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Abstract—Transport and logistics are the lifeblood of sdeget
There is a strong correlation between overall gnowt economic
activity and growth of transport. The movement ebple and goods
has the potential for creating wealth and prospettierefore the
state of transportation infrastructure and esplgctake condition of
road networks is often a governmental priority. Tesign, building
and maintenance of national roads constitute ataotisl share of
government budgets. Taking into account the magdaitiand
importance of these investments, the expediendiieefcy and
sustainability of these projects are of great muiniterest. This paper
provides an overview of supply chain managemenmiciples applied
to road construction. In addition, road construttiperformance
measurement systems and ICT solutions are discusRedd
construction in Estonia is analyzed. The authorspgse the
development of a national performance measurenystéra for road
construction.

Keywords—ICT in road construction, key performance
indicators, quality performance measurement, roadstcuction
supply chain.

. INTRODUCTION

The Estonian transportation and logistics sector is
comprised of a combination of transportation sewjdransit
trade, distribution centers and value-added laggisti

Transport contributes considerably to Estonian oeixp
revenues and its balance of trade. Prior to thenteeconomic
crisis, the Estonian transport and transit sectapanted for
approximately 14.4% of the Estonian Gross Domédatadluct
(GDP) [2]. In 2008-2009, the Estonian export arahsport
sector was the first to recover strongly and wasldlcomotive
driving GDP growth, with export volumes doublingtime 1V
quarter of 2010. In 2010, the transport sector actzyl for
more than 12% of Estonian GDP, and in 2011, thesfrart
sector employedirca 50,000 people (over 8% of the work-
force) [3].

The rapid economic growth in the beginning of ttestury
led to transportation shortages and congestionlgmub and
increased the demand for road quality improvemefith the
help of European Union (EU) funds the Estonian goweent
has given high priority to road development, iniest
particularly in the construction of high-quality ads. The
amount assigned for road infrastructure developni@nthe

HE continuous development and maintenance of dase”beriod 2008-2013 was 737 mil. EUR. The annual btdge

public infrastructure is an important ingredienor f
sustained economic growth. At a national levehgportation
investment boosts productivity and economic poatntit
contributes by making freight flows more efficientd reliable
whilst doing the same for personal and businesselira
increasing also mobility and quality of life. Moder
infrastructure networks create more productivity oagst
businesses and individuals across the geographits¢ape.
“Any congestion, or lack of capacity, must be vienas a
bottle-neck not just to traffic, but to productiitand
economic growth itself.” [1].

Estonia is situated on the eastern boarder of tiregean
Union having only 633 km of land border (Russiatviag) and
a 3,794 km long coastline. Estonia’s geographidtiposhas
long been used to the advantage, during th® ddntury
Estonia’s capital Tallinn was part of the vibrardoeromic
alliance of trading cities known as the Hanseagadue. As a
major thoroughfare, Estonia’s location has fosterdwe
creation of efficient transportation links and distition
chains for goods and services to serve Estoniammdean and
international companies.
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the Estonian Road Administration (ERA) is approxieha
300 mil. EUR which constitutes approximately 30%stedte
investments into the real sector.

Taking into account the magnitude and importancthese
investments, the expedience, efficiency and suedity of
these projects are of great public interest. Iis taper the
authors give an overview of road construction symtiains,

performance measurement systems, the development of

related Information and Communications TechnoloyT}
and current practices in Estonian road construction
management. The aim of the paper is to determittesit is a
need to develop and implement a national levelgoerdnce
measurement system that gives feedback of roadroatien
investments throughout the lifecycle of the road.

Il. ROAD CONSTRUCTIONSUPPLY CHAIN

The supply chain has been defined as “the netwark
organizations that are involved, through upstreamd a
downstream linkages, in various processes anditsivthat
produce value in the form of products and servi¢ég”"Road
Construction Supply Chain (RCSC) is deemed an iated
approach for road construction projects to resauemmon
problems and to address common deficiencies intaai®n
management. Road construction management embogieg m
challenges and restrictions due to the temporadycamplex
nature of road construction projeciEhe construction of one
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roadgenerally involves the management of numerous aepar

projects with responsibilities divided among
independent contractors whose involvement ofterudes

separate phases of the lifecycle of the entireeptoffficient

collaboration among all contractors throughout tread

construction lifecycle is crucial to enhancing donstion

management performance [4].

