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Abstract—Road authorities have confronted problems

to This paper discusses and analyses a large number of

maintaining the serviceability of road infrastrugtisystems by using published studies on PBMC to present an overviewthef

various traditional methods of contracting. As duson to these
problems, many road authorities have started cctiiga out road
maintenance works to the private sector based aforpence
measures. This contracting method is named PerfareaBased
Maintenance Contracting (PBMC). It is considered ren@ost-
effective than other traditional methods of cortirag It has a
substantial success records in many developed awlaping
countries over the last two decades. This papecugies and
analyses the potential issues to be consideredebtfe introduction
of PBMC in a country.

potential issues to be considered before the intrhah of
PBMC in a country.

Il. PERFORMANCEBASED MAINTENANCE CONTRACTING
(PBMC)

Performance based maintenance of road infrasteidyr
contracting (PBMC) is a method under which the el
contractor has to plan, design and implement madmtee
activities in order to achieve short and long teroad

Keywords—Contracting, Performance-Based Maintenance, RoggPndition standards for a fixed price, subjecthe specified

infrastructure

. INTRODUCTION

OAD authorities have confronted problems to mainitey
the serviceability of the road infrastructure systeby
using various traditional methods of contractingaditional
methods of road maintenance contracts depend oantioeint

risk allocation [2].

PBMC may motivate the contractors to implement dyett
quality maintenance practices and improve the divera
condition of road assets during the contract periodBMC,
payments are made after checking that the contraisto
meeting the performance standards defined in th&ract [1].
PBMC reduces the cost and time of road maintendice

of work executed and contractors are paid by thadroapplying well-organized and time saving work methahd

authority based on mutually agreed unit rates. @n dther
hand, Performance-based Maintenance Contractindi(®)B
for road infrastructure systems are based on tteome of the
contractors work and payments are made subject
contractors’ ability to achieve the performance ndtad
defined in the contract, and not on the amount ofke
executed [1]. Moreover, the nature of PBMC allosdte risk

technologies.

The successful applications of PBMC have beenrobde
in many developed and developing countries, suchinas
@anada (British Columbia, 1988) Argentina (1990)sthalia
(1995), USA (1996), Uruguay (1996), Chile (1997)ewN
Zealand, Columbia, Brazil, Finland (1998), Zambi®949),
Peru, and Guatemala [3]. This trend has also sgekdrope,

and responsibility to the contractors. The long mter Africa and Asia, for example, the UK, Sweden, Netels,

performance-based contracts motivate the contmdtoruse
innovative technologies and render quality works.

Norway, France, Estonia, Serbia and Montenegro,thSou
Africa, Chad, and the Philippines [4]. PBMC areoaisferred

Many developed and developing countries have sdecee to as Performance-based Contracts (PBC), Asset géament

in effectively minimizing infrastructure maintenancosts and
managing time
contracts over the last two decades. The amoufitesditure
and research on PBMC is reasonably high although
concept is relatively new. As PBMC is a long-teroniract,
introduction of PBMC for road infrastructure maiméace in a
country requires massive planning and a culturange
among the road authority.
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I1l. BENEFITS OFPBMC

The beneficial areas of PBMC mentioned in the ditiere
are as follows: savings of cost for road mainteeanworks,
risk sharing and assurance of quality by the cotdra
introduction of innovation, increasing the effioignof the
road authority and contractors, reducing the adstriiive
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management system, increasing the flexibility ofrkycand
increasing transparency and reducing the chanceradiption.

PBMC requires less administrative effort than tlalier
type of contracts [4]. On average, the indirectt€os
contractors are 21% lower in PBMC, since contractoan
improve their internal business process with mdifecient
manpower, equipment and materials due to the lamm t
nature of PBMC [5]. Use of modern technologies, ariats
and techniques also has the capability of redunivige and
other environmental impacts which will help to reduthe
negative impacts of construction works on the muf8i. The
contractors must ensure that the roads under abracemply
with the service quality levels which have beercdje in the
bidding documents to receive the monthly payment
maintenance services. It is possible that duringesononths
they will have to carry out a large amount of phgbiworks in
order to comply with the required service leveld apry little
work during other months. Yet, their monthly paymesmains
the same as long as the required service levelmaitained,
which ensures the quality of works under PBMC [7].

