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The following document is a translation in English of the document originally 
developed in Spanish. Although great efforts have been made to ensure that the 
results, concepts and analyses have been properly conveyed, it is recommended that 
the Spanish version be consulted if any passage results unclear. 
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1 INTRODUCTION 
 
The Millennium Challenge Corporation (MCC) was created in January 2004, as an 
independent corporation of the United States Government, to administer the 
Millennium Challenge Account (MCA). 
 
The MCA is an innovative program of foreign assistance designed to reduce poverty 
through economic growth, in some of the poorest countries of the world. Its principal 
aim is to “provide a greater quantity of resources to those countries which are taking 
greater responsibility for their own development” (President George W. Bush). 
 
Every year the Board of Directors of MCC meet to select those countries this will be 
eligible to present a proposal for assistance to MCA. The Board analyzes how the 
poorest countries of the world have performed according to some 16 independent and 
apolitical indicators.  
 
These indicators measure the behavior of the countries in comparison with the other 
possible candidates, relative to three broad categories: 
 

i) Good governability 

ii)  Investment in education and health 

iii) The creation of an environmental policy that protects the economic liberty 
of the candidate country’s citizens. The Board selects as countries eligible 
for the Millennium Challenge Account those which are above average in at 
least half of the indicators, in each of the three categories and which 
exceed the average of the corruption indicator. 

 
Since May 2004, the Board of MCA has been selecting countries eligible to receive 
assistance funds of the Millennium Challenge Account. In 2006, 23 countries were 
eligible for MCA assistance: Armenia, Benia, Bolivia, Burkina Faso, Cabo Verde, El 
Salvador, Gambia, Georgia, Ghana, Honduras, Lesotho, Madagascar, Mali, 
Mongolia, Morrocco, Mozambique, Nicaragua, Senegal, Sri Lanka, Tanzania, Timor 
Oriental and Vanuatu. Since its creation in 2004, the MCC has dedicated more than a 
billion dollars in assistance. 
 
In July 2005 the Millennium Challenge Corporation and the Government of Nicaragua 
signed a Compact by which the MCC accepted the financing of an economic 
development program in the departments of Leon and Chinandega. The agreed 
amount was 175 million US Dollars and the program has a term of five years. The 
program covers three large projects:  
 

i) Transport (reduction of transport cost between Leon-Chinandega and 
external markets) 
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ii) Property “Regularization” (increase investment through strengthening 
property rights in León-Chinandega) 

iii) Development of Rural Businesses (augment the value of farms and 
businesses in León-Chinandega). 

 
Key activities of the Transport Project are: i) Improvement of a 58 km segment of 
Highway N1, between Nejapa and Izapa; ii) The betterment of key secondary roads to 
improve access of the rural communities to national, regional and global markets; and 
iii) Provision of technical assistance to MTI and FOMAV in order to strengthen their 
institutional capacity, especially that related to good maintenance of the national 
Highway network. 
 
The road subject of this study is one of twelve sections of secondary roads selected 
for possible rehabilitation under the Transport Project. 
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2 OBJECTIVES 
 
The general objective of the Millennium Challenge Compact (the Compact) agreed 
between the MCC and the Government of the Republic of Nicaragua is to increase 
the income and reduce poverty in León-Chinandega. The achievement of this 
objective is fundamental in order to advance toward the goals of economical 
development and the reduction of poverty of Nicaragua, which is the principal aim of 
the Compact.  
 
The principal objective of the Transport Project is the reduction of the transport costs 
between León-Chinandega and the national, regional and world markets. 
 
Many productive areas of Nicaragua are connected to the networks of main highways 
by unpaved secondary roads, with bridges and drainage structures often in very bad 
condition or simply non-existent. These roads have poor riding surfaces that do not 
allow the rapid circulation of vehicles. These roads cause high maintenance and 
operating costs of vehicles as well as the deterioration of perishable products, all of 
which weakens the competitiveness of the producers who must travel on such roads. 
These roads are expensive to maintain and must be graded frequently in order to be 
in at least fair condition. For these reasons the paving of secondary roads that have a 
certain level of traffic is a profitable investment, which contributes decisively to the 
potential competitiveness of the areas served.  
 