The primary objective of supply chain managementoi
meet customer (in this case the national transponta
authority or state) demands through the most efiicuse of
resources. This would include the optimal managénuén
distribution capacity, inventory and labor. In thgoa supply
chain seeks to match demand with supply and doigothe
minimal inventory [5].

In road construction first the decision making qass to
invest in a highway is complex and time consumirtge same
applies to the duration of the planning and comsiing and
especially the operation and useful time. Projestetbpment
generally comprises several phases requiring astarray of
specialized services and the
participants (see Fig. 1). There are so many inuldgre
parties including state or local authorities, depers,
engineers, general contractors, subcontractorssuttamts,
supervisors, suppliers, and maintenance agencies ioad
construction project that the construction projshbuld be
systematically broken down and all parties showdperate
with each other to implement the project [4].

Most of the projects are road maintenance ancbiliation
works that should be performed to maintain theiserievels
of the national and local
construction works will be conducted by central dodal
governments periodically and, therefore, will pdizlty
require similar specifications and skills from dmnisuppliers
and sub-contractors. Also if new road constructien
undertaken, the type of works is considered lirtbat would
require similar tasks performed by similar resosrtm each
defined section. For this kind of characteristicpobject, i.e.,
consisting repetitive operations, the implementatid supply
chain management is reasonable and beneficial.

involvement of nun®rou

roads. These types ofdroa

PROJECT LIFECYCLE
(time, costs, quality, users satisfaction)
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It has been identified that there are three modeERCSC

selerébased on the owner’s involvement, i.e. RCSC norathdty

owner; RCSC created by owner, and RCSC managed by
owner. The three models have different levels ofnew
involvement in the construction project supply cisai
whereas concurrently managing their value chaihs [5
Therefore to run a successful project in RCSC dilewing
aspects must be taken into account [6]:
1) Integrated and incentivised supply chain - intégtathe
supply chain with its specialist knowledge, incees for
innovative ideas to give best value solutions.
Maintaining a competitive and sustainable supplgich
maintaining a good quality supplier base motivaded
incentivised to work with the road administration.
Early creation of delivery team - early contractor
involvement for more scope in innovation, betteskri
management, and forward planning of wprkbgrams and
resources.
Clear points of responsibility, no unnecessary nayef
supervision - clarifying roles and responsibilities
reduce contractual interface problems, eliminating
resource wastage from unnecessary layers of ssp@tvi
E-procurement - to make tender processes, communi-
cations and performance measurement more efficient.
Selection of suppliers on the basis of best value -
identifying the aspects of quality which add real,
affordable value, using reality checks to confiromlity
submissions and promises.
Partnership approach based on long-term relatipashi
moving from short-term project partnering arrangetae
to long-term relationships for retention of skisd better
resource and work programming.
Fair allocation of risks - risks will be allocated the
party best able to manage them and the road adminis
ration will accept risks where suppliers are pregato
work in partnership to manage them and control the
consequences.
High quality design - design solutions will be bésmn
whole life value.
10) Performance measurement with continual improvement
targets - establishing benefits in the form of cost and

2)

3)

4)

5)

6)

7)

8)

9)

Project evaluatior] | Commit to invest Commi to construction Available for use
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Fig. 1 Supply chain and project stages in road ttoason industry (based on [7]-[10])
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of the road administration.

To aid the development or improvement of the fuori

or specific engineering tasks of the road admiaisin.

In management-by-results, to set targets and eteathe

achievement of goals and objectives.
The Organisation for Economic Co-operation and
Development (OECD) carried out an extensive stud2001
[12], which aimedto assess the applicability of the KPIs in

[ll. PERFORMANCEMEASUREMENT INROAD CONSTRUCTION
improving the management of road administratione Tib

Performance measurement is the selection and use r%p tors that field-tested included:
guantitative measures of capacities, processespatubmes indicators that were field-tested included: averagad user

to develop information about critical aspects ofidiies, co.sts;..level of sa’Fisfaction regarding traveI. tiraad its
including their effect on the society. PerformancémIablllty an_d quality of road user mforr_natlon;rq_nected
measurement estimates the parameters under whaghnapns, roa.djuser risk; unprotected .road-user risk; envirental
investments, and acquisitions are reaching thetadgresults. policies/programs; processes in place for marketareh _and
The main reason to adopt Key Performance Indicatof&'Stomer feedback_; Iong-term_ programs, allocatlofl 0

