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[bookmark: _Toc58244014]ABSTRACT
Efficient Pavement management maintenance system are backbone for an optimal maintenance strategies. Currently, 36% of the road segments under Sodo road network maintenance district (RNMD) are also in poor condition of performance. The poor state of the road network is caused mainly because of not applying timely and optimal maintenance. In addition to this, in countries like Ethiopia, a yearly limited budget is insufficient to maintain all deteriorated roads in the country.To counteract this problems, this study was aimed at setting prioritization and assignment of optimal maintenance strategy for 10 paved road segments of 690Km under Sodo RNMD by using highway development and management tool (HDM-4). To meet this objective pertinent data were collected from Sodo RNMD and many offices. Then, the collected data under different input type were entered manually into the HDM-4 software to make it ready for economic analysis. Four types of maintenance alternatives with different types of maintenance standards and intervention levels were used in this study for comparison of alternatives. After HDM-4 project analyses were carried, among the alternatives, an alternative with a higher value of net present value per cost (NPV/C) was considered as an optimal maintenance alternative for each road segment. Among the maintenance alternatives alternative two (Routine + SBST + 50mm asphalt concrete overlay) has generated a higher value of NPV/c than other alternatives and were considered as an optimal maintenance alternative for 5 road segments.  Finally, the prioritization of segments for annual maintenance according to profitability was done by comparing the internal rate of return (IRR) values of each segment with an optimal alternative. In this regard, the Alaba to Sodo road segment was found to be a project with the highest value of IRR= 393.6% and should be prioritized first for maintenance. The remaining segments were prioritized likewise based on their respective IRR values. So It was found that using HDM–4 analysis in the process of establishing road maintenance strategies will reduce lifetime cost and increase benefits and profitability. 
Keywords: Maintenance; Alternatives; optimal; Prioritization; NPV/C; IRR; HDM-4.
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[bookmark: _Toc58244016]1.1. 	Background 
Road transport is an important sector of economic activity and investment in developing countries. A well-developed road transport sector in developing countries fuel up the growth process through a variety of activities of the development endeavors of a nation. Among these, the creation of market access opportunities for agricultural products is the major one. In Ethiopia, road transport is the dominant mode and accounts for 90 to 95 percent of motorized inter-urban freight and passenger movements (Ibrahim, 2011).
An efficient road transport network facilitates the overall economic and social development process. As(NIJU 2006) states, in developing countries, significant proportions of roads are in poor condition of performance due to lacking adequate maintenance. The poor state of the road network is caused mainly because of not applying timely and effective maintenance; this costs a country a very large amount of monetary value directly and indirectly. And also according to the World Bank Report, “The developing countries have lost precious infrastructure worth billions of dollars through the deterioration of roads. The cost of restoring these roads is going to be three to five times greater than the bill would have been for timely and effective maintenance”, hence there is a need to manage the network more efficiently in a scientific manner(Ali Ewadh et al. 2018).
Proper road maintenance reduces the rate of deterioration of the roads, lowers vehicle operating costs on the road by improving the running surface, keeps the road to serve permanently, and enhances the environment of the road itself and the surroundings. A great deal of attention is therefore always focused on road construction and its maintenance problem (Ali Ewadh et al. 2018; Meskellie 2004).
Among the reason for pavement deterioration, the deterring of optimal and timely maintenance and increase in traffic loading are the main source of the problems. In addition to this, the maintenance and rehabilitation process employed for deteriorated pavement also didn’t follow sound scientific principles; so, this results in more deterioration in some newly rehabilitated pavements, which leads to loss of a large amount of investment. 
The current maintenance practice in Ethiopia is to provide the maintenance and rehabilitation strategies based on subjective judgment and engineering experience (Temesgen, 2016).  
Poorly maintained roads also constrain mobility, significantly increase vehicle operating costs, increase travel time, increase accident rates, and associated accident costs of fatalities, injuries, and property damages. Further, it aggravates isolation, poverty, poor health, and illiteracy in rural societies. So, to counteract this great loss and to attain sustainable development of a transportation system, which is an input for the economic growth of a country, optimal and timely maintenance of the road is not negotiable. Road maintenance and improvements bring an immediate and sometimes dramatic benefits to the government and road users through avoiding extra future expenditures; improving access to markets, schools, and hospitals; improving speed, comfort, and safety; and lowering operating costs of vehicles(Abdel R. 2011; Burningham and Stankevich 2005).
The major challenge facing transport managers today in developing countries is to preserve the road networks at an acceptable level of serviceability under the stringent yearly maintenance and rehabilitation budgets. Managers must allocate such limited budgets among competing alternatives which makes the situation even more challenging. For a given road section, optimal choices have to be made between alternative treatment types and the times to implement those treatments. Where maintenance funds are limited, there is an additional problem of balancing the competing needs of the different segments. Besides, the coincidence of these simultaneous problems such as poor performance of road network, budget constraints in the side of the government, and increasing transportation demand of the public, all need an immediate solution. (Harvey 2012) stated that “Maintenance tends to be underfunded relative to investment because of the smaller, less obvious nature of maintenance works relative to new infrastructure. But deferring maintenance in the short term can be expensive in the long term, a point that can be brought to the attention of decision-makers by quantifying the costs of underfunding maintenance.” 
The HDM - 4 Tool was developed by the World Bank for global applications and so, can be effectively utilized for identifying optimum maintenance strategy for highway pavements. HDM-4 is a Powerful Tool for the analysis of road management alternatives with different applications. The HDM-4 Tool can be applied in project analysis, program analysis, strategy analysis, research, and policy studies, Besides, the HDM-4 Tool was applied for prioritizing the Highway sections for maintenance (Javed 2011; Khan et al. 2017). 
Therefore, this study presents an approach to prioritization and assigning of an optimal strategy of pavement maintenance for road deterioration by using HDM-4 and it will show a scientific way of solving the aforementioned problems.  It will have great contributions to the tasks of transport planners, managers, and researchers. 
[bookmark: _Toc58244017]1.2. Statement of the Problem
As stated in the report of the Ethiopian Fifth Road Sector Development Program (ERA RSDP V 2015), the road network of the country is rapidly growing and in parallel maintenance, need is also growing  fast.
The Road Fund Office which was established in 1997 for financing road maintenance in Ethiopia has been collecting revenue mainly through fuel levy and other sources and allocating funds to road agencies for the maintenance of roads since its creation. The revenue and allocation of the Road Fund Office have steadily been increasing every year since its establishment but has never been adequate to meet the maintenance need of the rapidly growing road network of the country. In fact, the gap between maintenance needs of the road network is widening while allocation of the fund is shrinking from year to year and as a consequence, more and more roads are left without maintenance every year. (ERA RSDP V, 2015).
The World Economic Forum ranked the countries’ quality of roads in 2016  based on extensiveness and condition of road infrastructure (1 = extremely poor—among the worst in the world; 7 = extremely good—among the best in the world) and Ethiopia ranked 81 from the world with 3.7 road quality which shows the poor condition of road infrastructure (World Economic Forum, 2016).
As(World Bank, 2008) report states, among many reasons, the poor state of the road network was caused mainly because of not applying timely and effective maintenance. The Ethiopian Roads Authority uses a matrix method for assignment of optimal maintenance strategy for road segments (Girmay, 2016). Whereas the matrix method was criticized by many scholars because of its subjective approach of decision making, which means the matrix method considers mainly the condition of pavement but doesn’t incorporate economic analysis like using the HDM-4 Tool, which incorporates economic feasibility analysis in addition to pavement deterioration modeling. As a result, treatments assigned for maintenance are may not be a cost-effective choice.
In Ethiopia, a stringent budget limitation is another challenge to reasonably maintain all deteriorated roads, including the roads under Sodo District. According to the 2013EFY Road Maintenance Plan Based report of Sodo RNMD(Sodo RNMD 2020) the total amount of budget requested for routine, periodic and heavy maintenance in 2013 E.C. was Birr 505,281,293.27 but the actual allocated fund was only Birr 457,562,724.41 due to lack of finance.
In addition to the problem of limited funds, inappropriate assignment of road maintenance treatment and improper prioritization also expose the government of Ethiopia to excessive stress and national economic loss. This occurred because of the following: subjective decision-making method;  irrational prioritization of roads for maintenance; roads which should be maintained this year will be postponed for coming years and this escalates maintenance costs in significant amount; and roads with less urgency are maintained now while delaying more urgent ones resulting in substantial economic loss. So in this study, an optimal assignment and prioritization of road maintenances have been developed by using HDM-4 which is an advanced scientific approach that will introduce a rational method for an optimal maintenance budget allocation in Sodo District and can be replicated to other maintenance districts in Ethiopia.
[bookmark: _Toc58244018]1.3. 	Objectives 
[bookmark: _Toc58244019]1.3.1. 	General objective 
The general objective of this study is to set prioritization of road segments for maintenance and assignment of optimal maintenance strategy for selected paved road segments in Sodo RNMD of the ERA by utilizing the HDM-4 Tool.

[bookmark: _Toc58244020]1.3.2 	Specific objectives 
The specific objectives of this study are the following:
· To evaluate the economic feasibility of maintenance alternatives by using economic feasibility criteria. 
· To identify an economical and optimal maintenance strategy for road segments using HDM-4; and
· To set prioritization of paved road segments for maintenance using HDM-4.


[bookmark: _Toc58244021]1.4. 	Significance of the Study 
Each road authority needs an optimum and timely maintenance strategy to manage its road network efficiently. The goal of prioritization and optimization is set to minimize the sum of agency cost (AC) and road user cost (RUC) in present value or to maximize the net benefit over the analysis period. ERA and many road authorities use the treatment decision matrix for developing their work programs and to select treatment techniques. However, this causes road deterioration up to failure and may be considered as compound standards with a combination of treatments. This is not a cost-effective strategy. This study presents the application of HDM-4 Tool for prioritization and optimal assignment of maintenance techniques which use economic optimization to get the best standard and strategy for road groups by doing economic analysis.
Therefore, the lessons from this study mainly; prioritization and optimization of road maintenance by using HDM-4 will be a basis to make improvements in future planning of maintenance strategies of road projects in Ethiopia. Finally, it is hoped that the findings of this study and their implications could serve as stepping stones for conducting further studies in the area of road maintenance activities in Ethiopia in general and in the Sodo District of the ERA in particular. 
[bookmark: _Toc58244022]1.5. 	Limitation of the Study 
Due to time and financial limitations, this study does not incorporate all roads in Ethiopia, but only selected sample roads in the Sodo District of the Ethiopian Roads Authority. The data in this study were collected from one road network maintenance district (Sodo RNMD) which is restricted only to the southern geographical areas of road networks in Ethiopia. The climatic zone, topographic nature, and traffic volume have a significant influence on the cost of maintenance prevalently as well as over the lifetime of the road. Thus, the findings of this study may not be specific to the study district but are replicated to other ERA regional areas.
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[bookmark: _Toc58244025]2.1.1. 	Why do pavements fail?
A road pavement is a very variable structure. Although the materials from which it is made are required to meet certain specifications, the range of values of their properties within those
specifications is wide. Construction processes cannot be precise; considerable variability
also occurs during construction.(Ethiopian Roads Authority, 2013)
Pavement deterioration is broadly a function of the original design, material types, construction quality, traffic volume, axle load characteristics, road geometry, environmental conditions, age of pavement, and maintenance policy pursued. The amount of maintenance carried out in a given year depends on user specified maintenance standards and the predicted road condition. Pavement deterioration manifests itself in various kinds of distresses, each of which may be modelled separately (Aggarwal, Jain, and Parida, 2003; World Bank, 2008).
The rate of pavement deterioration is directly affected by the maintenance standards
applied to repair road defects. When a maintenance standard is defined it imposes a limit to
the level of deterioration that a pavement is allowed to attain. Low maintenance standard
therefore causes roads to deteriorate at a faster rate(Girmay 2016). 
As(Javed 2011) states, pavement maintenance depends on what, when and how maintenance is performed. No matter how well the pavement is built, it will deteriorate over time. The timing of maintenance is very important. If a pavement is permitted to deteriorate to a very poor condition, the cost of repairing that road will escalate by many times and also the postponement of maintenance hold further implication of deterioration of the pavement. Therefore, maintenance practice followed by road authorities are one of the main reason behind pavement deterioration. 
[bookmark: _Toc58244026]2.1.2. Pavement distress
Pavement distress is the external indicators of pavement deterioration caused by loading, environmental factors, construction deficiencies, or a combination thereof (Abdel R, 2011). As (Gebeyehu 2017) stated pavement deterioration or distress/ defect as a condition of the pavement structure that limits and reduces the serviceability of the road.  Likewise, as stated by (Alemu, 2018), pavement deterioration is the process by which distress (defects) develop in the pavement under the combined effects of traffic loading and environmental conditions.  
The most common flexible pavement distresses are: cracking, distortion, disintegration and slipperiness. According to the (World Bank 2008) Manual, the common road distresses are Surfacing Distress (such as Cracking, Raveling, Potholing, Edge-Break), Deformation Distress (which includes Rutting and Roughness), Pavement Surface Texture Distress (which are Texture Depth and Skid Resistance) and Drainage Distress (Gebeyehu 2017; World Bank 2008). 
According to ERA road condition survey format (Ethiopian Roads Authority 2013), the defects on pavement are classified as Cracking, Potholes and patching, Edge and shoulder failures, Rutting, Deformation (excluding rutting); and Surfacing defects (bleeding, fretting, stripping, Surface texture and aggregate polishing). 
[bookmark: _Toc58244027]2.2. Pavement Maintenance Activities
[bookmark: _Toc58244028]2.2.1. Aim and importance of pavement maintenance 
The function of pavement maintenance is to diminish pavement deterioration and extend the life of a pavement(Ahmed et al. 2017). From economic standpoint, proper maintenance of the existing road network will normally be more important than the construction of the new ones. Poor road maintenance also raises the long-term costs of maintaining the road network.
According to (Meskellie, 2004) in general, reduction in road user costs(vehicle operating costs, travel time saving and accident costs), reduction in the level of future maintenance or rehabilitation costs and reduction or prevention of the economic loss due to road closures are the economic benefits of a well-planned maintenance policy. 
On other hand, (Tegen 2017) stated that the purposes of road maintenance and its essentiality are to preserve the road in its originally constructed condition, to protect adjacent resources and user safety and to provide cost-effective, shortest time, and environmentally friendly travel on the routes.
The aim of pavement maintenance is to preserve the asset, not to upgrade it. Unlike major road works, maintenance must be done regularly.  As (Burningham and Stankevich 2005) stated, road maintenance comprises “activities to keep pavement, shoulders, slopes, drainage facilities and all other structures and property within the road margins as near as possible to their originally constructed or renewed condition”. It includes minor repairs and improvements to eliminate the cause of defects and to avoid excessive repetition of maintenance efforts.
[bookmark: _Toc58244029]2.2.2. Impact of poor maintenance 
As (Yitages 2017) stated on her thesis work, by mentioning the arguments of (Whelan and McCurdy 1996) “The biggest technical challenge facing highway engineers today is not the construction of new roads but maintenance of the existing network”. Without proper maintenance the high value of any road network can be quickly eroded and road users and society can experience significant adverse impacts if a road condition is in poor state.
The poor state of the road network is reflected in the large backlog of deferred maintenance. The economic costs of poorly maintained roads are borne primarily by the road users. In
rural areas where roads often become impassable during rainy seasons the prevailing poor
road maintenance has a profound effect on agricultural outputs. When a road is not properly
maintained and allowed to deteriorate from good to poor condition, the money saved on road
maintenance would incur significant increase in vehicle operating costs. Far from saving
money, cutting back on road maintenance increases the costs of road transport and raises the
net cost to the economy as a whole.(Meskellie 2004; Yitages 2017).
(Yitages 2017) in her work on economic impact of poor pavement maintenance in the city of Addis Ababa, poor maintenance of road were characterized in terms of time and load aspect; which delayed maintenance in terms of time and increasing traffic demand interms of traffic load. And according to her finding “Economic indicators for consecutive 20 years show a decrease in economic benefits for not considering these two essential parameters.”
[bookmark: _Toc58244030]2.2.3. Maintenance standard and strategies 
A maintenance standard is a set target based on roughness for a road in its life cycle, which also represents the allowable limit of road deterioration (Odoki and Kerali 2000). A standard is based on road surface class, characteristics of traffic and general operation (Odoki and Kerali 2000). Generally, when road roughness reaches close to the standard (fixed with the International Roughness Index, IRI, measured in m/km), a treatment is required to restrain roughness beyond that standard. Standards have to be optimum considering cost and road condition, and should be set at network level.
Maintenance strategies are a long-term plan which should be implemented so that a road network is kept in good condition. They can help decision-makers understand the road network and budget scenario (Khan et al. 2017)
In order to generate the maintenance strategy for paved road network, the maintenance standard and treatment selection is identified and assigned for each road section over the analysis period. For management and operational convenience ERA classifies road maintenance works as routine, periodic, and urgent(ERA RSDP 1996a), 
Routine Maintenance Works: The major activity in routine type of intervention is surface maintenance. In case of asphalt pavement, it consists of asphalt patching, crack resealing, and certain base corrections. For gravel surfaced roads, the major activities are surface grading, spot regravelling, ditch clearing and shaping, control of evading vegetation, improvement of sight distance, etc. Normally, routine maintenance is carried out throughout the year (ERA RSDP 1996b; Ethiopian Roads Authority 2013)
Periodic Maintenance Works: Apart from regular surface patching, shoulder conservation on paved roads require the restoration of road way surfaces at a certain interval of years. Factors initiating periodic maintenance intervention are traffic level, traffic composition and  the type of pavement surface. Asphalt paved roads require to be maintained at a frequency of 7-8 years intervals.(ERA RSDP 1996b)
Emergency Maintenance Works: This type of intervention is needed in emergency cases, like the occurrence of slides, floods, etc. Hence, the work involves the removal of slides and execution of corrective works on unstable slopes, both along the road way and on the road sides. On occasions, with the prevalence of floods, the emergency work required is the rechanneling of the flood water and removal of debris, to facilitate the quick movement of traffic (ERA RSDP 1996b; Ethiopian Roads Authority 2013).
[bookmark: _Toc58244155]Figure 2.1: Typical life cycle of road asset 
Routine maintenance 
Acceptable 
Periodic maintenance 
Pavement 
Quality 
Pavement Life 

Source (Harvey 2012)

World Bank also classifies road preservation works as routine, periodic and special maintenance works as follows in Table2.1 (World Bank 2008).
[bookmark: _Toc58244120]Table 2.1 - Road maintenance activities 
	Works Class
	Works Type
	Works Activity / Operation

	Routine
Maintenance


	Routine
Pavement
	Patching, edge-repair, crack sealing,
Spot-regravelling, shoulders repair, etc.

	
	Drainage
	Culvert repairs, clearing, side drains

	
	Routine Miscellaneous
	Vegetation control, markings, signs

	Periodic
Maintenance


	Preventive Treatment
	Fog seal, rejuvenation

	
	Resurfacing
	Surface dressing, slurry seal, cape
seal, regravelling

	
	Rehabilitation
	Overlay, mill and replace, inlay

	
	Reconstruction
	Partial reconstruction, full pavement
reconstruction

	Special


	Emergency
	Clearing debris, repairing washout / subsidence, traffic accident removal.

	
	Winter
	Snow removal, salting, gritting, etc.