The road authority has the option for the possjbdi long-
term sustainability in the management system u&iB§C.
Due to its longevity, staffs are able to understandetwork
and have the time to implement initiatives based tlois
knowledge, as well as understanding which areaghef
network are under stress and how these areakahgtlh react
to extreme events [8].

The contractors receive flexibility in achievingeth work
target under PBMC. Lancelot [9] indicated in reg&éodthe
CREMA (PBMC) experience in Brazil that
performance based contracts, contractors needethate
sufficient flexibility to determine an optimized xiof
technical solutions and an optimized execution duolee
without any interference from the employer.

PBMC has the potential to reduce the scale of #wstbn
making process by promoting
governance in road maintenance works [3, 10].

The road authorities should consider the issuesigéed in
the next section to achieve the benefits of PBMC.

IV. ISSUES TO BE CONSIDERED BEFORE INTRODUCTION OF

PBMC

transparency and good

issues, Performance Monitoring, Payment and teitioimaf
the contract. Road authorities should also congluese issues
so that they can successfully introduce and imptera8MC.

A. Performance specification and Set up a Sandard

Performance-based maintenance contracts are ddstgne
manage the performance of contractors and gaiaskerance
of quality road maintenance works [12]. The roathatrity is
responsible for determining the quantity, type éowhtion of
the work outputs required to achieve the desiratbpeance
levels in PBMC [11]. However, setting up a perfonoa
standard is very important to measure the contractuality
of work and for payment purposes. Performance staisdalso

f(guide the contractors to render the desired relsoltever, the

contractors select the manner in which the workioisbe
performed [12]. Performance standards have to learlgl
defined in the contract and objectively measurdbleavoid
ambiguity. A Highway Design Model (HDM) can also tised
to set up parameters, for example, InternationalgRness
Index [1]. The application of a minimum acceptaldeel of
performance can be achieved through the implenmentaif
targets based on performance standards [13]. Tablesents
some typical performance standards and their inflaeon
roads [1].
TABLE |
TYPICAL PERFORMANCE STANDARDS AND THEIR INFLUENCE OROADS[1].

Performance Standards Influence

International Roughness Index (IRI) toVehicle operating cost
measure the roughness of the road
surface.

is under

1. Absence of potholes.
2. Control of cracks and rutting.

Road safety and pavement
performance

The minimum amount of friction betweenRoad safety
tires and the road surface

The maximum amount of siltation orTo avoid destruction of the
other obstruction of the drainage system. road structure

The retro reflexivity of road signs andRoad safety
markings.

The literature review of this research found that¢ost of
road maintenance may vary depending on the rodibesec
traffic condition of the roads and the environmefithe
country. It is important to set up the performastadard

The use of PBMC is becoming popular and many rO‘F’\gking into account the past record of the roads.

authorities are trying to introduce PBMC in thequatries. A
Pilot trial project of PBMC is needed before it fslly

introduced to measure the feasibility, capabiliopst and
quality of work and establish a relationship betwethe
contractor or private sector and the road authdfify). The
road authority should try to address these needmglthe
pilot trial. Moreover, the literature review andadysis of this
research has identified a number of common isshegshave
been considered by several road authorities betbe
introduction of PBMC. The issues are as followsfétenance
specification and Set up a Standard, Expertisehefprivate
sector, Deciding the initial project, Risk exposyrEmployee
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B. Expertise of the private sector

As PBMC is a new concept, it requires experiencehfe
sector or large contractor to take such respoitsssil Many
road authorities have taken help from internatignal
experienced contractors and organizations in otdetrain
their own staff and contractors. The maintenancal an
rehabilitation work of roads should be separatégntified for
the pilot trial of PBMC depending on the capabibifythe road
authority. It may help the road authority and tloatcactor to
gain experience on the new approach.
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The framework document on introduction of PBMC
Indonesia revealed that contractors were capableanilling
large contract with risk sharing responsibility, t bthey
required training on maintenance management [14for@
contracting out the large proportion of the arteniaad
network of Sydney, New South Wales, Australia i®3.9the

incomponent of a comprehensive PBMC. Many road agenci
include rehabilitation as a part of PBMC; otheroate to
handle rehabilitation using traditional methodscohftacting.
Anastasopoulos, et al. [15] said that projects wdtlhong
competition, long duration and extension periodsngl
outsourced road sections, that incorporate crackingg