Even when a road has a relatively low level of traffic, its paving may sometimes be 
justified due to the stimulus which that gives to the productivity of the direct area of 
influence of the road. Also, the initial paving carries social benefits derived from the 
improved access to health services and secondary schools; however, these benefits 
commonly are difficult to quantify because of insufficient reliable data.  
 
The commitment of MCC under the Compact with relation to key secondary roads is 
to finance their paving using the must economically efficient and appropriate paving 
techniques. Said highways have been selected from a portfolio of highways proposed 
by MCA-Nicaragua, with MCC approval, subject to the conditions that each highway 
selected must:  
 

i) Be included in the medium-term investment plan of MTI. 
ii) Be located in Leon and/or Chinandega, or be a link between either one of 

these two departments and the dynamic markets of the rest of the country. 
iii) Comply with MCC environmental guidelines. 
iv) Comply with World Bank policies related to Involuntary Resettlement, when 

pertinent. 
v) Be completely designed to the satisfaction of MCA-Nicaragua and the 

MCC, and have construction plans that can be implemented during the 
Compact Term. 
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vi) Comply reasonably with the priorities of the local councils of Leon and 

Chinandega. 
vii) Be adequately documented to the satisfaction of MCA-Nicaragua and the 

MCC, including a description of the location of the proposed road, the type 
of work required, cost estimate, a technical and economic evaluation, and 
the acquisition of any land required, including information as to the status of 
environmental licenses and their requirements. 

viii) Be projected “ex ante” to achieve an Economic Rate-of-Return of at least 
eight percent (8%). 

 
Principal components of the studies are: 
 

·  Preparation of feasibility studies, preliminary and final design and the 
necessary analyses of traffic, engineering, and economic elements. 

·  Preparation of a document evaluating the environmental and social impact 
(EA) of the possible rehabilitation on the inhabitants served.  

 
This report presents the results of the feasibility studies with the main objective of 
evaluating the fulfillment of the socioeconomic parameters that are defined in the 
Program in which the rehabilitation of the road serves to mitigate the level of poverty 
within its area of influence. 
 
It should be noticed that simultaneously to this Feasibility study the Final Design of 
this Project has been elaborated. This final design is supported by several Special 
Technical Reports which deal with specific areas that are of application to both 
phases. 
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3 DESCRIPTION OF THE SPECIFIC REHABILITATION PROJEC T 
 
3.1 Existing Road 
 
This way is located in León's municipality, head-board of León's department. The 
value of preliminary length of the way in the measurement with GPS (GLOBAL 
POSITIONING SYSTEM) was 13.0 km. Later with the topographic measure there 
was obtained a more exact value of 13.5 km 
 
The average IRI of the section was calculated based on a method developed by the 
World Bank details of which are given in its Technical Document No.46 “Guidelines 
for Conducting and Calibrating Road Roughness Measurements (M. W. Sayers et al). 
The method relates IRI to the average comfortable running speed of a vehicle driven 
by an experienced driver (see Figure 3.1.1).  
 
The method was developed mainly to uniform existing criteria on the measurement of 
road roughness and it was part of the Road Roughness Experiment conducted in 
Brazil in 1982 which took into account the World Bank experience in other countries 
such as Kenya, India and in the Caribbean. 
 
The resulting IRI of the road varies from 8 to 10 meters/km, which indicates a quite 
good level of passability and riding comfort for a rural road with the current level of 
traffic. 
 
Its surface of tread of the present road is of select material, which nowadays one 
finds in regular condition. It thinks in agreement to the realized measurement that its 
IRI is 12 m / km.   
 
The existing sewers are of concrete hydraulically reinforced in a whole of 6 of circular 
form and a type mark. Constructed bridges do not exist, only bridges - fords of great 
size and a multi-cellular sewer constituted by three pipes that collapsed for the 
Hurricane Mitch 
 
Borrow pits have been located at the following stations, approximately: 9+500. 
 
Currently the road has a traffic level of 202 vpd based on historical data and field 
investigations made during the study. 
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Recently bladed surface of fine gravel or soil surface with excellent longitudinal 
and transverse profile (usually found only in short lengths). 
 

Ride comfortable up to 80-100 km/h, aware of gentle undulations or swaying. 
Negligible depressions (e.g. < 5mm/3m) and no potholes. 
 