Source: Highway Development and Management Model (HDM-4) Manual) (World Bank 2008)


In addition, the (World Bank 2008) classifies maintenance intervention as Scheduled and Condition Responsive Method
Scheduled (Time bound) type of maintenance of pavements is based on providing routine maintenance whenever required and renewal/strengthening after every specified years without analyzing its economic implications.(Abdel R. 2011) 
Condition-responsive ones are specified by the threshold values of pavement condition indices such as: roughness (mm/km), potholes (maximum number), cracking and patching area (%), skid resistance (minimum number) at which maintenance works are applied in the simulation of pavement deterioration, and their intensities w1, w2, ..., wk. Since each threshold value of a condition-responsive work corresponds to specific application timing (Abdel R. 2011; World Bank 2008).
[bookmark: _Toc58244031]2.3. 	Optimal Maintenance Strategy 
Evaluating the cost effectiveness of investment options is essential in the planning process of road transport projects. Especially in developing countries, where financial resources are limited and there are other sectors equally in need of funding, it would be vital for a proposed
maintenance intervention to get the highest possible economic return (Meskellie 2004).
(Abdel R. 2011) also states that optimization approach involves evaluation of all possible repair strategies, on a network level and selection of the optimal strategy to meet predefined objectives. This treatment selection method differs from all others because it does not use intervention levels. Instead, an optimization problem is set up that chooses between all possible treatments options applied to all sections of road in the network. Treatment options are characterized by their cost, life, and their impact on road condition. The optimization method chooses one treatment option for each section in such a way that either the quality of network condition over time is maximized or the road maintenance costs over time are minimized.
A primary function of pavement maintenance is to retard pavement deterioration, thereby extending the serviceable life of a pavement. Inadequate and improper maintenance of road networks leads to early failure and later requiring high cost of maintenance. The roads have to be managed within the available limited resources, in an optimal manner, by making use of the scientific pavement management tools. The three most essential parts of a road maintenance optimization model are (Sara and Isaac 2011): 
i. Prediction of future pavement condition; 
ii. Prediction of the effects of maintenance strategies on road condition; and 
iii. Determination of road user costs as a function of road condition. 
There are different types of maintenance treatments and not all are effective for the desired outcome, that’s why setting an optimal and cost effective economical maintenance strategy can become the very crucial task. An efficient maintenance strategy addresses pavements while they are still in good condition. An economically feasible and timely maintenance will restore the pavement almost to its original condition. By doing so, the cumulative costs of such treatment are substantially less then reconstruction or major rehabilitation over the life of the pavement (Harvey 2012; Sara and Isaac 2011).
The main objective of a road network optimization is to formulate cost-effective network preservation policies maintaining specific condition standards and to establish budget levels (Sara and Isaac 2011). According to (Adelino, Queiroz, and Souza 2013), the main objectives of optimization can be considered  as: the minimization of agency costs, the minimization of user costs, the maximization of the residual value of pavements at the end of the planning period, or any combination of them.
[bookmark: _Toc58244032]2.3.1. Setting maintenance standards
According to  (Khan et al. 2017) procedures for setting maintenance standards incorporates setting-up categories and traffic definitions, to set-up trigger levels corresponding to class limit definition, defining feasible maintenance actions for each pavement, estimating costs, use of deterioration models, setting budget constraints, to set condition constraints, then to establish functions to be optimized and finally to produce maintenance standards.
[bookmark: _Toc58244033]2.4. Prioritization of Road Segments for Maintenance 
Further to determination of the optimum maintenance standards with minimum total transport costs, it is also essential to determine the optimum priority of projects based not on condition-based prioritization method but on the service level and the net economic benefits. It is likely that condition-based prioritization methods under budget constraints would lead inevitably, overtime, to increasing budget needs and excessive deterioration of road conditions (Meskellie 2004).
The term “prioritization” refers to a review of potential maintenance projects for building and preparation in an ordered list of selected sites by maximizing benefits according to budget and other qualification depending on the score of ranking and optimization processes. “Ranking” indicates to an ordered list of projects or project alternatives based on given factors or project benefits and costs (Ali Ewadh et al. 2018).
Pavement maintenance, if not done at appropriate times in a preplanned manner, negatively impacts the transport system. Prioritization is executed in a sequential manner, beginning with enlisting of the pavement maintenance projects required to be implemented. Based on their relative perceived urgency of need for repair, engineers and managers are able to prioritize and schedule the maintenance of pavement sections(Ahmed et al. 2017).
[bookmark: _Toc58244034]2.4.1. The purpose of prioritization
Urban road maintenance is one of the most important components of the entire road system and should be accorded due importance. The magnitude of work involved in maintenance is very large but the funds available are not sufficient to match the requirements. Prioritization of pavement sections then becomes necessary for selecting the sections for applying a suitable maintenance alternative, especially in case of budget constraints (Shah, Jain, and Parida 2012).
Prioritized resource allocation is imperative given the fact that there is rarely enough funding with highway agencies to address all the deteriorated pavement sections. According to (Javed 2011), the two most common techniques for road network level decision making are the optimization approach and prioritization approach. The optimization approach involves evaluation of all possible maintenance strategies on a network level and selection of the optimal treatment strategy and standards to meet the predefined objective; whereas, the prioritization approach involves ranking competing pavement sections requiring maintenance. The urgency of the need for maintenance varies from distress to distress in road networks; therefore, this has led to  the use of either priority ranking or priority rating for maintenance of pavement by many highway agencies in planning their pavement maintenance programs (Javed 2011).
In pavement maintenance prioritization, the timing of maintenance treatment is considered as well as the selection of pavement sections. This makes it more complex, but it also allows consideration of the benefits of delaying, or advancing the maintenance treatment of pavement section compared to another. 
[bookmark: _Toc58244035]2.5. Road Maintenance Funding in Ethiopia 
The Road Fund Office which was established in 1997 by issuing a proclamation named as, "Road Fund Establishment Proclamation No. 66/1 997" (Federal Democratic Republic of Ethiopia, 1997). The fund is administered by the Board and its main objective was to finance the maintenance of roads and road safety measures in Ethiopia.The road fund office has been collecting revenue mainly through fuel levy and other sources and allocating funds to road agencies for the maintenance of roads since its creation. 
[bookmark: _Toc58244036]2.5.1. Allocated and requested budget for road maintenance in Ethiopia
According to Road sector development program V report, The revenue and allocation of the Road Fund Office have steadily been increasing every year since its establishment but has never been adequate to meet the maintenance need of the rapidly growing road network of the country. In fact, the gap between maintenance needs of the road network is widening while allocation of the fund is shrinking from year to year and as a consequence, more and more roads are left without maintenance every year. (ERA RSDP V, 2015).
The report on history of road building in Ethipia in 2015, presents the amount of budget  requested versus allocated budgets for road administration in Ethiopia between 2011/11 and 2015/16 as shown below in Table 2.2.  
[bookmark: _Toc58244121]Table 2.2  Allocated and requested budget for road maintenance in Ethiopia
	Item No.
	Budget Year
	Requested Budget (ETB)
	Allocated
Budget by RF
( ETB )
	Difference Birr ( ETB )

	1
	2010/11
	1,772,214,171
	715,000,000
	1,057,214,171

	2
	2011/12
	1,075,906,663
	846,500,000
	229,406,663

	3
	2012/13
	1,637,424,806
	931,150,000
	706,274,806

	4
	2013/14
	1,927,200,000
	931,150,000
	996,050,000

	5
	2014/15
	2,023,560,000
	808,316,705
	1,215,243,295

	6
	2015/16
	2,666,600,000
	889,148,375
	1,777,451,625

	
	Total
	11,102,905,640
	5,121,265,080
	5,981,640,560

	
	
	Average Budget Difference
	996,940,093


Source (Tegen 2017)
[bookmark: _Toc58244037]2.5.2. Allocated and requested budget for road maintenance in Sodo maintenance ditrict.
The amount of budget needed to maintain the road in a specific year was estimated by maintenance districts after conducting an annual road condition surveys and computing the amount of works quantities to be applied in each specific segment of the roads. Whereas, due to budget constraints, the Government doesn’t meet yearly road maintenance budget requirements in the whole country in general and in maintenance districts in particular. (ERA RSDP 1996b; Girmay 2016; Sodo RNMD 2020).
For a matter of comparison, the 2013 E.C. budgets needed and budgets allocated for the road sections under  Sodo RNMD are shown in Table 2.3. below 
[bookmark: _Toc58244122]Table  2.3. Budget Requested and Budget allocated by Sodo RNMD in 2013 E.C.
	Road Segment

	
Budget Needed
	Budget Allocated

	
	
	Million ETB
	% of Needed

	Alaba – Sodo
	8,601,260.55
	2,105,169.52
	24.5

	Areka – Sodo
	5,028,334.62
	1,668,134.78
	33.2

	Sodo - Merab Abaya
	8,406,376.17
	2,441,248.40
	29.0

	Merab Abaya Arbaminch
	6,478,071.01
	5,737,715.17
	88.6

	Konso – Woito
	2,525,258.19
	2,525,258.19
	100.0

	Woito – Jinka
	3,982,231.02
	2,075,168.40
	52.1

	Hagere Mariam – Yabelo
	5,732,789.94
	1,561,104.56
	27.2

	Yabelo – Mega
	3,422,399.69
	1,684,779.09
	49.2

	Mega – Moyale
	3,791,983.91
	1,322,792.06
	34.9

	Total 
	47,968,705.1
	21,121,370.17
	44.0


Source (Sodo RNMD, 2020)
As shown in Table 2.3 above, it was only 44.0% of the needed budget that was allocated for 2013 E.C. Therefore, in a situation like this, prioritizing the road sections for maintenance in a profitable manner become seems the only solution to deal with the problem. (ERA RSDP 1996b)
[bookmark: _Toc58244038]2.6. Pavement Maintenance Practice in Ethiopia
The Ethiopian Roads Authority (ERA) carries out road condition survey two times a year  in ten districts’ road network directorate using visual condition survey method.
(Girmay 2016) stated that the districts’ road network directorate quantified the defects
based on the condition survey output and send to the ERA Head Office. 
The maintenance budget is allocated by the Road Fund Office. The Road Fund Office allocates funds for Federal, Regional and Municipal Roads in the ratios of 65%, 25% and 10% respectively. 
In ERA, most of the maintenance activities are done by its own construction firm called the Ethiopian Roads Construction Corporation (ERCC) and few labor-based works are contracted to private firms. They undergo periodic and routine maintenance but they did not practice innovative pavement maintenance delivery systems as an alternative road maintenance system. The condition survey data is summarized in this office. Since the budget allocated by the Authority for the maintenance and rehabilitation is limited for maintenance and rehabilitation works, they prioritize based on severity grade to the road which is affected worst and currently they start using Matrix Method for assignment of maintenance treatment type, which is only based on severity and extent of distress types (Girmay 2016). 
[bookmark: _Toc58244039]2.6.1. Maintenance treatment assignment approach of ERA 
ERA assignment of maintenance treatment type for pavement distress of pothole are shown here below on as an example, in the following table for distress type of pothole the combination of severity and extent is given a recommended maintenance activity and a quantity. (Ethiopian Roads Authority 2005).





Table2.4. Severity and extent of potholing and recommened maintenance activity with quantity 
	Quantity 
	Severity

	Extent 
	M2 or M3
	1

	2
	3

	
	1
	       0.5 m2

             Act 216
	   N/A
	   N/A

	
	2
	           5m2

              Act 216
	    0.5m3

         Act 217/8
	           15m3

              Act 219

	
	3
	              15m2

              Act 216           
	     1.5m3

            Act 17/8
	4.5m3

           Act 219


Source (Ethiopian Roads Authority 2005)
Road maintenenance treatment types (activities) are numbered in the following manner according to ERA road maintenance manual.  Act 216 – signifies Activity 216 according to ERA Road condition survey manual which represents pothole reinstatement(double surface teatment); Act 217 - represents pothole reinstatement (cold mix); Act 218 – represents pothole reinstatement (hot mini-mix) and Act 219 – represents pothole (Base Failure Repair)
The intention of road condition survey combined with the quantity estimation procedure is to create the total maintenance needs of the road network to be used as the basis for the following years or annual work program (Ethiopian Roads Authority 2005). 
[bookmark: _Toc58244040]2.6.2. Project Prioritization criteria in case of budget limitation in ERA
As it was stated in 2013EFY road maintenance plan report of Sodo RNMD  (Sodo RNMD, 2020) Maintenance workss on all projects the Sevier damages are identified and prioritized by Inspectors and the Engineer or Engineer’s Representative forwarded maintenance work orders to the Respective Contractors. 
Also explained on his work about the prioritization technique of ERA, he stated that ERA will focus on emergency works and other woks ordered by political pressure regarding to prioritization of projects. 
(Sodo RNMD, 2020) also Address the prioritization criteria for the projects in need of maintenance when there is a limitation of budget beyond the need-based plan. Hints are provided on the table 2.5.
[bookmark: _Toc4644472][bookmark: _Toc58244123]Table 2.5. Project Prioritization Criteria and Weightings
	No. 
	Criteria
	Weight

	1.
	Road Class
	30%

	2.
	Extent of Damage
	40%

	3.
	Traffic Volume
	20%

	4.
	Public Compliance
	10%

	Total
	100%


Source (Sodo RNMD, 2020)
[bookmark: _Toc58244041]2.7. Economic Analysis of Road Maintenance Projects
The purpose of an economic appraisal of road projects is to determine how much to invest
and what economic returns to expect. The size of the investment is determined by the initial
construction cost and the annual road maintenance cost. The economic returns are mainly
in the form of savings in road user costs due to the provision of a better road facility. These
three costs constitute what is commonly referred to as road transport cost or the whole life
cycle cost (Meskellie, 2004).
[bookmark: _Toc58244042]2.7.1. Economic indicators
The most commonly used criteria for selecting projects are the Net Present Value (NPV), the Internal Rate of Return (IRR) and the Benefit Cost Ratio (BCR) (Alemu, 2018).
Net Present Value(NPV) 
Net present value (NPV) is the discounted present value of a stream of benefits and costs over time. The NPV represents the net gain in welfare to society from the construction of a project. The option with the highest NPV is considered the most viable option and is submitted for funding. The logic behind this assumption is that any increase in NPV is an increase in welfare over the next best alternative and it is the most appropriate measure for selecting from mutually exclusive project options (Tegen 2017). 
Benefit-Cost Ratio (NPV/Cost ratio+1) 
B-CR (NPV/C+1) provides a simple measure of the profitability of a project. It represents the dimensionless index obtained by dividing the calculated benefits of the project by the discounted capital cost of the investment(Alemu, 2018).
Internal rate of return (IRR)
The IRR of a project is defined as the discount rate at which the present value of costs equals the present value of benefits, that is when NPV is zero. The IRR does not indicate the size of the costs or benefits of an investment but acts as a guide to its profitability. The higher the IRR, the better is the investment. If it is larger than the discount rate, then the investment is economically justified (Meskellie, 2004).
[bookmark: _Toc58244043]2.8. Maintenance Treatment Assignment Methods 
Most of the approaches are either maximized pavement performance subject to maintenance and rehabilitation budget constraints, or minimized maintenance and rehabilitation cost subject to performance constraints. 
According to (Harvey 2012), more recent studies tend to rely on GAs. In addition, from all optimization methods, HDM4 has extended its optimization capabilities by relying on convex programming through the use of the steepest descent and conjugate gradient methods. Many studies have used HDM-4 to derive optimum maintenance standards (Aggarwal et al. 2003; Ali Ewadh et al. 2018; Khan et al. 2017; Sara and Isaac 2011). HDM-4 was developed by the World Bank and other international organizations. It is an economic tool for conducting life cycle cost-benefit analysis that can also predict pavement performance (World Bank 2008).
Optimization techniques 
(Harvey 2012) stated that, one of the earliest attempts at road maintenance optimization for a network was made by Abelson and Flowerdew in 1975, who used dynamic programming to solve a constrained cost minimization problem for road maintenance in Jamaica over a 10 year analysis period. Since then, many techniques have been employed to solve pavement optimization problems, including linear programming; non-linear (including convex) programming; integer programming; dynamic programming; and genetic algorithms.
Linear programming solves optimization problems with linear objectives and constraints.
Many optimization problems cannot be satisfactorily represented by linear relationships
and require non-linear programming.
Convex programming is a special case of constrained non-linear optimization with the objective function being a concave function and all of the constraints being convex. Dynamic programming deals with large and complex optimization problems by solving a sequence of smaller problems. Genetic algorithms (GAs) belong to the ‘heuristics’ family of search methods that provide approximate solutions to optimization problems. GAs find good solutions, but not necessarily the best with the benefit of a saving in computing time and are well suited to solving combinatorial optimization problems (Ali Ewadh et al. 2018; Harvey 2012; Javed 2011; Sara and Isaac 2011).
Many road authorities use treatment decision matrix for developing their work programs.  However, it allows road deterioration up to failure, and may be considered as
compound standards with combination of treatments. As a result, it is not the cost-effective strategy. Several studies have described procedures for setting maintenance standards. They are based on road grouping with representative roads, maintenance trigger levels and monitoring. According to (M et al. 2011), various approaches for network-level optimization of maintenance and rehabilitation programming have been proposed in recent years. Common components of these approaches are as follows:
· Identification of network information system.
· Evaluation of current needs.
· Definition of treatment strategies.
· Prediction of future condition of assets.
· Development of an optimization algorithm.
· Selection of appropriate treatments.
The detailed comparison of various optimization approaches are presented in Table 2.6 below. 



[bookmark: _Toc58244124]Table 2.6. Comparison between different optimization techniques 
	Methods
	Features
	Advantages
	Disadvantages

	



Linear programming

	· Objective functions and constraints are formulated as linear equations.
· Decision variables are continuous.
· Most common method  is used in PMS
	· Relatively simple.
· Suitable at project level for optimal solution.
	· Cannot handle large number of decision variables
· Suffer from combinatorial explosion problems

	


Non- Linear programming
	Objective functions and constraints are formulated as non-linear equations.

	Suitable at project level for optimal solution
	Same as linear programming, but complex as difficult to insure that the global optimum is found rather than a local optimum

	Integer programming



	· Objective functions and constraints are formulated as linear or  non-linear programming.
· Decision variables are bound to take only integer values 0 or 1.
	· Suitable at network level using macroscopic approach and project level problems for optimal solution.
· More realistic in PMS as do or do –nothing approach.
	Same as linear programming

	
Dynamic programming




	· No existing standard formulation equations.
· The problem is divided into stages, where decision has to be taken at each stage
· The solution procedure is find an overall optimal policy.
	· Can be used to optimize a multiyear pavement management problem.
· Render optimal solution.
· Used when a number of decisions must be made in sequence.
	· Every time new formulation is required once a problem changes.
· Too many stages for large problems

	
Artificial Neural Networks

	· The model is composed of large number of nodes
· Each node is associated with a state variable and an activation threshold
	· Capable of solving combinatorial problems
· Can handle large number of decision variables
· Reduced computational complexity
	· Slow during training phase
· Difficult to interpret what network learns

	Genetic Algorithms




	Based on natural selection works with a pool of solutions,
	· Capable of solving combinatorial problems
· Can handle large number of decision variables
· Reduced computational complexity
	Render near optimal solutions


Source: (Javed 2011)
[bookmark: _Toc58244044]2.9. Maintenance Projects Prioritization Methods 
Researchers in the field of pavement management system have developed various methods for the prioritization of pavement sections for maintenance, and a few of them are discussed here. 
(Ahmed et al. 2017) developed a methodology of priority ranking which involves assigning a priority index to different sections based on their overall distress index model and traffic adjustment factors. This Analytic Hierarchy Process (AHP) is a powerful and established prioritizing tool, a mathematical technique, which is used for multi-criteria decision making to help the decision makers in the selection of the best alternatives. (Javed 2011) continued the same study and applied AHP method for multiple distresses in each pavement segment. In the same study, the solution of priority ratings by AHP method was compared with the corresponding solution by the widely adopted PAVER pavement maintenance procedure.
In his studies on developing optimized prioritizing road maintenance (Ali Ewadh et al. 2018) also lists of methods for establishing priorities and these are:
[bookmark: _Toc58244125]Table 2.7. lists of methods for establishing priorities and their features
	Methods 
	Features 

	Matrix method
	Ependent on as traffic and road condition, which means pavements in the worst condition with heaviest traffic are given the highest priority

	Condition-index method
	Dependent on relative scores which ranks from 0 (for worst) to 100 (for best). In order to develop a final list of projects, priorities can combine condition score with many factors such as traffic or functional class.

	Cost-effectiveness procedure
	The same to benefit-cost except that the function is to maximize the performance of the sections while considering cost. Performance, in this case, is a measure of the effectiveness of a particular strategy on a segment over time.

