to contract out work to petpntractors and
community groups. Since many maintenance activit@an be
effectively carried out using manual labour, sucbrkg can also be
integrated into employment generation schemes.

15 |In Nepal, routine maintenance of feeder roads is organised through a lengthman system.
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The alternative approaches 3 to 7 are likely taiiregmore technical and
managerial inputs, especially in the developmerasph Despite this
initial organization requirement, it is often theperience that contracts
with specific groups eventually demand less sup&mi are more

transparent and by basing payments entirely on watguts, become
more cost effective. When engaging contractorsjmonities or other

local organizations, agreements are made basedook eutputs or

performance indicators. The actual supervisiomefindividual workers

is then delegated to the contractors, and the conaethe technical

agency is of monitoring the outputs of these cantrs.

Experience also shows that contracts with a gréuyoodkers facilitate a
greater emphasis on prioritisation of work actestaccording to the real
maintenance needs of the various road compone#ts.the daily
supervision of the workers is delegated to theraator, the supervisors
and inspectors of the road agencies can focus #ffgirts on more
qualitative instruction, guidance enforcing outgtandards, certifying
completion of maintenance tasks based on measutemand
recommending payments to contractors by the coadeaathority in the
road agency.

To effectively apply any of these approaches, thedtements are (i) the
establishment of a performance or output base@msysand (ii) proper
guidance and motivation of the workers and thegesusors.

Despite the fact that the use of departmental lalguno longer “in
fashion”, it is important to acknowledge that soofethese agencies
actually contained all the prerequisites for a egstul road maintenance
programme, such as a clear mandate, availablecimaand human
resources, technical and administrative procedumanning and
resource management systems, work procedures andastls and
progress monitoring. A common argument used irodavof force
account operations is that such organizations amre masily mobilised
for emergency works as compared to relying on emtdrs for such
activities.

Local roads are at times built through communitfiselp arrangements.
When it comes to installing a maintenance systerthigse roads, inputs
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in the form of regular cash wages is necessaryriteroto secure
continuous and sustainable maintenance arrangememtihough
villagers can be mobilised on a voluntary bastsuitd or improve a short
road section, experience shows that such arranderaea difficult, if
not impossible to sustain in the long term.

All these approaches are dependent on a solid ipigamd management
capacity and adequate supervision, thus ensuraigvbrk is effectively
carried out. Planning and work supervision requamre effective
organization with a team of skilled engineers aadhhicians with
intimate knowledge of the road network under tiseipervision. Such
staff needs to be equipped with the required ressuto operate and
remain responsive to the wear and tear of the a$send in the road
network.

The issue of management capacity and supervisiatated to the level
to which the maintenance responsibility is delegiatén order for the
management organization to be sufficiently respangd the demands
of the network, it is crucial for its success tliais decentralised.
Sufficient authority needs to be vested in thedfiehits, enabling them
to take necessary decisions and action in a timmpner, and when
doing so, having the required resources for cagrgim the works.

Fig 5.3: Maintenance by departmental labour in Himachal Pradesh
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Funds for maintenance should be directed to anttaltad by the field
units as they are expected to manage and sup&wigs. This implies
that contracts need to be managed by the field amd that funds are at
their disposal for timely payment of completed werBased on progress
and expenditure reporting, funds are replenished @gular basis.

5.3 Capacity of technical agency

Effective maintenance of a rural road network s&gdous responsibility
in which technical, financial and institutionaluss need to be addressed
in a comprehensive and structured manner. Oftha, lack of
maintenance is blamed in its entirety on the shertaf funding.
However, the situation is in most cases more decels places where
road maintenance is failing, it is often possibte detect capacity
problems in terms of planning and works implemeatat

Like any other civil works programme, the efficiemplementation of
rural road maintenance works requires a sound teaharganization
equipped with the necessary managerial and tedhmsikils and
resources. The performance of the road assetss rieeloe carefully
monitored to ensure that they function as origyniatended. When road
defects develop, there needs to be establishe@guoes and resources
available allowing for timely remedial action. $hwill ensure that
access is restored minimising the inconvenienceezhto the users of
the infrastructure.

All maintenance works require careful planning,euwfsion and control.
Proper monitoring of outputs and the resourcesiredio achieve these
outputs provide the basic information for plannamgl estimating future
maintenance works. However, before these planniagd
implementation activities can commence there igedrfor proper and
regular road condition inspection and defects assests, which form
the basis for all consecutive engineering inputs.

The authority in charge therefore needs to be @guipwvith adequate
management tools, including:

* Means and procedures for establishing and maintia road
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inventory, providing detailed information about tload assets;

» Established procedures for and logistical meamsitty out regular
inspection of the network;

» Guidance on how and when maintenance works shaulchlried
out including procedures on how priorities arefeetselection of
where maintenance should first be carried out;

* Programming and budgeting procedures for the patipar of
master plans, periodic plans and annual plans;

* Works implementation procedures: guidelines on ahoif
technology, use of the private sector and contigarrangements;

» Skilled staff to carry out planning and works swoson;

» Logistical means to oversee the performance ofmgtaork and
inspection ofworks;

» Financial and administrative support services tsuem effective
budgetary and expenditure control.

5.4 Structure

Institutional capacity to perform efficient and &y maintenance
involves the capacity to plan and carry out theksat the right time,
preserving investments with cost-effective solugiand thereby utilising
available funding resources in the most efficieanmer. This requires:

v

SN N N N

competent technical staff,

a thorough knowledge of the road network,
sound procedures for road condition inventories,
efficient planning procedures,

effective procurement systems,

good supervision,

adequate logistical support,

transparent and up-to-date reporting and
reliable financial management.

As far as the actual implementation of works iscawned, procedures
and systems need to be in place for planning, bduggeparation,
payment, monitoring and accounting.
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For the planning of maintenance, the first prersitgiiis collection of
information of the road network. First of all, thisplies data is available
on the size of the network and its condition. Buggeparation requires
information on the cost of routine and periodic m@nance. This is
usually available from the technical agencies degaliith road works.
Accounting  procedures
need to reflect the variouspi
types of work carried out
and meet the reporting
requirements of the
various funding sources.
Procurement procedure
obviously vary according
to whether the works arefe
carried out by
departmental labour or by
the private sector. The
latter involves a
significant reduction in

the number of financial ig 5.4: Inspecting and recording maintenance needs
transactions for the IocalEg A Inspecing 9

accountants.

Monitoring is important as it provides informati@n the effective
utilisation of the resources allocated and alsotlum effect of the
interventions. The rural road agencies may congitgating a dedicated
maintenance cell at the Head Quarters for prop@nnphg and asset
management of rural road network under their owmprsSuch a unit
can be headed by an SE level officer with appregsapporting staff.

Besides the choice of approach and implementatiagements, the
type of maintenance activities influences the oizgtional set-up. An
effective road works organization needs to caterafbtypes of work,

covering routine, periodic and emergency mainteeari€ach of these
categories of work requires different organizatlosatups. 1The
organization needs to be structured in a mannehatoit (i) is able to

cope with routine maintenance at all times, (ii$ lsmough capacity to
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carry out periodic maintenance, and (iii) is prejpitio cater for suddenly
appearing emergency works.

The organization of routine maintenance and in i@ddr its
management and supervision, needs to be carefesiged in order to
meet the specific characteristics of such works.

Although routine maintenance consists of fairly @ienwork activities,
requiring no sophisticated technical skills (i.eish-clearing, clearing
drains and culverts, pothole patching), it doesdwmv demand a cadre
of well-trained team of technical staff to supeevise work.

Tasks of a maintenance unit

Inventory: recording all components of the road network, their main
characteristics and current condition.

Inspection: examining the road network and measuring and recording its
condition.

Determination of maintenance requirements: analysing effects, their
causes and specifying what maintenance activities are needed to rectify and
delay any further deterioration.

Resource estimation: deciding the work that has to be done and which
works take precedence if resources are limited.

Work scheduling and implementation: timing and controlling the works
implementation, preparing contracts, award and supervision of works.
Monitoring: checking quality, progress and effectiveness of works.

This staff carries out essential management funstsuch as monitoring
the road condition, supervising works, enforcingliy standards and
certifying completed works, (ref. Job Descriptiogldw). To actually

achieve this in a timely and efficient manner regsiia decentralised
organization with skilled staff stationed at stgitelocations in relation

to the road network.

Additional financial resources for urgent maintecemre important in
order to be ready to take prompt action and lirgithre extent of damages
and avoiding serious disruptions in availability axfcess to the rural
communities. When major natural disasters takeepladditional
funding should be made available (i.e. major fldathages). For minor
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damages, the implementing organization’s own ressurshould be
sufficient.

Periodic maintenance works do not require the sametinuous
monitoring of the road condition as required foutime maintenance.
Periodic maintenance is only carried out every fivaix years and can
therefore be organised in the same manner as uootistr and
improvement works.

A rural road maintenance management team would abrmmonsist of
the following cadres of staff:

« An Executive Engineernn charge of overall planning and
supervision of all rural road works including thaintenance in a
district. His/her duties would include overseethg preparation
of cost estimates, work programmes and budgetstramn
preparation and tenders and ensuring that worksaared out on
time and adequately supervised.

« Assistant Engineerassigned to manage the routine and periodic
maintenance works in a given cluster or geographicaea,
providing oversight of work supervision as well eendom
inspection, measurement and quality control.

« Junior Engineersin charge of the detailed programming and
implementation of road maintenance for a sub-ctusteroads.
These tasks should be combined with the preparatforoad
condition inventories.

* Work Supervisorsyhere available, support the Junior Engineers
in the regular road condition surveys as well asitispection and
supervision of local contractors or labour ganggaged on
routine maintenance works.

* A Finance Officerneeds to process payments for maintenance
works, keep proper accounts, process budgetargagibms and
exercise financial control on behalf of the techhteam.

< Administrative and logistical support staffuch as drivers,
secretaries and office assistants need to be mdwdaddition to
sufficient means of transport and office equipment.
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The organization chart below describes a maintemand catering for
routine, periodic and emergency works.

Executive Engineer|

1 |
Assistant Engineer Assistant Engineer Assistant Engineer
Cluster A Cluster B Cluster 8
|
1 1 1
Junior Engineer (Inspector) Junior Engineer (Inspector) Financial and
Roufine and periodic maintenance Routfine and periodic maintenance admin services

vy v ¥ 3 3 y¥ v 3 v ¥ ¥

Labour | | Small || Small | | Small | | Medium-size Labour | fLabour | f Small | | Small || Small | |Medium-size
Gang || Contr.J| Contr |} Contr.J| Contractor Gang || Gang || Contr.|| Contr}| Contr.J} Contractor

The number of Assistant Engineers and Junior Eegine be assigned
to the maintenance works depends on the total gdiyand financial
workload of the required length of roads in thestdu to be maintained.
Both routine and periodic maintenance should beusted to one
Assistant Engineer for a particular cluster of adhich in turn is sub-
divided between a team of Junior Engineers. Théime and periodic
activities are complimentary to each other and ithentory of the
current status of roads has to be prepared sinadtesty to assess both
routine and periodic works. Therefore it is recoemaed that
maintenance work is entrusted to a single Assidtagineer in a given
cluster. Attention thus paid to routine mainteraman prolong the
periodic repair cycle. In road agencies, whergitdt possible to allocate
dedicated staff for rural road maintenance, théosenanagement must
ensure that the work load for each JE and AE lefiider duly takes into
account the tasks and supervision involved in loglifter maintenance
requirements as well.

Depending on the travel distances to reach allscadength of 100 to
150 km of roads in plains and 50 to70 km in hili& be entrusted to one
Junior Engineer. This network can be increaseik supervisors are
available to assist in condition surveys and supienv of routine
maintenance works.
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There is no specific personnel assigned to emeygeocks. Normally,
the staff requirements for this activity would rawin from the regular
resources assigned to routine and periodic maintenaWhen sudden
damages occur to the road network, and immedidienaequired, it is
normal practice to utilise all available resourdesdeal with the
emergency works.

The key personnel in this organization are redlly $taff in charge of

planning and supervising the maintenance works.préctice, Junior

Engineers and Work Supervisors can perform this.rdfhese are the
persons who actually monitor the condition of thads and ensure that
timely provision of preventive maintenance takeacpl The table on
next page describes the duties of the Junior Emrgiie charge of

maintenance.

5.5 Training

Most state road agencies implement an in-housdigaprogramme for
their staff. Training in maintenance has mostlgrberganised as part of
courses essentially dealing with construction workgith a maturing
road network in most states, larger portions ofiraarks budgets will
need to be allocated to maintenance. As a reBwte emphasis
therefore needs to be dedicated to maintenanceeirannual training
calendars.