Ride comfortable up to 70-80 km/h but aware of sharp movements and some 
wheel bounce. Frequent shallow-moderate depressions or shallow potholes 
(e.g.      6-30mm/3m with frequency 5-10 per 50 m). Moderate corrugations (e.g. 
6-20mm/0.7-1.5m). 
 

Ride comfortable at 50km/h (or 40-70 km/h on specific sections). Frequent 
moderate transverse depressions (e.g. 20-40mm/3m-5m at frequency 10-20 per 
50m) or occasional deep depressions or potholes (e.g. 40-80mm/3m with 
frequency less than 5 per 50m). Strong corrugations (e.g. > 20mm/0.7-1.5m). 
 

Ride comfortable at 30-40 km/h. Frequent deep transverse depressions and/or 
potholes (e.g. 40-80mm/1.5m at frequency 5-10 per 50m); or occasional very 
deep depressions (e.g. 80mm/1-5m with frequency less than 5 per 50m) with 
other shallow depressions. Not possible to avoid all the depressions except the 
worst. 
 

Ride comfortable at 20-30 km/h. Speeds higher that 40-50 km/h would cause 
extreme discomfort, and possible damage to the car. On a good general profile: 
frequent deep depressions and/or potholes (e.g. 40-80mm/1.5m at frequency 
10-15 per 50m) and occasional very deep depressions (e.g. > 80mm/0.6-2m). 
On a poor general profile: frequent moderate defects and depressions (e.g. 
poor earth surface). 
 

ROUGHNESS RANGE 
(IRI m/km) 

 

ROAD DESCRIPTION 
 

 
 

Figure No. 3.1.1: IRI Estimation for Unpaved Roads 
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3.2 Area of influence 
 
To determine the area of direct influence of the road the criterion of social service was 
applied. The process of definition of the area was initiated by meetings which the 
Consultant’s social specialists held with road users, Mayors, municipal councils, 
community associations and other local area leaders. As a result of these meetings, 
the places which could be directly affected by the road rehabilitation were identified, 
as were those outside this influence area. 
 
Using the information described above as a base, the Consultant’s engineering 
specialists carried out additional field trips to verify the actual system of roads 
tributary to the project, and from that to trace on maps of 1:50,000 scale the limits of 
the area of direct influence of this project. 
 
Elements considered in carrying out this delineation were the following: 
 

a) Urban centers that will be affected by the project. 
b) Analysis of the tributary structure of the different categories of roads, in which 

the minor roads carry traffic to the larger roads (the same as streams unite to 
form major rivers in a watershed), and finally come to the project road, which 
provides the outlet and communication with the rest of the country. Three 
different types of roads were encountered: 

 
·  Roads usable at any time throughout the year. 
·  Roads usable only during the dry season. 
·  Local access tracks (suitable only for vehicle of four wheel drive). 

 
c) The structure of tributary roads is not always oriented toward the project road, 

but at times the proximity of other roads of similar category to the project 
compete for its traffic, and it is necessary to define the point at which there is a 
change in the influence area of one road to that of another. 

d) Geographic barriers also must be taken into account. In addition to more 
obvious ones such as country boundaries, lakes and seas, there are large 
rivers over which there are no bridges; there are abrupt mountains that make 
difficult the passage of vehicles and people; and also the limits of 
municipalities or departments may have created specific cultural patterns of 
transport.  

 
The principal communities served by the S-6 road are Santa Teresa and Las Brisas, 
Chacaraseca, Santa Lucia, Loma Pelada, La Concepción San José, Puerta de 
Piedra. Along the road there are several small schools of different academic levels, 
also small health centers and businesses. This information is shown in more detail in 
the Environmental Assessment Report. 
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Hereinafter is presented a map which delimits the approximate direct influence area 
of the study road. The area has been marked on topographic maps of the area of a 
scale 1:50,000. After limits of the zone were defined the area thereof was calculated, 
using ArcGis software, as 95.64 square kilometers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure No. 3.2.1:  Direct Influence Area 
 

 
3.3 Proposed Improvement 
 
It has been proposed to provide the road with better geometric conditions in those 
segments where those conditions are very minimal, as well as providing a better 
riding surface easier to maintain in good condition. To achieve this substantial 
improvement will be needed, certainly, also in the drainage elements of the way. 
 
Concrete measures considered for improving this road are: 
 

·  Betterment of the geometric characteristics within the existing right-of-way, 
including horizontal (curvature radii) and vertical alignment (steep gradeline), 
including the widening of the roadbed, shoulders and ditches. 