	Maximum benefits procedure
	Developed with life cycle costs and prioritization, a project which maximizes the combined benefit-cost ratio or cost effectiveness for a specific budget, would be selected for maintenance and rehabilitation treatments


Source: (Abdel R. 2011; Ali Ewadh et al. 2018; Gebeyehu 2017; Khan et al. 2017)
(Shah et al. 2012) proposed two methods for priority ranking of road maintenance subjective rating-based rank; and economic indicator-based rank.  Maintenance Priority Index (MPI), a function of road condition index, traffic volume factor, special factor and drainage factor was used to obtain subjective ranking. On the other hand NPV/Cost ratio was calculated for each pavement section using HDM-4 software to obtain economic-based rank.
[bookmark: _Toc58244045]2.10. Assignment of maintenance strategy by using HDM-4 tool
As (Meskellie 2004) stated, the Model or its relationships has been applied in over 100 developed and developing countries having markedly different technological, climatic and economic environments. The applicability of the Model varies with each local condition. The entire Model consists of a series of sub-models that perform different aspects of the analyses. Each of these sub-models requires certain input data and each produces its own output. In order to apply the Model correctly, it needs to ensure that the Model is given the appropriate input data, which has been subjected to customization and calibration of local conditions. 
The main sub models of HDM-4 are: road deterioration sub model which is used for estimation of road roughness and assigning of optimal maintenance options according to the input. The other sub model is the road user effects sub -model which correlates the road user costs to pavement condition and traffic characteristics (Meskellie 2004; Sara and Isaac 2011).
Road agencies seek to make more informed and comprehensive maintenance investment
decisions, because the selection of a particular road maintenance activity will have a big impact on future costs and the level of service for the users. To achieve each treatment optimum intervention criterion, several criteria were chosen for a treatment in HDM 4 runs that were based on roughness, road condition and traffic volume (Khan et al. 2017). The approach was repeated for all the criteria for a section and then different road sections were used to obtain an optimal solution. In each HDM 4 run, two alternative treatment intervention criteria were used for a section, and then two outputs, NPV values were compared to achieve better solutions. Thus, all the selected sections were optimized to obtain the best solution. Benefit (NPV/cost) and road condition maximization objectives can be chosen together to obtain the better optimum maintenance standards, which can be carried out using linear programming or general algorithm (Adelino et al. 2013; Khan et al. 2017).
In the HDM-4 model, road works are considered in a hierarchical structure of Category,
Class and Type. Each work’s type comprises several works activities or operations. The
detailed classification of road works considered in HDM-4 was presented in Table 2.1 above. In assignment of optimum maintenance by using HDM-4 software, some studies (Ali Ewadh et al. 2018; Khan et al. 2017; Sara and Isaac 2011) use two maintenance alternatives of with project and without project, which means with maintenance and without maintenance. Other studies done by (Gebeyehu 2017; Meskellie 2004) compared four maintenance alternatives with different types of treatments with base case or without a project case. Comparing both alternatives by HDM 4 and generating results, the alternative with higher NPV was selected. 
According to (Gebeyehu 2017; Meskellie 2004), the intervention levels in each of the maintenance alternatives have been defined to determine the optimal maintenance option with respect to local conditions such as: maintenance costs, road user costs (VOC and travel time costs) and total transport costs.
(Abdel R. 2011) did his thesis work for his Degree of Doctor of Philosophy in Road Technology entitled “Adaptation of (HDM-4) and (PCI) for Prioritizing Pavement Maintenance on Sudan Paved Roads Network”. In this study, three different maintenance alternatives were considered that is: Base Alternative as Alternative 1; and Project case alternatives as Alternative 2 and Alternative 3. Each of them consisted five (5) work standards (sealing, resealing, mill and replace, routine maintenance, and 50mm overlay). At different criteria, intervention levels were applied. For each road section in the network, the respective intervention level alternatives are shown in Table 2.8. below. 
[bookmark: _Toc58244126]Table2.8. Intervention Levels for Responsive Work Standards items
	Activity
	Intervention
Criterion
	Alternatives
	Units

	
	
	Base -alt
	Alt 1
	Alt2
	

	Sealing 
	Total cracked area > 
	15 %
	10 %
	5 %
	m 2

	Resealing 
	Total cracked area > 
	18 %
	15 %
	10 %
	m 2

	Mill and 
replace 
	Roughness (IRI) 

	9 m/km
	10 m/km
	12 m/km
	m 2

	Routine 
maintenance 
	Yearly
	km

	Overlay 50 mm
	Current practice routine maintenance and overlay 
50 mm when the road badly deteriorated  
	m 2


Source: (Abdel R. 2011)
Khan (2005) determined treatment intervention levels for all the treatments used in Bangladesh using the HDM-4 model with “Net Present Value (NPV) maximization objective”. Determination of treatment intervention criteria can be seen in Figure 2.2, which was based on section optimization techniques (to use several sections to get optimum results).
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[bookmark: _Toc58244156]Figure 2.2: Methodology used to drive optimum maintenance standards using HDM- 4 
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[bookmark: _Toc58244046]2.11. Prioritization of road segments by using HDM-4 tool
The PMS, in combination with an investment model such as HDM 4, should be used to examine alternative maintenance strategies and then produce a prioritized program of works based on economic considerations. This program of works will identify whether any particular road requires periodic maintenance or rehabilitation (Ethiopian Roads Authority 2013).
Prioritization of pavement sections is necessary for selecting the sections for applying a suitable maintenance alternative, especially in case of budget constraint, because the number of road sections in need of maintenance and the magnitudes of works involved in maintenance are very large; whereas, the funds available are not sufficient to fulfill this whole need. according to Shah, Jain, and Parida (2012). The two main priority ranking methods namely; ranking based on subjective rating and ranking based on economic indicator were evaluated. Subjective ranking was done using maintenance priority index (MPI) which is a function of pavement condition index (PCI), traffic volume factor, special factor and drainage factor which need comparatively less effort and time involved in fixing priorities. The second ranking method was based on economic indicator in which NPV/Cost ratio was calculated for each pavement section using the HDM-4 software which is more realistic based on current and future pavement conditions (Shah et al. 2012). The complete process adopted in framing priority ranking model is shown in Figure 2.3 below. 
The factors to be considered in any priority ranking model include agency cost, pavement serviceability and condition index, functional classification, and traffic level. The HDM-4 software is one such tool which considers all the above aspects while prioritizing the pavement sections for maintenance and is based on the prediction of future economic, technical, social and environmental outcome of maintenance strategies. Whereas, the maintenance priority index (MPI) method prioritizes the pavement section based on only the present conditions of pavement and traffic (Shah et al. 2012; Yogesh U, S, and Devesh 2016).
(Abdel R. 2011) in his study using HDM-4 to model individual road section in the strategy analysis application, each road section was analyzed individually, and then the
sections could be prioritized. A work program was optimized by year based on Net Present Value (NPV). 
In his study (Shah et al. 2012) of  ‘Project Analysis’ HDM-4 was used to prioritize the pavement sections for maintenance. Since the aim was to select the optimum maintenance alternative based on economic analysis and to rank the sections based on NPV/Cost, the Project Analysis module was used instead of Program Analysis module. For prioritization among number of road sections, the section with the highest NPV/Cost is selected. In other words, the higher the NPV/Cost the higher is the priority would be.
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[bookmark: _Toc58244157]    Figure 2.3: Framework for priority ranking model.
                Source: (Shah et al. 2012).



[bookmark: _Toc58244047]3. MATERIALS AND METHODS
[bookmark: _Toc58244048]3.1. 	General 
In order to come up with the result that reflects the objective of this study, to set prioritization of road segments for maintenance and assignment of optimal maintenance strategy for selected paved road segments under Sodo RNMD, the Highway Development and Management (HDM-4) Tool was utilized. In this regard, this chapter provides details of the study area, types of data required for the study, and the methods used for collecting the various data. Accordingly, HDM 4 was used to analyze the data and come up with results that provided to attain the objectives of the research. 
[bookmark: _Toc58244049]3.2. 	Description of Study Area 
Currently, the Federal road maintenance in Ethiopia is administered by the Ethiopian Roads
Authority, which is organized under five regional areas and ten districts on the bases of
geographical proximity and convenience for effective and efficient management. Table 3.1. shows the regional areas with respective districts and aslo the summary of road class with corresponding lengths in respect of each road network maintenance district (RNMD) is presented in Table 3.2 below. 
Table 3.1. Federal road maintenance regional areas and districts in Ethiopia
	No.
	Federal Road Maintenance Regional Areas
	Road Maintenance Districts Under Each
Regional Areas

	1
	Northern ERA Regional areas
	1. 	 Gonder District

	
	
	2. 	 Adigrat District

	
	
	3. 	 DebreMarkos District

	
	
	4. 	 Combolcha District

	2
	Southern ERA Regional areas
	5. 	 Shashemene District

	
	
	6. 	 Sodo District

	3
	Eastern ERA Regional areas
	7. 	 Dire Dawa District

	4
	Western ERA Regional areas
	8. 	 Jimma District

	
	
	9. 	 Nekemte District

	5
	Central ERA Regional areas
	10.        Alemgena District


[bookmark: _Toc58244127]

Table 3.2. 2016 ERA Summary of Federal Road Class by RNMD and surface type 
	No.
	RNMD Name
	Trunk
	Link
	Main Access
	Collector
	Feeder
	Paved
	Unpaved
	Total (Km)

	1
	Alemgena
	1,343
	710
	848
	385
	1,207
	2,406
	2,087
	4,493

	2
	Adigrat
	613
	510
	184
	286
	953
	2,042
	504
	2,546

	3
	Combolcha
	654
	869
	162
	943
	284
	1,892
	1,020
	2,912

	4
	D/Markos
	336
	550
	349
	265
	369
	715
	1154
	1,869

	5
	Gonder
	182
	750
	855
	-
	423
	1,504
	706
	2,210

	6
	Shashemene
	467
	1,282
	630
	408
	424
	1,202
	2,009
	3,211

	7
	Nekemte
	275
	1,033
	316
	148
	343
	933
	1,182
	2,114

	8
	Diredawa
	894
	1,026
	989
	94
	90
	1,495
	1,598
	3,093

	9
	Jimma
	658
	635
	329
	524
	642
	1,104
	1,684
	2,788

	10
	Sodo
	192
	772
	1,353
	479
	-
	1,338
	1,458
	2,796

	Total (km)
	5,614
	8,137
	6,015
	3,532
	4,735
	14,632
	13,400
	28,032


Source (Ethiopian Roads Authority 2016)
Among the ten districts, this study focused on Sodo District within Southern ERA Regional jurisdiction. Sodo Road Network and Safety Management Branch Directorate (RN&SMBDs) is one among the 10 RN&SMBDs located in the Southern part of the country 320km from Addis Ababa via Adiss Ababa-Butajira-Alaba-Sodo. It has a total of 3,035 Km, which comprises 1,678 km of paved and 1,357, km of unpaved road network, with 4 sections and 35 road segments. According to ERA segment classification, 21 paved segments are formed under Sodo RNMD. The road lengths with surface types, under each segment, are presented in Table 3.3 below and also the road map of Sodo RNMD are presented below in Figure 3.1.
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[bookmark: _Toc58244158]Figure 3.1. Sodo District road network location Map
[bookmark: _Toc58244128]Table3.3. Roads under Sodo RNMD
	Sodo Section
Paved     =468.2 km
Unpaved =207km
Total       =675 km
Road segments
	Konso Section
Paved      =458.6km
Unpaved =186.4km
Total       =645 km
Road segments
	Turmi Section
Paved     = 442 km
Unpaved = 627km
Total       = 1069 km
Road segments
	Mega Section
Paved      = 309 km
Unpaved = 336km
Total       = 645 km
Road segments

	Alaba – Sodo
 (68km) A
	Sawla – Kako 
(71Km) G
	Konso – Woito
(73Km) A
	Brindad – Teltele (38Km)G

	Areka – Sodo
 (36km) A
	Arba minch – Kemba (90Km) A
	Woito – Keyafer (40Km)A
	Yabelo – Mega
 (106Km)A

	Sodo – Selamber
 (62km) G
	Kemba – Sawla
 (65Km) A
	Keyafer – Jinka 
(42km)A
	Yabelo-Metagefersa-Oblo (105Km)G

	Selam ber – Sawla 
(78Km) G
	Wezeka – Konso 
(42Km) A
	Mentrara – Turmi (39Km)G
	Hagere Mariam – Yabelo (94Km)A

	Waka – Sodo         (99Km)G
	Konso – Yabelo (106Km)A
	Erbore – Mentrara (39km)G
	Mega – Moyale 
(107Km)A

	Sodo-Merab Abaya (62Km)A
	Konso – Burji 
(84Km)G
	Woito – Erbore
(39Km)G
	Mega – Wachile (109Km)G

	M/Abaya-A/minch (62Km)A
	
	Turmi-Kelem-Namorapus
(91Km)A
	Wachile – Bulbul (84Km)G

	A/minch-Wezeka
(42Km)A
	
	KURAZ ACCESS ROAD
	

	Mazoria – Durgi
(74Km)A
	
	Jinka-Hana-Omo (105Km)G
	

	Durgi - Gibe river
(22Km)A
	
	Sugar F3-Sugar F4 (50Km)G
	

	
	
	Sugar F1-Sugar F2 (38Km)G
	

	
	
	Omo-Sugar F6 
(57Km)A
	

	
	
	Sugar F6-Sugar F4 (50Km)A
	

	
	
	Jinka mender – Hana (49Km)A
	


Source: (Ethiopian Roads Authority 2016)
[bookmark: _Toc58244050]3.3. 	Method of Data Collection 
[bookmark: _Toc58244051]3.3.1. 	Data types 
Both qualitative and quantitative data were used in this study. The qualitative data was used in this study in relation with the description of road condition status and review of different road maintenance interventions on the roads which was taken as a sample. The quantitative data focused on the numerical measures to be included in Economic analysis. The data for this study was collected from ERA’s road condition surveys of Sodo Road Network and other agencies.
[bookmark: _Toc58244052]3.3.2. 	Data collection 
Collection of data was done in two phases. In the first phase, all the required
input data type for economic analysis were identified using HDM-4. In the second phase, the identified data were collected by reviewing ERA’s road condition survey for the selected road networks. 
The data necessary for the study were taken from Sodo RNMD and from different consulting firms. Documents related to road condition which includes international roughness index (IRI) data and condition survey data were collected from ERA Sodo RNMD. 
Summarized description of the data sources and documents are clearly shown in Table 3.4 below.
[bookmark: _Toc58244129]Table 3.4. Data types and sources. 
	No.
	Data types
	Data Sources

	1
	Road condition survey 
	Sodo RNMD

	2
	Vehicle Characteristics 
	WT consulting

	3
	Economic and financial costs 
	ERA and WT consulting

	4
	Traffic data
	Consulting firms, ERA and Sodo RNMD

	5
	Climate data 
	Ethiopian Metrology Agency and ERA

	6 
	ERA`s  Currently adopted methods of prioritization and optimization 
	ERA Head Office and Sodo RNMD 

	7 
	Government budget for maintenance work unit price of each treatments 
	ERA and Sodo RNMD



[bookmark: _Toc58244053]3.3.2.1. Case study
A case study design employed in this study focused on ten paved roads of 690Km in total under the Sodo District. The selected roads are presented in Table 3.5. below, which presents the study road in respect of name, length and surface types.
Table 3.5. Selected road segments considered in this case study 
	No.
	Road class
	Road segment
	Length(KM)
	Surface type

	
	Sodo section

	1
	A7-4
	Alaba – Sodo
	68
	AC

	2
	B51-4
	Areka - Sodo 
	36
	DBST

	3
	A7-5
	Sodo - Merab Abaya
	62
	AC

	4
	 
	Merab Abaya – Arbaminch
	62
	AC

	Turmi Section

	5
	C70-2
	Konso – Woito
	73
	DBST

	6
	C71-3
	Woito – Keyafer
	40
	DBST

	7
	
	Keyafer – Jinka
	42
	DBST

	Mega section

	8
	C80-1
	Hagere Mariam – Yabelo
	94
	AC

	9
	C80-2
	Yabelo – Mega
	106
	AC

	10
	C80-3
	Mega – Moyale
	107
	AC

	Total KM
	690 KM
	


AC- Asphalt concrete 
DBST- Double bituminous surface treatment 
In this study from the selected ten road segments, roads segments: Alaba to Sodo, Sodo to Mierab Abaya and from Mierab Abaya to Arbaminch are trunk roads which are part of the trunk road A7 (Mojo - Arba Minch). The road segment Areka - Sodo (36km) is a link road which is part of the road from Alemgena to Sodo. The remaining six road segments are main access roads and these are: Konso – Woito, Woito – Keyafer and Keyafer – Jinka (from Turmi section) and road segments Hagere Mariam – Yabelo, Yabelo – Mega and Mega – Moyale (are from Mega section).
[bookmark: _Toc58244054]3.4. Highway Development and Management Tool (HDM-4)
The HDM-4, developed by the World Bank, has been used for over two decades to combine
technical and economic appraisals of road projects, to prepare road investment programs and to analyze road network strategies. The various versions of the Model have been widely used in a number of countries, and have been instrumental in justifying increased road maintenance and rehabilitation budgets. The Model has been used to investigate the economic viability of road projects in over 100 countries and to optimize economic benefits to road users under different levels of expenditures. As such, it serves as an advanced road investment analysis tool with broad-based applicability in diverse climates and conditions (Odoki and Kerali 2000).
HDM-4 is an economic road investment tool which has been developed to assist engineers/planners with road investment and does include roads with a concrete
pavement. HDM-4 predicts the rates of deterioration of roads under alternative maintenance
strategies and the road user costs for each alternative. It then conducts an economic analysis of the various alternatives and provides the user with economic indicators to assist with road
investment planning. Most importantly, it deals with situations where budgets are constrained
to a greater or lesser degree (Ethiopian Roads Authority 2013).
[bookmark: _Toc56706178][bookmark: _Toc58244055]3.4.1. Functions of HDM-4
As (Odoki and Kerali 2000) stated, the three main areas of application for HDM-4 that correspond to the management functions are:
· Project analysis;
· Programme analysis; and
· Strategy analysis.
Project analysis is concerned with the evaluation of one or more road projects or investment options. Each road section can be assigned user selected treatments. The costs and benefits for this are calculated for each year of the analysis period. Economic indicators are then determined by comparing different investment options. Project analysis may be used to estimate the economic or engineering feasibility of road investments by performing the following calculations:
· Life cycle predictions of road deterioration, maintenance effects;
· Calculation of annual maintenance and construction costs;
· Calculation of annual road user costs (VOC, travel time and accidents);
· Addition of any external costs and/or benefits; and
· Economic comparisons of discounted total life cycle costs for project alternatives.
Program analysis is concerned with the preparation of work programs in which candidate investment options are identified and selected, subject to resource constraints. Road networks are analyzed section by section and estimates are produced of road works and expenditure requirements for each section over a funding period which is typically less than 5 years. Program analysis may be used to prepare rolling work programs.
Strategy analysis is concerned with the analysis of a chosen network as a whole. A typical application is the preparation of long range planning estimates of expenditure needs for road network development and maintenance under different budget scenarios. The road network is characterized by lengths of road in different categories defined by parameters such as road class, surface type, and pavement condition or traffic flow. Estimates are produced of expenditure requirements for medium to long term periods of between 5 to 40 years.
The key difference between project analysis and strategy or program analysis is the detail with which data are defined. This applies the concept of information quality levels (IQL) recommended by the World Bank. Project level analysis data are specified in terms of measured defects (typically IQL-m, whereas the specifications for strategy and program analysis may use aggregate data (IQL-111). For example, in project level analysis, riding quality would be specified in terms of international roughness index (IRI) values whilst, for strategy and program analysis, riding quality may be specified as 'good', 'fair' or 'poor'. The relationship between the different IQL data may be user-defined according to road class, pavement surface type and traffic class (Odoki and Kerali 2000; World Bank 2008).
For Assignment of maintenance treatment, for prioritization of road segments for maintenance and for overall economic analysis, the highway development and management (HDM-4) tool  were used for the study of this research.  Figure 2.2 below shows the HDM-4 software System Architecture, developed by the World Bank.
[image: C:\Users\hp\Desktop\sof.jpg]
[bookmark: _Toc53933015][bookmark: _Toc58244159]Figure 3.2. HDM-4 software System Architecture
Source: (World Bank 2008)
[bookmark: _Toc58244056]3.5. 	HDM- 4 Tool Input Data
The type of data required as an input for HDM-4 are Road network data, vehicle fleet data, work standard data’s and HDM configuration data’s. All the required input data type for economic analysis using HDM-4were collected and explained as follows. 
[bookmark: _Toc58244057]3.5.1. Road network data 
Road Network data refer to inventory, pavement history, and pavement condition data, etc.
[bookmark: _Toc58244058]3.5.1.1. Road Inventory Data
 Road inventory data collection consists of road length (m), lane width (m), shoulder width (m), geometries of road sections, traffic flow pattern, design speed (km/h), flow direction; and climate zone.
The ERA Geometric Design Manual-2002 presents an overview of design standards relating to road functional classification and traffic volumes. In this research, the ERA design standard of DS-4 was selected. So, the design specification of DS – 4 are taken for this study as a description of road segments inventory data. Table 3.6 below shows road inventory data for the study roads.
[bookmark: _Toc58244130]Table 3.6. Road inventory data for selected segments
	No
	Segment name
	Road class
	Road length (km)
	ERA Design standard
	Climate
	Terrain