Many of the topics dealt with in this Guide willqdire a certain element
of training in the process of securing the necgssapacity within the

road agencies that ensures that sound maintenarao@yements are
established.

For some staff members, the introduction of new agament systems
and implementation strategies for maintenance imslsignificant

changes in their individual job responsibilitieglatuties. Training can
be used as an effective measure to introduce nemageanent and
financial procedures as well as technology.

When designing the training, it is important to meokledge the
variations in maintenance practices across stdtesning needs should
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Job Description — Junior Engineer (in charge of Maintenance)

General:

The Junior Engineer is in charge of providing and timely maintenance of rural roads. This
involves inspection of roads, preparation of budgets and work plans, work supervision, on-the-
job training and work guidance, inspecting and certifying completed works, following established
technical, administrative and financial procedures.

Main responsibilities:
The main duties and work responsibilities consist of:

inspection of all maintainable roads, recording deficiencies and estimating remedial
maintenance works,

estimate annual rural road maintenance budgets and prepare annual maintenance work
plans based on field surveys,

prepare detailed work plans and cost estimates,

prepare contracts documents for maintenance works,

estimate required inputs and costs of tools and materials for maintenance,

assist in procurement of tools and materials,

identify and select potential local contractors in close proximity to the roads,

award and negotiate routine maintenance contracts,

distribute appropriate hand tools to labour gangs,

monitor and supervise the implementation of works by contractors and labour gangs,
measure and issue payment certificates for completed works,

maintain physical progress and cost records of all maintenance works, including labour
inputs, tools, materials, and other costs,

continuously monitor the effect of on-going works as compared to the condition of the road
network, and when required introduce revisions to work plans,

monitor the effects of intensive rainfalls or other extreme wear and tear to the road network,
and initiate emergency maintenance measures as and when required,

monitor and evaluate the effectiveness of work methods, system and procedures, and if
necessary propose changes which further improve the efficiency of the system,

liaise with local authorities and villagers on administrative matters relating to the
maintenance works (e.g. safety, use of borrow pits, recruitment of contractors, maintaining
road furniture, stockpiling materials, etc.),

liaise with local authorities and the road users on the proper operation of the roads (speed
and weight limitations, reporting, importance of emergency maintenance, etc.)

other administrative or technical work as directed by the Assistant Engineer.

Reporting:
The Junior Engineer reports to the Assistant Engineer.
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be carefully assessed identifying the main cha#terig terms of building
up sound maintenance practices based on sustased#e management
principles.

Training needs are not an isolated issue that eagehlt with as a one
off exercise. It needs to be continuously assesdddst states have
established regular collaboration with institutioas both state and
federal level for the provision of staff trainingEqually, there are
dedicated institutions that provide training foe thrivate construction
industry.

Benefits of training

The effects of targeted skills-oriented training have both immediate and long-

term benefits:

 Training can be an effective mechanism for introducing policy change and
new management procedures. It can be an effective vehicle for presenting
new arrangements to the staff of the agencies concerned.

» The most effective form of quality assurance is provided through well-
trained and motivated staff that knows how work should be carried out and
takes interest in ensuring that completed works meet prescribed quality
norms.

e Training sessions provide a good opportunity for raising awareness of
policies and strategies, and improve understanding of key implementation
issues, future goals and objectives of the agencies.

» Training opportunities lead to increased job satisfaction and improved
morale.

» Providing good in-house staff training opportunities helps attract quality
staff to the agency and ensures that new recruits quickly become
productive.

When new implementation arrangements are introduded
maintenance, it is important that staff is propénistructed in the new
procedures and work methods, thus ensuring that #dne put into
practice in a uniform and consistent manner.

Experience shows that this type of training neesigherefore best
addressed relying to the extent possible on pi@csessions in which
real planning and implementation scenarios are.udddw planning
procedures can be introduced through site visiteosmls where new
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survey methods are demonstrated. Findings fronfi¢ha surveys can
be used for cost estimating and work activity plagn Equally, during

the implementation of works, training workshopswseful to ensure that
all aspects of effective maintenance are achieved.

The core group for this type of capacity developimerthe field staff,

who on a daily basis takes charge of the plannimy supervision of
works. This is a large audience stationed at wiffelocations in the
respective states. Rather than summoning thispgtouthe centre,
training is more effectively carried out with mabiiraining teams that
deliver short-courses where the staff is postedcldse proximity to the
road networks for which they are responsible orjgbéraining.
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6 Planning and implementation

6.1 General framework

The implementation of a road works programme isileggd by a series
of procedures and guidelines. These proceduresnooiy cover
subjects such as the planning process, programiaing budgeting,
procurement and contracting arrangements, techrstaidards and
works specifications, and finally monitoring anghoeting. There are
also regulations relating to social and environmeaspects that need to
be observed in relation to civil works activitiesln addition, the
institution providing the funding may insist on @@n conditions under
which the resources are utilised.

Regulating bodies consist of both government omgditns as well as
private sector organizations. Public works progress are prepared
following the general planning procedures pertajnimthe source of the
funds and the specific sector under which the puogne of works

belong. Development plans are commonly produceths level as well
as by local government authorities (i.e. local dgwment plans). Plans
at the various levels in the government hieraroloy,only need to adopt
certain standard formats, they also have specgraval procedures
thereby incorporating basic democratic principled securing a certain
process of consultation with the population whd W affected by the
proposed development initiatives.

Setting realistic goals and targets for any typputflic services requires
good knowledge relating to the costs and amoumneésurces required
to reach these goals. For the purpose of consisi@md to ensure that
all parties are adhering to the same planning anglementation
strategies, a set of standard work practices avelaiged that include
items such as standard designs and working arrasmgspcatering for
the various conditions in which the infrastructsesvices are expected
to operate.
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Planning of road works is organised according te thvision of
responsibility for the network. Main roads andHigys are covered by
national and state road works agencies, while rpaolgding access to
local communities are under the jurisdiction of db@overnment
authorities. In order to distinguish between tr@mtomponents of the
public road network, roads are classified in groapsording to their
purpose, such as national highways, state highweyd, district and
village roads.

Appropriate design guidelines have been developeddch of the main
road classes. The design guidelines include gedeextions on the
geometric features, such as appropriate dimensibttise road cross-
section and curvature, surfacing and pavement mgtiarainage
solutions, road reserves, etc. The guidelinebased on key parameters
such as traffic volumes and terrain conditionsaddition to the design
standards, standard specifications are issuedoferdivil works should
be carried out. Work specifications are essentiathe process of
securing that construction and maintenance worket ngenerally
accepted industry quality standards. The Indiaad?oCongress has
developed design guidelines and work specificatfionshe road sector
— including rural road works, duly supported by thad agencies of the
Central and State Government.

Annual programmes and budgets

Annual programmes and budgets are the main plaasmsigwhich
specific resources are dedicated to various wdikiges. This planning
process normally commence a year in advance thesebyring the
inputs of all stakeholders and also allowing f& #ssembly of necessary
data to support the cost projections in the budget.

Local plans

In addition to the annual work programmes, roadheigs develop long-
term plans for the development and maintenanckeofdad network in
their respective jurisdictions. Annual budgets nmay meet the full
requirements for maintenance and improvements|@agaterm strategy
describing when and where works take place arelalese based on the
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priorities of local political bodies. The timingn@ contents of
maintenance works will vary from one year to anaothePeriodic
maintenance only takes place at intervals of foveix years. For these
reasons, it is useful for the road agency to foatauplans covering a
period of five years.

Maintenance plans

Planning is often associated with new developmatiatives, however,
road agencies also need to include the effectilisation of available
resources to maintain already existing

infrastructure assets. As mentione
above, maintenance planning need,
to be carried out on a periodic basif ===
as well as on an annual basis. s

An important feature of all work
planning is to make adequa
provision for the upkeep of the}
existing infrastructure assety
developed in the past. Although thi
issue is often neglected, it woulq <
seem obvious that the first priority in._
any works programme would be t¢
protect already existing infrastructurg =~ = ,,
investments, before spending monel ;
on entirely new schemes. For thig :
reason, budgets are divided into |
recurrent or non-plan budget deal | :
with the upkeep of existing Fig 6.1: Assessing the condition of a
infrastructure and arinvestment or road

plan budgetfor development works. When building new roads or
upgrading existing roads to higher standards, fandsourced from the
investment budget.

Detailed plans

Detailed plans are the working documents whichrimet staff refers to
in relation to the scheduling of individual worktiaties, supply of
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equipment and materials and hiring of contractors labour. Detailed
plans are prepared for various time horizons, rapdiom the entire
budget period, to monthly, weekly and daily worlaqd. The main
purpose of the detailed plans is to secure propmmagement of all
resources used as inputs to produce the plannpdteut

The timely completion of works according to a pisia key determinant
in measuring progress and assessing the efficieihnaprks. In order to
obtain an objective picture of progress, a monigiystem is installed
in which the actual outputs are measured and cadpagainst the
planned work schedule.

6.2 Planning maintenance

Like any civil works, road maintenance requiresebédr planning,
supervision and monitoring. Before these planmind implementation
activities commence, there is a need for a detalegiey of the road
condition during which all defects and damageséorbad are carefully
assessed. This survey provides the basis for ipligmf the consecutive
maintenance works.

As shown in the figure below, the management requénts can be
described as a continuous cycle of monitoring, mlagy and works
implementation.

With a complete overview of the maintenance negds, possible to

allocate available funds where maintenance is mestled. If there is a
shortage of funding, it is necessary to allocatglable funds where it
has the highest effect in terms of preserving tfael metwork.

The funding priorities form the basis for preparitige annual

maintenance plans. On the basis of these plasmmees are mobilised
for carrying out the works. This includes bothhiouse resources for
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supervision and control as well as contractorsarfdfce account units
executing the works.

Prepare
l road inventories \

Inspect and Inspect and
assess effects assess defects
l Maintenance l
management
Carry out cycle Determine works
maintenance and resources

Prepare Prioritise

work plans ]-[ works

Finally, the effect of works needs to be monitoesll road condition
inventories updated. The monitoring and reportinglso important in
terms of documenting that the maintenance budgstspant according
to its intended purpose.

An effective road maintenance management systerangmersses the
entire management cycle as described in the diagbamve. While many
computerised systems claiming to be a road maintmnaanagement
system (RMMS) only focus on the planning and ptigation of the

works, a complete management system for road nmginte also needs
to include the works implementation stage, makiage ghat the right

type of works is carried out at the right time.isTimplies that once road
condition surveys have been carried out, the olbsedamages to the
roads need to be translated into quantities of work

Funding for this work need to be released and aeotdrs or work units
mobilised to carry out the works. The completedrivis finally
measured and paid for. During inspection, a fasdessment is carried
out to verify that the maintenance provided hasiallt repaired the
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original defects and that no further deterioratoiaking place. All these
stages require uniform systems and proceduresfahat part of the
management tools of the technical agencies in ehafgthe road
network.

6.3 Road inventories

In order to make rational decisions on how a roatlvark can be
maintained and improved, it is important to assembidequate
information about its current extent and conditaoml how it serves the
transport needs in the area in which it is located.

Like any other assets owned by the governmenrd,iihportant to keep
records of its components to ensure that they deguately protected
and maintained.

Like any asset register, a road inventory providiegtsils relating to the
general features of the infrastructure, includingometric design,
alignment, pavement type, traffic volumes and theation of major
structures. It may also contain information peitay to the function and
importance of the road, such as the villages sepegllation and other
important infrastructure in the vicinity of the dhasuch as clinics,
schools, irrigation systems, agricultural servi@ntees, government
offices, markets, etc.

Road inventories are often described through teeofistandard forms
in which this information can be record€din addition, the location of
the road assets are identified with the use of ndgscribing each
individual road as well as the network as a whdlke maps range from
simple hand drawn strip maps to advanced compatergraphical

information systems (GIS) in which all the dathriked to a digital map.

Although modern GI systems are impressive and aftovan efficient

management of data, it should be stressed tha¢ thestems are not
essential for the effective management of inforaratelating to a rural
road network. Experience clearly shows that eveimgple system of

16 The Operations Manual for the PMGSY has designed a good inventory form and also includes
useful information on how it is used.
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manually prepared strip maps can be an effectiganphg tool for the
development and maintenance of rural roads.