León  
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·  Providing the road with a new riding surface which guarantees durability and 

the circulation of vehicles at higher speeds at any time of the year.  
·  Total Rehabilitation of the surface of the way, including addition of the 

structural necessary caps according to the traffic projected within the period of 
analysis. To provide to the way of a surface of turn that guarantees 
permanence and the mobility of the vehicles to speeds superior to the current 
ones and its traffic for the route in any season of the year 

·  Construction of longitudinal paved and unpaved ditches, as well as betterment 
of the cross drainage, as well as construction of new sewers, as result of the 
drainage studies. 

·  Rebuilding or improvement of existing bridges present deficiencies either 
structural, hydraulic or in geometry. 

·  Providing the road with the necessary vertical and horizontal signing; also with 
all the basic elements needed to provide a safety level well above that 
currently in existence for all users. 

·  Counteract with appropriate measures any negative environmental impact the 
project might have during its construction or after completion thereof. 

 
There is no doubt that the proposed rehabilitation will have a positive social and 
economic impact within the direct influence area, and will serve to better the standard 
of living of the nearly 4,000 inhabitants being served by the highway. 
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4 PRELIMINARY STUDIES 
 
4.1 Background 
 
In agreement to the information provided by the MTI this way is codified like NN-234, 
limit of 60 was constructed in the for a speed 60kph. 
 
Appendix 1 presents the information gather at the Ministry of Transport and 
Infrastructure regarding the existing road, including data on existing bridges providing 
a list and a specific data sheet for each one of them. 
 
The current riding surface is a select material, with a layer thickness of 20 cm. Its 
CBR value of this layer is 30 and its plasticity index is of 0. 
 
The CBR value for the subgrade as measured with DCP tests along the road is 4. 
 
4.2 Initial Reconnaissance  
 
The various work groups of the Consultant carried out initial visits to the field in order 
to apprise themselves of the existing conditions. Specialists included the project 
director as well as those in charge of hydrology, geotechnical, topography and traffic. 
Based on these surveys the initial information was collected, compiled and a 
subdivision of the road into two segments was made according to the topography 
through which the road passes (flat terrain and rolling to mountainous). Also the type 
of Land use adjacent to the road was identified as either rural or urban. 
 
The location and geo-referencing of the centerline of the existing road were carried 
out in the first two weeks of the study using GPS manual equipment. In Appendix 2 a 
description of the procedure and equipment used is presented. 
 
This information was used to initiate the process of preliminary design while the 
topographic surveys were being carried out. The information was put into the 
Consultant’s program TRAZADO and through use of that program the corresponding 
design was carried out in a very precise manner. 
 
The existing way crosses a predominantly urban zone in its first 8 kilometers, initiating 
in Santa Teresa to the suburbs of Leon’s city and finishes in las brisas, point placed 
to 13 kilometers of La Paz Centro continuing for the way prolongation of the previous 
one. The total resultant length of this section is 13.4 km. 
 
There has been detected that in some cases the route is below the level of the 
culturing, which will force to being solved in the final design by the appropriate system 
of drainage, or modifications in the low one of the way. 
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Photo No. 4.2.3: longitudinal non -existent 
Drainage  

Photo No. 4.2.4: Section of transverse section 
of an alone rail  

Photo No. 4.2.1: Sewer to the beginning of the 
way (km. 0+300 approximately)  

Photo No. 4.2.2: typical Section of the way and 
ford  
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In agreement to the realized raising, this road, it passes for a Flat / wavy zone at the 
end of the project and therefore the conditions for the design have been abided by a 
road of these characteristics, for what a project speed has defined along the road of 
agreement with the Table No. 4.2.1., but with the consideration of subsections with a 
minor speed, in such a way that along the road has arranged of the necessary safety 
and comfort of a road of these characteristics. The Table No. 4.2.1 that appears later 
reflects the principal characteristics of the above mentioned road: 
 

Table 4.2.1: Characteristics of the Project 

PROJECT CODE LIMITS 
(from KM to KM) 

 
LENGTH 

(m) 

TYPE OF 
TERRAIN 

TPDA 
(vpd) 

AVERAGE 
VELOCITY 

(kph) 

Santa Teresa – Las 
Brisas 

S-6 0+000 to13+350 13,350 Flat <500 60 

 
It must be noted that this road’s project traverses certain populated areas in which the 
design characteristics are different from those defined in the rural area and in certain 
segments of the road. Because these are urban —or better yet populated— areas the 
design speed has been reduced to 40 or even 30 kilometer per hour after given 
consideration to the location of houses in front of the road and the overall visibility of 
from the road on said areas or in given critical areas. 
 
