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ABSTRACT

This article reports on a particular module of Road
Maintenance Management System was developed with the
purpose of distributing Roads Maintenance Fund for the road
network between the implementing units. This computational
model was developed by optimizing three major parameters:
priority ranking model, road network length model and budget
needs model.

It is concluded that the multi stage Model combining road
network length, priority ranking as well as maintenance needs
provides a rational approach for allocation of maintenance
fund to implementing agencies.
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1. INTRODUCTION

An effective highway maintenance depends on several
activities including the understanding of the current and the
prediction of future pavement condition and deciding how to
best allocate limited resource for maintenance operation[1]. In
order to best allocate limited fund, the road administrators are
faced with a challenge of ensuring that the little available tax
payers’ money is effectively utilized to maintain the roads in
order to serve the society and ensure that economic growth
and well-being of the society are realized. Many mathematical
optimization models, supported by suitable data, can assist
decision making on allocating funds into different work types.
The maintenance optimization problem is, in essence, to find
the optimum balance between the costs and benefits of
maintenance, while taking into account various constrain [2].
Itis argued in [3] even though system cannot make decision
but  pavement management system should assist agencies
in the decision making process about which sections of
pavement should be preserved, maintained and rehabilitated
under budget constraints.

For a given road segment, choices have to be made between
alternative treatment types and the duration to implement
those treatments in order to avoid expenses in the worse
case[4]. Where maintenance funds are limited, there is an
additional problem of balancing the competing needs of the
different segments. Maintenance tends to be underfunded
relative to investment because of the smaller, less obvious
nature of maintenance works relative to new infrastructure[5,
6].
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In order to manage the road network in an effective and
efficient way, and to have a fair distribution of the fund
among implementing units in the region, the Tanzania Road
Agency [7] funded the development of Road Maintenance
Management System (RMMS) which is a software package
capable of keeping reliable road network information in the
form of highway ordinance, inventory, nodes, condition,
traffic, culverts, etc, and uses these data to assist in various
decision making.

The RMMS is locally developed with road engineers and
software engineers in collaboration with international experts
in highway and software engineers. The application interface
was also programmed using the layered architecture principle.
The key leading question answered in this paper is: should the
fund distribution allocation between main maintenance
categories depend entirely on multi-criteria priority ranking?
We argued that the priority ranking score is only efficient in
deciding on the priority of the road section to be treated
within particular units and also assist in determining treatment
type that could be selected in a homogeneous section.

The RMMS has been developed through a learning curve for
more than ten years. Despite the module that estimates
periodic maintenance and routine recurrent (which is beyond
this paper), the budget split model is an important module to
effectively distribute the available fund rationally. In addition,
the system is currently being implemented in all regions in
Tanzania including Zanzibar. The core function of budget
split is to assist in splitting maintenance funds between
implementing regions. Other uses of RMMS include contracts
monitoring (including preparation of payment certificates and
reporting). To make it more efficient, the RMMS has been
integrated with the Geographical Information System (GIS)
for mapping and has also been integrated with Highway
Development and Management tool (HDM-4) for multi-year
programmer and strategy analyses.

1.1. The Concept of Asset Management

The concept of asset management was described in [8] Asset
management is an emerging effort to integrate finance,
planning engineering, personnel and information
management to assist agencies in managing assets cost
effectively[8, 9] In its broadest sense, asset management is
defined as “a systematic process of maintaining, upgrading,
and operating assets, combining engineering principles with
sound business practice and economic rationale, and
providing tools to facilitate a more organized and flexible
approach for making the decisions necessary to achieve the
public’s expectations”[10]. The main objective of asset
management is to improve decision-making processes for
allocating funds among an agency’s assets so that the best
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return on investment is obtained. To achieve this objective,
asset management embraces all of the processes, tools, and
data required to manage assets effectively[11]. In regard to
this, asset management is also defined as “a process of
resource allocation and utilization[8, 12]

1.2.Framework for Fund Allocation to

Asset Management
In practice, pavement project selection has often been based
within asset “silos”, that is, projects are chosen within
individual management systems given a predetermined budget
allocation that is not typically aligned with the performance
goals of the transportation agency or with not much economic
and social welfare of the road users. Instead, the allocation of
resources across asset networks is often determined based on
historical proportions or by legislated formula and is subject
to changes due to political pressures[13]. On the other hand,
globalization trends have also influence on the decision on
how best to invest the fund to meet the challenges of
competitor in the infrastructure[14] Consequently, agencies
are at risk for pursuing and implementing less than optimal
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programs that waste valuable resources and are less defensible
to the public and stakeholders[13, 14] . Increasingly, funding
limitations pose a biggest challenge to transportation
agencies; generated revenues are usually insufficient to meet
the needs of the system, and prohibitive funding eligibility
requirements impede their ability to flexibly and optimally
allocate  resources[15].  With  increased flexibility,
discretionary funds could be used to support pooling projects
not covered by specific federal programs.

