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A Study on the Necessity of Maintenance of Railway Structures
based on the Integration of LCC and LCA
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1. Introduction

The traditional approach for the decision making in bridge management is that the decisions should be
based on minimum life cycle cost subject to safety or reliability constraints, i.e. minimise the total cost over
the remaining service life provided that a reliability or safety value remains above an acceptable/tolerable
level. However, from the 1990s onwards, another strategy for decision making, termed sustainable
development, is gaining ground among public policy makers. At the heart of sustainable development is the
simple idea of ensuring a better quality of life for everyone, now and for generations to come. It means

achieving social, economic and environmental objectives at the same time. (Figurel)

The construction industry has a huge impact on achieving sustainability targets because of its tremendous
scale of business. Recently, in Korea, the industrial policy that promotes technologies or products which
produce low carbon-dioxide is emphasized. With regard to environmental impacts, it is considered that the
railway industry could be competitive. However, the superiority of railway industry in terms of environmental
aspect has rarely been quantified.
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Bearing this in mind, this paper tries to make a decision-making support tool for bridge, one of the main
railway structures, management based on sustainable development concept. However, it is difficult to quantify
the social criteria influenced by bridge maintenance activities. Social criteria in this context may include
different indicators of noise, nuisance, inconvenience and job opportunity, etc for different maintenance
activities. More than anything else, there are no objective tools to measure these indicators. A single
activity/task may have both a positive and a negative impact, depending upon the individual perspective (e.g.
noise vs. job opportunity). Furthermore, individuals may change their mind over time. In view of this, it is
currently practically impossible to formulate a social impact score for bridge maintenance activities. Therefore,
social impacts arising from bridge maintenance activities are not considered, and only economic and
environmental factors are calculated and integrated. In other words, this paper quantify the economical and
environmental aspects of the maintenance options of bridge structures by applying LCC and LCA tools and
propose how to decide an optimal bridge maintenance plan by applying multi-criteria decision making
analysis/Aid (MCDA) tools.

Environmental

Sustainable

Figurel. Three bottom line approach for sustainable development

2. Development of a methodology

2.1 Decision making framework for sustainable bridge maintenance

As explained above, the main concern of this paper is to develop a decision making support tool which
will help in finding preferable bridge maintenance options/plans in terms of sustainability. This aim can be
achieved by understanding the general decision making process and applying it carefully to a given situation.

The general decision making process is made up of following steps.

- Identifying objectives

- Identifying options for achieving the objectives

- Identifying the criteria to be used to compare the options
- Analysis of the options

- Making choices

Based on the general decision making process, the decision making framework used in this study has been

made as presented in Figure2. The details of each step are explained below one by one.
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Figure2. Main flow used in this study

2.2 Generation of maintenance plans

The maintenance options available for achieving "sustainable" bridge maintenance are the same as those
considered in "traditional" bridge maintenance. Maintenance plans can be generated by considering different
maintenance options such as concrete repair, waterproofing, and rehabilitation, etc. and their combination.
Different maintenance options vary in respect of required time and materials, have different cost, and produce
different improving effects in safety/reliability and durability. Hence, maintenance plans can be generated
diversely by combining different maintenance options, and different maintenance plans will result in different

economic, environmental and social impacts.

Basically, three approaches can be used in the determination of maintenance plans. They are:

(a) time-based approach: applicable primarily to preventative maintenance actions;
(b) performance-based approach: applicable primarily to essential maintenance actions;

(c) time- and performance-based approach: applicable to both preventative & essential maintenance actions.

The time-based approach uses two variables: time of first application and time of subsequent applications,
independently of predicted or measured profiles of any performance indicators (Figure3). In the case of a
performance-based approach, maintenance actions are applied when a performance threshold is violated, which
implies that some prediction/estimation of performance is needed. Time- and performance-based approach is a
mix of these two approaches. Typically, the timing of preventative maintenance actions may be determined by
a time-based approach but, in addition, essential maintenance is applied if/when some performance threshold is

violated (Figure4).
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Figure3. Determination of maintenance frequency by effective life concept
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Figure4. Time variation of reliability index with and without preventative maintenance
2.3 Calculation of Life Cycle Costs of Maintenance plans by applying LCC tool

According to Ryall, life cycle costing (LCC) is a way of determining the total cost of a bridge structure
from its initial conception to the end of its service life. It attempts to quantify, in present monetary terms, the
costs arising from all work undertaken on a certain structure. Future costs are converted into their present

value (PV) at a given base year using the expression:

__C
PV = T &)

where, C is cost at current price levels; r is the test discount rate (TDR) and t is the time period in years.