	1
	Alaba – Sodo
	Trunk
	68
	DS - 4
	Temperate 
	Rolling & Flat

	2
	Areka – Sodo
	Link
	36
	DS - 4
	Lowland & Temperate 
	Flat & Rolling 

	3
	Sodo - Merab Abaya
	Trunk
	62
	DS - 4
	Temperate
	Flat & Rolling

	4
	Merab Abaya – Arbaminch
	Trunk
	62
	DS - 4
	Semi-Arid
	Rolling  & Flat 

	5
	Konso – Woito
	Main access
	73
	DS - 4
	Semi-Arid
	Rolling & Mountainous 

	6
	Woito – Keyafer
	Main access
	40
	DS - 4
	Arid
	Flat & Mountainous 

	7
	Keyafer – Jinka
	Main access
	42
	DS - 4
	Arid
	Rolling & Mountainous

	8
	Hagere Mariam – Yabelo
	Main access
	94
	DS - 4
	Temperate
	Flat

	9
	Yabelo – Mega
	Main access
	106
	DS – 4
	Semi-Arid
	Flat

	10
	Mega – Moyale
	Main access
	107
	DS – 4
	Arid
	Flat 



[bookmark: _Toc58244131]Table 3.7. ERA design standard 
	Design standard
	Carriageway width(m)
	Shoulder width

	
	
	Rural terrain / Shoulder width(m)
	Town section widths (m)

	DS – 4 
	6.7 
	Flat
	Rolling
	Mountainous
	Escarpment
	Shoulder
	Parking lane 
	Foot way

	
	
	1.5
	1.5
	0.5
	0.5
	n/a
	3.5
	2.5


Source: ERA Geometric Design Manual-2002
[bookmark: _Toc58244132]Table 3.8. Default Geometry data from HDM-4 
	Geometry Class
	Rise
+ Fall
(m/km)
	Number of Rise
& Fall per km
	Horizontal
Curvature
(deg/km)
	Superelevation
(%)
	Speed limit
( km/hr )

	Bendy and generally level
	3
	2
	50
	2.5
	100

	Bendy and gently undulating
	15
	2
	75
	3
	80

	Bendy and severely undulating
	25
	3
	150
	5
	70

	Windy and gently undulating
	20
	3
	300
	5
	60



Bendy and gently undulating was used in the study, since it represents the Ethiopian geometric road conditions. Road specific data were not available at ERA. However, actual design speed limit and altitudes were acquired in the study. Details of coordinates and altitudes of each road segments are enclosed in Annex B.
[bookmark: _Toc58244059]3.5.1.2. Pavement History Data
 Pavement history data (type of pavement, year of last construction, surfacing and maintenance) were collected from Sodo Road Maintenance District. Table 3.9 below presents the pavement history data for the selected road network that used in this study. 
[bookmark: _Toc58244133]Table 3.9. Maintenance history of selected road segments 
	Road Segment
	Year of Construction/Upgrading
	Maintenance Intervention
	
	

	
	
	Type
	Year
	2008 EFY
	2009 EFY
	2010 EFY
	2011 EFY

	
	
	
	
	PM
	RM
	PM
	RM
	PM
	RM
	PM
	RM

	Sodo Section
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Alaba – Sodo
	2008
	New road
	 
	68
	 
	68
	 
	68
	 
	68

	Areka - Sodo 
	2009
	RM
	Since 2011
	 
	36
	 
	36
	 
	36
	 
	36

	Sodo - Merab Abaya
	2010
	RM
	Since 2016
	 
	62
	 
	62
	 
	62
	 
	62

	Merab Abaya – Arbaminch
	2010
	RM
	Since 2016
	 
	62
	 
	62
	 
	62
	 
	62

	Konso – Woito
	2010
	New road
	
	73 
	
	73
	 
	73
	 
	73

	Woito – Keyafer
	2010
	New road
	
	 40
	
	40
	 
	40
	 
	40

	Keyafer – Jinka
	2010
	New road 
	
	 42
	
	42
	
	42
	
	42

	Hagere Mariam – Yabelo
	2016
	 
	 
	 
	No
	
	No
	
	94
	
	No

	Yabelo – Mega
	2016
	Construction  Finalized
	
	No
	
	No
	
	106
	
	No

	Mega – Moyale
	2018
	 
	 
	 
	No
	 
	No
	 
	106
	 
	No


EFY: Ethiopian Fiscal Year
PM: Periodic Maintenance 
RM: Routine Maintenance
Details of each segment’s maintenance history are enclosed in Annex C.
[bookmark: _Toc58244060]3.5.1.3. Pavement condition data 
Pavement condition data are used as a basis for every decision made with the PMS. If the condition data are not reliable, none of the recommendations of the system will be reliable.
Based on this principle are ERA’s conditions surveys are carried out every year after rainy season. ERA collects information on the condition of road network and Collets data based on the severity and extent of a condition item.
The intention of the survey is to produce quantifiable & comparable data set to identify the condition of the road network (poor, fair, good). The severity index determines how bad the selected item or part of the road and the extent index determines the quantity of the distress.
The Sodo RNMD classifies the condition of road as good, fair and poor based on percentage of defect (extent) and also on severity of the defect on the road segment. According to Sodo RNMD road condition analysis report of 2012E.C from road segments under the district 34% are in good, 30% are in fair and 36% of segments are in poor condition of performance. Percentage of sections in good, fair and poor condition of performance of selected segments and roughness of each segments data collected from Sodo RNMD are presented below in Table 3.11. Whereas, details of each road sections severity and extent and percentage of each type of distresses are presented in the Annex D. 
The HDM-4 model provides default values for the different road characteristics. The recommended HDM-4 default values for surface condition are given in Table 3.10 below. 





[bookmark: _Toc58244134]Table 3.10. The condition of Paved Roads 
	Paved road condition
	Cracking
(%)
	Ravelling
(%)
	No. potholes per km
	Edge break (m2 per km)
	Mean rut depth (mm)

	New
	0
	0
	0
	0
	0

	Good
	0
	1
	0
	0
	2

	Fair
	5
	10
	0
	10
	5

	Poor
	15
	20
	5
	100
	15

	Bad
	25
	30
	50
	300
	25



Source: (HDM 4 Version 1.10 2007)
The HDM-4 model recommends default values for the different road characteristics. The
recommended HDM-4 default values for roughness are given on the table 3.11 below.
[bookmark: _Toc58244135]Table 3.11. Riding Quality in IRI in m/km (Bituminous surface) 
	Paved Roads Roughness (IRI, m/km)

	Road
	Primary
	Secondary
	Tertiary

	Condition
	Roads
	Roads
	Roads

	Good 
	2 
	3 
	4 

	Fair 
	4 
	5 
	6 

	Poor 
	6 
	7 
	8 

	Bad 
	8 
	9 
	10 


Source(HDM 4 Version 1.10 2007)
According to the ERA road condition survey procedure, the condition survey will be measured in terms of severity of distress or defect and the extent of the distress or defect. The Severity and Extent are numerically recorded from ‘0’ (Good) to ‘3’ (Poor). The intention is to assist in speedy repeatable surveys that can pick up the required data to provide the engineer with the overall condition of the road and estimate the maintenance requirements. 
The extent of the defect is the extent or area of the distress or defect. This is recorded with a
number indicating the extent that is ‘0’ (no extent) to ‘3’ (great extent). Many of the distresses or defects have extents as below: 
· 1 for distress less than 20% of the area/length affected. 
· 2 for distress greater than 20% but less than 50% of area/length affected. 
· 3 for distress greater than 50% of the area/length affected. 
The extent combined with the severity will determine the quantity of the relevant activity to be undertaken on the road section.
In this study, the road condition survey data were collected in 2012 E.C which was used as the main data input to distinguish the type and amount of distress in each road segment. After collecting condition survey and traffic count data of the roads under Sodo RNMD they were converted to HDM 4 format by using the road condition survey procedure manuals of the ERA. In the condition survey format, defects in the road segments are recorded according to their severity as 1, 2, or 3. The level of defects was decided using the data according to severity and extent and by compiling using the ERA guiding manual.  The amount and types of defects in each segment were analyzed in a way which is suitable for use in HDM 4. 
For example, if the severity and extent of cracking in the road segment are 1*1, it means the segment has a cracking with severity 1 and extent 1. According to the manual, cracking of 1*1 means less than10% of the area is cracked. So, a cracking value less than 10% (5 or 6% taken in this research) was taken as an input value for HDM-4. Details of ERA road condition and survey format including results of the analysis are comprised in the AnnexA. 
Some characteristics of the study road are shown in Table 3.12 below. These data were included in HDM 4 as input and were summarized. 
[bookmark: _Toc53933000][bookmark: _Toc58244136]Table 3.12 Analysis of road condition of selected segments 
	Road Segment
	Pavement condition
HDM-4
	Drainage condition
	Roughness
(IRI)
	AADT

	Alaba – Sodo
	Fair   
	Poor 
	4
	7500

	Areka – Sodo
	Good 
	Fair 
	3
	4050

	Sodo - Merab Abaya
	Fair 
	Poor 
	4
	4577

	Merab Abaya Arbaminch
	Fair 
	Very poor 
	4
	4577

	Konso – Woito
	Good 
	Fair 
	4
	3000

	Woito – Keyafer
	Poor 
	Fair 
	8
	2447

	Keyafer – Jinka
	Poor 
	Fair 
	8
	2300

	Hagere Mariam – Yabelo
	Good 
	Very poor 
	4
	3542

	Yabelo – Mega
	Good 
	Very poor 
	4
	3545

	Mega – Moyale
	Fair 
	Poor 
	6
	3516


The road classifications considered in HDM-4 are as stated below: 
Primary: Arterial, main, trunk, or national roads, which are roads outside urban areas that belong to the top-level road network and generally, have higher design standards than other
roads.
Secondary: Collectors, classified as rural or regional roads, which are the main feeder routes into primary roads, and provide the main links between primary roads. These roads generally provide a lower degree of mobility than primary roads, 
Tertiary: Local roads, which are classified as rural or local roads. The roads are characterized by a comparatively low-level design standard and traffic. These roads provide basic access between residential and commercial properties, connecting with higher-order roads.
In this study, the selected road segments are classified according to ERA functional road classification and matching of ERA’s and HDM 4’s classification for the purpose of using in the Model as follows. 
· Primary road - main, trunk or national roads. 
· Secondary road - link roads. 
· Tertiary road - main access roads. 
Traffic characteristics on the study road
The detailed vehicle characteristics used as input data to the HDM-4 are enclosed in
Annex. The vehicle characteristics database defines the basic attributes of the vehicle
fleet and their compositions on the respective road sections. 
 Traffic includes the following:
· Traffic categories including normal, diverted, and generated;
· Traffic composition including volume and growth rates;
· Axle loading;
· Road capacity and speed flow relationships; and
· Traffic- flow pattern.
The 2017-2019 G.C., traffic count data were used in this research to compute AADT, traffic growth rates and composition. ERA conducts traffic counts during three different periods of the year based on economic activities of Ethiopia: high, medium and low. The periods are: 
· January 1 - April 30;
· May 1 - August 31; and
· September 1 - December 31
To compute AADT on the study roads, the three seasonal counts of 2019 were used in this study. Details of traffic counts, traffic volumes and traffic composition data are enclosed in the Annex. 
[bookmark: _Toc58244137]Table 3.13. Traffic band, surface class and AADT 
	Traffic Band
	Surface class   AADT

	
	Bituminous
	Unsealed
	Concrete

	Low
	0 – 750
	0 - 75
	0 – 3,000

	Medium
	750 – 3,000
	75 - 175
	3,000 – 7,500

	High
	3,000 – 75,000
	175 - 800
	7,500 – 15,000


Source: HDM4, Version 1.1, 2007.
However, the actual AADT were used in the study roads.
[bookmark: _Toc58244061]3.5.2 Vehicle fleet data for project analysis  
Tables 3.14 (a), (b) and (c) below consequently present: financial unit costs, economic unit costs and vehicle utilization and loading data. In the case of unit costs, the actual data used in HDM-4 were economic costs. Economic costs are normally used on public projects and so are the study roads.










[bookmark: _Toc58244138]Table 3.14 (a): Vehicle types, characteristics and Financial Unit Costs price in Birr of year 2019 
	Vehicle Type
	Engine Size
	One New Vehicle (Birr)
	One Tyre (Birr
	One Litre Fuel (Birr)
	Fuel Type
	One Working Hour in Work Shop (Birr)
	One Working Hour in Work Shop (Birr)
	One Working Hour for Crew (Birr)

	Car
	1600
	2,000,000
	              2,458 
	20.04
	petrol
	76.00
	67.71
	37.93

	Large car
	4200
	4,200,000
	              7,925 
	17.70
	diesel
	76.00
	67.71
	47.73

	Small bus
	Dawo
	2,074,000
	            10,750 
	17.70
	diesel
	76.00
	74.54
	46.59

	Large bus
	150E 18
	2,650,000
	            14,517 
	17.70
	diesel
	76.00
	74.54
	45.45

	Pick-up
	3000
	2,750,000
	              3,609 
	20.04
	petrol
	76.00
	75.52
	44.32

	Small truck
	8.25-20140PR
	2,350,000
	              8,560 
	17.70
	diesel
	76.00
	67.71
	37.78

	Medium Truck
	AT380T38H
	3,900,000
	            14,517 
	17.70
	diesel
	76.00
	81.38
	39.77

	Large Truck
	360 HP Turbo
	4,800,000
	            14,517 
	17.70
	diesel
	76.00
	84.64
	48.30

	Truck and Trailer
	360 HP Turbo
	5,180,000
	            14,517 
	17.70
	diesel
	76.00
	81.38
	48.30




[bookmark: _Toc58244139]Table 3.14 (b): Vehicle types, characteristics and Economic Unit Costs, price in Birr of year 2019
	Vehicle Type
	Engine Size
	One New Vehicle (Birr)
	One Tyre (Birr
	One Litre Fuel (Birr)
	Fuel Type
	One Working Hour in Work Shop (Birr)
	One Working Hour in Work Shop (Birr)
	One Working Hour for Crew (Birr)

	Car
	1600
	896,862
	        2,048 
	16.16
	petrol
	58.46
	61.55
	34.46

	Large car
	4200
	1,883,408
	        6,605 
	14.36
	diesel
	57.10
	61.56
	43.39

	Small bus
	Dawo
	1,620,313
	        8,959 
	14.36
	diesel
	57.10
	67.77
	42.35

	Large bus
	150E 18
	2,070,313
	      12,098 
	14.36
	diesel
	57.10
	67.76
	41.33

	Pick-up
	3000
	1,045,627
	        3,008 
	16.16
	petrol
	58.46
	68.67
	40.29

	Small truck
	8.25-20140PR
	1,835,938
	        7,134 
	14.36
	diesel
	57.10
	61.55
	34.35

	Medium Truck
	AT380T38H
	3,046,875
	      12,098 
	14.36
	diesel
	57.10
	73.98
	36.16

	Large Truck
	360 HP Turbo
	3,750,000
	      12,098 
	14.36
	diesel
	57.10
	76.95
	43.91

	Truck and Trailer
	360 HP Turbo
	4,046,875
	      12,098 
	14.36
	diesel
	57.10
	73.98
	43.91


[bookmark: _Toc58244140]Table 3.14 (c) - Vehicle utilization and loading.
	
	Car Small
	Car Large
	Bus Light
	Bus Heavy
	Truck Light
	Truck Medium
	Truck Heavy
	Truck & Trailer

	Kilometers Driven per Year (km)
	
20000
	
45000
	
40000
	
58000
	
38000
	
45000
	
50000
	
50000

	Hours Driven per Year (hr)
	
250
	
450
	
450
	
2000
	
1000
	
1800
	
1500
	
1500

	Service Life (years)
	
9
	
8
	
12
	
11
	
8
	
15
	
12
	
10

	Percent of Time for Private Use (%)
	
100.00
	
85.00
	
0.00
	
0.00
	
0.00
	
0.00
	
0.00
	
000

	Gross Vehicle Weight (tons)
	
1.38
	
2.26
	
4.30
	
16.44
	
4.25
	
12.00
	
19.6
	
39.73

	Annual interest rate %
	13.5
	13.5
	13.5
	13.5
	13.5
	13.5
	13.5
	13.5


/Source: WT Consult, 2019/

[bookmark: _Toc58244062]3.5.3. 	Economic data
This section includes unit prices for the maintenance activities. The unit prices shown in Table 3.11 (This Table shows “Paved Roads Roughness (IRI, m/km)”, not costs) are adopted from Sodo RNMD. The financial costs are actual operational costs borne by ERA whereas the economic costs are less of taxes, duties, levies, and are shadow priced. ERA, Sodo RNMD, provisional Unit rates for routine and periodic maintenance Works by own force for 2013 EFY are presented in Table 3.15 below. 






[bookmark: _Toc58244141]Table 3.15: ERA unit prices for maintenance activities 
	Activity Name
	Unit
	Unit Price

	
	
	

	Asphalt Patching (Seal coat)
	M2
	           81.92

	Asphalt Patching(SBST)
	M2
	           89.5 

	Asphalt Patching(DBST)
	M2
	         170.3 

	Asphalt Patching (cold mix)
	M3
	      6,191.5 

	Asphalt Patching (hot-mini mix)
	M3
	      6 ,714.79

	Asphalt Patching (individual crack)
	M2
	           50.75 

	Pothole Reinstatement(DBST)
	M2
	         162 

	Pothole Reinstat.(Cold Mix)
	M3
	      6,553.52 

	Pothole Reinstat.(hot Mix)
	M3
	      6,782.36 

	Pothole (Base failure Repair)
	M3
	         786.17 

	Ditch clearing(Machine)
	Km
	      7,899.04 

	Shoulder blading 
	Km
	      1,624.62 

	Shoulder rehabilitation
	M3
	         223.30 

	Single Bitumen Surface treatment(SBST)
	M2
	         76.46 

	Double Bitumen Surface treatment(DBST)
	M2
	         139.48 

	Mix-in-place Overlay (cold-mix)
	M3
	      6,186.01 

	Asphalt Concrete Overlay
	M3
	      6,701.18 

	Bitumen Prime coat
	Lit.
	           47.49 

	Bitumen Tack coat
	Lit.
	           49.37 

	Pavement Reconstruction (Aggregate Road base)
	M3
	         913.50 


Source (Ethiopian road authority, 2012E.C)

[bookmark: _Toc58244063]3.5.4. Work standards 
In HDM4 Maintenance and Improvement Standards are used to represent targets or levels of conditions and maintenance responses that are aimed to achieve the required standards. This study focused on maintenance standards of the work standard. The maintenance standards are the maintenance works required to maintain the road network at the target level. Each Maintenance Standard consists of a set of one or more works items. Each works item is defined in terms of the road surface class to which it applies, an intervention level, an operation type (e.g. reseal, overlay, etc.), and the resultant effect on the pavement. 