Some research literature proposes a framework for
constrained fund allocation as shown in Fig. 1. The
methodology in the framework is data-driven and transparent
decision processes in addition to the quantification of
tradeoffs and risk resulting from various allocation scenarios.
A generalized five-step framework is proposed for application
within management systems as well as across asset classes. A
detailed review of each step in the proposed baseline
framework is beyond this paper.

Goals and Performance Impact Decision Tradeoff
Objective Metric Errie e Science Analysis
Identification Evaluation Application
MAP-21 Identify what data is Apply Tools to mlﬁhgrﬁgﬁge’ Evaluate What-
available, Consult Model Prioﬁgtlize ! ifs for various
agenc_:ies on best Performance Optimizergi\ren resource
practices Impacts Pooled budget allocations

Fig 1: NCHRP -Project 08-91 Baseline Framework for fund allocation to road network Source [13]

Despite optimization in each of the chosen framework,
planning and programming for maintenance for road asset
network are complex processes. Many reasons are associated
in the process that is, agency manages several types of
physical infrastructure facilities and they are caught under
political umbrella and administrative pressure as well as
international treaties and agreements[13, 14].

1.3. The Importance of Road Network

Road network transport is an inescapable requirement to
human civilization and human health where it provides
considerable economic and social benefit to the society [16-
19]. It opens up the nerves of individuals and the nation for
development. It allows pursuance of specialization in
production, opening opportunities of industries to exploit
economies of scale, density and scope. At the individual level,
it provides general mobility where it opens access to diverse
employment opportunities enabling a wide range of recreation
and social activities to be reached and enjoyed. In this paper,
we argue that the healthy road to road users is one which
provides efficient, effective , adequate and convenient
mobility and accessibility to all road users, in a safe and
environmentally acceptable condition. This can only be
achieved in a fair and objective budget distribution across
implementing units.

The road network transport infrastructure makes a significant
contribution to the GDP. It was observed in [16-18, 20] that in
sub-Saharan region, the road network contributes up to 5% of
the GDP. In recognition of the need to improve the economy,

prosperity of the productive sectors and social service, among
others, transport networks need maintenance and improved
provision of physical road infrastructure. A good road
network not only contributes to the economy but also to social
wellbeing and public health. The implication of bad roads
spread to the increase of CO, due to traffic congestion. It is
argued in[20] that challenges in budget allocation in road
network maintenance infrastructure is lack of a proper
algorithm for determining an optimum maintenance need
and treatment type as well as prioritization of the needs ina
given limited budget for each classification of roads. It is
further noted that road condition decision for Poor, Fair and
Good depends of the road type. That means what is classified
as good or poor in Trunk and Regional roads may not be the
same in Feeder and Rural roads.

1.4. Transportation Asset Management

State of Practice
Currently, most transportation agencies use traditional
techniques such as ranking and prioritization to allocate
resources for maintaining, upgrading and operating their
physical assets[21].

Most agencies use “worst first” approach, which means
allowing their assets to deteriorate to a

level that results in spending millions of dollars on
reconstruction[15]. Another model for planning and
scheduling of asset in an uncertain environment in which the
process industry are imbedded is stochastic optimization. It is
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argued in[3] that pavement maintenance is one of the major
hectic scheduling to public agencies. Insufficient investment
or inefficient maintenance strategies lead to higher expenses
in the long term. Similarly, under budgetary restrictions, the
optimal allocation of resources becomes a crucial aspect.

Even though Strategic Long-Term Investment Planning
(SLTIP) requires trade-off of investment strategies across a
variety of asset types, the common practices in many agencies
is to use traditional techniques to allocate resource for
maintaining the road network of transportation assets. The
pitfall of budget cut off prioritization has been noted in some
literature[1, 12, 13, 22-28]. However, priority ranking is still
found near-optimal in utilization of available resources
specifically scarce funding. The author argues that to make it
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more rational, the available fund should be optimized for
economic benefit of the road users and should encompass
network length and as well as the need of respective
implementing unit without excluding priority score.