(KPl-s) as performance metrics is to put strategyo i resources to road infrastructure; quality managefaedit
operation. It has the ability to turn a sectorratggic plan into programs; forecast values of road costs vs. actoats;
numbers that can be used to guide performanceghruu the ©Vernead percentage; value of assets; roughness;aftroad
supply chain. Like in many management measures aHHdg_eS; satlsfactlon with road condition. . .

approaches effectiveness will be dependent on itinghases It is suggested in the OECD report that ideallgrages

: need to link their higher level goals with performma
placed on the approach by the government (seeFig. measures and individual KPIs. For example, American

Association of State Highway and Transportation icdfs
(AASHTO) strongly promote reform for the entire U.S
highway system centered on supporting the achientofesix
key national interests. AASHTO is in the process of
developing and establishing these broad agencysgoal
construction safety, mobility, and stewardship bé tentire
U.S. highway system. These six key national interappear
to reflect the interests of American society andrads the
public’s major concerns about and views of thegpamtation
system. If the reform is accepted and implemem&BEHTO
believes that every highway agency in the Uniteatest will
be capable of and held accountable of producinglteethat
reflect and work toward realizing these goals. tfar system
to be effective, has been established as the drifamce
behind performance management [13].

Also in Great Britain, to deliver on its aims ampljectives,
the Highways Agency has established seven key anegr
level performance measures:

1) Reliability — Implement a program of delivery actiothat

tackle unreliable journeys on the strategic roaavaek.

Major projects — Deliver on time and budget thegoam

of major schemes on the strategic road network.

3) Safety — Deliver the Highways Agency's agreed
proportion of the national road casualty reductemget.

4) Maintenance — Maintain the strategic road networlai

safe and reliable condition, and deliver valuenfmmey.

Carbon emissions — Contribute to national and rater

time-savings, reduced defects and accidents, and
improved whole life value and satisfaction with the3)
project.
The principles of supply chain management
performance management require that all signifiGiivity
throughout the supply chain be measured.

and)

Reduce casualties

Safe roads
Maintain road project in safe

and serviceable condition

Minimize delay and disruption
from planned maintenance

Reliable

journeys Minimize delay and disruption

from incidents

Informed
citizens

Ensure technology systems
kept optional

Work proactively with the road administration tirove
operational performance on the road project 2)

Fig. 2 Linkage between road administration goat¢sfqgmance
measures, and KPI-s (based on [6])

Both road construction business and national road

authorities need a performance measurement systim

KPlIs to avoid being accused to focus on “the botlioei’ and
“on the short term”. The use of KPIs gives a moatabced
view of a sectors performance and a more holisigovvof
progress [11]. In the road construction sector Kéds be
applied to road programs evaluation, planning an®
organization management in the following ways [12]:

1) In process management,

6)

tional goals for reducing carbon dioxide emissidns
lowering the Highways Agency’s emissions.
Customer satisfaction — Deliver a high level ofdaser
satisfaction.

Efficiency — Deliver the Highways Agency’s contriimn
to the Department for Transport’s efficiency targgt

to measure the success oft major concern of transportation agencies throughhe

world is to develop a method to effectively andicéétly
maintain roadway infrastructure. Over the last tegades, an
outcome-based initiative known as Performance-Bddead
Maintenance (PBRM) has produced results that ayeifgt

individual processes or groups of processes.
2) In benchmarking, to establish “best practice” ang'srior
performance” processes in order to improve perfocea
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cant. In contrast to traditional techniques thatc#fy materials
or methods to perform maintenance work, the PBRbstesy
specifies the desired outcome.

In order to successfully run, monitor and evalustgply
chain and performance of a project it is importemthave
accurate, comparable and reliable information. Highway
Development and Management Tool (HDM-1V) has besedu
to combine technical and economic appraisals af prajects,
to prepare road investments programs and to analyad
network strategies [14]. The performance managesysiem
should ideally compare the results presented by HBMith
the performance of the road during its lifecycle.

Recent development in technologies enables thanérg
zation to avall
developments have decreased the cost of informalibase
technologies are essential to gather informatiomamage and
evaluate the supply chain [15].