Village A
National Road No.3

0.000

0.900
cut to fill

Gravel
depot

O 13.2 km

Village B

wooden bridge
11 m span

2.570

cut to fill

2710

(2.990

3.240

7m concrete bridge

—

Village C

On the basis of the
information in the road
condition inventory, it is

possible to establish the full
extent of the network and the
portion of roads that should
be included in the annual
maintenance  programme.
The road inventory needs to
include information on the
overall condition of
individual roads. This
information is important in
terms of long-term planning
of both maintenance and
improvement works. In line
with good asset management
practices, funding for
maintenance works is then
secured for the roads in good
and fair condition, while the
parts of the network in poor

condition is included in future investment prograesfor upgrading and

improvement works.

By establishing a road inventory with a broad dfasgtions of the

condition of the network, it is possible to develgifective long-term

plans on how to preserve the network and also hewetwork can be
further improved. The overall size and geograghdistribution of the

network also form an important basis for resouttecations such as
personnel and logistical support and of courseifgndf works in each
of the districts and divisions.

Managing Maintenance of Rural Roads in India 125



Road inventory information

Geometry * alignment
* profile
* cross-section

Pavement and shoulders * soil conditions
* type of pavement and shoulders

culverts and drifts
mitre drains
catch water and cut-off drains

Drainage

Bridge Structures type and size

* location
Road signs * location
» condition, visible or not
Pavement Markings « condition
Other Traffic Control * specify
Devices * location
* condition
Protective works * location
(retaining walls, breast * condition
walls, etc.)
Junctions * location
* type of connected road
Condition « overall condition of the road, drainage, bridge
structures, road signs, pavement markings, other
traffic control devices
Climate * rainfall
« flood patterns
* adjacent water management
Traffic » average daily traffic

Maintenance details of routine maintenance i.e. names of petty
contractors
details on rehabilitation and urgent maintenance

works, e.g. date, location
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Equally, by carrying out regular reviews of the @alecondition of the
network, it is possible to monitor the effects bé tinvestments and
priorities taken. With an annual update of theditton of individual
roads, it is possible to keep track of the porobroads in good, fair and
poor condition. This is a useful indicator for elmining whether the
road network is gradually improving or deteriorgtirwhich in turn
describes the effectiveness of the maintenancergmmoge and the
funding priorities in recent budget allocations.

6.4 Maps and graphical presentations

Maps form an important basis for the planning ofy aype of
infrastructure. They provide a good graphical engéation of the
transport needs and patterns in a given area, egethter with data
relating to the location of villages, economic wities and social
services, it is possible to establish a good oesvvof the transport
situation.

The use of maps for infrastructure planning isiedrout at two levels,
(i) for the overall planning of development worksai given area, and (ii)
for planning specific road maintenance and improsets works.

A basic feature of maps is that they provide a goeetview of where

people live and how communities are connected haegehrough various
means of transport such as roads, tracks, railwaysts, etc. For

development planning purposes, information on ecoo@ctivities and

social services can be added to the map and usawhdiiscussions

relating to the overall development of a speciggion. With the

inclusion of such information, it is possible tad@b a good overview of
how various sectors interact with each other. Fioenpoint of view of

establishing an effective road network, the infdiorarelating to other

sectors can improve the understanding of how tlelsqrovide the
necessary transport links required in other sed@tsess to schools,
clinics, markets, local government headquartecs).et

For technical staff in charge of the managemera njad network, the
use of maps is more specifically related to locptivhere works are
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required in order to maintain and improve the ctiodiof the road
network. Maps are therefore used for specifyingksdn detail and are
often included as part of project designs and eeshtdocuments.
Together with information on the condition of thetwork, they provide
a good overview of the network as a whole.

As mentioned, maps can be produced using variotisoue. With the
increasing application of GIS for rural developmputposes, it is often
possible to obtain good and up to date digital malpshese are not
available, the alternative is to produce simpledraaaps from old
topographical maps, aerial photographs from Goddgbps. Even
without such information, simple strip maps canalsv be produced
based on the actual travelling distance measuredgitoad surveys.

6.5 Road condition surveys

In order to assess the needs for and to plan fubapeovement and
maintenance works, it is necessary to maintainpatotdate knowledge
of the condition of the road network. For thisse® road condition
surveys are carried out on a regular basis. Thaseys form the basis
for future work programmes and budgets so they tedd carried out
well in advance of the next budget approval praceRsad condition
surveys allow the road agencies to:

e become thoroughly familiar with the road networkdaits
maintenance challenges and on this basis make tivejeand
quantified assessment of the condition of each,road

« make objective prioritisation of maintenance angriovement
works in line with sound asset management prinsjple

* review the effectiveness of maintenance activit@sied out since
the previous surveys, and

e programme in detail the improvement and maintenavaés to
be carried out during the next working season.
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Due to the size of the rural road network, sunaysied out to monitor
its condition are time consuming. Survey procesldherefore need to
be designed so that they allow for the data cetledb be organised in
an effective manner at the required level of detail

Relevant information on how the road was constdjciecluding its

pavement and geometrical design is often availaiilee road authority.
Some of this information may be relevant in terrharaerstanding the
reasons why damages have taken place. Signifipamions of the
network have been built using uniform technicahdtads as part of
various rural road development programmes. Knowhedistory of the
road therefore often provides essential informatiomow it was built.

Inspection methods

There are a number of methods used for assessing the condition of the
various components of a road. The most common method is to carry out
visual inspections. In addition, there exists an array of instruments and
equipment used for measuring the quality of the pavement and its surface
such as Benkelman beams and roughness integrators.

On rural roads with limited traffic, experience shows that visual inspections
are sufficient in order to establish the required maintenance. The structural
integrity of the pavement can be assessed on the basis of observed
deformations and the extent and nature of cracking. The main concern is to
secure a surface seal that prevents water from entering the pavement and
the road has a sufficient camber or cross-fall to secure a good runoff.

Road agencies are in charge of an extensive roadorie and with
limited resources it is necessary to assess thgitammof the roads in an
accurate and timesaving manner. Therefore, iséfull to concentrate
on the identification of defects using a set oflwelffined key indicators
describing the roads. These indicators may chashegending on the
environment and topography in which the road ised and also the
standards to which it has been built. Howevenetlage some features
that need attention on all roads:

« overall performance of the road (i.e. providingyedhar access),
» drainage features and performance of cross-draistigetures
such as bridges, culverts and causeways,
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e quality and performance of pavement,

« extent to which the current design is effectiveéeinms of dealing
with weather and traffic without causing excesgivaintenance
demands,

» containing possible environmental problems sucfoasling and
soil erosion,

» road safety problem spots.

Fig 6.2: Assessing maintenance needs

The information collected during surveys should limeited to the
damages that have an impact on the performancéeofdad. The
objective is to establish a survey method that kesahe survey teams to
quickly collect the data necessary in order to esslrall maintenance
requirements. Since the entire maintainable ragtdork need to be
covered, it is important that time is spent on rdizg essential data only.
The actual survey works should be organised in Erawhich makes it
easy to record the necessary information. Forrd@son, special forms
are used to streamline the data entry. These farmslesigned so that
the location and extent of the damages are easilgrded. The data
entered into the survey forms the basis for esiigahe exact quantities
of works.

Maintenance works do not involve any changes tedhd alignment, so
the proposed road works can be recorded in a baig#ly recording the

condition of the road together with the proposednteaance where
deficiencies are observed. With a standardiseoh,feuch as the one
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presented below,
information can be
quickly recorded for

any given road section.

The quantities of work
will vary along the road

Estimating patching works

A common practice when surveying surface
repair works is to make an estimate of the
percentage of the road surface in need of
patching instead of specifying the exact
location and size of all potholes. A road section
in good condition may be assessed as having

no more than one percent of its surface in need
of patching. With some experience, the survey
staff will be able to make such assessments
with the required level of accuracy.

When applying this approach, it is however
important to carry out more detailed
measurements before works commence,
thereby ensuring that patching works is carried
out at the correct locations and where it is
required. Finally, the exact quantities need to
be measured in detail upon completion of
works.

alignment, depending
on the condition of the
road. In order to
calculate the volumes of
work with a reasonable
degree of accuracy, the
road is therefore split
into shorter segments
with uniform features.
By referring to the
standard cross sectio
designs used, it is then possible to calculatexaet quantities of work
and materials required to carry out the works.

The time it takes to carry out the surveys very imdepends on the
condition of the road. Obviously, it is easier guitker to survey roads
in good condition where there is a limited amourdefects. Roads in a
fair condition have more defects and require manee tto survey.
Equally, when there is a backlog of maintenancewidhe survey works
will be more time consuming.

The main purpose of the condition surveys is tatdisth a sound basis
for planning maintenance works. Maintenance ig@aiout at different
times of the year, i.e. before, during and afteaseeal raind’Road
condition surveys need to be organised in advaheegby allowing for
the actual works to take place at the right ti@&ce a practice of regular
surveys and undertaking maintenance works has és@blished, the

17In mountainous areas, maintenance needs to be scheduled to the period when roads are free
from snow and when there is no longer any frost.
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surveys become less time-consuming as there arer fdamages to
record.

Despite forming the basis for all maintenance pilagnit needs to be
acknowledged that road condition surveys are a -tiomsuming
exercise, requiring a significant number of staffarder to cover an
extensive road network. This fact is importanttas often used as an
excuse for not carrying out proper surveys on alegdasis. Shortages
of staff within road agencies contribute to giviagch surveys low
priority as compared to other more pressing dusiesh as supervising
on-going works.

Still, in order to establish an effective maintecmmanagement system,
these surveys are required. For this reason, iegstaff, either from
the road agency or through the involvement of peisector consultancy
firms, needs to be allocated to this crucial pathe planning process.
It is also worth mentioning that experienced wargeyvisors, with some
basic training and oversight from more experieneegineers, can take
charge of such surveys.

How to use a road condition survey form

Road condition surveys are primarily carried out file planning of
routine maintenance works. With adequate trainitiggy can be
performed by work supervisors and junior enginéased in the district
or division offices of the road

agencies.

Routine  maintenance v
carried out at regular intervalsg
each year, and the survey$
form the basis for planning}
such work.  The surveys
collect relevant information
on the type and location of th
maintenance work. Once &
road is surveyed, the exact

quantities of work and COSt§i9 6.3: Discussing the findings of a road
condition survev
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can be estimated. These estimates are used waparing tenders or
issuing job instructions to departmental labourggan

The survey form streamlines the data collection atsb acts as a
checklist to ensure that all defects are recordéd.addition, some

essential information pertaining to the key dedaatures of the road is
recorded. This information is useful for analysihg data collected and
calculating the exact quantities of work.

The survey form lists the most common activitiesried out when

providing routine maintenance. Separate sectionpravided to record
necessary works on the left and right side of teiageway. Equally,
there is a separate section addressing the neeehfiedial works on the
pavement. Finally there is a section covering iotlwerks such as
drainage structures, road furniture and other iterAgditional works

activities can be added to the list when and itiiegl.

The works required are entered indicating the looatusing the
kilometre chainage of the road. Remedial measameften required
over a certain length of the road. The extenhefworks is recorded by
indicating the start and the finish of the arear &ample, a drain that
needs to be cleared is recorded as a line showengtart and the end of
the works. In addition, the depth of the mateodie removed is entered
above the line indicating the location. Knowing tiriginal shape of the
drain, it is then possible to estimate the exaawarmof materials to be
removed. The same approach can be used for shoelolirs, crack
sealing, side slope erosion and other activit®g.using an easy unit of
measurement, which can later be converted intotdiesnof work, it is
possible to speed up the survey works.