Road Transport Authority (RTA) of New South Walespothole repair, illumination repair/maintenanced anowing

developed a pilot project in 1990. They recognitiest the
establishment of a performance based contract wegjdire a
good register of asset extent and condition, in&diom on
historical work outputs and a methodology for thgeotive
measurement and reporting of asset performancethése
factors were not adequately addressed at that gnekdue to
the risk factors, the RTA elected to adopt a manmeventional
style of contract. The conventional approach alawegthe
RTA more control over the day-to-day activities tife
contractor and this was of comfort to the RTA dgrthe pilot
phase [11].

Introduction process of PBMC (CREMA) approach
Brazil can also be given as an example. The imphatien of
this revolutionary approach in the Brazilian conteequired
important efforts of adaptation on both the publieht and
private/contractor sides. Such adaptation took eplat a
gradual fashion, with a relatively lengthy procéslese to a
year) to structure the first bidding documents apthted
technical norms. At bidding stage, the private @ectaction
to CREMA in the state of Rio Grande do Sul was adés
On the other hand, reaction in a first round ofdimd at the
federal level was less successful and inadequatpopals
warranted the re-bidding of the first CREMA contsa[®].

This research found that the long term performarased
maintenance contracts requires a proper planningtiamng
among the road authority and the private sectazomtractor
to gain experience and fulfill its objective of #m¥ing a
strong and cost-effective road infrastructure syste

C. Deciding theinitial project

The road authority has to decide the type of tlael rand the
duration of the contract which will perform bettender
PBMC at its initial stage. Stankevich, et al. [4jdsthat the
level of complexity of a PBMC can range from “simplto
“comprehensive” depending on the number of assetgange
of services included. A simple PBMC would coveriagke
service (for example,
maintenance) and could be awarded for relativetytgteriods
(several months or one year). A comprehensive PBRiGld
typically cover all road assets with the right-odiyw and
comprise the full range of services needed to nmared
maintain the contracted road corridor. Such sesvia@uld
include routine maintenance, periodic maintenamuk teaffic
accident assistance. As periodic maintenance wdfés
example, resurfacing, re-graveling) need to be atgmkin a
certain period, the contract tenure is usually fidyears to 10
years and could go up to 30 years. In a comprebteRBMC,
most of the works are often outsourced by the roaitiractor

only mowing, only street tigh

activities, perform better under PBMC. After thesention of
the first PBMC (CREMA) in Brazil, the state of R@rande
do Sul and the federal level revealed a numbereafkinesses,
which have been gradually corrected in follow-up EDRA
contracts. The overall process of preparation, ibgldand
execution of the first CREMA contracts resultedaimumber
of valuable lessons, which were taken into accoimt
structuring and bidding further performance baseatracts in
Brazil [9].
The analysis of this research suggests that dutiveg
selection of the pilot project a road authority whloconsider
inthe type and length of roads and duration of tharect. The
length of PBMC can vary from 2 to 10 years. Failurdirst
trial refrain the road authority to proceed furthéth the new
concept. However, road authorities can learn frowe first
contract and use the lessons to improve the futoméracts.

D. Risk exposures

A shift in the method of specification, from workitput to
performance, will shift the risk exposure of thedoauthority
to the contractor. The fundamental premise of itet PBMC
by RTA of New South Wales, Australia was that tbatcactor
had to achieve the specified road condition stadwlarer the
term of the contract and must program, fund, desigd
deliver whatever works are required to achievedtsandards
[11]. The risks for which the RTA continued to besome
responsibility in that contract were as follows:

» Major bridge repair activities such as strengthgnin
rehabilitation and replacement and major embankmepdir
activity.

* Force Majeure includes events such as earthquake,

bushfire, extreme weather or flood, war, riot, lid@des and
contamination. The basic definition is that Forcejdlire
applies for events which could not have been ressdygn
predicted, are beyond the control and could notHhasen
avoided by the road authority and the contractor.