IV. ICT SOLUTIONS

Today due to very rapid developments in new teldgies
as RF location-based solutions (LBS) using Glolasitftoning
Systems (GPS), cellular triangulation, acceleromsetand
radio frequency identification (RFID) technologi@ger public
and private data networks and with the use of $GIitions it
is now possible to measure the performance of reedorks
simply, quickly and cost effectively.

The impact of ICT on many different aspects ofrexoy
and RCSC management has been discussed also wittelj
of the conceptual models [16]-[19]. However, onécently
empirically grounded models have been presentedhinee
found a positive and significant impact of ICT oabbr
productivity and economic growth. One of the mdj@ns-
formations in the rapidly evolving digital econoragcurs in
the supply chains. ICT in general, and ICT in Sypphain
Management, is argued to enable great opportunidesjing
from direct operational benefits to the creationstifategic
advantage.

Although the road construction industry has belemw g0
implement automation, new technologies and ICTgeisfly
when compared to other industries such as manufagtand
service, the nature of the construction industrghianging and
adoption of new technologies is required to survimd
prosper in an increasing global economic systenh fétver
resources, complex projects, and fierce competithkasuch,

This real-time GPS data can prove valuable for gmtoj
management applications by reducing the time redufor
performance analysis, improving the accuracy aralityuof
the data, reducing labor costs, reducing duplicatiand
improving productivity. It is considered a probléhat it does
not take into account the whole lifecycle of thejpct and the
data that can be gathered could also be valuabl¢éhén
maintenance process and in controlling the sudtdityaand
durability [18].

Experiments have been performed testing the usapsble
smartphones for various purposes for instance idraff
management, route planning, safety and conditibrn®hicles
and roadways, emergency services. The use of sthations

information easily and also the idap besides localization have been studied, forms n$iag have

also been employed in Intelligent Transport Systéiis).
Accelerometers are used for automotive safety egidins
such as detecting crashes to deploy airbags amd naisfy
emergency services automatically. Accelerometeds srain
gauges coupled with cameras have been used fartustl
monitoring of the transportation infrastructure][17

Due to recent rapid developments in RFID use and
expansion of mobile device applications the arearazd
construction and maintenance has tested and started
implementing new technologies. All these new ICTusons
can give necessary information to effectively ruhe t
construction process, the maintenance and alsorgigessary
data to draw important conclusions regarding whete
goals set in the tender were achieved and sust#inedghout
the lifecycle. Recent new approaches to use sepgpped
RFIDs in road construction monitoring and measuring
concrete and asphalt conditions are very likelyp¢oadopted
in the near future also providing information andleling to
get accurate feedback. As a process tracking téaimo
passive RFID technology has significant potentiakhhance
supply chain control and management in road coctbmu
projects.

Brynjolfsson and Hitt [19] state that productivityprove-
ments cannot simply be achieved by working hardemiust
be achieved by working smarter. The greatest gamns
productivity are realized when the new ICT is dedpwith
other complementary approaches such as new business
strategies, new business processes, and new catani
structures — in case of RCSC performance measutemen
system.

many construction companies have already begun eimpl

menting ICT and reported significant benefits suse [18].
The integration of
technology, through the collection of real-timealt improve

management and decision-making functions, contractg |

companies can revolutionize the way contractorduakiness.
In the Total Jobsite Management Tool (TIMT) cythe real-
time data produced in the field is collected arahsferred to
the office. In the office, ICT tools are utilized tonvert the
raw data into useful information to be used by ngemaent
for project performance applications such as detgct
cost/schedule deviations. The result of this amslys then
used to update the project database, allowing tlogeqi
manager to take corrective action in the fieldg€essary.

V.IMPLICATIONS FORROAD MANAGEMENT IN ESTONIA

ICT technologies with the GPS A, Estonian Road Network and ERA

In terms of infrastructure trade relies on bothodjaail
nnections and the road network. The Estonianomaiti
transit infrastructure is generally well establidh&he biggest
economical challenge is a good road network, whith
Estonia is the area that constantly needs developraed
improvement. The total length of national road€stonia as
of January 1, 2011 was 16,000 km, i.e. 28.2% ofttitel
length of the Estonian road network, which was 538,4m.
The length of E-roads (European roads acceptedygsidma-
tized into international road network by UNECE)Hstonia is
only 995 km [20].
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The Estonian Road Administration (ERA) is a goveemt
agency operating under the auspices of the Ministfy
Economic Affairs and Communications (MoEC). It has
management function, it carries out state supemjsapplies
the enforcement powers of the state and providddigu
services on the basis and to the extent presciilyeldw. In
performing its duties the ERA represents the state.