· Defining the Project Alternatives
Four project alternatives (Alternative-1 to Alternative-4) were established with different maintenance standard and intervention levels based on a widely used local experience on road maintenance as given in Table3.15. The intervention levels in each of the maintenance alternatives have been defined to determine the optimal maintenance option with respect to the following local conditions:-
· Maintenance costs;
· Road user costs (VOC and travel time costs); and
· Total transport costs.
The maintenance standards are analyzed for each road section of the study road network. The maintenance option Alternative -1 is designated as the “Do-minimum” or base case alternative, which reflects the least maintenance cost in the analysis. The other maintenance alternatives (Alternative - 2, Alternative -3 and Alternative -4) are considered as the project case alternatives. The detailed description and interventions limits of each project alternative is  shown in Table3.15 below.
Alternative-1: This is the do-minimum base case alternative. Routine pavement maintenance is undertaken each year, as deemed necessary based on the pavement condition. No rehabilitation works are undertaken until the road condition reaches a poor condition 
(severely damaged). This situation is represented by “Reconstruction when the road
roughness > 12 m/km IRI and the total damaged area > 40% of the carriageway area”.
Alternative-2: With this alternative, single surface dressing is undertaken to restore when the total damaged area on the surface is 20% of the carriageway. Then, a 50mm asphalt concrete overlay will be applied when the roughness level reaches 6 m/km IRI, or when the structural cracking affects 15% of the carriageway area. This alternative includes the routine pavement maintenance over the full analysis period.
Alternative-3: This alternative is comprising of milling out the upper 75 mm of the old
bituminous surfacing and to be replaced with a new 75 mm thick asphalt concrete surfacing
whenever the roughness value reaches 6 m/km IRI and when the structural cracking affects
20% of the carriageway area. The Routine pavement maintenance (condition responsive) is
applied throughout the analysis period. 
Alternative-4: With this alternative, regular patching of the potholes (condition responsive)
will be undertaken over the full analysis period (20 year). Then, a 50 mm asphalt
concrete overlay will be followed when the roughness level reaches 6 m/km IRI. Thereafter,
reconstruction of the road pavement will be undertaken when the surface roughness reaches 10 m/km IRI. It has to be noted that Routine Pavement Maintenance is to be applied in each alternative as a condition responsive measure in terms of:-
· Crack sealing if the area of wide structural cracking > 5% of the carriageway area.
· Patching if severely damaged area > 10% of the carriageway area.
[bookmark: _Toc58244142]Table3.16 Details of road maintenance works for each alternative.
	Project
Alternatives

	
	Responsive Interventions
	

	
	Patching
	Crack sealing
	Surface dressing (Resurfacing)
	Overlay
(Rehabilitation)
	Reconstruction

	Alternative-1  
(Base case) 
 
Routine  +  
Reconstruction 
	Potholes > 30 
(No./km) 
 
	Cracking  > 30 %  
	 
	 
	Roughness   > 12  (m /km IRI)  
AND  Total 
Damaged area > 40 %

	Alternative – 2 
Routine +  
Surface dressing +  
Overlay (50mm) 
	Potholes > 10 
(No./km) 
 
	Cracking  > 5 % 
 
	Total damaged area on surface > 20%
	Roughness  > 6  
(m/km IRI)  OR 
Cracking  > 15 % 
	 

	Alternative – 3 
 
Routine +  
Mill 75 mm and  
Replace 75mm AC
	Potholes > 10 
(No./km) 
 
	Cracking  > 5 % 
 
	 
	Roughness  > 6  
(m /km IRI)  
AND 
Cracking  > 20 % 
	 

	Alternative – 4 
Patching +  Overlay 50 mm +  
Reconstruction 
	Potholes > 10 
(No./km) 
 
	 
	 
	Roughness  > 6  
(m/km IRI)  
 
	Roughness   > 10  
(m /km IRI)  
 


Source (Meskellie 2004)
The road maintenance standards and the associated works assigned to each alternative are
summarized in Table3.17 below. It has to be noted that an identical set of routine pavement works (crack sealing and patching) is common to each maintenance standard.
[bookmark: _Toc58244143]Table3.17. Proposed maintenance standard for each project alternative
	Alternatives
	Proposed maintenance standard (road works)

	1
	· Do- minimum alternative
· Reconstruction if Roughness > 12 m/km IRI; and
Total damage area > 40% of the carriageway area.

	2
	· Surface dressing if total damaged area > 20% of carriageway area.
· 50 mm overlay if Roughness > 6 m/km IRI or Structural.
Cracking > 15% of the carriageway area.

	3
	· Mill 75 mm bituminous surfacing and replace 75 mm AC if
Roughness > 6 m/km IRI and Cracking > 20 % of the carriageway area.

	4
	· 50 mm overlay if Roughness > 6 m/km.
· Reconstruction if Roughness > 10 m/km IRI.



[bookmark: _Toc58244064]3.6. 	Method of Data Analysis 
In this study, the data analysis was carried out for assigning optimal maintenance treatment for road segments and to prioritize road segments for maintenance from whole road network by using the HDM-4 software. The collected data were analyzed through the following procedural steps. Firstly, the collected data under different input type were entered manually into the HDM-4 software to make it ready for analysis. Secondly, the analyses were carried out by following the project analysis approach of the HDM-4.
Project analysis is concerned with the evaluation of one or more road projects or investment options. It includes the appraisal of maintenance and rehabilitation options for existing roads, widening or geometric improvement schemes, pavement upgrading, new road construction, etc.
In HDM-4, project analysis involves performing three interrelated activities as follows;
· Specifying Alternatives: the given alternatives are with the project (with the
improvements) and without the project (without improvements).
· Conducting Analysis: the economic analysis was conducted based on specified
alternatives (i.e., with or without project) using the current discount rate of 10.23% which is currently used in Ethiopia in road projects analyses.
· Generating the Report. Finally, the economic parameters were identified after running the HDM-4 software and required reports were generating.

Thirdly, based on the results, different road maintenance interventions, interpretations and discussions of the findings were presented. Finally, summary of the findings, conclusions, and recommendations were forwarded. Based on the outputs, directions for future research are also indicated in the last section of the report.
Main data analysis conducted in this study were: 
[bookmark: _Toc58244065]3.6.1. Evaluation of economic feasibility of maintenance alternatives
In this study, HDM- 4 Project analysis was conducted to determine the most economically feasible maintenance treatment for selected road segments using 10.23% as a discount rate, and the life cycle analysis was considered for a period of 20 years. 
[bookmark: _Toc56706208]For selected road segments, using economic analysis output of HDM-4, the economic feasibility/viability of each maintenance alternatives were evaluated by considering economic feasibility criteria’s ( NPV≥0, B-CR≥1 and IRR≥discout rate which is 10.23% currently used in Ethiopia in road projects analyses)(Meskellie 2004).
 Economic feasibility criteria
To decide that the selected maintenance alternative is optimal or not, the following main economic feasibility criteria were considered in this study:-
Net Present Value (NPV) 
A project is said to be economically viable when NPV is greater than or equal to 0 (total discounted benefits at the opportunity cost of capital is greater than total discounted costs at the opportunity cost of capital which is 10.23% in this case).
Economic Internal Rate of Return (EIRR)
EIRR is the discount rate that equalizes total discounted costs and total discounted benefits; i.e. NPV is zero. A project is said to be feasible when EIRR is greater than the discount rate or the opportunity cost of capital which is 10.23% in this case. 
Benefit-Cost Ratio (B-CR) 
 B-CR is the ratio of total discounted benefits to total discounted costs at the opportunity cost of capital which is 10.23% in this case. A project is said to be viable when BCR is greater than one. For example, if B-CR are 1.2, it means that the total benefits generated from the project is 1.2 times the total costs incurred on the project. 
So a project is said to be economically viable when 
· NPV ≥ 0.
· IRR ≥ discount rate (which is 10.23% in this case ).
· B-CR ≥ 1.
[image: ]Whereas,                                      ……………………………… Equation 3.1   
                   or  B-CR =NPV/Cost + 1 ………………………….Equation 3.2
TDB - Total discounted benefit 
TDC- Total discounted benefit 
NPV/C = …………………………….. Equation 3.3  
Source(Meskellie 2004).
[bookmark: _Toc58244066]3.6.2. Assignment of optimal maintenance treatment
Assignment of optimal treatment was done by using HDM-4 analysis output; form four maintenance alternatives (Alternative 1 to Alternative 4) the alternative with higher Net Present Value per cost (NPV/C) was selected for each road segments by using output of project analysis of HDM-4.
The selection of the optimal method of maintenance under this study was undergone using the generated NPVs, B-CRs, and IRRs by road segments.  The alternative with high NPV/C was considered as the optimal maintenance strategy for the road networks. So, considering NPV/C, and also viability criteria’s (NPV ≥ 0, IRR ≥ discount rate /which is 10.23% in this case and B- CR ≥ 1)  the process of selecting an optimal maintenance alternative by each road segments was performed(Meskellie 2004).


In this study for assignment of optimal maintenance treatment type for road segment NPV/C were used as a main critera instead of NPV, because one problem with the use of NPV is that other things being equal, a large investment will normally have a large NPV than a smaller one and based on this criterion would always be chosen. This can cause difficulties when several potential investments are being comparedunder budget constraints. The problem can be overcome by considering the NPV/Cost ratio. 
NPV/C ratio represents the magnitude of the return to be expected per unit of investment and is, therefore, a measure of the efficiency of an investment, since its value is increased either by increasing the size of the NPV, or by reducing the size of the cost. cost (Meskellie, 2004;  Khan et al. 2017).
Given a constrained budget situation, the most efficient investment is that with the largest
NPV/Cost. The investment should be undertaken first followed in turn by those with
successively lower NPV/Cost ratios until the budget is exhausted. This approach maximizes
the NPV that can be obtained from the limited budget. It enables several smaller investments, which have a higher NPV to be chosen over a single larger investment (Meskellie, 2004).
[bookmark: _Toc58244067]3.6.3. Setting of prioritization of road sections for maintenance
Finally, maintenance prioritizations were done also by using an output results of HDM-4. After selecting an optimal maintenance alternative for each segment, ranking method was applied based on economic indicator in which IRR value of alternatives were compared for each pavement segment using the HDM-4 analysis.  In addition, segments with an optimal alternative of higher IRR take a priority to apply maintenance work.
In this study after selecting and deciding an optimal maintenance project type for each road segment according to the NPV/C value of maintenance project alternatives; then prioritization of road segment for maintenance were done, by comparing the IRR values of the of selected maintenance alternative for each road segment, IRR is used instead of NPV or NPV in a case when the amount of budget was not known; at this time profitability of the project becomes main criteria to prioritize, which known by comparing IRR values of optimal projects (Meskellie 2004).
IRR is a good method to prioritize projects, since the value will not change by such a way of applying different discount rates. Also IRR indicates the productivity of capital. However, IRR will not be a unique number in case minus value occurs somewhere in the middle of the cash flow sheet (Case that there is a big investment somewhere in the middle of the project life).(JICA 2016)


















[bookmark: _Toc58244068]4. RESULTS AND DISCUSSIONS
[bookmark: _Toc58244069]4.1. 	General 
This chapter presents the results of the analysis, and discussions on the results in accordance with the objectives of the study. In this regard, the following were performed:
· Evaluating the economic feasibility of maintenance alternatives by using economic feasibility criteria’s. 
· Assignment of an economical and optimal maintenance strategy for road segments using HDM-4; and
· Setting prioritization of paved road segments for maintenance using HDM-4.
[bookmark: _Toc58244070]4.2. 	HDM – 4 Project Analysis Results  
Among HDM-4 project analysis outputs to meet the objective of the study cost steream results (which includes Economic analysis summary and Benefit-cost ratio) and also deterioration or work effect result (from which Timing of works by section) were used in this study. 
Economic analysis results include all types of costs incurred (which includes capital, recurrent and special costs) and benefits generated from project (Savings in VOC, Savings in  Travel Time Cost). And finally the computed value of Net present value in millions of Ethiopian birr were included in economic analysis summary result output of HDM-4.  
Benefit cost ratio output resuls includes Increase in Agency Cost (Total cost incurred), Decrease in User Costs(Benfit), Net Exogenou Benefits ( E), Net Present Value (NPV = Benfit + E- Cost), NPV/Cost Ratio (NPV/C) and Internal Rat of Return ( IRR ) for all alternatives of each road segments. 
Timing of works by section include the schedule of maintenance treatment works in each raod segments and for each type of maintenance alternatives, it also includes the amount of cost in each year of maintenance project work. 
Economic analysis summary results and benefit cost ratio for Areka To sodo road segment results are presented in Table4.1 below as a sample, details of HDM-4 Project analysis result outputs are enclosed in the Annex G, H and I.

H D M - 4 Economic Analysis Summary
HIGHWAY DEVELOPMENT & MANAGEMENT   Study Name: Halaba - Moyale Road Maintenance Project October, 2020 Run Date: 14-10-2020
This report shows total economic benefits using the following:
Currency: Ethiopian Birr (millions).
Discount rate: 10.23%.
Analysis Mode: Analysis-by-Section
[bookmark: _Toc58244144]Table 4.1. Economic analysis summary result for Section: Areka - Sodo
Alternative: Alternative Two vs.  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	6.69
	-18.70
	0.00
	-731.12
	54.03
	0.00
	0.00
	0.00
	-665.09

	Discounted
	12.33
	-9.88
	0.00
	157.24
	26.83
	0.00
	0.00
	0.00
	181.62



















H D M - 4 Benefit Cost Ratios
HIGHWAY DEVELOPMENT & MANAGEMENT             Study Name: Halaba - Moyale Road Maintenance Project October, 2020 
                                                                        Run Date: 14-10-2020
Currency: Ethiopian Birr (millions).
Discount rate: 10.23%.
[bookmark: _Toc58244145]Table 4.2. Benefit cost ratios result of Section: Areka - Sodo
	Alternative
	Increase in
Agency Cost (C)
	Decrease i
User Costs
(B)
	Net Exogenou
Benefits ( E)
	Net Presen Value
(NPV = B + E- C
	NPV/Cost
Ratio
(NPV/C)
	Internal Rate of Return
( IRR )

	Base Option
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Alternative Two
	2.449
	184.071
	0.000
	181.622
	74.147
	4.9 (2)

	Alternative Three
	378.653
	733.184
	0.000
	354.531
	0.936
	51.4 (2)

	Alternative Four
	380.237
	497.315
	0.000
	117.078
	0.308
	55.1 (3)


[bookmark: _Toc58244071]4.3.  Evaluation of Economic Fesibility of Maintenance Alternatives 
For selected road segments, using economic analysis output of HDM-4, the economic feasibility/viability of each maintenance alternatives were evaluated by considering economic feasibility criteria’s ( NPV≥0, B-CR≥1 and IRR≥discout rate which is 10.23% currently used in Ethiopia in road projects analyses). 
[bookmark: _Toc58244072]4.3.1. Net present value (NPV) of alternatives for each road segments 
The net present value is the difference between total discounted benefits and total discounted costs at the opportunity cost of capital. The higher the Net Present Value the more profitable the maintenance alternative would be. NPVs by each alternative are presented in Table 4.3 below. 




[bookmark: _Toc58244146]Table 4.3. Net present values of each alternatives in road segments 
	Road Segment
	Net Present Values (NPV)* by Alternative (ALT)

	
	Base case 
ALT
	ALT 2

	ALT
 3

	ALT
  4

	ALT with highest  NPV

	Alaba – Sodo
	0
	-189.757
	7,219.243
	5,366.066
	3

	Areka – Sodo
	0
	181.622
	354.531
	117.078
	3

	Sodo - Merab Abaya
	0
	1,580.12
	2,200.31
	1,684.66
	3

	Merab Abaya Arbaminch
	0
	2,592.15
	3,100.29
	2,296.61
	3

	Konso – Woito
	0
	-450.69
	-11,183.73
	-355.49
	1

	Woito – Keyafer
	0
	-68.82
	-1,921.31
	492.56
	4

	Keyafer – Jinka
	0
	-105.409
	-2,467.86
	-0.373
	1

	Hagere Mariam – Yabelo
	0
	3,542.55
	3,253.71
	3,402.69
	2

	Yabelo – Mega
	0
	2,188.704
	-2,786.38
	2,436.36
	4

	Mega – Moyale
	0
	4,167.94
	4,905.89
	3,962.84
	3


· In million Ethiopian Birr
From the above analysis, it was found that base case/ Alternative one has the highest NPV for two road segments (Konso – Woito, and Keyafer – Jinka). This means Alternative one (Routine maintenance and reconstruction) type of treatment has the highest NPV than the remaining three maintenance alternatives, which also implies the road segments are in good condition of performance and do not need periodic maintenance but; routine maintenance is good enough and feasible. 
Alternative -2 which is Routine + Surface Dressing + 50 mm Overlay generates the highest NPV than Alternative -1, Alternative -3 & Alternative -4 for one road segment (Hagere Mariam – Yabelo). For these segments, applying routine maintenance, single bituminous surface treatment, or 50mm Asphalt concrete overlay according to their intervention levels generates the highest NPV than the other alternatives. 
Alternative -3 which is Routine + Mill 75 mm & Replace 75 mm AC generates the highest NPV than other maintenance alternatives (Alternative -1, Alternative -2 & Alternative -4) for the Five road segments of Alaba – Sodo, Areka – Sodo, Sodo - Merab Abaya, Merab Abaya – Arbaminch and Mega - Moyale.
Alternative – 4 which is Patching +  Overlay 50 mm +  Reconstruction generates the highest NPV than Alternative -1, Alternative -2 & Alternative -3 for Two road segments (Woito – Keyafer, and Yabelo-Mega). For these segments, applying patching, 50mm Asphalt concrete overlay, or Reconstruction according to their intervention levels generates the highest NPV than the other alternatives. 
[bookmark: _Toc58244073]4.3.2. Benefit-Cost Ratio (NPV/Cost ratio+1) and Internal rate of return (IRR)
B-CR (NPV/C+1) provides a simple measure of the profitability of a project. It represents the dimensionless index obtained by dividing the calculated benefits of the project by the discounted capital cost of the investment. 
The IRR of a project is defined as the discount rate at which the present value of costs equals the present value of benefits, that is when NPV is zero. The IRR does not indicate the size of the costs or benefits of an investment but acts as a guide to its profitability. The higher the IRR, the better is the investment. If it is larger than the discount rate, then the investment is economically justified. Table 4.4 below shows the B-CRs and IRRs that resulted from HDM 4 analysis.









[bookmark: _Toc58244147]Table 4.4. B-CRs and IRRs of alternatives for each road segments
	Road Segment
	B-CR and IRR
	Base case1
	