The final estimate of total works required on adr@an be calculated
once back in the office. Using appropriate worknmg it is then possible
to determine the amount of materials, tools anddalinputs and finally
estimate the costs.
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Road Condition Inventory and

Maintenance Planning

Cross section type

Village A to Village B

Page:

of

Last major intervention: month/year

Chainage
1

9

1+000)|

Carriageway width

Embankment height

Base course WBM G
Surfacing PC G
Side drain Left (depth) m | 0.3
Side drain Right (depth) m | 0.3
Proposed maintenance interventions Unit| Qty _
Bush clearing (width) m | 700 20
° Clear side drains (depth) m | 500 0.30
2 |Clear mitre drains (depth) m | 150 <+— 030 >
% | Shoulder repair m | 600
- Side slope repair m
Debris removal >
Pothole patching m2| 9
Base course repair m2
Crack sealing m | 400
% Resealing m2 | 16
£ |Thin asphalt overlay m2
& |Rejuvenation / fog spray m2
3
© Light grading m2
Camber reshaping m2
Bush clearing m | 500 25
2 Clear side drains (depth) m
@ |Clear mitre drains (depth) m
S |Shoulder repair m | 600
& Side slope repair m
< Culvert/headwall repair m
El Repair retaining wall
g Minor bridge repair
% 5 Repair of road signs no
g % Replacement of road signs no
g Road marking repair m
§ Road marking renewal m
3
Surveyed by: Date: Checked by: Date:
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When carrying out maintenance surveys, it is ingarto acknowledge
that some changes will probably occur betweenithe of the survey
and when the works actually take place. The poéplanning the
works, tendering and mobilising contractors and ntesiance gangs
takes time, during which more damages may occhis i§ important to
bear in mind when choosing the level of detailhe survey works and
also in terms of the accuracy of the recordinge frtain objective of the
survey is to record all the types of works necgsaad on this basis make
a reasonable estimate of the type and volume d veguuired. The exact
guantities of work are more important when recaydime actual works
performed by a contractor for the purpose of paymen

Roads in good condition and which have receivedlaggnaintenance
in the past require fewer inputs than roads whaeniédd works have been
carried out. When embarking on a maintenance bgckhe survey
works require more time and higher levels of det&@in sections with
excessive damages, the level of detail may neked ilacreased and given
more time, thereby ensuring that adequate atterisogiven to all
necessary remedial works.

6.6 Assessment of maintenance requirements

The technical agencies in charge of maintenanceeaponsible for an
extensive road network. Within the limits of thesources and time
available, it is necessary to assess the roadsdn@urate and timesaving
manner. Itis therefore useful to concentratéhendentification of well-
defined indicators to describe the road conditidimese key indicators
should be defined on the basis of local conditiand requirements.
However, there are some features that need highitgron all roads:

Drainage

Drainage is undoubtedly the most important feadfiany road. A failed
drainage system will cause serious damage to thaining parts of the
road. Common indicators describing the conditidnthe drainage
system are as follows:
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Culverts, drifts and bridges « degree of silting-up/blockage
« degree of functionality
(correct dimensions)

Side drains and mitre drains « degree of silting-up/blockage
« degree of erosion

Catch-water and cut-off drains  « degree of silting-up/blockage
« degree of erosion
« degree of functional length

To ease inspection effort, the degree of siltirggkbge can be described
using simple measurements, e.g. fully blocked t $ilied - correct size
- eroded. This level of detail is normally suféini to quantify and
estimate the cost of the required repair work.

The silting of drains is often linked to the amouwrftvegetation on

shoulders, drains and the inlets/outlets of croafdge structures.
Uncontrolled vegetation growth reduces water flowl accelerates silt
accumulation. Keeping the drainage componentsffoea bushes and
regularly cutting the grass will reduce siltatiordallow free passage of
water.

Road surface

The most important feature of the running surfactéhe camber. The
lack of a camber or cross-fall on the road carmageprevents water
from being drained off the road, which in turn Isa® accelerated
deterioration of the road surface. Equally, debrighe road shoulders
may compromise the drainage of the road surface.

For the user of the road, the smoothness of th@mgrsurface is the most
important feature. Defects such as potholes, whesland damaged
edges determine the quality of the surface layer. addition, it is
important to look out for cracks in the bitumenfaoe since these may
allow water to enter the pavement and eventuadly ke the formation
of potholes.
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Severe damages to or debris on the road surfacalsamose a danger
to traffic. Equally, high vegetation growth on shaers and side slopes
may reduce the line of sight for the traffic andgleduce traffic safety.

Earth and gravel roads normally require more serfaaintenance. The
loss of gravel is an important indicator of the lgyaof the surface on
gravel roads. Measurements of remaining gravektigss should be
made at regular intervals along the road at th&redine, in wheel ruts
and at the road shoulders.

Fig 6.4: Road surface in need of patching works

Simple indicators for the road surface can be éefias follows:

Camber * slope gradient

Shoulders « average height of accumulateddebris
and vegetation growth

Road surface « stone and other debris obstructing
traffic

« length of road with wheel ruts

« pothole percentage of road surface

« length of road section affected by
corrugation

* length of road requiring edge repair

« section with significant cracking

« length road section in need of new
gravel surface

Structures
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Inspections of structures should not be limitecassess their general
appearance but should cover all components of uktate. such as
foundations, abutments, piers, beams, bearinggy walls, etc. The

table below provides a checklist of items that $thdne inspected:

Iltem Defect Item Defect
Foundation * cracks Approaches + drainage
+ erosion along and + visibility
underneath * settlement
Head and * cracks Beams * cracks
wing walls * blocked seepageholes * bends
+ erosion behind walls * corrosion
Abutments * cracks * rotting
and piers * blocked seepageholes Waterway + vegetation growth
+ erosion behind + deposits of sandsilt or
abutment organic debris
Culverts * blocked drainage Road furniture  + damaged
* blocked or silted * missing
» cracks » faded paint
+ settlement cracks Banks * eroded
Decking * loose Guard rails + damaged
+ drainage * missing

6.7 Prioritising and scheduling maintenance works

Once the road condition inventories have been peepaechnical staff
needs to assess the importance of various mairdenaterventions.
When funding for maintenance is limited, hard decis need to be made
in terms of where the limited funds are best usBtke concern is then to
figure out how budgets can be best used to presbev@etwork and
which maintenance interventions have the best tefiiecterms of
safeguarding the infrastructure assets.

Among the three types of maintenance, obviously rgerey
maintenance is the most important as it relatesctlir to keeping the
roads open to traffic. In terms of non-emergeneiated works,
experience clearly shows that it is the regularautine maintenance
work related to preserving the drainage system hviiave the most
significant impact in terms of extending the lifeé of a road. This work
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does not involve any sophisticated technology dlsskit can be carried
out using manual labour and simple hand tools andhéxpensive.
Despite this, it still requires a sound managemeggnization to ensure
that work is carried out at the right place andetim

Adequate routine maintenance extends the desigrofithe road and
delays the point of time when periodic maintenangerequired.
Actually, with the provision of routine maintenandeis possible to
delay the periodic maintenance when budgets ariéetim Experience
shows that if routine maintenance is continuedaad rdue for periodic
maintenance, it is possible to contain the amotmtook required when
sufficient funds are finally secured for periodimewal of the road.

The main cost item in most periodic maintenancesrenewal of the
road surface. Eventually the combined effect alewand traffic wears
down the surface and although routine maintenacteitees such as
patching works have been carried out, the surfadata riding comfort
will deteriorate and a surface renewal treatmengdslired.

Essentially, the time atp
which a renewal is carried
out is determined by the
extent of the wear of the old
surface and its riding
quality. This period
between surface renewal
vary depending on 4
number of factors including
the weather, traffic, quality
to which the road was built,
strength of the pavement=
and the extent to whichrige.5: Mixing bitumen emulsion and aggregate
routine maintenance wadpr surfacing works

provided.

When allocating funding to various maintenance vitis, the first
priority is therefore to secure adequate fundingdaotine and of course
keeping a contingency for emergency works. Routmrantenance is
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relatively inexpensive as compared to other forfnsi@intenance such
as periodic and emergency works. When properharisgd, it is
provided at frequent intervals and as such is veugh a preventive
measure and thus avoiding larger and more cogtgine As a result,
allocating funds to routine maintenance ensurasevir money.

Routine maintenance

Critical elements of the drainage system, suchuhgeds and drains,
need particular attention. Priority is thereforeeg to the removal of
obstacles, debris and silt blocking water from iegitthe road in a
controlled manner. Erosion channels should beineghaefore the next
rains deepen and widen them. All these tasks regegular inspection.

Fig 6.6: Rural road in hilly terrain in need of routine maintenance

For each maintenance operatioaufine, periodic and urgent), priority
lists should be established and provided to thenteaance work teams.
They may differ from area to area according toptteailing conditions.
Roads through mountainous areas are prone to ldesisind washouts
during intense rains and need regular inspectianggl this period.
Equally, in flood prone areas, the proper functignof cross-drainage
structures is vital to the protection of the roambankment from
overtopping and washouts.

When priorities are set, the climatic conditionssmbe considered.
Certain activities are more important during tHayaeason while others
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are best carried out during the dry periods ofytsar. Obviously, good
management of the roads would suggest that theatyaisystem is in
good order before the rains commence. During &iveyrseason, it is
crucial to ensure that the drainage functions tended. Concrete and
bitumen works is best carried out during the dgsse.

For each of the climate seasons, different maimemactivities will
have a certain priority. For example, grass cgttinthe road reserve
during the rainy season does not make sense wkba aame time the
ditches and culverts are left unattended and arenbieg seriously silted.
The following table provides a list of prioritiesrfroutine maintenance
according to the season.

Routine maintenance priorities

Season Priority Activity

Before the 1 clean culverts and other cross-drainage
rains clean side drains and mitre drains

clean and repair shoulders

repair erosion on side slopes and in drains
patch potholes and seal cracks

white wash road furniture

inspect and remove obstacles from roadway
and drains

clean culverts and other cross drainage
clean side drains, cut-off and mitre drains
repair side drain erosion

repair erosion on shoulders, side slopes and in
drains

repair retaining walls

cut grass and clear bush

repair drainage structures

repair road shoulders and surface edges
 patch potholes and seal cracks

PO~ wWN
L]

During rains

Rl WN
.

End of rains

Dry season

WNRFP WN
L]

The table above illustrates the importance of tlstnsommon routine
maintenance activities. As shown, high emphasieniskeeping the
drainage system in good order before and duringgting. This however
does not preclude including more work activitiestla time when
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contractors are mobilised to carry out maintenangqually, the road
agency may decide to award contracts for routineteraance works
only two or three times a year. This implies tiiet priorities shown in
the table above need to be modified to fit the gored maintenance
schedule.

Periodic maintenance

Priorities are also important when carrying outig@ic maintenance.
Again, activities relating to the drainage systehrowdd be given
particular attention. The table below lists som@mmon periodic
maintenance work according to their importance.

1 rehabilitation of structures and repair of culverts
2 repair of retaining walls
3 major patching and resealing works

Emergency maintenance

Urgent maintenance work requires immediate aciuwiurity should be
given to such activities that ensure that the readhins (even partially)
passable. For example, a broken culvert may dishg passage of
traffic and needs to be attended to immediatelhil&\a landslide only
covers part of the carriageway, allowing the tafé pass the affected
section, remedial action is still required to cltee full width of the road
and remove all debris from the drainage system.

It should be noted that road defects may startramar defect, but if left
unattended, may escalate into serious damages.exXaonple, debris
blocking the flow through a culvert may eventualéad to serious
erosion to the adjacent road pavement if left emaked. Therefore, it is
important that roads are regularly inspected andicpgarly during
periods of heavy rains.
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When urgent repairs are required, the road ageeegato be able to
take swift action thereby limiting the extent ofntieges and in severe
cases quickly restore access.

6.8 Service levels

Maintenance can be provided with varying degreesiits, with the
result that the road is kept to different levelssefvice. For all roads,
there is a minimum required maintenance to keepcdponents
functioning as intended such as ensuring that thaage allows free
passage of water and that the carriageway has er \wedof seal to
protect the base course and provides an even suddathe traffic.

Beyond these protective measures, road authorniss define certain

service levels for roads of a given type and fuomctiHighways require

higher service levels for the carriageway sincedihgign speed for such
roads are much higher than on local roads. Shadkctis expected to

travel at higher speeds on highways and therefeneadd a smoother
running surface. Any defect to the road surfaczetfore needs to be
rectified at an earlier stage. It also meanstsrfacing is required at
an earlier stage when settlements and patching acmimulate on such
roads. For rural roads the surface smoothnesstigscritical since

vehicles travel at lower speeds and therefore tloegmire the same high
service level.

A key feature defining a given service level istieximum time allowed
before observed damages are repaired. For higmelroads, the
prescribed response times are usually shorter. nVilaenages occur on
highways, it is more important to quickly take retia action since the
damages often have a serious impact on traffidysafeor rural roads
with limited speeds and volumes of traffic, a longeEsponse time can be
allowed.

Service levels can be defined for the main roadpmrants and may vary
according to the geographical conditions and wegihterns. In hilly
terrain with high rainfall, it is imperative thdte drainage is always in
excellent condition, thereby catering for heavy dopours when the
drainage needs to perform at its highest capadityarid areas with
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gentle terrain, the drainage may be of less impodahrough large parts
of the year.

In areas with high rainfall, it is also more imgot to maintain the road
shoulders on a regular basis, thereby ensuring doaidage of the road
surface. In arid areas, such work may be on@aaactivity.