According to the standards for road design currently in effect in Nicaragua (SIECA 
Geometric Design Handbook), the different segments of the road comply with the 
minimum parameters given in Tables No. 4.2.2 and 4.2.3. 
 

Photo No. 4.2.5 Structure of way spoilt  Photo No. 4.2.6: Low point in the distance in 
km. 11+400 approximately  
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Table No. 4.2.2: Design Parameters  

Design speed: 60 Kph
Lane width: 3.3 m
Shoulder width: 1.2 m
Camber: 3 %
Sidewalk width (where much pedestrian traffic occur s): 1.2 m
Stopping visibility distance in flat terrain: 85 m
Overtaking visibilty distance: 410 m
Maximum superelevation (rural): 8 %
Maximum superelevation (urban): 4 %
Design vehicle: BUS
Minimum design turn radius: 12.8 m
Vehicle internal radius: 7.4 m
Minimum radius of horizontal curve: 120 m
Maximum extra width on curves: 1.1 m
Maximum longitudinal grade in flat terrain: 7 %
Maximum longitudinal grade in rolling terrain: 9 %
Maximum longitudinal grade in mountainous terrain: 12 %
Minimum longitudinal grade: 0.5 %
Minimum vertical chord (crest curve): 15 m
Minimum vertical chord (sag curve): 16 m
Ditch width: 1.5 m
Right-of-way (each side of the centerline): 10 m  

 
Table No. 4.2.3: Design Parameters 

 
Design Speed: 40 Kph 
Lane width: 3 m 
Shoulder width 1 m 
Cross Slope: 3 % 
Sidewalk: 1.2 m 
Stopping Distance (flan terrain): 45  m 
Minimum Overtaking Distance: 285  m 
Urban Maximum Cross Slope: 4  % 
Design Vehicle: BUS   
Minimum Turning Radius for Design: 12.8  m 
Vehicle’s Inside Radius: 7.4 m 
Minimum Horizontal Curve Radius: 50  m 
Maximum Extra Width in Curves: 1.6  m 
Maximum Longitudinal Grade in Flat Terrain: 7  % 
Maximum Longitudinal Grade in Rolling Terrain: 11  % 
Maximum Longitudinal Grade in Mountainous Terrain: 15 % 
Minimum Longitudinal Grade: 0.5  % 
Vertical Chord (Crest Curve): 5 m 
Vertical Chord (Sag Curve): 8 m 
Ditch Width: 1.20 m 
Right of Way (from centerline at each side): 10  m 
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4.3 Road Inventory 
 
The Consultant’s specialists traveled over the road and gathered information relative 
to its characteristics and surface conditions as well as the drainage works encounter.  
 
The information gathered was prepared in such form as to unify that related to 
bridges and box culverts as well as location of intersections, existing services along 
the road, rights of way limits, topography, unstable slope zones, paved ditches and 
other details.  
 
Initial analyses included tentative definition of sections where rising of the grade line 
was needed, also the need for substitution of inadequate drainage works including 
bridges. In addition, an evaluation was made of the need for provision of additional 
ditches, sidewalks within urban areas, bus stops and bicycle paths, as well as 
pedestrian crossings near schools in the zone.  
 
The data sheets showing the characteristics and conditions of the existing highway 
and of its present culverts and bridges are included in Appendix 1 and 3 of this report. 
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5 ALTERNATIVE STUDIES OF BASIC ENGINEERING  
 
In this chapter the most significant alternative studies analyzed during the 
development of this Feasibility Study are presented. These alternatives have had the 
major impact in the analysis of different alternatives for road paving and in the 
alternative on the possibility of keeping the existing bridges. 
 
The analysis has been performed under the basic general principle established for 
this project of keeping the proposed alignment within the existing right of way. This 
requirement has greatly reduced the study and analysis of geometric design 
alternatives that in reality have been limited to the adoption of minor adjustments 
done to the horizontal and vertical layout. 
 