The need for a robust optimization tool to support long-term
planning in civil infrastructure asset management is motivated
by the sensitivity of timing on the effectiveness of an "action"
or "choice" in the process of operating civil assets[13]. If there
is no action taken in Very Good road section, it may
deteriorate to Good and later to Fair and finally to Poor. Such
tradeoff causes exponential increases in investment of road
maintenance. Fig. 2 below shows the prediction of investment
if no action is taken in a Very Good road section as time
increases.
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Fig. 2: Typical Asset deterioration and time sensitivity of treatment Source: [13]

2. MATERIAL AND METHODS IN

DEVELOPING BUDGET SPLIT

The main methodology in developing the RMMS system is
deployment of VV-Model model in system development. The
RMMS engineers and international transportation experts
scientifically study the requirement of the TANROADS
objective in road planning and evaluate different ways of
distributing the fund to the region that would enable each
region to get at least some fund based on road network length,
unconstrained and constrained needs as well as multi-criteria
priority ranking for Routine recurrent and periodic
maintenances. These three parameters become the input for
the budget split. After approving the specification, a
stakeholder workshop was conducted to improve the analysis.
The next step was to design and code the system. The
algorithm was designed and implemented in RMMS. The
report format and user interface ware prototyped by
collaboration between RMMS engineers and software
programmer. White box testing was conducted in the
developing environments where five experts in road planning
were commissioned to test the system.

After White Box testing, the client organizes a compressive
test outside the development environment. The
comprehensive test is normally organized by selecting RMMS
regional engineers and other collaborators. During testing,
black boxes test was deployed where each tester group was
assigned responsibility. In this workshop, comments to

improving the algorithm were collected and improvement was
made thereafter. The system is therefore being implemented
in 25 regions in the country.

3. RESULT AND DISCUSSION

3.1.Homogeneous Sections

Homogeneous sectioning of a road network is the process of
combining adjacent sub-links together to form sections. Each
sub-link in a section has parameters that match the other sub-
links in the section according to a set of criteria. These criteria
are based on traffic flow, pavement condition and inventory
characteristics and optionally on treatment type/accessibility.
Sectioning by condition occurs before sectioning by treatment
type. All of the sub-links in a section must have identical
values for the following pre-defined parameters regardless of
sectioning method: Traffic of the link, ESAL values, link
number or downstream, pavement type (e.g., surface treated,
asphaltic material, gravel, earth), number of lanes,
carriageway type (Single/Dual) and user given threshold, etc.
In this process the algorithm Sections joined the section of the
adjacent link links, provided the sub-links are adjacent and
have similar characteristics motioned in tablel. Sections are
generated by changes in key factors from one sub-link to the
next. If the key factor changes more than the user given
threshold value the sectioning routine generates a
maintenance section. The Information on Table 1 represents
key factors that can be used by the algorithm during
sectioning.
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Table 1: Key Factors used for Homogeneous Sectioning algorithm

Paved Roads

Unpaved Roads

Roughness (percentage)
Traffic (percentage)
Cracking range (indices)
Pavement age (y/n)
Structural number (y/n)
Carriageway width (y/n)
Traffic flow (y/n)

Traffic (percentage)

Overall condition (indices)
Carriageway shape (indices)
Surface condition (indices)
Differentiate EG and EE (y/n)
Pavement age (y/n)
Carriageway width (y/n)
Traffic flow (y/n)

For each homogenous section, an appropriate (if any) periodic
maintenance intervention is assigned in the treatment matrix.
The treatment matrix only includes economically feasible
works, though some engineering judgement can be applied to
derive a more balanced matrix. With the homogenous section
algorithm, the needs for spot improvements are based on the
needs registered as part of the technical engineering condition
surveys. Each work is assigned a unit cost, which when
multiplied by the section length or area derives the estimated
costs for the proposed work. The computation cost of the
homogenous section of the PM is as in equestionl bellow:

n
Peunk=) ., (ZAF)(UC)(SLENGTH)(ASW) (1)
1
where:
Pc i is the Periodic maintenance costs of the section
ZAF s the Zonal Adjustment Factor
uc is the Unit Costs /m?
SLENGTH is the Section Length (m)
ASW s the weighted Average Section Width (m)

Likewise, the RRM is based on the quantity of each work type
such as Crack Filling, Local Sealing, Cut Out and Patch,
Pothole Patching, Surface Repair, Light Grading, Heavy
Grading, Crack Filling—Sealed Shoulders, Local Sealing—
Sealed Shoulders, etc. The equation 2 below is a model for
Routine recurrent.

n
ReLink :Z Qsubiink XUCy s (2)
1
where:
RRMC ik is the maintenance costs of section
Q is the Quantity of each work type
uc is the Unit Costs/m?
wit Work Type

The need N is a function of two models PM and RMM
calculated in equation 3 as follows.