Alternatively, the term 1 /(1+71)" is called the discount factor and determines the discounting ration between

future cost and present value.
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In fact, expenditure is spread over the service life of bridge structures, hence the cumulated present value

of all expenditures becomes:

C C, C,
PV =) ¢ = —+ —+..+ : 2
(1+471) (1+1,)" (1+41,)" (I4r,)™

2.4 Calculation of Environmental scores of Maintenance plans by applying LCA tool

In ISO 14040 [4], Life Cycle Assessment is defined as the "compilation and evaluation of the input,
outputs and potential environmental impacts of a product system throughout its life cycle." As shown in
Figure5, LCA includes definition of goal and scope, inventory analysis, impact assessment and interpretation

of results.
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Figure5. The processes of LCA

The goal and scope definition is the phase in which the initial choices to determine the working plan of
the entire LCA project are made. Life Cycle Inventory analysis (LCI) involves data collection and calculation
procedures to quantify relevant inputs and outputs of a product system. Life Cycle Impact Assessment (LCIA)
is the phase in which the set of results of the inventory analysis is further processed and interpreted in terms
of environmental impacts and societal preferences. Figure6 shows the several mandatory and optional elements
of LCIA process. In this study, it is assumed that a single environmental score can be obtained by applying
LCIA process and Figure7 shows the environmental scores of four maintenance options when Eco-indicator 99

methodology is used.

2.5 Multi-Criteria Decision Analysis

The results from separate LCC and LCA analyses have different characteristics since economic or
environmental quantities are respectively calculated. Multi-criteria decision analysis techniques may be
employed to combine them. Pareto analysis and the relative strength of preference and swing weighting

concept are chosen herein (see Figure8).

Pareto Analysis

If one represents the two values of life cycle cost and environmental score as a point in a two-dimensional
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graph for all bridge maintenance plans, one can draw a non-inferior curve; only points on this curve can
represent the best maintenance plans. It means that life cycle cost and environmental performance score of all

other points are worse than those of one of the points on the non-inferior curve.

Relative strength of preference and swing weighting

The main idea of ‘relative strength of preference and swing weighting’is to construct scales representing
preferences for the consequences, to weigh the scales according to their relative importance, and then to
calculate weighted averages across the preference scales. In this study, considering that the lowest cost and
environmental score best meet the two decision criteria, the most preferred option is assigned a preference
score of 0, and the least preferred a score of 100. Scores are assigned to the remaining options so that

differences in the numbers represent differences in strength of preference.

Mandatory elements

Selection of impact categories, category indicators and characterisation models

v

\ Assignment of LCI results (classification) \

| Calculation of category indicator results (characterisation) |

v
Category indicator results (LCIA profile)

Optional elements

Calculating the magnitude of category indicator results relative to reference information
(normalisation)
Grouping
Weighting
Data quality analysis

Figure6. Elements of LCIA process

Environmental scores of four maintenance options according to Eco-indicator 99 methodology
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Figure7. Environmental scores of four maintenance options according to Eco-indicator 99 methodology
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If a decision-maker determines the weighting factors for environmental score and total cost, then the overall
weighted score can be calculated by formula (3) below. Thus, a maintenance plan with the smallest value of
S;becomes the best maintenance plan.

S; = wg Sg; T W¢ S 3)

where, S;: overall weighted score for i,;, maintenance plan
wpg, Wi weighting factors for environmental score and life cycle cost.
Swi. Sci: relative strength of preferences for environmental score and life cycle cost for i, maintenance

plan, respectively
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Figure8. MCDA techniques used in this study

3. Conclusion

In this paper, the methodology which integrates LCC, LCA and MCDA tools for determining an optimal
bridge maintenance plan has been proposed. As the environmental issue becomes more and more important, it
is considered that the LCA tools should be adopted as a tool quantifying an environmental impacts in railway
industry and the results should compete with cost when an optimal bridge maintenance plan is chosen in
terms of sustainable development concept. The methodology suggested in this paper may give some ideas how

to do that.
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