» Changes in traffic volume and in inventory.

* Exclusion of two low trafficked roads in poor
condition.

» Reimbursement of costs arising from the defineddthi
party actions such as the restoration of road eat@as by
others (water, gas, telephone etc), damage due twver-
dimensioned vehicle operating under permit, danthgeto
a motor vehicle accident, vandalism, excluding fgrgf 1].
Some literature also suggested that PBMC may iectisks

like poor quality of construction, unexpectedly sm/weather,
unanticipated  environmental  problems,
unanticipated legislative change, unexpected traffowth, a

to subcontractors. Rehabilitation is not a compyiso short-term focus that fails to minimize long-terifedcycle
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costs, and difficulty in acquiring the resourceseded to
perform the work (for example,
However, the risk allocation to the contractor vebube
beneficial for the road authority only when a cantor would
better be able to manage the risk [17, 18].

This research suggests that the risk exposure &sudd be
properly identified and addressed to the contractdro want
to participate in the tendering stage during theootuction of
PBMC. However, individual road authorities shoutshsider
to what extent they can share and manage the risk.

E. Performance Monitoring

Monitoring the performance of the contractor is theo
important part of PBMC. Moreover, the road authesit
should always try to keep pace with the advancenant
innovative technology, and increasing expectatidnraad
users with time. Road authorities are required tmitor the
quality of work, record the cost savings and thadrdistory
and inventory data for future research and devedoprduring
the implementation of PBMC.

The monitoring system may differ among the
authorities. Zietlow [19] added that the monitorgygtem may
include contractors’ self control system, formal ntidy
inspections and informal inspections by the roatiarity, and
road users’ complaint system. As PBMC are relajivedw
concept, the availability of reliable and comprediea set of
guidelines to evaluate the effectiveness and efiiy of this
type of contract is limited. Many road authorit@srently rely
on the criteria and procedures developed for ttratitional
methods of contracting to evaluate the performande
contractors in maintaining roads [20]. These stedglavary
significantly among the road authorities and sorighem
have not been properly defined to monitor PBMClad@&arza,
et al. [20] identified five components in order develop a
framework for monitoring the performance in PBMCher
components are as follows: Level of Service Effentess,
Timeliness of Response, Safety Procedures, Quality
Services, and Cost-Efficiency.

Level of Service Effectiveness indicates the extent to which
the performance criteria and performance targetaetkin the
contract are being met.

Timeliness of Response evaluates the response time of the

contractor to service requests related to eventdedicient
elements in the roadway that need to be attendedtimely
manner.

Safety Procedures evaluates if a safety program is properhyP@yment schedules. One strategy is to structure the

implemented by the contractor. This component isy ve
important to ensure that the road users as wellthas
maintenance crews performing the work are exposed
minimum risk of accidents.

Cost-Efficiency assesses the cost savings, if any, accrued by
subcontractors) [16]the government as a result of engaging a contractperform

performance-based road maintenance services [20].

F. Employee Issue

In Estonia, where 63% of the national road netwsnnder
PBMC, the workforce of the national and sub-natiomead
agencies has declined, specifically from 2,046 (athtnation
staff-561, workers-1,485)
(administration staff -343, workers -349) in 2008. [As the
road authority requires less people for administeatvork and
supervision in PBMC, the fear for losing job is iamportant
issue for the employees and the road authority.mbmy
contracts, private operators retain the existingpleyees
because of the benefits of having an experiencedkfamce
[12].

Prior to the establishment of PBMC, the Road Trartsp
Authority (RTA) of New South Wales, Australia empéal 89
people on works which would be included in the cactt The
contracting company’s offer included a provisionr feir

roag@mployment of up to 35 of these people, based @ th

contractor’s satisfaction on their suitability awidlingness of
these employees to work with the contractor. Thgotiations
between the RTA and unions focused on arrangenfents
dealing with the affected staff, the nature of aeglundancy
payout package, and the number of staff affectefloario be
taken by the contractor. Finally, the RTA transéerd4 of the
affected staff to other duties within the RTA andveg
voluntary redundancy packages to a further 40 eyegls.
Only 5 staff took up the offer of employment by the
contracting company [11].