In Estonia
influenced and constricted by legal frameworks, itjwall
decisions and extreme climate conditions. Politexadl legal
constraints come from being a member of the Eunojuéraon

road surface (priority, need for repairs, cost-lierenalysis
etc.). EPMS is specially developed software in Histdor
analyzing the condition of road surfaces and HDMitvVa
internationally known software for cost-benefit bysés.

The diagrams of changes in the amount of defectsglu
the years 2006—2010 show a constant decrease20fl. On
main roads, which have been best financed, thectiefave

road construction and maintenance adecreased as a result of the construction of nexwmants. On

basic and secondary roads, where less new pavédragiiteen
constructed, defects have decreased mostly duecteased
surface dressing. IRI graphs show improvement foroad

and having limitations to national level decisionstypes, although at a lower speed. The averagedRievfor the
Procurement regulations are strict and emphasize ps the whole network of paved national roads improvedha years
main criteria. In addition, opportunities regardigllabo- 2006-2010, as financing of construction,
ration and cooperation between organizations anédd by maintenance of pavements remained on the same dankl
Competition Regulations. repair sites were rationally chosen. The IRI of maiads is
The ERA has to follovlegal acts of the Republic of Estoniaconsidered satisfactory, but the same cannot b@ aadut
and the EU, international treaties which bind trep@blic of basic and secondary roads, and improvement is sltves
Estonia, the regulations and orders of the govenmiroéthe expected. For the road user that means less droangort on
Republic, the regulations and directives of the I@adhd the basic and secondary roads and greater indirect £23)-[22].
statutes of the ERA, as well as the relevant rdigula of The severe climatic conditions in Estonia with stmes

repairsd an

other ministers. The main functions of the ERA are:

several melting-icing cycles per day call for nélIsolutions

1) road management and creation of conditions for safie road monitoring. The use of wired loop detect@msot

traffic on national roads;

2) improvement of traffic safety and reduction of harm
environmental impact of vehicles;

3) organization of traffic and public transport;

4) state supervision over compliance with the provisiof
legal acts within its area of activity and implertegion of
the enforcement powers of the state;

suitable due to shifting and subsiding effect ofitmg-icing
cycles causing unsustainable failure of these isolsit By
contrast, recent tests using RFID detectors haxengpositive
feedback and have proven to be sustainable [23].

B.Improving Road Construction Performance Monitoring
in Estonia

5) management of the National Road Databank, the Wehic The developed road construction projects are magdtand
Register and the Public Transport Information Syste ~ Supervised very tightly during the construction qess and

6) participation in the development of the legislatiorflso during the liability period. After the endl@bility period
regulating its area of activity and making recommerfegular surveillance of the road conditions as desd before

dations for amendments in the legislation;

7) participation in the elaboration of policies, stgies, and
plans in its area of activity and participation ihe
preparation and implementation of internationajguts;

8) implementation of state policy and the developmeint
plans in the field of traffic safety and environren

safety of vehicles, and required management of th

register of vehicles and other documents prescried
law [20].
One of the main tasks of the ERA is road managemedt
creation of safe traffic conditions on roads. Tdiiaee that
aim, it is essential to get feedback from road sis&ince

2002, the ERA has conducted surveys of the drivers

satisfaction with the driving conditions on natibreads.
Measurements of road surface roughness (accordiriget
International Roughness Index, IRI) have been edrout and
inventories of defects on paved roads have beere maate
1995. The load bearing capacity (Falling Weight |Bab-
meter, FWD) of the roads has been measured sir@@ 4:9d
rut depth since 2001. These four indicators of readace
condition together with the traffic volume are timeain
indicators of the Pavement Management System (PRI&n
about the condition of road surface is a part efdhata in the
National Road Databank and is publicly availableoTkinds

of software — Estonian Pavement Management System

(EPMS) and HDM-4 are used for analyzing the cooditbf

is carried out in a well regulated way, but withoany
feedback and comparison to the initial analysesluding
meeting the profitability calculations and durdiili of
materials and comparing estimated repair span ¢oattual
need during the lifecycle (see Fig. 3).