Equally, it is more important that shoulders ondso@ populated areas
are kept clean to enable pedestrians, bicyclesl-barts, a safe place to
travel.

As mentioned earlier, the service level of the readace may vary.

Rural roads do not need the same surface smootlasesjuired on

highways. While authorities may choose to mortiterevenness of the
carriageway of high volume roads using bump inteegsaand similar

equipment, this is less critical on local roadbisTalso implies that more
local patching can be allowed before a full renewfathe surface is

required.

Service levels are often defined in performancetreats for road

maintenance. These (i) specify the maximum exdedamages that can
be tolerated on a road section and (ii) the resptinge permitted before
the contractor needs to take remedial action. k®@sevice levels would

mean more tolerance level before remedial actiaeqgsired. Service
levels can also be defined for payment purposdegube extent of

observed damages on a given road section as tieefbagstablishing

payments due to a contractor.

Service levels can also be defined for emergenaksydor example by

prescribing the maximum time allowed before blodsgf roads are
cleared. Setting the appropriate service levéhig context needs to be
carefully considered in relation to the functiortiloé road. In regards to
rural roads, it is important to bear in mind tHag¢ge often provide the
sole connection to communities. When such a reablacked, the

communities get isolated. The consequence maydtevillagers are

unable to reach schools and health facilities. A reason, roads
providing the main connectivity to local commurstighould be given a
high service level in relation to emergency works.
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The final choice of service levels is very much atter of costs and
availability of budgets. Rural roads constitute tlast majority of the
public road network. The appropriate service levgery much a matter
of what the authorities can afford. In many cadles,lowest practical
level in which rural road assets remain protectethe only realistic
target for the road agencies.

6.9 Estimating and budgeting

Accurate cost estimates are essential when plaramidgnanaging road
maintenance. The road authority needs reliablmatts and cost norms
for several reasons. Accurate information on caksvs technical staff
to value and compare alternative remedial measUies.estimates form
the basis for proper budgeting and financial plagniand allow for

Preliminary
estimates

Engineer’'s
Estimate

\ 4

Bid estimates
from contractors

4

Final cost
of works

proper accounting, and may avoid serious cost
under- or  over-runs  during  works
implementation.

Estimating costs is not a one-time exercise but a
continuous process from the initial inception to
the final completion of a works project. At
various stages of the project, estimates are
produced to varying degrees of detail.

During the initial planning stage, estimates are
often based on general cost norms prepared on
the basis of the most common maintenance
activities. Average cost norms for various types
of maintenance are updated on a regular basis by
a dedicated committee at federal level. In
addition, several state road agencies formulate
their own cost norms, taking into account
prevailing conditions and practices in their
respective states.
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Cost estimate for routine maintenance

District: Ri-Bhoi Division:  Umsning
Sub-Division: Bhoi Rymbong Road Category: ODR
Road Name: Khapmar - Pynthor Length:  8.00 km
No. Activities Unit | Quanitity | Unit Rate | Amount |Time/year| Total, Rs
1 |Pothole patching m2 9.6 600 5,760 1 5,760
2 |Crack sealing m 22 30 660 1 660
3 |Sealing coat m2 430 70| 30,100 1 30,100
4 [Thin overlay 20mm m2 185 200 37,000 1 37,000
5 |Leveling course m?
6 |Base course repair m3
7 |Camber reshaping m
8 [Regravelling m
9 |Clear side drains m 6,200 15| 93,000 2 186,000
10 |Clear mitre drains m 45 15 675 2 1,350
11 |Lower berm m2 1,150 15| 17,250 1 17,250
12 |Shoulder repair m 42 30 1,260 1 1,260
13 [Side slope repair m 35 30 1,050 1 1,050
14 |Clear culvert/bridge m? 21 98 2,058 2 4,116
15 |Repair culvert/bridge no.
16 |Bush clearing m2 11,000 1 11,000 2 22,000
17 |Repair road signs no.
Other
TOTAL 199,813 306,546
Average cost perkm 38,318
Date: Date: Date:
Prepared by: Checked by: Counter-signed by:

When works are planned in detail, more accuraienatgs are required
based on field surveys during which the specificinte@mance
requirements are assessed. On this basis, issljde to prepare detailed
work plans and budgets. These estimates are efeorad to as the
Engineer's Estimate or detailed estimate when terglthe works. The
table below provides a sample of how detailed edt of routine
maintenance works can be presented.

Contractors produce their own estimates when thidyfdr works.
Reliable cost estimates are essential in ordahfbcontractor to stay in
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business. Contractors need to assess the likebnegrg related to their
work activities, thereby being able to control iofind losses.

During the execution of a contract, modifications made to the original
plan. Unforeseen site conditions may warrant chamg be made to the
contract, which may have financial implications. hév modifications
are made, earlier cost estimates need to be revigadally, price
increases on materials, wages and services maydeiadreased costs
during works implementation.

All expenses incurred are monitored for budget@@ind also to allow
planners to update their cost norms in order targegccurate estimating
in the future.

6.10 Work preparations

There are several stages of preparatory work beforaintenance works
programme can commence. The adjacent figure shimsvsdquence of
preparatory activities that needs to be timed migpe advance in order
to secure that the road maintenance works take pl&en it is planned
for.

First, it is necessary to establish what the maamee requirements
consist of. All maintenance planning is based efdfsurveys where the
actual condition of the road is assessed in détaised on the defects
observed, work estimates are recorded into suend according to its
location.  Once the survey is
complete, the works need to bdiFe RN

\@‘Jﬁ’ Al
time of the year. N\ %

scheduled to the most appropriaty

[
Some work activities require thej '
supply of tools and materials. P,
When works are carried out by =
departmental labour, materials neef
to be purchased and delivered to t
work sites in advance  0fig 6.7: Planning maintenance works
commencing works. Hand tools may

Y s
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need to be replenished, and when ne road
roads are placed under maintenanc condition
there may be a demand for addition: survey

tools.

When relying on private contractors
the tendering process needs to
carried out well in advance to secur
that the maintenance works take plac
at the correct time of the year. It i
useful to complete the plans for al
roads to be placed under maintenan
in order to streamline the tende
process.

These resources, as well as mobilisir

<

estimate
resource
requirements

<

prepare cost
estimates

secure funding
and approval
to use budget

|I<

<

contractors, require that funds hav e
been approved well in advance c procure [ |
commencing works. The detailec tools and
budgets are then included in th materials

<

annual maintenance works

programme.

prepare and award
maintenance
contracts

Once the necessary budget has be

secured, detailed work plans ar

updated for each road. More

substantial works such as periodi

maintenance can be planned usir
time location and bar charts. It is only
when all these activities have been completed that hiring of
contractors should take place.

<

[ commence work]

Finally, it should be stressed that the maintengslee needs to be
carefully monitored and compared to the real ne@édise road network
during the course of the year. Additional damaageslikely to occur
during the course of the planning and implementagpieriod, which may
require revisions of the original work plans.
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Design of road maintenance works

Road maintenance works are normally not designduetéevel of detail

as is common practice for construction works. flifl@esign of the road

was carried out during its initial construction.od maintenance works
involves repairs to reinstate the road to its eagjicondition and design.
Instead, the main emphasis when planning road sr@nce is to

identify the location and extent of the damages ainthe same time
suggest the remedial measures.

This applies to most of the routine works and alsoajority of periodic
maintenance. Emergency maintenance involving gaaction of road
sections and water crossings may at times neecepo®signs - which
also seek to avoid a recurrence of the damages.

At times, there is a need to improve on existingigies. Additional

retaining structures may be necessary in areaseptonlandslides.

Equally, there may be a need to install additionedss-drainage
structures and other drainage components may appdag prone to
erosion and/or silting.  Strictly speaking, whenwneéesigns are
introduced to an existing road, such works are bdybe confines of
road maintenance and come under work classifice8anh as upgrading
and improvement works — and should ideally be fdnateder the capital
investment budgets. Minor works of this natureh@mwvever often

included and scheduled as part of the regular ewamice programme.
As any improvement works, it would need a highgelef detail in its

design.

6.11 Work programme

Work programmes are essentially the detailed plsesl for works that

have been approved and for which adequate fundisgoben secured.
The works programmes are prepared to various le¥elstail. The core

of the work programming process is the overall pfmn each road works
site from the start of works until completion.
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A works programme for a particular road includesailie of all work
activities and their respective inputs, their lgmatand a schedule
indicating when the events will take place.

These work programmes can be broken down intolddtaieekly and
daily work plans. Equally, the work programmesgath of the roads are
summarised in consolidated work programmes coveaihtie projects
approved in a budget year.

For larger projects, such as when carrying outogigimaintenance, the
work programmes are presented in similar formats fas road
construction and improvement projects. For routim@ntenance, the
work programme can be simplified and presentedamra similar to the
format used when carrying out road condition aseesss.

6.12 Safety at the work site

There is clear evidence that accident rates ineremsroad sections
where works are taking place - as compared to wiiienoad is in good
order and free from any obstructing work activitié reduce the risk
of accidents where road works take place, it isesgary to install
adequate safety measures.

Speed limits should be reduced well in advancéeftork site. At the
same place, road signs should be placed to wartnafiie of the work
ahead. It is important to install sufficient me@suto ensure that the
speed of traffic is reduced before it arrives atwlork site.

At the work site, all damages to the road whichepmdanger to the traffic
should be properly marked so that the traffic iddlgd away at a safe
distance. Equally, the traffic should be propesyparated from where
works take place. The work site needs to be ptedeso that the traffic
does not pose any danger to the workers, materaguipment.
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Simple and inexpensive safety’
equipment such as traffic cone
can improve safety for both the
road users as well as the
maintenance workers. Cone
are useful for (i) alerting the
traffic of road works ahead, (ii)
guiding the traffic into

diversions and (iii) keeping
traffic at a safe distance from
the work site. Cones are easy't
place and can be quickly movec
when the works progress ftc
another location.

Passing traffic pose a major risl
to the safety of workers on roac
maintenance sites. It is
therefore important  that
maintenance  workers  are
clearly seen by the traffic.
Work uniforms or vests in clearg
bright colours should be worn a8
all times on work sites to protec@*
the workers from passing ?g
traffic.

When carrying out surface works on rural roads, enoent needs to be
regulated, allowing traffic to pass in one direstiat a time. The
guidelines given in IRC code for safety in work esnshould be
followed.

Maintenance works essentially need to adhere tosdme safety
regulations as when carrying out construction worl#is applies to
both equipment and workers on site as well aslatioms to third parties
such as traffic passing on the road and peopl@eopkrty in the vicinity
of the work sites. Workers on site need to beauesed about potential
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hazards and provided with the necessary persoatdgiive equipment
thereby reducing the risks of injury and accidents.

Use of hot bitumen

While there is an increasing use of cold bitumen emulsion for surfacing works,
the use of hot bitumen remains a common practice in many states. Hot
bitumen poses a risk to workers when being used for patching works. Several
states still heat bitumen at site and carries out mixing and spreading using
manual labour. Health and safety risks can be considerably reduced by
replacing this practice with the use of emulsions which do not require any
heating. The use of emulsions for maintenance works also has the potential
of eliminating the need for firewood or other fuels for heating bitumen and
aggregates.

There is considerable scope for improving safesigfices on road works
sites and this also applies when maintenanceiidayut on rural roads.
Most measures to improve safety at work sites apxgensive to
implement and are often a matter of setting minimgtandards and
enforcing these. A key to improving safety therefiees with the client
and its supervisory staff and introducing apprdpriprocedures for
enforcing standard safety measures as part of @halar inspection
routines.

6.13 Reporting

The main objective of a maintenance reporting sysie to provide
programme management with an effective tool for ibaoimg work

progress against approved plans. It is also aroitapt means of
documenting expenditure on road maintenance, thepetviding an
essential feedback to government authorities on ma&ntenance
budgets are used and how such works have impaaotéldeoquality of
the road network.

Reporting can be a resource intensive undertakivigny sophisticated
reporting systems have been developed as partvahadd knowledge
information systems without any success. The ehg# is to keep the
information databases up to date. Therefore, imigortant that the
systems devised do not require any more data toltethan what is
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required in terms of supervising works and keepageasonable
overview of the average cost of works.

Reporting is carried out at several levels, stgréihsite level where the
reports contain the most detailed information. filewing information
should be provided in site reports:

« road description,

« chainage of road section,

e guantities and location of work carried out,
« targets for each activity,

« costs of completed work.