This research suggests that the road authority Idhou
carefully consider the employee issue during theduction
of PBMC. They should prepare a plan for the sthttis
losing the jobs if they want to achieve the success
implementing PBMC. On the other hand, cut down taffs
should not be so extreme that the road authorisgdothe
capability of undertaking future research for thgpiovement
of the work.

G.Payment and termination of the contract

also be incorporated into the contract.
performance-based contracts should be the paheopackage
and will be a bit more complex than standard fipede

compensation in two parts. First, a fixed fee dasilyto cover
basic facility operating costs and any maintenaaroe capital
ypgrades must be agreed upon. Second, a variableete to
performance against a basket of outcome measurgsbma

Quality of Services assesses the customer perceptions wiffeveloped [12].

respect to the condition of the assets and cowirac
performance. Customers are the ultimate evaluadbrghe
quality of the service provided; therefore, it istremely
important to assess their satisfaction.
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¢ A “must’ section details the method of terminatfon non-

compliance, non-performance, or general breachaufréract.
It can be helpful to establish an escalating scédlspecific
sanctions that culminate in termination and to gpebe use
and structure of arbitration or mediation. Ofteanttacts will
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include “termination for convenience” clauses, whiallow
either party to end the agreement without causerdmuiring
sufficient notice, usually 60 to 120 days [12].

The cost of tendering and bidding in PBMC is veighh It
is necessary to have clearly defined contract dectsnto
resolve any problem regarding the poor performan€e
contractors which can lead to the termination & tontract
especially during the initial stage of implementiPBMC in a
country.

V.SOME SPECIAL |SSUES FORDEVELOPING COUNTRIES

The issues discussed earlier are common for desdlapd
developing countries. The analysis of this reseahas
identified some other issues which need speciat@wnduring
the implementation of PBMC in a developing countfis
section presents a brief discussion of these isSues issues
are as follows: Political influence, Corruption,c8egng the
source of long-term funding, and Estimating the tcos
PBMC.

Influence of Political leaders and parties in thad sector is
a serious concern for developing countries. One thaf
objectives of introducing PBMC for road infrastruct
maintenance is to reduce the chance of politidddénce and
corruption. Performance of contractors is supedvibg the
road authority in PBMC. The survey of this reseasabgests
that the supervision work should be free from cptinn.
Moreover, the road authority of a developing coyrsinould
also ensure that the selection of contractors lvélifree from
political influence. This issue is not a concerndeveloped
countries as their road authorities are always Keeansure
road users satisfaction and return the tax payersegnin the
form of safe and secure roads.

Many developing countries have received supportlead
from international organizations during the implertagion of
PBMC. This research suggests that the road aughsinibuld
not depend only on the external support. They shiomy to
manage and plan internal funding for the long t&BMC as
early as possible.

The road authorities in developing countries magefa
problems in estimating the cost of PBMC due to latlpast
history and data on roads. They should prepareng term
planning before introducing PBMC such as: startithg
project with the roads for which data and histowy available
and in the mean time collecting data on future ¢uty,
consulting with consultants experienced in PBMC dioihg
research in similar contracts in other developiogmdries.

VI. CONCLUSION

A well-established road infrastructure system
communication is the prerequisite to maintain atessoable
socio-economic structure. PBMC is a new concepesolve
the problems related to traditional methods of @miing and
has significant potential to improve the mainterarend
management of road
countries including USA, Australia, New ZealanddadK
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have implemented PBMC successfully. Many developing
countries have already implemented PBMC, where safimer
countries are currently considering PBMC for thetad
infrastructure systems. This paper reviewed andyaed a
large number of published information and literatto present
an overview of the potential issues to be consitléefore the
introduction of PBMC in a country. The content bistpaper
will be beneficial to the road authorities who ararrently
considering introducing PBMC.

This concept is still in its early stage and hagehpotential
and scope of work for future researchers. The (iaieof
reducing maintenance costs, increasing the quafityorks
and reducing the chance of political influence aonduption
in developing countries are the challenging isSoe$?BMC,
which needs more attention. Further research canabséed
out on performance standards in different countréex to
develop a model which can help the road authodtplan a
proper performance-based maintenance contractevedcests
of road maintenance works.
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