<:> Planning & design

K N  Construction
Road construction
project goals and
expected efficiencly Defects liabilty
period

| Lifetime of road
project

Fig. 3 Current practice of road construction prtgesvaluation in
Estonia

232



International Journal of Business, Human and Social Sciences
ISSN: 2517-9411
Vol:6, No:2, 2012

The literature recognizes that in the road cowsitn

merely measuring cost, time and quality [24]. Ingionally,
road authorities are becoming more of asset masager a
result, road project delivery is enabling more gnéted
services, requiring broader know-how from serviceviglers
[25].

An emerging challenge for road administration®iglefine
goals and objectives pertinent to current commumigws,

problems. Key issues facing road transport systach raad
administrations today include [12]:
1) Decreasing road budgets.

performance.
3) Separation of the production and administratioregabf
road administrations.

construction projects. Every project can get theessary
project performance measurement is more complex thattention to draw conclusions because the sizehefrbad
construction projects is small enough to be martzigegee
Fig. 4).

VI. CONCLUSIONS
Road network development projects in Estonia andered

on a case-to-case bases and the legal framewogogapo
use price as the most important criteria in denigioaking.
and to devise creative ways to respond to conteanpor ERA focuses on the project outcome and comparedsron
compliance with the requirements stipulated in tmoesion
projects during the liability period. It also gatbesufficient
data on the current conditions of roads from maiatee and
2) Demand for greater transparency in road administrat repairmen point of view but does not evaluate and gyste-
matical feedback on the road development projéetycle
from the supply chain point of view.

Currently there is no national level system foreasing the

4) Adoption of customer focus rather than an “expexdws performance and sustainability of road investmémisughout
their lifecycle and through the supply chain. ltoskl be
considered in the new Estonian Transport Developriéan

best” attitude.
5) Demand for greater efficiency in all operationgdimg to
better results and quality.

6) Demand for more co-ordination and co-operation s&rothe lack of performance measurement methods and pre

the transport sector.

mented more rapidly than in the past.

8) New management aspects and the demand for an opers the potential of supporting the development aof

to

add a set of KPI-s and a system of measuring tiiee to

defined KPI-s in public procurement for roads.
7) Demand for performance improvements to be imple- KPIs suggested by the OECD should be analyzedtaatcht
set be developed and implemented on a national. |&¥és

and broad understanding of the mobility problenwniga  performance measurement system that through fekdbags
can contribute to the improvement of the RCSC.ah also
9) Demand for more data and more efficient datgenerate information that can be used to avoidcinacies
and lack of performance in new projects.

society.

management.
Currently in Estonia (as well in many other coies) the
ERA is operating in two different areas regardsiroatworks:

of

Taking into account new developments in ICT, theoam
data currently available and gathered in datebasd the

a) road development and construction; b) daily roacbst of managing and acquiring that data, the asithb this
maintenance. Through a performance measuremergnsyist article conclude that establishing a performancasaement
would be possible to link these two areas more etyos system will not produce extra cost. Also new depelents in
RFID, GPS, mobile technologies and ICT should halistd
and in case proven to be reasonable implementé&ttease
efficiency and reliable feedback on the performaotéoth
RCSC and sustainability and quality of materials.

together and form a effective supply chain.

Supply chain information |

(existing transportation
network, contractors &
subcontactors, suppliers, etc) .

¢ Technologies & ICT solutions
(RFID, GPS, LBS, etc.)

Feedback to new projects | Dataon road construction

organization ofroad  : | &maintenance, quality,
maintenance, legislation &: : cost efficiency, traffic
standards (materials, : : flows, incidents,
technical solutions, etc) :.: environmental impacts,
improvement j etc. |
.‘\ ,{x A j

supply chain

Estonia with its innovative ICT solutions, smallearand
population, has implemented many successful e-dpvel

ments. Therefore Estonia is an ideal place to impla a new [10]

ICT based lifecycle performance measurement systemmad

(1]
[2]

(3]
[4]

(5]

(6]
(7

(8]

[9]
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