This information can be recorded in the same fosrased for the work
plan. When engaging local contractors to carryroatl maintenance,
the actual work performed is recorded during gsispéections. When
maintenance is carried out by departmental lalibarsame information
should be recorded. In order to establish thecldis of force account
works, it is also useful to record information telg to:

» task rates used,
« workdays spent on each activity, and
e materials and equipment used.

At headquarters, less detailed reports are compitedsisting of a
summary of the information gathered from all thessi These reports
would normally contain the following information:

* road names and numbers,

« total length of each road or section,

+ date when work was executed,

* type of maintenance (routine, periodic or emergemasks), and
» the cost of works performed on each road.

The sample forms on the next two pages describmithienum reporting

required for routine and periodic maintenance alhowor the effective
tracking of expenditure for such works.
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Once this information has been checked and analitdedised (i) when
carrying out new road condition surveys and (if)dpdating general cost
estimates used when preparing and budgeting newntemance

programmes.
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7 Contracting

7.1 General

Maintenance of rural roads is a widely dispersdiifyg requiring small
resource inputs at numerous locations coveringle geographical area.
The amount of work required to keep a road sedtiogpood condition
depends on several factors such as type of roéacsyitraffic volumes
(numbers and size of vehicles), the severity afatic conditions,
especially rainfall, soil types, the susceptibiliiithe terrain to erosion,
road gradients, topography, presence of bush amgbtaton, etc.
Routine maintenance is more dispersed than penndintenance.

Many routine maintenance activities are well sufl@dmanual labour.
Under average conditions, experience show thaipaut of 10 workdays
per month is sufficient to cover the off-carriaggwaaintenance for a
one km road section. Traditionally, routine roadimenance was
organised using a lengthman system, based on asgigne person to
take care of a section of approximately 1 to 3rkidres. In the past,
public works departments relied on labour gangsawy out routine
maintenance.

The lengthman system is still operated in some @ However,

experience shows that it is difficult to provideegdate supervision and
support to all the lengthmen required to maintainextensive road
network. For this reason, many road agencies baganised such work
through labour gangs in charge of longer road @esti A gang of

workers can also more effectively take on largerkwtasks. If some

construction equipment is required, the use of l@ua gang also
produces a more effective balance of labour anghewnt.

These days, the use of labour gangs operated byuhkc works
departments is becoming less common. Insteac ther preference to
hiring private contracting firms for carrying out gypes of road works
— including routine maintenance.
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There is a wide range of arrangements that casédxfor the contracting
out of maintenance works. The work once carriedbgudepartmental
labour is these days increasingly carried out dyape construction
firms. Depending on the type and complexity ofwleks, different size
contractors can be utilised.

7.2 Private sector involvement

Rural road maintenance can provide the local coastm industry with
considerable market prospects. Extensive roadamksnvin need of
regular maintenance can provide significant amounfs work
opportunities every year. Although the intervension each and single
routine maintenance contract do not constituteifsogimt volumes of
work, the amounts add up when such work is provittethe entire
network. Secondly, routine maintenance needs tprbeided to the
entire maintainable road network on an annual bé#stseby providing
some predictability into the market of local cootras. In addition, there
are always a number of roads selected for periodimtenance every
year, thereby further boosting the market prospeaftsthe local
construction industry.

Some states still retain a considerable departrmiati@ur force, mainly
used to carry out routine maintenance works. Siheee is no longer
any new recruitment to these units, there is a gm@weed to find
alternative implementation arrangements to repldme diminishing
force account units. The logical approach is tartsusing local
contracting firms to fill the gap when force accbunits are disbanded.

The distribution of small, medium-sized and largatcactors follows

the same patterns in most places. Large contrafitims are normally

relatively few in numbers, often based in urbamaresmall and medium
scale contractors are found in larger numbers, seittea permanent
presence in the more rural parts of the country.
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In addition, the construction industry consists
of a great number of smaller business

masons, etc. Although these
smaller businesses, comparablg
to petty contractors, are often
not registered as contractors
they constitute a significant part
of the local construction industry.

Petty contractors

This category usually consists of one-man firmsyetimes assisted by
a limited amount of unskilled workers. They may labour only
contractors, often subcontracted to carry out $igewiork, mainly
relying on casual labour. Local artisans suchraklayers, carpenters,
plumbers and electricians together with their sekilied or unskilled
work force can be classified as a petty contradtocal community
groups such as farmers associations, village veetfad women self-help
groups can also be classified in this category.@roon feature for this
group is that they are not formally registered.

Besides some simple hand tools, petty contractorsnally do not
possess any equipment and often lack their own sneértransport.
These contractors can be used for some routinetemaince works or
simple, clearly defined subcontracts requiring aimum of skilled
labour and hand tools.

Small and medium size contractors

Small and medium size contactors are often charsetkas the firms on
the lower level of a formal classification scalehey are located all over
the country and constitute the majority of avaatbnstruction firms.

A common feature of this type of firms is that thigmancial capacity is

limited. Some conduct their business through bavtkite others obtain
their credits and maintain their savings and prtfibugh informal

Managing Maintenance of Rural Roads in India 161



financial channels. Equally, their equipment flést limited and
restricted in terms of heavy plant requiring lacggital investments.

The strength of this group is their proven capaeisyentrepreneurs.
These firms have all carried out works contracthénpast and evidently
managed to secure a profit from their busineswitie. This implies
that they also possess some technical and manlacpgecity.

As they are found in the more remote parts of thentry, they are
attractive partners in rural road maintenance wsirkse they do not need
much time and resources in order to mobilise. Hguthey are well
known in their local neighbourhood so their stréisgand weaknesses
are generally known to potential clients.

With some training and sufficient supervision, #eontractors can
prove highly efficient in carrying out rural roadamtenance work.
Many show good entrepreneurial drive, and in arbimg environment
with a steady supply of work, they can prosper aodstitute an
important player in a maintenance programme.

Large-scale contractors

Large construction companies are available in &chihumbers, often
located in major urban centres. The strength gfel@ontractors is their
solid financial capacity, wealth of expertise amdity to mobilise any
type of equipment.

The involvement of large contractors is only cdseative for substantial

volumes of works confined to a limited geographeaa. These firms
are often used for rural road construction whenksare packaged into
reasonably large contract. Due to their normah areoperation, they
require longer and costlier mobilisation beforeythee ready to operate
in remote areas. Smaller works widely dispersed avarge area such
as rural road maintenance would be less attratbivarge contracting

firms.
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Types of contractors
Works capacity

Petty ¢ local builders and tradesmen < labour only contracts
contractors e« |abour only * minor repair works,

¢ limited skills » off-carriageway

¢ not registered maintenance
Smalland  « registered » smaller construction works
medium e possess some equipment » construction and repair of
sized « limited capital security structures
contractors  « good entrepreneurial skills ~ *  rural road maintenance

« some technical and and rehabilitation works

managerial skills « Small bridges and culvert
works

» Limited surfacing works

Large-scale « registered  large infrastructure projects
contractors . good access to equipment ¢ complex building projects
and capital * possess a wide range of
* proven entrepreneurial skills construction equipment

« sound technical and
managerial capacity

Certain types of work obviously require the invahent of large

contractors due to size and complexity of the worlor rural road

maintenance, this is however usually not the césest of the works is

relatively small-scale using mainstream technoltbgyt can be sourced
from local firms and builders.

7.3 Packaging of works

When road maintenance is carried out by privatéraotors, works need
to be packaged into appropriate sizes and conteatt rhatches the
capacity and skills of the contracting firms. Tdistribution of various
size contracts can also be used as an active neaaslising the full
capacity of the local construction industry. &t appropriate share of
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large and small contracts, it may be possible ilis@tthe available
capacity of both large and small construction firfifgorks on a cluster
of roads may be packaged together into one contn@ceby saving
mobilisation costs.

A small number of large contracts is easier to gre@nd manage. On
the other hand, smaller but more numerous conttattsoncurrently
result in more contractors involved and more waidsing place in
parallel. Larger number of smaller contracts &sul to reduce risks as
opposed to relying on a select few large conswadirms.

Rural road maintenance in Rajasthan

All road maintenance work in Rajasthan is carried out by the local private
construction industry. Class C and D contractors are commonly engaged in
routine maintenance works. Class D contractors are certified to take on
contracts up to a value of Rs. 1.5 million. Routine maintenance contracts,
often emphasising surface patching works, are normally packaged so that
this limit is not exceeded — on average at a value of Rs. 1.0 million. The
contracts include a 6-month defects liability period.

Class A and B contractors carry out resealing works. Similarly, the
construction contracts under the PMGSY programme is carried out by local
Class A contractors.

Asphalt works are carried out using two arrangements. Some contractors
have mobile mixing plants and utilise these for the patching works. Other
contractors purchase hot-mix asphalt from stationary plants operated by
larger firms.

Works are supervised by Assistant Engineers from the Public Works
Department.

Contracts can be packaged into specific sizegrachtontracting firms
with particular skills. Large contracts attracgler firms with specialised
skills and equipment. Smaller firms may not possegh resources and
are therefore allocated smaller packages contauworgs requiring less
technical skills. Smaller local firms may be mreéd for certain types
of work due to lower overheads and mobilisatiortos
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Separate contracts are normally organised for meutperiodic and
emergency work&€The main reason for this is the nature and size of
works. Routine maintenance involves simple wotkvdies appropriate

for local small firms, while periodic and emergemegrks contain more
advanced work often requiring more technical skitid equipment. The
different types of maintenance may be organisealtyir different types

of contracts. Routine maintenance works can bearosgd using
performance-based contracts while contracts forogier works are
mostly based on measured quantities.

Involvement of the local construction industry in H imachal Pradesh

A major challenge in Himachal Pradesh is the short period during which
asphalt works can be carried out. Snowfall and low temperatures during the
winter months leave small windows before and after the monsoon during
which patching and resealing works can be carried out.

Asphalt works are carried out using two arrangements. Larger contractors
have mixing plants and paving equipment. Smaller contractors engaged in
surfacing works often mix their own asphalt on site. On rural roads in
mountainous terrain, there is not sufficient space for effective use of paving
equipment since it requires the closure of the road during the works.
Therefore, a majority of resealing works on rural roads is instead carried out
by manual labour. It takes roughly 12 workdays to reseal a one kilometre
road section using manual labour as compared to three days when relying on
a paver.

The manual work methods, combined with appropriate packaging of works,
allow for a good participation of Class C and D contractors in both routine and
periodic maintenance works. Since the local construction industry is
dominated by smaller firms, these management arrangements allow for an
effective utilisation of the capacity available and ensure that the necessary
surfacing works take place during the short periods when it is possible.

The configuration of private contractors may vargni one place to
another. Some regions have a good supply of smdllarge contractors,
while in other places there is a shortage of Idirges. In more remote
areas of the country there may be a shortage dfawars altogether.

18An exception to this practice is when long-term performance contracts are being used. Such
contracts can be all-inclusive leaving the entire maintenance responsibility with the contractor for
a period of up to 10 years. Although there is a growing use of such arrangements on highways,
most rural road maintenance contracts tend to focus on routine, periodic or emergency works.
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The availability of contracting firms needs to kerefully considered
when organising road maintenance.

In areas with a shortage of large or medium simasf works need to
be packaged in a manner that allows smaller fiorimplement works.
Most routine maintenance works can be organisethaothe smaller
firms can participate by packaging contracts imntesthat do not exceed
their financial capacity. Routine maintenance vgarkrmally consist of
limited volumes of works. Remaining within the dimcial limits for
which smaller firms are certified, they can sake on large enough road
sections of routine maintenance.

Periodic maintenance can als

. . . Large contractors in Punjab
be organised in appropriate

The Punjab has a highly developed

paclfqges_ that allow  the construction industry. There are more
partl_czlpatlon' of small and| than 100 hot-asphalt mixing plants in
medium sized contractors| the state. The same contractors are

Such arrangements provide
viable approach where there
are limited number of large
contracting firms.

Some places have a goo
supply of large-scale
contractors in possession 0O
sophisticated road constructiot
equipment such as paving
machines, crushers and mixin
plants. When planning a rura
road maintenance programm
in these places, it is importan
to make efficient use of such
private sector capacity. In
order to attract larger firms,
contracts need to be organise
in sufficiently large packages

making it worthwhile to

also well equipped with sophisticated
crushers, paving machines, large fleets

of trucks, excavators and heavy
compaction equipment.
Both road construction and

maintenance works are carried out
relying on these contractors, all of which
manufacture their own asphalt products.
These firms carry out both patching
works as well as major resurfacing
works.

mobilise  their equipment.
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These firms only take interest in the works whemnti@axts are of a certain
size.