ALT 2
	
ALT 3
	
ALT  4
	ALT with the highest Value

	Alaba – Sodo
	B-CR
	1
	6.75
	4.94
	3.29
	2

	
	IRR (%)
	0
	-
	393.6
	71.9
	3

	Areka – Sodo
	B-CR
	1
	75.17
	1.94
	1.31
	2

	
	IRR (%)
	0
	4.9
	51.4
	55.1
	4

	Sodo - Merab Abaya
	B-CR
	1
	3.81
	2.32
	2.08
	2

	
	IRR (%)
	0
	278.4
	42.8
	43.1
	2

	Merab Abaya Arbaminch
	B-CR
	1
	9.47
	4.59
	3.19
	2

	
	IRR (%)
	0
	134.8
	59.3
	57.9
	2

	Konso – Woito
	B-CR
	1
	0.84
	-3.23
	0.88
	4

	
	IRR (%)
	0
	-61.2
	-
	-81.2
	1

	Woito – Keyafer
	B-CR
	1
	0.89
	-4.59
	1.34
	4

	
	IRR (%)
	0
	-79.2
	-
	27.6
	4

	Keyafer – Jinka
	B-CR
	1
	0.91
	-0.96
	0.99
	4

	
	IRR
	0
	-
	-
	-38.1
	1

	Hagere Mariam – Yabelo
	B-CR
	1
	11.54
	2.64
	3.65
	2

	
	IRR (%)
	0
	111.1
	37.8
	53.0
	2

	Yabelo – Mega
	B-CR
	1
	2.80
	-0.07
	2.17
	2

	
	IRR (%)
	0
	106.2
	-
	49.2
	2

	Mega – Moyale
	B-CR
	1
	5.89

	3.46
	2.5
	2

	
	IRR (%)
	0
	218.6
	38.5
	30.1
	2


Details of economic summary outputs of HDM-4 project analysis are enclosed in the Annex section of this paper.
So a project is said to be economically viable when 
· NPV ≥ 0.
· IRR ≥ discount rate (which is 10.23% in this case ).
· B-CR ≥ 1.
So by using the results of NPV, B-CR, and IRR in the table above economic feasibility evaluation of maintenance alternatives was done. Descriptions by the road segments are provided below:
(i) Alaba to Sodo road segment
Among the maintenance alternatives for the road segment of Alaba to Sodo alternative -3 and Alternative -4  maintenance projects fully fulfill economic feasibility criteria ( NPV≥0, B-CR≥1, and IRR≥discount rate which is 10.23). whereas for this segment, Alternative -2 maintenance project generates negative NPV (-189.757) which signifies the amount of cost incurred for a project is greater than the benefits generated from the project; and this alternative also having an IRR of No solution which means no discount rates will produce a zero NPV, because all cash flows have the same sign, cost (-32.991), benefit (-222.747) and NPV (-187.757) which signifies the project never turns a profit. Therefore maintenance alternative -2 is not a feasible project for Alaba to Sodo road segment. 
(ii) Areka to Sodo road segment 
For this road segment, a maintenance project of Alternative -3 and Alternative -4 fully fulfill the economic viability criteria; whereas Alternative -2 doesn't meet the feasibility requirements because of having an IRR of 4.9 ≤ 10.23% (which is the discount rate currently used in Ethiopia for road projects). Therefore it is best to forego the project because there are other projects with better benefits than implementing Alternative -2. After all, the discount rate is defined as the maximum alternative benefit of the project among the ones forgone (that will not be implemented).  
(iii) Sodo to Merab-Abaya road segment 
All project case maintenance alternatives(Alternative -2, Alternative -3, and Alternative -4) for the road segment of Sodo to Merab-Abaya fully fulfill the economic feasibility criteria of a project. Therefore all alternatives are profitable and generate benefits.
(iv) Merab-Abaya to Arbaminch road segment
For this road segment also all project case maintenance alternatives fully fulfill economic viability criteria ( NPV≥0, B-CR≥1, and IRR≥discount rate which is 10.23). Therefore maintenance projects Alternative -2, Alternative -3, and Alternative -4 are economically feasible alternative projects for implementation. 
(v) Konso to Woito road segment 
For the road segment, Konso to Woito all project case alternatives have resulted in a value of NPV, B-CR, and IRR. which doesn’t fulfill economic feasibility criteria. all project case alternatives generate a negative value of NPV and B-CR ≤ 1, which signifies that the benefits generated from implementing the project is less than the cost incurred, and also IRR of negative values, which indicates the sum of post-investment cash flows is less than the initial investment, in this case, investment of maintenance project will experience a negative return on its investment. 
(vi) Woito to Keyafer road segment 
Among the alternatives, Alternative -2 and Alternative -3 fail to fulfill economic feasibility criteria; whereas Alternative -4 has resulted in a value of economic indicators NPV=492.557 ≥ 0, B-CR=1.345 ≥ 1, and IRR of 27.6% ≥ 10.23%. Therefore for road segment Woito to Keyafer among project case maintenance alternatives only Alternative -4 are economically feasible projects for implementation.  
(vii) Keyafer to Jinka road segment
For road segment Keyafer to Jinka, all project case alternatives have resulted in values of NPV, B-CR, and IRR. which doesn’t fulfill economic feasibility criteria. all project case alternatives generate a negative value of NPV and B-CR ≤ 1, which signifies that the benefits generated from implementing the project is less than the cost incurred, and also IRR of negative values and no solution. Therefore all project case maintenance alternatives are not economically feasible and the best way of decision is to forego the projects. 
(viii) Hagere-Mariam  to Yabelo
For this road segment, all project case alternatives (Alternative -2, Alternative -3, and Alternative -4) fully fulfill the economic feasibility criteria of a project (NPV≥0, B-CR≥1, and IRR≥discount rate which is 10.23). 
(ix) Yabelo to Mega 
Among project case maintenance alternatives, Alternative -2 and Alternative -4 fully fulfill economic feasibility criteria and decided as economically feasible; whereas alternative -3 doesn’t fulfill the economic feasibility requirement NPV(-2,786.378) ≤ 0, B-CR(0.075) ≤1, IRR(No Solution), so alternative 3 are not economically feasible.  
(x) Mega to Moyale
For this road segment, all project case alternatives (Alternative -2, Alternative -3, and Alternative -4) fully fulfill the economic feasibility criteria of a project (NPV≥0, B-CR≥1, and IRR≥discount rate which is 10.23). 
Table 4.5 below shows the economically feasible and not feasible maintenance alternatives for each road segment. 
[bookmark: _Toc58244148]Table 4.5. Evaluation of economic feasibilty of maintenance alternatives. 
	Road Segment
	Economically feasible maintenance alternatives 
	Economically feasible maintenance alternatives

	Alaba – Sodo
	Alternative – 3 and Alternative -4
	Alternative – 2

	Areka – Sodo
	Alternative – 3 and Alternative -4
	Alternative -2 

	Sodo - Merab Abaya
	Alternative -2, Alternative -3 and Alternative -4
	

	Merab Abaya Arbaminch
	Alternative -2, Alternative -3 and Alternative -4
	

	Konso – Woito
	Alternative -1( Base case)
	Alternative -2, Alternative -3 and Alternative -4

	Woito – Keyafer
	Alternative -4
	Alternative -3 and Alternative -4

	Keyafer - Jinka
	Alternative -1(Base case)
	Alternative -2, Alternative -3 and Alternative -4

	Hagere Mariam – Yabelo
	Alternative -2, Alternative -3 and Alternative -4
	

	Yabelo – Mega
	Alternative -2 and Alternative -4
	Alternative -3

	Mega - Moyale
	Alternative -2, Alternative -3 and Alternative -4
	



So among the maintenance alternative, Alternative -2 (Routine +   SBST +  Overlay (50mm))  fully fulfill economic feasibility criteria for five road segments (Sodo - Merab Abaya, Merab Abaya – Arbaminch, Hagere Mariam – Yabelo, Yabelo – Mega and Mega - Moyale). 
Maintenance project Alternative -3(Routine +   Mill and  Replace 75mm AC) fully fulfill economic feasibility criteria for six road segments (Alaba – Sodo, Areka – Sodo, Sodo -Merab Abaya, Merab Abaya – Arbaminch, Hagere Mariam – Yabelo and Mega - Moyale).
Maintenance project Alternative -4 (Patching + Overlay (50mm) +Reconstruction) fully fulfill economic feasibility criteria for seven road segments (Alaba – Sodo, Areka – Sodo, Sodo -Merab Abaya, Merab Abaya – Arbaminch, Woito – Keyafer, Hagere Mariam – Yabelo, Yabelo – Mega and Mega - Moyale).
[bookmark: _Toc58244074]4.4. Assignment of Optimal Maintenance Alternative for Each Road Segments
[bookmark: _Toc58244149]Table 4.6. Net present values of each alternatives in road segments 
	Road Segment
	Net Present Values/Cost  (NPV/C)* by Alternative (ALT)

	
	Base case 
ALT
	ALT 2

	ALT
 3

	ALT
  4

	ALT with highest  NPV/C

	Alaba – Sodo
	0
	5.752
	3.938
	2.290
	2

	Areka – Sodo
	0
	74.147
	0.936
	0.308
	2

	Sodo - Merab Abaya
	0
	2.813
	1.321
	1.080
	2

	Merab Abaya Arbaminch
	0
	8.470
	3.599
	2.197
	2

	Konso – Woito
	0
	-0.160
	-4.225
	-0.115
	1

	Woito – Keyafer
	0
	-0.107
	-5.589
	0.345
	4

	Keyafer – Jinka
	0
	-0.091
	-1.961
	-0.0001
	1

	Hagere Mariam – Yabelo
	0
	10.538
	1.645
	2.650
	2

	Yabelo – Mega
	0
	1.803
	-1.075
	1.167
	2

	Mega – Moyale
	0
	4.889
	2.465
	1.510
	2



The selection of the optimal method of maintenance under this study was undergone using the generated NPVs, B-CRs, and IRRs by road segments.  The alternative with high NPV/C was considered as the optimal maintenance strategy for the road networks. So, considering NPV/C, and also viability criteria’s (NPV ≥ 0, IRR ≥ discount rate /which is 10.23% in this case and B- CR ≥ 1)  the process of selecting an optimal maintenance alternative by each road segments was performed. Accordingly, Table 4.7 below shows the optimal maintenance alternative for each road section. 
[bookmark: _Toc58244150]Table 4.7. Optimal maintenance alternatives by road segments  
	Road Segment
	Pavement condition
HDM-4
	Selected Alternative with highest NPV/C
	
Description of Alternatives

	Alaba – Sodo
	Fair   
	Alternative - 3
	Routine +   Mill and  Replace 75mm AC

	Areka – Sodo
	Good 
	Alternative - 3
	Routine +   Mill and  Replace 75mm AC

	Sodo - Merab Abaya
	Fair 
	Alternative -2
	Routine +   SBST +  Overlay (50mm)

	Merab Abaya Arbaminch
	Fair 
	Alternative -2
	Routine +   SBST +  Overlay (50mm)

	Konso – Woito
	Good 
	Alternative -1
	Routine + Reconstruction

	Woito – Keyafer
	Poor 
	Alternative -4
	Patching + Overlay (50mm) +Reconstruction

	Keyafer - Jinka
	Poor 
	Alternative -1
	Routine + Reconstruction

	Hagere Mariam – Yabelo
	Good 
	Alternative -2
	Routine +   SBST +  Overlay (50mm)

	Yabelo – Mega
	Good 
	Alternative -2
	Routine +   SBST +  Overlay (50mm)

	Mega - Moyale
	Fair 
	Alternative -2
	Routine +   SBST +  Overlay (50mm)



Descriptions by the road segments are provided below:
(xi) Alaba to Sodo road segment
For this road segment Alternative 3 (Routine maintenance which includes patching and crack sealing + milling 75mm and replacing with 75mm Asphalt concrete overlay) is the optimal maintenance alternative than other alternatives with NPV of ETB 7,219.24 million, NPV/C of 3.938) and B-CR of 4.938. 
Whereas for this road segment, Alternative 2 (Routine + Resurfacing + overlay) have higher NPV/C (5.752) than Alternative 3 with NPV/C 3.938. However, Alternative 2 doesn’t fulfill the feasibility criteria of a project, NPV of -189.759which is less than 1 and also with No solution of IRR, which signifies that maintenance alternative 2 is not viable/not acceptable.
Therefore, Alternative 3  has been selected as an optimal and feasible maintenance alternative to be applied on Alaba to Sodo (68 km) trunk road which is currently (2012 E.C.) in a fair condition of performance.
(xii) Areka to Sodo road segment
According to the results of HDM-4 regarding this road segment, Alternative-3 (Routine maintenance which includes patching and crack sealing + milling 75mm and replacing with 75mm Asphalt concrete overlay) is the optimal maintenance alternative than other alternatives with NPV of ETB 354.531 million, NPV/C of 0.936 and B-CR of 1.936.
For this road segment, Alternative 2 (Routine + Resurfacing + overlay) have a higher NPV/C (74.147) than Alternative 3 with NPV/C 0.936. However, Alternative 2 doesn’t fully fulfill the feasibility criteria of a project, IRR of 4.9% which is less than the discount rate (10.23% in this case) which signifies that maintenance alternative 2 is not viable/not acceptable project.
Whereas for this segments Alternative four (Patching + Overlay (50mm) + Reconstruction) have a higher an IRR (55.1) than Alternative three which having IRR of 51.4; but as it was explained earlier IRR gives no indication of the size of the costs or benefits of an investment, but acts as a guide to its profitability. And both Alternatives four and three have NPV>1 and IRR>10.23 so both maintenance project alternatives are viable/feasible. Whereas in this study the main concern is to maximize benefit and to minimize cost NPV/C are taken as the main criteria for the selection of optimal alternatives beyond studying the profitability.
Therefore Alternative-3 is taken as an optimal maintenance alternative to be applied for Areka to Sodo road segment (36km) which is currently (2012 E.C.) in good condition of performance. According to the criteria of economic feasibility, this alternative meets the requirements that NPV= 354.531 > 0, B-CR= 1.936 > 1 and IRR= 51.9 > 10.23% (Discount rate); so, assignment of maintenance Alternative- 3 for this road segment is optimal and so the project is strongly economically feasible.
(xiii) Sodo to Merab-Abaya road segment
For this road segment, Alternative 2 (Routine + Resurfacing + Overlay of 50mm) is considered as the optimal maintenance alternative than other alternatives. 
All project case alternatives (Alternative 2,3 and 4) are feasible and profitable for this road segment, whereas Alternative 2 generates higher values of NPV/C (2.813) which exceeds NPV/C of Alternative- 3 (1.321) and NPV/C of Alternative- 4 (1.080).
For this road segment, Alternative 3 has a higher an NPV value (2,200.310) than Alternative 2 with NPV of  1,580.119; but as it was explained earlier  a large investment will normally have a large NPV than a smaller one and based on this criterion would always be chosen. This can cause difficulties when several potential investments are being compared under budget constraints. The problem can be overcome by considering the NPV/Cost ratio.
Therefore, Alternative- 2 (Routine + Resurfacing + Overlay of 50mm) is chosen as optimal maintenance alternatives for the Sodo to Merab-Abaya (68 km) road segment which is a trunk road and is currently (2012 E.C.) in a fair condition of pavement performance. 
(xiv) Merab-Abaya to Arbaminch road segment
Among the four maintenance alternatives, Alternative-2 (Routine + Resurfacing + Overlay of 50mm) are considered as optimal maintenance alternative for Merab-Abaya to Arbaminch road segment. Alternative- 2 has generated a higher NPV/C of (8.470) than other alternatives, and B-CR of (9.470), and also IRR of 134.1% which is far greater than 10.23% of the opportunity cost of capital. So, this alternative is absolutely profitable. 
(xv) Konso to Woito road segment
For this road segment maintenance alternatives of -2,3 and 4 are not feasible that generated negative NPVs, B-CR values < 1, and IRR values < 10.23%. So applying the base case or without the project case (Alternative - 1) is the only option because of its least cost. 
Therefore, for the road segment of Konso to Woito (73 km), which is the main access DBST surface road and is currently (2012 E.C.) in good performance condition of the pavement, base case alternative (Routine maintenance which incorporates patching and crack sealing + Reconstruction according to intervention level when Roughness >12 IRI m/km and Total Damaged area >40 %) is recommended as an optimal maintenance alternative for the sustenance of the road. 
(xvi) Woito to Keyafer road segment
This road segment is a 40 km main access road with a DBST type of surface in poor condition of performance with roughness > 8. According to the results of HDM-4 analysis, Alternative-4 (Patching + Asphalt Concrete Overlay (50mm) +Reconstruction) is the optimal maintenance alternative than other alternatives with NPV of ETB 492.557 million, NPV/C of 0.345, B-CR of 1.345, and IRR of 27.6 which fully fulfill feasibility criteria. 
For this segment, Alternative 2 and 3 don’t meet the feasibility criteria, so alternative 4 is considered an optimal and strongly economically feasible alternative.   
(xvii) Keyafer to Jinka road segment
This segment of the road (42 km) is the main access road with DBST type of surface in poor condition of performance with roughness > 8. According to the results of the HDM-4 analysis, all other maintenance alternatives (Alternatives 2 - 4) are not feasible. So, the base case which is Alternative- 1 (Routine + Reconstruction) is recommended as an optimal option to be applied for the sustenance of the road. 
(xviii) Hagere Mariam to Yabelo road segment
According to the results of HDM 4 analysis, among four maintenance alternatives, Alternative-2 (Routine + Resurfacing + Overlay (50mm)) is the optimal maintenance alternative for Hagere Mariam to Yabelo road segment.  This Alternative- 2 generated higher  NPV (ETB 3,542.553 million); NPV/C (10.538) and B-CR (11.538) than the other alternatives. It also generated an IRR of 111.1% which is far greater than 10.23% of the opportunity cost of capital (discount rate) clearly showing that Alternative- 2  is the best option to sustain the road.
Therefore, for Hagere Mariam to Yabelo access road segment (96 km), which is currently (2012 E.C.) in good pavement condition of performance, Alternative-2 is recommended as an optimal maintenance alternative to be applied than the other alternatives. 




(xix) Yabelo to Mega road segment
According to the output of HDM-4 project analysis, Alternative-2 (Routine + Resurfacing + Overlay (50mm)) generated economic parameters values of NPV (ETB 2,188.704 million); NPV/C of 1.803 and B-CR of 2.803 where exceed the values generated under the other alternatives. 
Therefore, for Yabelo to Mega (106 km) main access road segment, which is currently (2012 E.C.) in good pavement condition performance, Alternative-2 is recommended as an optimal maintenance alternative to be applied than other alternatives. 
(xx) Mega to Moyale road segment
Among the four maintenance alternatives, Alternative-2 (Routine + Resurfacing + Overlay of 50mm) are considered as optimal maintenance alternative for this road segment.
Alternative 3 have  higher values of NPV (ETB 4,905.894 million) which is greater the NPV of Alternative- 2 (NPV= ETB 4,167.939 million). However, NPV/C of Alternative-2 (4.889) > NPV/C of Alternative- 3 (2.465). This shows that Alternative- 3 is a large investment having higher NPV than Alternative- 2. However, under a constrained budget situation, the most efficient investment criterion is NPV/Cost. Alternative- 2 has generated a higher magnitude of return per unit of an investment than Alternative -3. but both alternatives are feasible and profitable. and also IRR of 218.6% which is far greater than 10.23% of the opportunity cost of capital. So, this alternative is absolutely profitable.
Therefore, for Mega to Moyale road segment (107 km) which is a main access road and currently (2012 E.C.) in fair condition of pavement performance Alternative- 2 (Routine + Resurfacing + Overlay of 50mm) is recommended as an optimal maintenance alternative to sustain the road.
[bookmark: _Toc58244075]4.5. 	Work Program
The details of the maintenance work program to be executed during the analysis period for the study road segments are shown in Table 4.8 below. These resulted from the HDM-4 project analysis.


[bookmark: _Toc58244151]Table 4.8. Timing of works of optimal alternative for each segment
	Road Segment
	Optimal Maintenance alternative 
	Application year
	
Work descriptions

	Alaba – Sodo


	Alternative- 3
	2021

2022
2024
2033
	Patching
Crack Sealing
Patching
Mill and Replace
Mill and Replace

	Areka – Sodo


	Alternative-3
	2023
2029
2030
	Patching
Crack Sealing
Mill and Replace

	Sodo - Merab Abaya








	Alternative- 2
	2021


2027

2032

2036
	Resurfacing 
Patching
Edge repair 
Overlay
Edge repair
Resurfacing 
Edge repair
Resurfacing 
Edge repair

	Merab Abaya Arbaminch








	Alternative- 2 
	2021


2027

2032

2037

	Resurfacing 
Patching
Edge repair 
Resurfacing 
Edge repair 
Overlay
Edge repair
Resurfacing 
Edge repair 

	Konso – Woito




	Without Project /  Alternative- 1
	2023
2025
2034

2038
	Patching
Reconstruction
Patching
Crack Sealing
Reconstruction






Table 4.8. Timing of works of optimal alternative for each segment (Cont’d)
	Road Segment
	Optimal Maintenance alternative
	Application year
	Work descriptions

	Woito – Keyafer






	Alternative- 4


	2020


2026

2032

2037
	Overlay 
Patching
Edge repair 
Overlay 
Edge repair 
Overlay 
Edge repair 
Overlay 

	Keyafer – Jinka



	Without Project/ Alternative- 1
	2022

2028
2037

	Patching
Crack Sealing 
Reconstruction
Patching
Crack Sealing

	Hagere Mariam – Yabelo





	Alternative- 2 
	2021


2029

2035
	Resurfacing 
Patching
Edge repair 
Resurfacing 
Edge repair 
Overlay 
Edge repair 

	Yabelo – Mega









	Alternative- 2
	2021


2027

2032
2033

2038
	Resurfacing 
Patching
Edge repair 
Overlay 
Edge repair 
Crack Sealing
Resurfacing
Edge repair 
Overlay
Edge repair

	Mega – Moyale





	Alternative- 2
	2021 


2027

2033

2038
	Resurfacing
Patching 
Edge Repair
Overlay
Edge Repair
Resurfacing
Edge Repair
Resurfacing


[bookmark: _Toc58244076]4.6. 	Prioritization of Road Segments for Maintenance
In this study, the ‘Project Analysis’ option of HDM-4 was used to prioritize the pavement sections for maintenance. Since the aim was to select the optimum maintenance alternative based on economic analysis and to Prioritize the sections based on the internal rate of return (IRR), the Project Analysis module was used instead of Program Analysis module. For prioritization among number of road sections, the section with the highest IRR is selected; IRR is used instead of NPV/C for prioritization when the amount of budget limitation is not known, because the highest NPV/C does not guarantee first prior investment if the available budget is less than the project cost.  In other words, the higher the IRR, the higher is the priority. Table 4.9 below shows IRR for all road segments under optimal maintenance alternatives.
[bookmark: _Toc58244152]Table 4.9. IRR of optimal maintenance alternatives for each road segments
	Road Segment
	Optimal Maintenance alternative
	IRR(%)

	Alaba – Sodo
	Alternative- 3


	393.6

	Areka – Sodo
	Alternative- 3
	51.4

	Sodo - Merab Abaya
	Alternative- 2
	278.4

	Merab Abaya Arbaminch
	Alternative- 2
	134.8

	Konso – Woito
	Alternative- 1
	0

	Woito – Keyafer
	Alternative- 4
	27.6

	Keyafer – Jinka
	[bookmark: _GoBack]Alternative- 1
	0

	Hagere Mariam – Yabelo
	Alternative- 2
	111.1

	Yabelo – Mega
	Alternative- 2
	106.2

	Mega – Moyale
	Alternative- 2
	218.6



For the two road segments under the Turmi section (Keyafer – Jinka and Konso – Woito), all project case alternatives are not feasible so the base case alternative, Alternative- 1 (Routine + Reconstruction) were considered as the optimal type of maintenance alternatives. Whereas, the base case alternative is with IRR and NPV/C= 0; because, NPV for the base case is zero in HDM-4 s analysis. 
Therefore, to prioritize the two road segments under Turmi Section, the base case Alternative-1 was considered as a criterion. The Economic costs for these two road segments are presented in Table 4.10 below which is based on the HDM- project analysis output of deterioration/work effect and output of timing of works by section. Details of economic and financial costs for the segments are attached in the Annex.
[bookmark: _Toc58244153]Table 4.10. Economic costs of the whole analysis period of Turmi section road segments
	
Road segments 
	Total Economic costs
during the analysis period (ETB in millions)
	
Prioritization based on agency cost

	Keyafer – Jinka
	91,292,305.22
	1

	Konso – Woito
	257,571,644.19
	2



Therefore, by using IRR as the main criterion for prioritization, final prioritizing of segments of roads for maintenance was done. Then, the amount of cost needed to implement the alternative is taken as an appropriate criterion for prioritization of two segments of the Turmi section. Accordingly, maintenance prioritization was done by the project and is presented in Table 4.11 below. 
[bookmark: _Toc58244154]Table 4.11. Final Prioritization of road segments for maintenance 
	Road Segment
	Optimal Maintenance alternative
	IRR(%)
	Priority using IRR

	Alaba – Sodo
	Alternative- 3


	393.6
	1

	Sodo - Merab Abaya
	Alternative- 2
	278.4
	2

	Mega – Moyale
	Alternative- 2
	218.6
	3

	Merab Abaya Arbaminch
	Alternative- 2
	134.8
	4

	Hagere Mariam – Yabelo
	Alternative- 2
	111.1
	5

	Yabelo – Mega
	Alternative- 2
	106.2
	6

	Areka – Sodo
	Alternative- 3
	51.4
	7

	Woito – Keyafer
	Alternative- 4
	27.6
	8

	Keyafer – Jinka
	Alternative- 1
	0
	9

	Konso – Woito
	Alternative- 1
	0
	10



In prioritization of the road projects by using IRR as a criterion, the Alaba to Sodo road segment resulted in priority. Therefore, the Alternative- 3 maintenance option is optimal and the road should take priority for maintenance because maintaining this road will generate significant benefits with fewer costs than the other segments and have higher profitability. In the same manner, the remaining roads were prioritized. 

