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Privatization of a transport system changes a maintenance strategy of transport infrastructure. The management principle in a private sector is to maximize profit, while that in a public sector is to maximize the social surplus. The difference in the management principle leads to the contrasts in maintenance strategy or in action rule of maintenance. This paper aims at comparison of maintenance strategy between public sector and private sector. Maintenance strategies are defined as a solution of the stochastic control problem for each case of the public sector and the private sector. The control problem describes the dynamic optimization with stochastic process of infrastructure quality. The model is applied to a pavement management problem. From the comparison between case studies, it is found that the management by the private has a stable strategy in terms of critical level of infrastructure quality where the maintenance action should be done.
1. INTRODUCTION
Privatization of a transport system changes a maintenance strategy of transport infrastructure. The management principle in a private sector is to maximize profit, while that in a public sector is to maximize the social surplus. The difference in the management principle leads to the contrasts in maintenance strategy or in action rule of maintenance.
This paper aims at comparison of maintenance strategy between public sector and private sector. Maintenance strategies are defined as a solution of the stochastic control problem for each case of the public sector and the private sector. The control problem describes the dynamic optimization with stochastic process of infrastructure quality. The model is applied to a pavement management problem. The numerical examples in case studies are to be illustrated.
2. OPTIMAL MAINTENANCE CYCLE STORATEGY MODEL
2.1. General Settings
We develop a model for optimal maintenance strategy in the framework of Nagae and Iryo(2006). 

A transport system is managed during the project life 
[image: image1.wmf][0,]

T
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 so far as the system is operated. However, the level can be immediately recovered to the maximum level just after the maintenance action is completed. Then the system is at either of two modes, 
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, where we use the notations, 
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where 
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 is a Wiener process, 

and for 
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The system generates social benefit 
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 and private profit 
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. Then, we model two types of cash flow in this paper. One is the flow of social benefit which is defined as 
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where 
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 is the running cost. The other is the real cash flow for the private organization which is defined as 
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2.2.  Optimization

We define the value function for optimal maintenance strategy for each of the public and the private. For the definitions, we introduce 
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 as switching cost from the mode 
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 for discount rate. The switching cost is the cost for repair or replacement action. 
For the public, 
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where  
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and for the private ,
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where  
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Optimality conditions for (10) are derived for choice in mode switching. The value function satisfies 
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for Keep-Operating and
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for Being-Under Maintenance. We can also derive the optimality conditions for (12) in the same manner by replacing the subscript 
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2.3. Variation Inequality Problem
Since the inequalities (14) and (b) are complementary. Thus, these two inequalities result into the following variation inequality problem. 
[VIP (t)-public]
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For the management by private, we can also state the VIP as,
[VIP (t)-private organization]
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3. NUMERICAL EXAMPLE

3.1. Specific of function
We analyze the optimal maintenance strategy of the road pavement. The asphalt pavement consists of 3 elements: asphalt surface course, base course and sub-base course. Surface course is replaced in the cycle of 5 years, and the base course is replaced in the cycle of 20 years. Sub-base course is not replaced. Here, we focus on the optimal management strategy for the surface course for 20 years.
We specify social benefit as the sum of a running cost reduction and the travel time reduction, while the private benefit is just the toll revenue. 


[image: image35.wmf](

)

,

btP

=

( the running cost reduction+benefit of time saving)×traffic,


[image: image36.wmf](

)

t

p

=

toll fee×traffic.

We assume that the function level of the road pavement influences the social benefit while it does not influence the private profit. At the maintenance mode, the traffic volume is reduced by the restricted traffic rate and the above items of benefit are then reduced.
3.2. Date Sets
We compare the optimal management strategies of public and private organization in urban area and rural area. We use the data set referring to real cases as shown in Table 1.

Table 1 Date set

	
	Urban area
	Rural area

	Initial traffic volume (million cars/year)
	40
	4

	Traffic growth rate (%)
	3
	-5

	Restricted traffic ratio (%)
	80
	90

	Benefit of the running cost reduction (yen/car)

From using the road

From pavement quality level
	400

50
	200

50

	Benefit of time reduction (hour/car)

 From using the road

 From pavement quality level
	1

0.1
	0.5

0.1

	Switching cost (million yen)
	100
	100

	Running cost (million yen)
	400
	400

	Repair cost (million yen)
	460
	460

	Toll fee (yen)
	100
	100

	Value of time (yen/hour)
	2400
	2400

	Damage cost under the safety level (million yen)
	500
	100


3.3. Numerical calculation
The results of numerical simulation has been shown in Figure 1 to Figure 4 where the vertical axis indicates the pavement quality level (level 30:new state and 0 :the worst), and a horizontal axis indicates periods in project life. 
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Figure 1 Optimal maintenance strategy of public in Urban area
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Figure 2 Optimal maintenance strategy of private organization in Urban area
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Figure 3 Optimal maintenance strategy of public in Rural area
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Figure 4 Optimal maintenance strategy of private organization in Rural area

4. CONCLUSION

In this paper, we built the optimal maintenance strategy model and conduct numerical simulations. The findings in the paper are summarized in what follows.

1. The management by the public organization has a high critical level to be maintained in rural area, while we see low level and its strategy is unstable in urban area.
2. The management by the private organization has a stable strategy in both of rural and urban areas.

3. In comparison of both managements, the public strategy has a higher critical level and a larger project value than the private one.

4. The difference in management between public and private organization is clear in project value in the rural area. We therefore keep in mind that the privatization may result in the loss of project value.
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