While larger contractors are more interested inkedor which they can
utilise their heavy equipment, it is still importathat all necessary
maintenance activities are carried out — includimgworks best carried
out using manual labour such as many of the offiageway activities.
Large contractors are mainly interested in the perg and surfacing
works. The use of smaller contractors may be rappropriate to take
care of activities requiring less equipment anderiabour inputs. One
option may therefore be to split works between caffriageway
maintenance and surfacing works.

Encouraging larger contractors to nominate subcontr actor to undertake
routine maintenance during Defects Liability Period under PMGSY

The PMGSY places great importance to securing adequate maintenance on
roads built under this programme. For this reason the construction contracts
include a 5-year defects liability period during which the contractors are
obliged to maintain the completed roads. There is however a growing
concern in terms of the poor commitment shown by many of these contractors
to honour their maintenance obligations during the defects liability period.
Poor performance during the DLP results in a significant routine maintenance
backlog when ideally the roads should have been in a perfect condition.
Secondly, it also advances the need for periodic maintenance.

Since several states are struggling with this issue, there seems to be a
demand for some form of proactive measures to address the problem. While
stronger enforcement is the obvious first hand measure, experience show
that this is not always effective. One approach could be to insist that the
contractors nominate a smaller local sub-contractor for the maintenance
works during the DLP at the time of submitting their bids.

Some remote regions experience a shortage of ctortsealtogether. In

order to attract construction firms from far awegntracts need to be of
a certain size to justify the mobilisation cosi&hen contractors carry
out works far away from their base station, thera heed for larger site
camps. In remote areas, there is also a nee@ugerl material depots
since supply lines are longer. Smaller firms maydductant to take on
such operations, and therefore the contracts reede tpackaged into
large enough sizes to attract large contractorsarmbavilling to mobilise
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over large distances. Although equipment and rizd¢eneed to be
imported, it may still be possible to recruit soafghe labour from the
villages in the vicinity of the road works sites.

Special considerations need to be taken in IntedrAttion Plan (IAP)
areas. Contractors from outside may have diffiesllin operating in
regions with insurgency activities. Local firmsyrewever still be able
and prepared to carry out works is such areas.subth areas, it is
important that the works are organised in approgs&e packages that
match the capacity of local firms.

7.4 Common forms of contracts

The nature of road maintenance set some specificadés to the
contracting arrangements. As opposed to most tthes of civil works,
road maintenance is often characterised by limiddmes of work at
many locations across a large geographical arezadfkrequire more
frequent maintenance and normally involve largputs as compared to
other infrastructure. Furthermore, many activiaes repetitive and are
required several times a year.

A lot of time and energy has been spent on findihg optimal
contracting arrangements for road maintenance rapdrticular routine
maintenance. In order to secure preventive maamen at its optimal
levels, there needs to be a management systemade plhere the road
network is attended to on a continuous basis tlyadsmtifying damages
at an early stage and thus allowing remedial acodake place quickly
before more serious damage is caused to the rdgdbe same time, it
is important that contracting arrangements areastlieed to avoid that
bureaucratic procedures overburden the staff ingehaf managing the
works.

Contracts form the legal agreement between twaegsdlidr procurement
of works, goods or services. A civil works contraielates to the
construction or improvement of some form of infrasture. The size,
complexity and cost of such work may vary wideBjd! contracts need
to be legally valid and meet certain basic requéaets to effectively

Managing Maintenance of Rural Roads in India 168



serve their purpose. With care, they can be writbecover the essential
issues in appropriate detail according to the arm complexity of the
works.

Government agencies usually rely on standard dootsnevhen
preparing a public works contract. These documfarts part of the
government procurement regulations and as such bausidhered to.
Making use of standardised documents, simplifiesntrasts
management. As the same procedures are applied agd again,
contractors are familiar with the prevailing redidas and conditions
applied in the contracts.

BoQ contracts

The most common form of engaging a contractor fovihworks project
is to enter into a so-callé@dd-measure” contract. This is basically a
contract in which works are split up into a commmtive list of work
activities. The amount or volume of works undecheaf the activities
needs to be carefully estimated and entered inBill aof Quantities
Payment of works in a BoQ contract is based on natés agreed for
each of the work activities and the contractortiarey given time paid
only for the volume of completed works.

When road works are awarded to private contractbes,responsible
technical agency enters into an agreement witmataaction firm using
standard contract documents.

Standard civil works contracts are designed tordatea certain size of
works.  The larger and more complicated project® usore
comprehensive documents. Smaller works contraatsh as the ones
issued for routine road maintenance works, do aetlrihe same level of
sophistication and therefore contain less claused gegulations.
Experience shows that the smallest jobs can begednasing simplified
documents, thereby reducing the time necessagoftdract preparation.
Still, the contract would define the type and antoohworks to be
carried out and linking payment to the progresaardk.

Periodic maintenance of rural roads involves warka certain volume
and requires similar equipment and technical skslsvhen carrying out
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road construction and rehabilitation works. Fas teason, it is logical
to use similar contract documents and proceduresnwingaging
contractors for periodic maintenance works.

Petty contracts

The traditional concept of contracting presumes tthe client engages
established construction firms, already registesisdformal business
entities and classified to carry out a certain aizé type of works. Petty
contracting allows contracts to be awarded to smaliness entities that
are not formally registered as commercial firms.

Engaging petty contractors has proven to be acteféearrangement for
smaller simple works dispersed over a large getdgalarea. Due to the
limited size of the contracts, they can be letulgiodirect selection (with
limited competition), applying standardised uniteeaand simplified

contract documents.

When dealing with activities such as off-carriaggwaaintenance, the
volume of works and contract amounts are much smalhd really do
not justify the use of the comprehensive contriatésnded for larger civil
works projects. Due to the limited size of thesatracts, a simplified
system can be applied.

Equally, the process of recruiting the contractcas be simplified.
Instead of carrying out a full tendering proce$s smaller routine
maintenance works can be awarded through directctsah and
negotiated prices.

Community contracting

Community contracting has become a popular arraegerior minor
works that are targeted towards a limited groupeofeficiaries such as
a village or a particular neighbourhood in an urlsetting. It is an
approach often championed by development agentiesier to secure
a high level of local participation by the end ssir all stages of the
project from conception, planning to works impletiadion.

Managing Maintenance of Rural Roads in India 170



A common feature in community contracting is ti&tré are normally no

formal contracting firms involved in the works. stead, the role of the

contractor is replaced by the community, which sadearge of the works,

relying on local labour and individuals who posseémsnecessary trade
skills. In some instances, these groups are lateognised as a

"contractor" and also utilised during the mainteasegaand operation phase
of a project.

The client is often the same group of people whiake a common interest,
often identified as the end users. These group®aily have no prior
experience in the world of contracting and may reetiderable external
technical and managerial support in order to implemthe works.
Community contracting can also be used for worlkdeuthe management
of a technical agency, such as maintenance of roadk.

While acknowledging the limited technical skillsdanapacity of local
communities operating as a contractor, there lisastieed to follow the
basic concepts of contracting. This includes distébg a contract
agreement in which the works are properly quartkified priced. Equally,
this arrangement also requires clearly definedgmoes for supervision,
measurement and payment of works — similar to auiweal contracting
of civil works.

A key prerequisite for this form of local involventen the implementation
of maintenance works is that there is a demanefgnloyment in the local
communities. It needs to be acknowledged that soma areas have a
labour shortage and in such places there willrbigdd interest in this type
of maintenance arrangements. On the other hamlpgment generation
often forms an essential part of many rural develamt programmes. In
areas where there is a shortage of jobs or a signifdegree of under-
employment, there is considerable scope for usingounity contracting
— in particular for off-carriageway routine maingeice works.

Performance Based Contracts

Performance base maintenance contracts have intngesrs become an
increasingly popular approach to road maintenarte basic principle
is to define a desired performance standard tolwiie road needs to be

Managing Maintenance of Rural Roads in India 171



maintained during a certain period of time insteddspecifying a

contract based on quantified volumes of work. Teation of the

contracts can span from several months, i.e. tirouiga rainy season,
to say five years.

The contracts are awarded to established roadamots who in turn
may sublet some of the works to smaller contractgsrating in the area
where the road is located. Alternatively, the raathorities may choose
to let performance contracts directly to smalleralocontractors. Refer
para 7.8 for more details.

Retainer contracts

Retainer contracts with an agreed schedule of exEesometimes used
for establishing a standby arrangement for dealinidp emergency

maintenance works. Incidences such as major laedshnd washouts
can render roads impassable and therefore requirediate action in

order to restore access as well as limiting therégxtf damages. When
serious damage takes place as a result of freathereshere is a need to
quickly mobilise resources to reopen the roadthénpast, force account
units in the public works departments took careraérgency works. In

recent years, these units have often been disbamugdhe agencies
totally rely on private contractors to carry outimanance.

In such instances, it may take too long time tais=@greements with
contractors through the standard tendering prodastead, the technical
agencies can call for tenders on work activitiest tare commonly
required in order to deal with emergency situatioriBhese tenders
essentially consist of priced unit rates for thevétees normally required
in order to repair road sections that has becorpagsable as a result of
sudden severe damages. Retainer contracts areutidgd when an
emergency occurs and are normally organised ogeara preferably in
advance of the season during which major damagelikaly to occur.

When a major incidence has occurred, the road ggearcthen quickly
mobilise a contractor who have already submitteit prices for

emergency works. Technical staff from the roachagehen carries out
a rapid assessment of the works required and dstithe quantities of
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work. The total cost of works is then calculatedtioe basis of these
quantities together with the already agreed umitegst

7.5 Preparing contracts

Since routine maintenance consists of smaller warkes not require
the same extensive contract documentation. Rootaiatenance is best
organised in small contract packages allowing far involvement of
local small-scale contracting firms. With an exige network to cover,
this implies that a large number of contracts neede processed.
Considering the simple nature of the works and liheted risks
involved, there is scope for simplifying and rechgcithe amount of
contract documentation.

Depending on the chosen implementation arrangemgrtprocedures
and documentation should be adapted to the speeifids of the works.
The contracting arrangements for routine mainte@amarganised
through smaller contract packages can therefordyapimplified
procedures in order to streamline management grehgsion. If using
a performance-based system, the Bill of Quantise®placed with an
activity schedule with the corresponding perforneamdicators. Such
contracts also need to reflect the fact that thieytime bound rather than
based on specified quantities of work.

Although contracts may be simplified for smallerriegy they still need
to include the core elements constituting a civtkeé contract, being:

 contract agreement,

« general conditions of contract,

« work plan, and

bill of quantities and payment arrangements

The preparation and management of maintenance aotsitis the
responsibility of the appropriate units of the roagkncies. Before
contracts are tendered, all estimates of quanttask rates and unit rates
should be verified and checked.
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Once the estimates have been found in good orber,ptocess of
tendering works can take place. It is importaat th time schedule is
prepared for the entire process of contracts padjarand award, thus
ensuring that the works are carried out at theecoitime and that the
necessary tools and material are available befmrerencing work.

Carry out maintenance I
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Routine maintenance contracts are usually awardegitber an annual
basis or several times a year. In order for waookbe carried out in a
timely manner, it is important that the contractggaration and tendering
process do not take too much time, thereby jeopiaglithe optimal
timing of works.It is important the timelines fohdse preparatory
activities are such that the work contracts arerdecgand the execution
of the work synchronizes with the commencemenhefiorking season
of the financial year that the budget pertains to.

7.6 Contracts management

Works carried out by private contractors requigd the technical agency
is proficient, which can prepare and administeriloeks contracts in a
timely manner. Appropriate management procedureefore need to
be established with clear directives and respdiigssiin regard to how
and by whom contracts are administered.

The figure below describes a flowchart of eventsrirgdu the
implementation of road maintenance works and howioua
stakeholders are involved in the different aspettaanagement.
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Maintenance works would ideally be directed by aerall management
plan for the road network which is sanctioned lmpmpetent authority.
This plan would be based on the performance ofdhd network and
regular condition assessments. This plan woultld®cdetails on the
roads to be covered by the maintenance programohevhith ones are
placed in the construction programme. The plaprépared by the
relevant technical agency, and its contents usuagd formal approval
before budgets are released.

Proposes ]I Technical Agency
maintenance |:| (PWD, RES, etc.) [
programme

Finance
and budget approves R Office
and reports maintenance Field Office awerd boitcts d carries
on progress D programme requests and delegates out

V and budget Finance Office FO to manage payment of
o process contracts completrid
payments WOrKs

Political

bodies

Field Offices
of Technical Agency

Ml appointed to MI prepares
supervise and payment
inspect certificates
works.