[bookmark: _Toc58244077]5. CONCLUSIONS AND RECOMMENDATIONS
[bookmark: _Toc58244078]5.1. 	Conclusions 
This study dealt with prioritization and assignment of optimal maintenance strategies by using HDM 4 of ten paved road segments in the Sodo maintenance district of the Ethiopian Roads Authority. To carry out the study successfully, both primary and secondary data were acquired from pertinent agencies. Data were entered the HDM 4, analyzed and output generated. The study is generally concluded as follows.
· Maintenance project Alternative -4 (Patching + Overlay (50mm) +Reconstruction) fully fulfill economic feasibility criteria for seven road segments (Alaba – Sodo, Areka – Sodo, Sodo -Merab Abaya, Merab Abaya – Arbaminch, Woito – Keyafer, Hagere Mariam – Yabelo, Yabelo – Mega and Mega - Moyale).
· Among the four maintenance alternatives alternative two (Routine + SBST + 50mm asphalt concrete overlay) has generated a higher value of NPV/c than other alternatives and were considered as an optimal maintenance alternative for 5 road segments (Sodo - Merab Abaya, Merab Abaya – Arbaminch, Hagere Mariam – Yabelo, Yabelo – Mega and Mega – Moyale).  
· Among the ten road segments, the maintenance project of Alaba to Sodo road segment has resulted in the highest value of IRR = 393.6 % and was taken as the first priority; which shows that an implementation of this priority had the greater benefit or lesser cost than the other priorities and the remaining segments were also prioritized according to their IRR value. 







[bookmark: _Toc58244079]5.2. Recommendations  

· Before applying any maintenance treatment type, economic feasibility of those maintenance alternatives has to be checked according to economic feasibility criteria, So ERA and districts under ERA have to evaluate each maintenance alternatives economic feasibility in order to save the loss of economy and to increase benefit to the nation. 
· It was found that assigning optimal and economic maintenance strategy using HDM – 4 analysis will decrease agency and lifetime cost and in retun increase benfits and profitability, therefore policy makers and planners directly working on road maintenance have to use HDM - 4 economic analysis in the process of assigning optimal maintenance strategy. 
· ERA also uses a decision matrix based on the extent and severity of each type of distress to assign maintenance treatment type for deteriorated road segments. Whereas This is method only considers the present conditions of pavement to decide the type of treatment. Whereas, assignment of treatment and prioritizing the pavement sections for maintenance should be based on the prediction of future economic, technical, social, and environmental outcomes of maintenance strategies. So, using the HDM-4 Tool avoids the drawbacks of the matrix method. Therefore ERA should have to use HDM-4 for analysis of maintenance projects. 
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ERA Road condition survey Severity and Extent format 
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	Item No.
	KM From A.A
	Road Segment
	Geographical Measurement
	Remark

	
	
	
	Latitude          (X)
	Longtiude        (Y)
	Above Sea Level (Z)
	

	1
	Start
	312+000
	Alaba - Sodo (68km)A
	397555
	805252
	1721
	Blate Bridge Ends

	
	End
	380+000
	
	363063
	758875
	2065
	Sodo Post Office

	2
	Start
	291+000
	Sodo - Areka (36km)A
	356951
	788601
	1684
	Bridge Ends

	
	End
	327+000
	
	363063
	758875
	2065
	Sodo Post Office

	3
	Start
	380+000
	Sodo - M/Abaya(62km)A
	363063
	758875
	2065
	Sodo Post Office

	
	End
	442+000
	
	361566
	704285
	1260
	Near To M/Abaya

	4
	Start
	442+000
	M/Abaya - A/minch(62km)A
	361566
	704285
	1260
	Near To M/Abaya

	
	End
	504+000
	
	338134
	663263
	1385
	A/Minch  Con. & Bussiness Bank

	5
	Start
	588+000
	Konso - Woito (73km)A
	327280
	590222
	1460
	Konso Squere

	
	End
	661+000
	
	277443
	594178
	578
	Woito Village

	6
	Start
	661+000
	Woito - Keyafer (40km)A
	277443
	594178
	578
	Woito Village

	
	End
	701+000
	
	248031
	609462
	1557
	Near To keyafer Town

	7
	Start
	701+000
	Keyafer - Jinka (42km)A
	248031
	609462
	1557
	Near To keyafer Town

	
	End
	743+000
	
	231612
	638437
	1412
	Near To Jinka Town

	8
	Start
	460+000
	H/mariam - Yabello (94km)A
	416119
	621170
	1942
	H/Mariam Hospital Junction

	
	End
	554+000
	
	404634
	539624
	1621
	At Yabelo RC  Bridge 

	9
	Start
	554+000
	Yabello - Mega (106km)A
	404634
	539624
	1621
	At Yabelo RC  Bridge 

	
	End
	660+000
	
	424878
	447678
	1665
	Near To Mega Town

	10
	Start
	660+000
	Mega - Moyale (107km)A
	424878
	447678
	1655
	Near To Mega Town

	
	End
	767+000
	
	504977
	392815
	1171
	Moyale Town


[bookmark: _Toc58244084]Annex C: Road Maintenance History of each Road Segment
	Road Segment
	Length in KM
	Pavement Type
	Constr. year
	Contractor
	Consultant
	Upgrading
	Maintenance history

	
	
	
	
	
	
	
	Heavy
	Periodic
	Routine

	Alaba - Sodo
	68
	Paved
	2010GC
	Keangnam
	Saba Eng.
	-
	-
	-
	2009Efy,2010efy, 2011efy & 2012Efy

	Areka - Sodo
	36
	Paved
	2008GC
	>>
	-
	
	-
	-
	2009Efy,2010efy, 2011efy & 2012Efy

	Sodo – M/Abaya
	62
	Paved
	2014GC
	>>
	Associate Engineer
	-
	-
	-
	2011E.fy&2012Efy

	M/abaya – Arbaminch
	68
	Paved
	2014GC
	DMC
	Associate Engineer
	-
	-
	-
	2011E.fy&2012Efy

	Konso - Woito
	73
	Paved
	2009GC
	Sur & SATCON Con.
	CWCE & Muchel Parkman
	-
	DDBST over lay (2010- 2012Efy)
	-
	-

	Woito - Keyafer
	40
	Paved
	2010GC
	SATCON Con.
	CWCE Jv Muchelparkman
	-
	DBST over lay(2010-2012Efy)
	-
	-

	Keyafer - Jinka
	42
	Paved
	2010Gc
	SATCON Con.
	CWCE Jv Muchel park man
	-
	DBST over lay (2009-20012Efy)
	-
	-

	H/Mariam - Yabelo
	96
	Paved
	2013GC
	Areb Con.
	-
	-
	-
	-
	-

	Yabelo – Mega
	104
	Paved
	1991GC
	Sino Hydro
	-
	-
	-
	-
	-



[bookmark: _Toc58244085]Annex D: Road Condition Survey Analysis Result of 2012 E.C

	
S.N.
	
Area/ Zone
	
Road Segment
	Severity
	Extent
	Overall Condition

	
	
	
	< 50mm
	> 50mm & <100mm
	> 100mm
	<20%
	> 20% & <50%
	> 50%
	Good
	Fair
	Poor

	1
	Area 1
	Alaba – Sodo
	60%
	25%
	15%
	55%
	20%
	25%
	40%
	32%
	28%

	
	
	Areka – Sodo
	45%
	46%
	9%
	50%
	28%
	22%
	53%
	35%
	12%

	
	
	Sodo – M/Abaya
	40%
	30%
	30%
	35%
	32%
	33%
	36%
	50%
	14%

	
	
	M/abaya – Arbaminch
	55%
	25%
	20%
	40%
	35%
	25%
	45%
	38%
	17%

	
	
	Mazoria – Hadero
	70%
	20%
	10%
	50%
	30%
	20%
	70%
	20%
	10%

	
	
	Hadero – Durgi
	72%
	26%
	2%
	72%
	25%
	15%
	73%
	19%
	8%

	
	
	Sawla – Kako
	55%
	30%
	15%
	43%
	37%
	20%
	45%
	46%
	9%

	
	
	Wozeka–Gidole - Gato
	20%
	40%
	40%
	25%
	40%
	35%
	25%
	30%
	45%

	
	
	Arbaminch-Kemba
	45%
	35%
	20%
	45%
	45%
	10%
	60%
	25%
	15%

	
	
	Kemba – Sawla
	55%
	30%
	15%
	50%
	30%
	20%
	55%
	35%
	10%

	
	
	Konso – Burji
	70%
	23%
	15%
	59%
	24%
	17%
	60%
	30%
	10%

	
	
	Wezeka – Konso
	40%
	20%
	40%
	42%
	25%
	33%
	36%
	30%
	34%

	
	
	Arbaminch - Wezeka
	55%
	30%
	15%
	50%
	40%
	10%
	60%
	30%
	10%

	2
	Area 2
	Konso – Woito
	55%
	30%
	15%
	60%
	35%
	5%
	55%
	35%
	10%

	
	
	Woito – Keyafer
	25%
	30%
	45%
	30%
	35%
	35%
	25%
	35%
	40%

	
	
	Keyafer – Jinka
	25%
	30%
	45%
	30%
	35%
	35%
	25%
	35%
	40%

	
	
	Keyafer – Turmi
	40%
	30%
	30%
	35%
	30%
	35%
	30%
	40%
	30%

	
	
	Turmi – Kelem-Namorapus
	55%
	35%
	10%
	50%
	35%
	15%
	60%
	29%
	11%

	
	
	Meno – Fejej
	20%
	35%
	45%
	15%
	35%
	50%
	25%
	35%
	40%

	
	
	Woito – Erbore
	60%
	35%
	5%
	55%
	35%
	10%
	65%
	30%
	5%

	
	
	Erbore – M/terara
	69%
	27%
	4%
	63%
	26%
	11%
	78%
	18%
	4%

	
	
	M/terara – Turmi
	23%
	31%
	46%
	10%
	20%
	70%
	70%
	25%
	5%

	
	
	Jinka – Hana
	35%
	30%
	35%
	30%
	30%
	40%
	55%
	30%
	15%

	
	
	Sugar F3 – Sugar F4
	25%
	25%
	50%
	30%
	40%
	30%
	35%
	25%
	40%

	
	
	Sugar F1 – Sugar F2
	45%
	40%
	15%
	40%
	30%
	30%
	55%
	30%
	15%

	
	
	Omo – Sugar F6
	65%
	19%
	16%
	65%
	19%
	16%
	77%
	20%
	3%

	
	
	Sugar F6 – Sugar F4
	50%
	40%
	10%
	55%
	30%
	15%
	70%
	20%
	10%

	3
	Area 3
	Yabelo-Meta-Gefersa
	25%
	25%
	50%
	25%
	30%
	45%
	25%
	30%
	45%

	
	
	Wachile-Bulbule
	55%
	35%
	10%
	50%
	35%
	15%
	70%
	25%
	5%

	
	
	Mega – Wachile
	45%
	30%
	25%
	50%
	35%
	15%
	60%
	10%
	30%

	
	
	H/Mariam-Yabelo
	55%
	30%
	15%
	60%
	30%
	10%
	65%
	20%
	15%

	
	
	Yabelo-Mega
	55%
	30%
	15%
	45%
	35%
	20%
	65%
	25%
	10%

	
	
	Mega- Moyale
	60%
	25%
	15%
	45%
	41%
	14%
	45%
	40%
	15%

	
	
	Brindar – Teltele
	35%
	35%
	30%
	40%
	45%
	15%
	45%
	25%
	30%















Road condition survey analyzed for input of HDM-4
	Road Segment
	Pavement condition
	Drainage condition
	Cracking
(%)
	Ravelling
(%)
	No. potholes per km
	Edge break (m2 per km)
	Mean rut depth (mm)

	Alaba – Sodo
	Fair
	Poor
	5.4
	0.65
	1.24
	0.75
	28.75

	Areka – Sodo
	Fair
	Fair
	1.3
	0.6
	0.95
	0.85
	37

	Sodo - Merab Abaya
	Fair
	Poor
	2.176
	1.17
	0.7
	0.04
	24.2

	Merab Abaya Arbaminch
	Good
	Very poor
	1.433
	0.3
	1.3
	0.03
	31

	Konso – Woito
	Good
	Fair
	1.14
	0.24
	0.875
	0.16
	35.6

	Woito – Keyafer
	Poor
	Fair
	3
	0.43
	0.41
	0.054
	29

	Keyafer – Jinka
	Fair
	Fair
	3.7
	0.54
	0.52
	0.036
	26.5

	Hagere Mariam – Yabelo
	Good
	Very poor
	0.5
	0.02
	0.56
	0.07
	0

	Yabelo – Mega
	Good
	Very poor
	0.32
	0.042
	0.45
	0.08
	0

	Mega – Moyale
	Fair
	Poor
	0.85
	0.65
	0.55
	1.79
	0




[bookmark: _Toc58244086]Annex E: Traffic Volume 2019 AADT
	Road Segment
	Length
	Car
	Land Rover
	Small Bus
	Large  Bus
	Small Truck
	Medium Truck
	Heavy Truck
	Truck       &Trailer
	Total

	
	(KM)
	
	
	
	
	
	
	
	
	

	Alaba - Sodo
	68
	432
	881
	1525
	1024
	877
	1125
	975
	661
	7500

	Sodo - Areka
	36
	45
	339
	1659
	403
	486
	670
	361
	87
	4050

	Sodo - M/Abaya
	62
	105
	572
	1338
	325
	598
	906
	472
	261
	4577

	M/Abaya - A/minch
	62
	105
	572
	1338
	325
	598
	906
	472
	261
	4577

	Konso - Woito
	73
	8
	657
	303
	183
	351
	466
	381
	651
	3000

	Woito - Keyafer
	40
	16
	655
	299
	130
	379
	278
	213
	477
	2447

	Keyafer - Jinka
	42
	23
	600
	272
	124
	363
	253
	192
	473
	2300

	H/mariam - Yabello
	94
	64
	627
	856
	799
	485
	417
	163
	131
	3542

	Yabello - Mega
	106
	65
	627
	855
	800
	486
	418
	163
	131
	3545

	Mega - Moyale
	106
	56
	556
	926
	769
	534
	407
	145
	123
	3516


[bookmark: _Toc58244087]Annex F: Traffic composition of 2019.
	Road Segment
	Length
	Car
	Land Rover
	Small Bus
	Large  Bus
	Small Truck
	Medium Truck
	Heavy Truck
	Truck       &Trailer
	Total

	
	(KM)
	
	
	
	
	
	
	
	
	

	Alaba - Sodo
	68
	5.76
	11.74
	20.34
	13.65
	11.69
	15
	13
	8.82
	100%

	Sodo - Areka
	36
	1.1
	8.38
	40.97
	9.94
	12
	16.55
	8.9
	2.16
	100%

	Sodo - M/Abaya
	62
	2.3
	12.5
	29.24
	7.1
	13.05
	19.81
	10.3
	5.7
	100%

	M/Abaya - A/minch
	62
	2.3
	12.5
	29.24
	7.1
	13.05
	19.81
	10.3
	5.7
	100%

	Konso - Woito
	73
	0.25
	21.9
	10.12
	6.1
	11.7
	15.51
	12.71
	21.71
	100%

	Woito - Keyafer
	40
	0.65
	26.8
	12.2
	5.3
	15.5
	11.35
	8.7
	19.5
	100%

	Keyafer - Jinka
	42
	0.98
	26.11
	11.85
	5.4
	15.74
	11.02
	8.3
	20.6
	100%

	H/mariam - Yabello
	94
	1.81
	17.7
	24.14
	22.56
	13.72
	11.77
	4.6
	3.7
	100%

	Yabello - Mega
	106
	1.81
	17.7
	24.14
	22.56
	13.72
	11.77
	4.6
	3.7
	100%

	Mega - Moyale
	106
	1.62
	15.8
	26.33
	21.87
	15.18
	11.6
	4.1
	3.5
	100%



[bookmark: _Toc58244088]

Annex G: Economic Analysis Summary
H D M - 4 Economic Analysis Summary
HIGHWAY DEVELOPMENT & MANAGEMENT   Study Name: Alaba - Moyale Road Maintenance Project October, 2020 Run Date: 14-10-2020
This report shows total economic benefits using the following:
Currency: Ethiopian Birr (millions).
Discount rate: 10.23%.
Analysis Mode: Analysis-by-Section
Section: Areka - Sodo
Alternative: Alternative Two vs.  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	6.69
	-18.70
	0.00
	-731.12
	54.03
	0.00
	0.00
	0.00
	-665.09

	Discounted
	12.33
	-9.88
	0.00
	157.24
	26.83
	0.00
	0.00
	0.00
	181.62


Economic Internal Rate of Return (EIRR) = 4.9%  (No. of solutions = 2)








Section: Areka - Sodo
Alternative: Alternative Three vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	996.66
	-9.41
	0.00
	2,209.13
	138.80
	0.00
	0.00
	0.00
	1,360.69

	Discounted
	381.81
	-3.15
	0.00
	691.56
	41.63
	0.00
	0.00
	0.00
	354.53


Economic Internal Rate of Return (EIRR) = 51.4%  (No. of solutions = 2)

                                                                                 Section: Areka - Sodo
Alternative: Alternative Four vs Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	1,239.15
	-18.69
	0.00
	1,201.74
	122.61
	0.00
	0.00
	0.00
	103.89

	Discounted
	390.08
	-9.84
	0.00
	459.19
	38.13
	0.00
	0.00
	0.00
	117.08


Economic Internal Rate of Return (EIRR) = 55.1%  (No. of solutions = 3)




             