N, :Z Petink + Z ReoLink eeeeveeeenes (3)
1=l 1=l

3.2.Budget Split Module
The objectives of the Budget Split Module are to:

i Accumulate the maintenance needs across all regions
and maintenance type

ii. Analyse the consequences of budget allocations in
terms of distribution between the regions and
maintenance types

The model uses the output of the analyses of the
Routine/Recurrent Maintenance priority index and the
Periodic Maintenance/MCA score values carried out on the
network. To analyse the consequences of budget constraints,
each module is analysed separately. The Budget Split Model
can then be applied to the unconstrained analyses to review
the consequences in terms of distribution between the regions
and maintenance type under different budget levels.

The model accumulates the needs (unconstrained) of the
estimated routine, recurrent and periodic maintenance and
spot improvement across all regions included in the analysis.
A budget split model is based on analysis of unconstrained
results of the road network. The model then prioritises the
needs under the given budget constraint, using the following
parameters as an input:

i Distribution of budgets, where all viable projects
compete for the same budget using MCA score

ii. Distribution of budgets by road lengths where a
region with higher network is given score factors

iii. Distribution of budget using each region’s share of
the total unconstrained needs

When prioritising the needs under the user given budget
constraints Tg the algorithm for Budget Split Model will use
the same prioritisation models as adopted in the
Routine/Recurrent Maintenance Model and the Periodic
Maintenance Model. When distributing budgets according to
road length, each region will get a budget which corresponds
to its share of the total road length.

Lg is the budget based on road length of Region A
Lgr is the length of roads in Region A

Ly is the total length of roads in all regions
Ts is the total budget available
F is the factor giving the share of the total budget to be

distributed using

this model (road length)
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When distributing budgets according to total unconstrained
needs, each region will get a budget which corresponds to its
share of the total maintenance needs computer in equation 5.

U
UB :(( an

tn
Where

Uy  is the budget based on unconstrained maintenance needs
of Region A

U, isthe unconstrained maintenance needs of Region A
Uy, s the total maintenance needs of all regions
Ts is the total budget available

F3 is the factor giving the share of the total budget to be
distributed using

The default values for the weights between the models are
50% (F1), 25% (F,) and 25% (F3) respectively. F; is used to
allocate the percentage of the budget which will be
distributed..This allows all projects to compete equally across
regional boundaries for the budget. Finally, after setting the
parameters, the BSM will output the combined distribution
budget of each region calculated as follows:

3.3.0utput of the Budget Split Module

The module provides the following output:

«  Budget allocations for each region and maintenance
type

« Percentage distribution between regions and
maintenance type

4. CONCLUSION AND
RECOMMENDATION

4.1.Conclusion

The combination of road network length, multi criteria
analysis and the amount of fund required by implementing
unit appears to implement the concept of “KEEP GOOD
CONDITION GOOD” which is a the basis for road asset
management. It underlies a base for a fair competition in the
scarce fund between the regions. The developed algorithm for
multiple stage approach in budget split into region overcomes
the limitation of the distributing the budget based only on
prioritizing index instead it proved an optimal allocation of
limited resource available. This approach can help
transportation agencies to deal with the challenges of
providing the best possible conditions of the road network
system under the ever increasing stringent constrains in
financial and other resources.

It should be noted that budget limitation is not the only
constraints imposed in road maintenance optimization models,
additional constraints may be necessary to prevent corner
solution or the model extrapolating relationship beyond the
range over which they apply.

It is concluded that any road maintenance management system
will succeed if there is a local capacity for maintaining,
managing the system development and debugging. It is also
important that the stakeholders are involved during the
development process and during modeling of the module.
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Furthermore, optimization of pavement structure should be
optimized to allow trade-off analysis that accommodates long
term projection and forecasting of deterioration.

4.2.Recommendations

For one year estimation of the budget, this approach excels
better; however, if analysis needs allocation of fund in more
than a year then other optimization models such as HDM4 or
RONET may provide realistic estimation of budget allocation
for five or twenty years. There calibration RMMS to meet
HDMA4 need remain agape for study.

Research in Road fund budget allocation is continues process.
Therefore it is recommended that more work is requires to
investigate robust way of optimizing the limited resource in
the cause of Road user benefit.
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