Maintenance Inspector Maintenance Inspector

instruct and inspect and
supervise certify works
works

instruct and inspect and
supervise certify works
works

Maintenance
Contractors

Maintenance
Contractors

Maintenance
Contractors

Maintenance
Contractors
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Requests for infrastructure improvements are voigedthe local
Panchayati raj bodies and development committeeswaien approved
forms part of a local development plan. Road nemabce however
needs to be clearly distinguished from this proeasss forms part of the
recurrent budget required to protect already enggtifrastructure assets.
The appropriate oversight bodies would in this césmus on the
effectiveness of the maintenance provided in teahsafeguarding
earlier investments in infrastructure development.

Once the annual work programmes and budgets havredmproved, the
responsible technical agencies can start the ddtpileparations before
implementing works. Technical staff is then enghigedevelop detailed
plans and cost estimates, and the preparatiohwbglts contracts. After
tendering the works, contracts are awarded to tbst mompetitive
bidders.

The regular supervision of works can be carriecbgid works inspector
or junior engineer from the field office of the kmical agencies. This
personnel is in charge of monitoring the qualitg gmogress of works
and as part of this responsible for the approval aartifying of
completed works.

Payment certificates are issued by the maintenaspectors, basically
stating that a certain amount of work has beersfsatorily completed
and is due for payment. This information is submitto the finance
section which processes payments to the contraatmsrding to the
details in the payment certificate.

The field offices need to be provided with suffitieapacity to manage
all works activities taking place in their respeetiarea of operation.
Road maintenance works cover a wide geographieal @nd thus poses
particular logistical challenges. It is therefamgportant that the field

offices are adequately staffed with competent teethrpersonnel and

provided with sufficient logistical resources andpection vehicles.

Managing Maintenance of Rural Roads in India 176



7.7 Work supervision

Once a maintenance contract has been let, ites oiseful to carry out a
new assessment of the works required. The origioatiition survey
was probably carried out some time in advance ghgimg a contractor
and in the meantime additional defects
may have developed.

Engage contractor

At the time when the contractor mobilises,

‘.’ it is good practice to once again review the

Review maintenance maintenance requirements. The original
requirements survey was primarily carried out in view of

'V assessing the overall condition of the road

and producing reasonably accurate

Update road estimates of work. Once the contractor is
condition inventory on site, it is important that maintenance

.v works take place at the correct locations,
Imstruct contractor applying the correct work methods. At this

on specific works stage, it is therefore important to establish

‘ the full details of the work.

Inspect and measure When issuing instructions to the
works carried out contractor, it is important to record the

', decisions made. Planned work activities
can be recorded by updating the original
road condition surveys, thereby making
sure that all defects including the ones
developed since the original survey are

4

Certify payment
for works carried out

.v adequately addressed. Using the road
Agree on next condition survey forms makes it easy to
= month’s work record the location and extent of various

work activities.

The use of the survey forms makes it easy to assésesher the
contractor has performed in accordance with th&#unsons provided
during the previous inspection. In addition, thémens can be used to
provide detailed records of completed works angkegtrack of work
that has already been certified. As such theswrdeare also useful as
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supporting documents in relation to reporting orogpess and
expenditure.

Road condition survey forms can also be used &esssng work carried
out under performance contracts. During inspestigrork that do not
meet the performance requirements can be recandhd forms, thereby
providing the necessary supporting documents wlaculating any
deductions.

7.8 Defects Liability Period (DLP)

The practice of including a lengthy defects lidhilperiod into road
building contracts can be an effective means oumng that good
workmanship is provided during the constructiongsta During the
defects liability period, the contractor is resgbles for the routine
maintenance of the road and all its componentginBuhis period, it is
important that regular inspections are carried twtmonitor the
performance of the road and its drainage to enthate(i) designs are
adequate and (ii) the works have been performeédoired levels of
quality thereby verifying that the road stands aighie normal impact of
traffic and prevailing weather conditions.

In the PMGSY programme, the contractors need totaiai the road for
a period of five years after the completion of ¢amgion works. This
practice seeks to encourage contractors to place importance to the
quality of the initial construction works, therefmmimising failures and
defects resulting from poor workmanship. This pcacof extended
defects liability periods is now also being usedoiher rural road
building programmes as it is recognised to havesitige impact on the
quality of the construction works.

Although the contractor is responsible for the iritnaintenance during
the defects liability period, it is important toffdrentiate between the
regular maintenance works and such works resultorg damages due
to poor design or exceptional circumstances.

In hilly terrain, it is expected that the contradteeps drains and water
crossings clear from silt and other debris. Tla@eshowever limitations

to this responsibility. When unforeseen damagks fdace, such as
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major landslides or slips, it is important to acktedge this as
incidences that were not anticipated when awarthiegcontract. Such
repair works are beyond the scope of the contrabie repair of such
damages and the additional preventive measuregeddo stop future
similar incidents need to be financed from otherding sources. In
places with a significant risk of unforeseen darmsaganay be useful to
include specific contingencies in the contractdach purposes.

7.9 Performance contracting

Performance contracting has become a common agpfoaorganising

routine maintenance. The basic principle behind #pproach is to
reduce the management burden of the implementiegcayg leaving

most of the upkeep and inspection works with theraator. Rather than
measuring quantities of work outputs, the paymérmompleted works

is based on a set of clearly defined performandeators.

For routine maintenance works, the performancecatdis would
essentially prescribe that the drainage systemadvbelclear of debris,
silt and any scouring, the road surface is freenfamy potholes, that
grass and bush outside the carriageway is kept ahdrthat all road
furniture is in good order. A common set of regments for typical
routine maintenance works is presented in the tadll@w.

The main advantage of performance-based contraiditivat contracts

can be awarded for a period of 3 to 5 years assgupto output based
maintenance contracts in which the duration ismoftely 3 to 6 months.

The longer contract durations means that the rged@es can reduce
the number of tenders required to maintain an extemetwork. There

are however some prerequisites for this to be ssfeleand competitive

to other contracting arrangements:

* Actual costs of maintenance should be well knowrthi® client
agency. The costs of maintenance vary consideddpgnding on
climatic and geographical conditions and are aiflaénced by the
quality of the initial construction works and thegdee to which the
road has already deteriorated;
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* The road should be in a good and maintainable tionginot
requiring any major rehabilitation works;

» The quality of the road should be well known totbpérties, i.e. the
contracting firms and the technical agency, therabyiding any
major unforeseen works;

* Both road agencies and contractors should be el in
carrying out road maintenance works. Contracters to this type
of work will have great difficulty in preparing iable cost estimates
for the envisaged works.

Performance-based arrangements can also be combinitu
conventional item rate works. This implies thatiaites which can be
easily predicted in advance in terms of quantgied costs are specified
on the basis of performance criteria while moressatitial works which
is more difficult to predict to a reasonable legEhccuracy is measured
and paid on the basis of actual quantities of work.

This combined approach has also been used sudéessfuoads with a
significant maintenance backlog in which the inti@rk to reinstate the
road into a good condition is organised on thesbabimeasured work
quantities. Once the road is reinstated into adgoondition, the
contractor is expected to maintain it in such ctodi based on
performance criteria instead of measured work dstpu

Performance based contracting for routine maintem#being used on
rural roads in several states in India. The tablew shows the standard
activities carried out on bitumen-surfaced roadsviadhya Pradesh
using this approacH. The weightages proposed here for various
activities may require review to make the monitgrimasy and duly
addressing the concerns of the contractors.

Payment of works is approved only when a subsfaptat of the

activities meets the prescribed performance remargs. As shown in
the same table, each of the work activities iscalled an index thereby
indicating its importance. These indices form Hasis for payment.

19 A similar system has been developed in Jharkhand, as well as being introduced in several other
states.
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When summing up the indices for the fully compledetivities, payment
is only approved if it reaches a defined threshi@dexample more than
80 percent of the total possible is achietfed.

The indices mentioned above will to a certain eixtellow the costs of
the various work activities. It is however impattéo devise a payment
system that ensures that certain priority actisitig® given sufficient
attention. Clearing drains and culverts is a gexample of a priority
activity during the rainy season. Clearly, thetsys would need to
ensure that payments during this period are ontyayed if the drainage
system is in good order. Equally, in hilly terrauth higher rainfall, it
may be useful to give drainage related activitiehigher rating as
compared to roads located in flat and dry areasghft&ege should also
be given to maintenance of breast walls, retainialis and safety related
measures.

A similar table can also be devised for WBM andvgtaoads, in which
terrain and weather conditions are given due cenaitbn.

Since works are assessed solely on the basis sdriyed performance
criteria, these indicators of success need to befudly defined. In

Madhya Pradesh, the performance requirements dimedeby using

functional standards found in the standard worlcigieations.

A similar system is actually in place during thgear defects liability
period which forms part of the standard constructiontracts under the
PMGSY. During this maintenance period, the comtrac are
responsible for the same routine maintenance @esvas mentioned in
the table below*

When applying this system, it is important to keegck of the actual
costs of using this approach as compared to a otiowal output based

2 The threshold of 80 percent is the current practice in Madhya Pradesh. This threshold can be
modified depending on how the individual activities are measured as completed or not.

21 The practice of extended defects liability periods on road construction contracts during which the
contractor is responsible for the maintenance is becoming a common practice in many road works
programmes and not only the PMGSY.
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Routine maintenance activities - frequency and perf

ormance index

Name of Item/Activity Frequency of operations Perfl?] r(;r;a)l(nce
Restoration of rain cuts and .
1 dressing of berms as per clause Once geger.’;lly after _ralgs or 10
1902 of the Specifications. as andwhen required.
Making up of shoulders as per :
2 clause 1903 of the Specifications A Bl T UL A
Maintenance of bituminous
surface road and/or gravel road
3 and/or WBM road |nc|ud!ng filling As and when required 50
potholes and patch repairs etc. as
per clause 1904 and 1906 of the
Specifications.
4 Maintenance of drains as per Twice (in case of hill roads 3
clause 1907 of the Specifications as and when required)
Maintenance of culverts and Lo .
Twice (in case of hill roads
5 causeways as per clause 1908 as and when required)
and 1909 of the Specifications. q 5
Maintenance of guardrails and Maintenance as and when
6 parapet rails as per clause 1911 of  required. Repairing once a
the Specifications. year.
. . Maintenance as and when
Maintenance of road signs as per A >
7 clause 1910 of the Specifications. FERJIITEEL HAEII) O7Ee z
every two years.
Maintenance of 200 m and Maintenance as and when
8 kilometre stones as per clause required. Repairing once a 2
1912 of the Specifications. year.
Cutting of branches of trees, Once generally after rains (in
9 shrubs and trimming of grass and  case of areas having rainfall 3
weeds etc. as per clause 1914 of more than 1500 mm per
the Specifications. year, as and when required)
White washing parapets of cross-
10 drainage works. Once a year.
11 White washing guard stones. Twice a year. 2
12 Re-Fixing displaced guard stones. Once a year.
13 Repair of old joints sealant (CC Maintenance as and when 3
joints) as per Specifications. required.
Total 100

than 80 points.

Note: No payment is made if the contractor achieves less than 80 points on above scale,
for the period under consideration. Proportionate payment is made if achieving more
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system of contracting maintenance. A performamset contract places
the risk of unforeseen works on the contractoris therefore tempting
for contractors to increase their provisions fofoseseen works when
submitting their tenders. In comparison, in iteaercontracts most
unforeseen works would be the risk of the clieirices payments are
based on the actual quantities of work performé&tdhis implies that

before tenders are announced, the road agency neecsry out a

detailed survey of the roads to establish reliafdtimates of the

envisaged works. In other words, there is stithe’ed to prepare an
Engineer’s Estimate when using this contractingragement.

Concluding remarks

Any particular choice of contracting arrangemeni mot provide any
magic solution to the maintenance challenges.rderdo reach a system
in which preventive and timely maintenance is piledito the rural road
network, there is a need for political will, dedimd management,
appropriate systems and procedures, skilled stafbcourse sufficient
funding. These are the prerequisites for any ssfak civil works
programme and it also applies to road maintenance.

Building up an effective maintenance programmelima daunting task
where there is a lacking system in place. It nelmticated champions
at all levels of the management structure, bottoéicy level and out in
the districts where works take place. During #st PO years, significant
improvements have taken place in terms of ruraheotivity. A similar
commitment, effort and management capacity are remuired in the
field of maintenance in order to sustain the bésedf access to rural
communities.
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