  Section: Alaba – Sodo

Alternative: Alternative Two vs Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	73.22
	-114.84
	0.00
	-8,980.51
	-456.47
	0.00
	0.00
	0.00
	-9,395.37

	Discounted
	36.02
	-69.01
	0.00
	-272.27
	49.52
	0.00
	0.00
	0.00
	-189.76


No IRR solutions
Section: Alaba - Sodo
Alternative: Alternative Three vs Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT      VOC
	Savings in MT   Travel  Time Costs
	Savings in NMT Travel      & Operating Costs
	Reduction in Accident Costs
	Net Exogenous Benefits
	Net Economic Benefits    ( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	3,873.66
	-72.32
	0.00
	26,558.44
	1,535.65
	0.00
	0.00
	0.00
	24,292.75

	Discounted
	1,864.76
	-31.60
	0.00
	8,553.82
	498.59
	0.00
	0.00
	0.00
	7,219.24


Economic Internal Rate of Return (EIRR) = 393.6%  (No. of solutions = 1)

Section: Alaba – Sodo                                                                                                                                                     
 Alternative: Alternative Four vs Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	6,014.30
	-114.91
	0.00
	21,653.37
	1,459.15
	0.00
	0.00
	0.00
	17,213.13

	Discounted
	2,412.63
	-69.03
	0.00
	7,229.68
	479.98
	0.00
	0.00
	0.00
	5,366.07


Economic Internal Rate of Return (EIRR) = 71.9%  (No. of solutions = 1)

Section: Sodo – Merab-Abaya

Alternative: Alternative Two vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	1,207.72
	-98.84
	0.00
	2,499.02
	310.86
	0.00
	0.00
	0.00
	1,700.99

	Discounted
	625.78
	-63.97
	0.00
	1,986.69
	155.23
	0.00
	0.00
	0.00
	1,580.12


Economic Internal Rate of Return (EIRR) = 278.4%  (No. of solutions = 2)





Section: Sodo - Merab-Abaya
Alternative: Alternative Three  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	3,873.66
	-49.25
	0.00
	9,061.68
	500.23
	0.00
	0.00
	0.00
	5,737.49

	Discounted
	1,691.64
	-26.05
	0.00
	3,670.05
	195.85
	0.00
	0.00
	0.00
	2,200.31


Economic Internal Rate of Return (EIRR) = 42.8%  (No. of solutions = 1)

Section: Sodo - Merab-Abaya
Alternative: Alternative Four  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	3,565.17
	-98.75
	0.00
	7,256.67
	486.60
	0.00
	0.00
	0.00
	4,276.85

	Discounted
	1,623.59
	-63.87
	0.00
	3,054.21
	190.17
	0.00
	0.00
	0.00
	1,684.66


Economic Internal Rate of Return (EIRR) = 43.1%  (No. of solutions = 1)

Section: Merab-Abaya - Arbaminch
Alternative: Alternative Two  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	1,101.16
	-120.30
	0.00
	7,975.22
	702.36
	0.00
	0.00
	0.00
	7,696.72

	Discounted
	368.51
	-62.47
	0.00
	2,693.21
	204.99
	0.00
	0.00
	0.00
	2,592.15


Economic Internal Rate of Return (EIRR) = 134.8%  (No. of solutions = 2)

Section: Merab-Abaya - Arbaminch
Alternative: Alternative Three  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	1,716.47
	-78.65
	0.00
	11,710.36
	785.16
	0.00
	0.00
	0.00
	10,857.70

	Discounted
	895.11
	-33.69
	0.00
	3,736.83
	224.89
	0.00
	0.00
	0.00
	3,100.29


Economic Internal Rate of Return (EIRR) = 59.3%  (No. of solutions = 2)




Section: Merab-Abaya - Arbaminch
Alternative: Alternative Four  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	3,250.60
	-120.14
	0.00
	9,973.75
	753.65
	0.00
	0.00
	0.00
	7,596.94

	Discounted
	1,107.59
	-62.37
	0.00
	3,127.05
	214.78
	0.00
	0.00
	0.00
	2,296.61


Economic Internal Rate of Return (EIRR) = 57.9%  (No. of solutions = 3)

Section: Konso - Woito
Alternative: Alternative Two  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	5,028.90
	-23.21
	0.00
	5,128.45
	195.43
	0.00
	0.00
	0.00
	318.19

	Discounted
	2,833.91
	-10.20
	0.00
	2,291.13
	81.88
	0.00
	0.00
	0.00
	-450.69


Economic Internal Rate of Return (EIRR) = -61.2%  (No. of solutions = 2)




Section: Konso - Woito
Alternative: Alternative Three  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	4,042.00
	-16.21
	0.00
	-36,682.85
	-1,350.48
	0.00
	0.00
	0.00
	-42,059.12

	Discounted
	2,654.42
	-7.47
	0.00
	-8,237.68
	-299.10
	0.00
	0.00
	0.00
	-11,183.73


No IRR solutionsSection:
Section: Konso - Woito
Alternative: Alternative Four  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	6,340.04
	-24.55
	0.00
	6,723.80
	214.20
	0.00
	0.00
	0.00
	622.52

	Discounted
	3,090.91
	-11.13
	0.00
	2,638.21
	86.08
	0.00
	0.00
	0.00
	-355.49


Economic Internal Rate of Return (EIRR) = -81.2%  (No. of solutions = 2)

Section: Woito - Keyafer
Alternative: Alternative Two  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	2,116.40
	-53.41
	0.00
	657.73
	59.06
	0.00
	0.00
	0.00
	-1,346.21

	Discounted
	671.60
	-30.18
	0.00
	541.73
	30.87
	0.00
	0.00
	0.00
	-68.82


Economic Internal Rate of Return (EIRR) = -79.2%  (No. of solutions = 3)
Section: Woito - Keyafer
Alternative: Alternative Three  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	1,107.40
	9.10
	0.00
	-7,217.69
	-255.15
	0.00
	0.00
	0.00
	-8,589.33

	Discounted
	339.85
	3.92
	0.00
	-1,525.66
	-51.87
	0.00
	0.00
	0.00
	-1,921.31


No IRR solutions

Section: Woito - Keyafer
Alternative: Alternative Four  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	2,817.49
	-54.74
	0.00
	3,252.00
	128.01
	0.00
	0.00
	0.00
	617.25

	Discounted
	1,459.15
	-31.51
	0.00
	1,852.52
	67.68
	0.00
	0.00
	0.00
	492.56


Economic Internal Rate of Return (EIRR) = 27.6%  (No. of solutions = 3)
Section: Keyafer - Jinka
Alternative: Alternative Two  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	2,203.51
	-20.96
	0.00
	1,270.10
	70.57
	0.00
	0.00
	0.00
	-841.89

	Discounted
	1,168.44
	-12.53
	0.00
	1,007.54
	42.96
	0.00
	0.00
	0.00
	-105.41


No IRR solutions







Section: Keyafer - Jinka
Alternative: Alternative Three  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	2,392.56
	-18.59
	0.00
	-8,641.42
	-321.30
	0.00
	0.00
	0.00
	-11,336.68

	Discounted
	1,269.59
	-10.81
	0.00
	-1,167.39
	-41.69
	0.00
	0.00
	0.00
	-2,467.86


No IRR solutions


Section: Keyafer - Jinka
Alternative: Alternative Four  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	2,958.37
	-24.26
	0.00
	2,369.22
	90.43
	0.00
	0.00
	0.00
	-474.45

	Discounted
	1,526.67
	-14.55
	0.00
	1,458.60
	53.15
	0.00
	0.00
	0.00
	-0.37


Economic Internal Rate of Return (EIRR) = -38.1%  (No. of solutions = 1)




Section: Hagere-Mariam  - Yabelo
Alternative: Alternative Two  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	1,662.26
	-184.30
	0.00
	11,825.32
	1,484.59
	0.00
	0.00
	0.00
	11,831.96

	Discounted
	425.70
	-89.54
	0.00
	3,477.75
	400.96
	0.00
	0.00
	0.00
	3,542.55


Economic Internal Rate of Return (EIRR) = 111.1%  (No. of solutions = 2)

Section: Hagere-Mariam  - Yabelo
Alternative: Alternative Three  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	5,468.70
	-116.99
	0.00
	15,907.65
	1,625.98
	0.00
	0.00
	0.00
	12,181.91

	Discounted
	2,021.62
	-44.26
	0.00
	4,788.59
	442.48
	0.00
	0.00
	0.00
	3,253.71


Economic Internal Rate of Return (EIRR) = 37.8%  (No. of solutions = 2)

Section: Hagere-Mariam  - Yabelo
Alternative: Alternative Four  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	3,304.40
	-184.17
	0.00
	14,356.73
	1,604.52
	0.00
	0.00
	0.00
	12,841.03

	Discounted
	1,373.59
	-89.43
	0.00
	4,253.06
	433.78
	0.00
	0.00
	0.00
	3,402.69


Economic Internal Rate of Return (EIRR) = 53.0%  (No. of solutions = 3)
Section: Yabelo - Mega
Alternative: Alternative Two  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	3,745.55
	-161.53
	0.00
	5,644.91
	983.94
	0.00
	0.00
	0.00
	3,044.84

	Discounted
	1,305.31
	-91.50
	0.00
	3,016.53
	385.98
	0.00
	0.00
	0.00
	2,188.70


Economic Internal Rate of Return (EIRR) = 106.2%  (No. of solutions = 2)




Section: Yabelo - Mega
Alternative: Alternative Three  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	6,038.35
	-120.37
	0.00
	-10,473.25
	-1,041.25
	0.00
	0.00
	0.00
	-17,432.49

	Discounted
	2,653.24
	-60.73
	0.00
	-173.52
	-20.35
	0.00
	0.00
	0.00
	-2,786.38


No IRR solutions

Section: Yabelo - Mega
Alternative: Alternative Four  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	5,557.48
	-164.88
	0.00
	10,577.72
	1,298.66
	0.00
	0.00
	0.00
	6,483.78

	Discounted
	2,180.89
	-92.51
	0.00
	4,075.89
	448.85
	0.00
	0.00
	0.00
	2,436.36


Economic Internal Rate of Return (EIRR) = 49.2%  (No. of solutions = 3)




Section: Mega - Moyale
Alternative: Alternative Two  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	1,882.63
	-245.62
	0.00
	11,294.60
	1,536.17
	0.00
	0.00
	0.00
	11,193.76

	Discounted
	987.03
	-134.56
	0.00
	4,492.10
	528.31
	0.00
	0.00
	0.00
	4,167.94


Economic Internal Rate of Return (EIRR) = 218.6%  (No. of solutions = 2) 


Section: Mega - Moyale
Alternative: Alternative Three  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	2,934.60
	-157.01
	0.00
	17,098.34
	1,687.49
	0.00
	0.00
	0.00
	16,008.24

	Discounted
	2,059.01
	-68.76
	0.00
	6,324.51
	571.64
	0.00
	0.00
	0.00
	4,905.89


Economic Internal Rate of Return (EIRR) = 38.5%  (No. of solutions = 2)


Section: Mega – Moyale
Alternative: Alternative Four  vs  Base Alternative
	
	Increase in Road Agency Costs
	Savings in MT
VOC
	Savings in MT
Travel
Time Costs
	Savings in
 NMT Travel
 & Operating Costs
	Reduction in Accident
Costs
	Net
Exogenous Benefits
	Net
Economic
Benefits
( NPV )

	
	Capital
	Recurrent 
	Special 
	
	
	
	
	
	

	Undiscounted
	5,557.48
	-245.54
	0.00
	13,924.50
	1,633.55
	0.00
	0.00
	0.00
	10,246.11

	Discounted
	2,758.76
	-134.53
	0.00
	5,999.36
	587.71
	0.00
	0.00
	0.00
	3,962.84


Economic Internal Rate of Return (EIRR) = 30.1%  (No. of solutions = 2)







[bookmark: _Toc58244089]Annex H: Benefit Cost Ratios
H D M - 4 Benefit Cost Ratios
HIGHWAY DEVELOPMENT & MANAGEMENT             Study Name: Alaba - Moyale Road Maintenance Project October, 2020 
                                                                        Run Date: 14-10-2020
Currency: Ethiopian Birr (millions).
Discount rate: 10.23%.
                          Section: Areka - Sodo
	Alternative
	Increase in
Agency Cost (C)
	Decrease i
User Costs
(B)
	Net Exogenou
Benefits ( E)
	Net Presen Value
(NPV = B + E- C
	NPV/Cost
Ratio
(NPV/C)
	Internal Rat of Return
( IRR )

	Base Option
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Alternative Two
	2.449
	184.071
	0.000
	181.622
	74.147
	4.9 (2)

	Alternative Three
	378.653
	733.184
	0.000
	354.531
	0.936
	51.4 (2)

	Alternative Four
	380.237
	497.315
	0.000
	117.078
	0.308
	55.1 (3)


Figure in brackets is number of IRR solutions in range -90 to +900


Section: Alaba – Sodo
	Alternative
	Increase in
Agency Cost (C)
	Decrease i
User Costs
(B)
	Net Exogenou
Benefits ( E)
	Net Presen Value
(NPV = B + E- C
	NPV/Cost
Ratio
(NPV/C)
	Internal Rat of Return
( IRR )

	Base Option
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Alternative Two
	-32.991
	-222.747
	0.000
	-189.757
	5.752
	No Solution

	Alternative Three
	1,833.161
	9,052.404
	0.000
	7,219.243
	3.938
	393.6 (1)

	Alternative Four
	2,343.598
	7,709.664
	0.000
	5,366.066
	2.290
	71.9 (1)


Figure in brackets is number of IRR solutions in range -90 to +900
Section: Sodo - Merab-Abaya
	Alternative
	Increase in
Agency Cost (C)
	Decrease i
User Costs
(B)
	Net Exogenou
Benefits ( E)
	Net Presen Value
(NPV = B + E- C
	NPV/Cost
Ratio
(NPV/C)
	Internal Rat of Return
( IRR )

	Base Option
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Alternative Two
	561.804
	2,141.924
	0.000
	1,580.119
	2.813
	278.4 (2)

	Alternative Three
	1,665.590
	3,865.900
	0.000
	2,200.310
	1.321
	42.8 (1)

	Alternative Four
	1,559.721
	3,244.381
	0.000
	1,684.660
	1.080
	43.1 (1)


Figure in brackets is number of IRR solutions in range -90 to +900

Section: Merab-Abaya - Arbaminch
	Alternative
	Increase in
Agency Cost (C)
	Decrease i
User Costs
(B)
	Net Exogenou
Benefits ( E)
	Net Presen Value
(NPV = B + E- C
	NPV/Cost
Ratio
(NPV/C)
	Internal Rat of Return
( IRR )

	Base Option
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Alternative Two
	306.042
	2,898.193
	0.000
	2,592.151
	8.470
	134.8 (2)

	Alternative Three
	861.427
	3,961.720
	0.000
	3,100.293
	3.599
	59.3 (2)

	Alternative Four
	1,045.227
	3,341.840
	0.000
	2,296.613
	2.197
	57.9 (3)


Figure in brackets is number of IRR solutions in range -90 to +900
Section: Konso - Woito
	Alternative
	Increase in
Agency Cost (C)
	Decrease i
User Costs
(B)
	Net Exogenou
Benefits ( E)
	Net Presen Value
(NPV = B + E- C
	NPV/Cost
Ratio
(NPV/C)
	Internal Rat of Return
( IRR )

	Base Option
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Alternative Two
	2,823.708
	2,373.016
	0.000
	-450.693
	-0.160
	-61.2 (2)

	Alternative Three
	2,646.953
	-8,536.777
	0.000
	-11,183.729
	-4.225
	No Solution

	Alternative Four
	3,079.782
	2,724.292
	0.000
	-355.490
	-0.115
	-81.2 (2)


Figure in brackets is number of IRR solutions in range -90 to +900


Section: Woito - Keyafer
	Alternative
	Increase in
Agency Cost (C)
	Decrease i
User Costs
(B)
	Net Exogenou
Benefits ( E)
	Net Presen Value
(NPV = B + E- C
	NPV/Cost
Ratio
(NPV/C)
	Internal Rat of Return
( IRR )

	Base Option
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Alternative Two
	641.415
	572.600
	0.000
	-68.815
	-0.107
	-79.2 (3)

	Alternative Three
	343.772
	-1,577.534
	0.000
	-1,921.307
	-5.589
	No Solution

	Alternative Four
	1,427.648
	1,920.205
	0.000
	492.557
	0.345
	27.6 (3)


Figure in brackets is number of IRR solutions in range -90 to +900

Section: Keyafer - Jinka
	Alternative
	Increase in
Agency Cost (C)
	Decrease i
User Costs
(B)
	Net Exogenou
Benefits ( E)
	Net Presen Value
(NPV = B + E- C
	NPV/Cost
Ratio
(NPV/C)
	Internal Rat of Return
( IRR )

	Base Option
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Alternative Two
	1,155.908
	1,050.499
	0.000
	-105.409
	-0.091
	No Solution

	Alternative Three
	1,258.778
	-1,209.079
	0.000
	-2,467.858
	-1.961
	No Solution

	Alternative Four
	1,512.121
	1,511.748
	0.000
	-0.373
	-0.000
	-38.1 (1)


Figure in brackets is number of IRR solutions in range -90 to +900
Section: Hagere-Mariam  – Yabelo
	Alternative
	Increase in
Agency Cost (C)
	Decrease i
User Costs
(B)
	Net Exogenou
Benefits ( E)
	Net Presen Value
(NPV = B + E- C
	NPV/Cost
Ratio
(NPV/C)
	Internal Rat of Return
( IRR )

	Base Option
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Alternative Two
	336.166
	3,878.719
	0.000
	3,542.553
	10.538
	111.1 (2)

	Alternative Three
	1,977.356
	5,231.068
	0.000
	3,253.712
	1.645
	37.8 (2)

	Alternative Four
	1,284.155
	4,686.843
	0.000
	3,402.688
	2.650
	53.0 (3)


Figure in brackets is number of IRR solutions in range -90 to +900
Section: Yabelo - Mega
	Alternative
	Increase in
Agency Cost (C)
	Decrease i
User Costs
(B)
	Net Exogenou
Benefits ( E)
	Net Presen Value
(NPV = B + E- C
	NPV/Cost
Ratio
(NPV/C)
	Internal Rat of Return
( IRR )

	Base Option
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Alternative Two
	1,213.806
	3,402.510
	0.000
	2,188.704
	1.803
	106.2 (2)

	Alternative Three
	2,592.510
	-193.867
	0.000
	-2,786.378
	-1.075
	No Solution

	Alternative Four
	2,088.378
	4,524.734
	0.000
	2,436.357
	1.167
	49.2 (3)


Figure in brackets is number of IRR solutions in range -90 to +900


Section: Mega - Moyale
	Alternative
	Increase in
Agency Cost (C)
	Decrease i
User Costs
(B)
	Net Exogenou
Benefits ( E)
	Net Presen Value
(NPV = B + E- C
	NPV/Cost
Ratio
(NPV/C)
	Internal Rat of Return
( IRR )

	Base Option
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Alternative Two
	852.479
	5,020.418
	0.000
	4,167.939
	4.889
	218.6 (2)

	Alternative Three
	1,990.252
	6,896.145
	0.000
	4,905.894
	2.465
	38.5 (2)

	Alternative Four
	2,624.232
	6,587.071
	0.000
	3,962.840
	1.510
	30.1 (2)


Figure in brackets is number of IRR solutions in range -90 to +900







[bookmark: _Toc58244090]Annex I: output of timing of works by section for Turmi section road segments having IRR = 0
	Road Segment
	Optimal Maintenance alternative 
	Application years
	Work descriptions
	Economic Cost 
	Financial cost 

	Konso – Woito
	Without Project/ Alternative- 1
	2023
2025
2034

2038
	Patching
Reconstruction
Patching
Crack Sealing
Reconstruction

	9,875,357.00
116,488,944.00
14,718,399.00
0.19
116,488,944.00
	11,357,549.00
133,964,488.00
16,927,484,00
0.21
133,964.488.00

	
	
	
	
	Total = 257,571,644.19
	296,214,009.21

	Keyafer – Jinka
	Without Project/ Alternative- 1
	2020

2028
2037

	Patching
Crack Sealing 
Reconstruction
Patching
Crack Sealing
	15,692,613.00
0.11
67,021,036.00
8,578,656.00
0.11
	18,047,916.00
0.13
77,075,456.00
9,866,226.00
0.12

	
	
	
	
	Total = 91,292,305.22
	104,989,598.25
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