 
5.1 Pavement Alternative Studies 
 
5.1.1 Generalities 
 
This project has an approximate length of 13.4 km and at present has a surface layer 
of select material of approximately 15 cm in thickness, on average.  
 
As established by the terms of reference, 5 alternatives of pavement design were 
studied: Gravel Surface; Flexible Pavement of Asphaltic Concrete; Double Bituminous 
Surface Treatment; Semi-Rigid Paving Blocks (adoquín); and Rigid Pavement of 
Hydraulically Concrete.  
 
The pavement design for this road was carried out utilizing the methodology proposed 
by the American Association and State Transport and Highway Officials (AASHTO) in 
its Guide for the Design of Pavement Structures published in 1993. This also is in 
accordance with procedures specified in the Central American Pavement Design 
Manual produced by SIECA, as required by the terms of reference. Furthermore, for 
the gravel design alternative two different methodologies were used, as described in 
this section. 
 
The average support value of the sub-grade obtained from the soil studies is of a 
CBR of 6. This CBR value was estimated indirectly using the DCP procedure for 
testing at 500 meter intervals along the existing road. These values will be subject to 
further adjustment in the Final Design phase through the corresponding CBR 
laboratory tests, as required. 
 
In relation to traffic data the design has been based on an ESAL value of 0.485 x 106 

which will also be subjected to further study and adjustment in the development of the 
Final Design. 
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5.1.2 Gravel Surface Alternative 
 
As regards the gravel surface alternative, two methodologies were used in the design: 
the first comes from the AASHTO Guide for Design of Pavement Structures 1993 in 
the part referring to Low-Volume Road Design Section 4.1.2 Aggregate Surface 
Roads, which also was used in the Manual of Maintenance and Design of Gravel 
Roads elaborated by the U.S. Department of Transportation, Federal Highway 
Administration (FHWA), in conjunction with the South Dakota Local Transportation 
Assistance Program (SD LTAP); the  second alternative is taken from Volume 4, 
Design of Pavements and Maintenance of Roads from the Highway Manual of the 
Republic of Honduras, prepared by the Consultant Louis Berger. 
 
The ESAL value obtained from the Traffic Analysis is way beyond the traffic values for 
which it is possible to design a road with a gravel surfacing. This alternative can not, 
therefore, be recommended for this road project. It is being included here to comply 
with the requirement indicated in the TOR for analyzing five alternatives. 

5.1.2.1 Design alternative No. 1: AASHTO- FHWA   
 
The design in this method is based principally on the following table, by means of 
which the thickness of required gravel layer is established taking into account two 
parameters: Heavy Traffic and the Support Value of the Sub-grade. 
 

Table No. 5.1.1: Thickness of the Gravel Layer Sugg ested for New Construction and 
Reconstruction of Rural Roads      

 
Estimated Daily Number 

for Heavy Trucks  
Support Value of the Sub 

grade  
Suggested Minimum 

Thickness of the Gravel 
Layer mm (in) 

Low  165 (6.5) 
Medium  140 (5.5) 

0 – 5 

High 115 (4.5) 
Low  215 (8.5) 

Medium  180 (7.0) 
5 – 10 

High 140 (5.5) 
Low     290 (11.5) 

Medium  230 (9.0) 
10 – 25 

High 180 (7.0) 
Low     370 (14.5) 

Medium    290 (11.5) 
25 – 50 

High 215 (8.5) 
Note: 1. - Low Sub-Grade Support Value:            CBR equal too or less than 3, 
          2. - Medium Sub-Grade Support Value:     CBR between 3 and 10 
          3. - High Sub-Grade Support Value:           CBR greater than 10 



 
 Consultancy services for the preparation of the feasibility study, environmental assessment and 

final design of the secondary road rehabilitation projects 
 

Feasibility Study 
S6: Santa Teresa – Las Brisas 

Final Report, English Translation  22 

 
 

Using Table No. 5.1.1 and considering that the estimated average daily volume of 
heavy trucks derived from the Traffic Analysis is greater than the maximum 
established for this method, it is concluded that this alternative should not be 
evaluated further. 
 
In case the traffic values would have been within the established limits, one could 
have used Figure 4.5: “Chart to convert a portion of the Aggregate Base Layer 
Thickness to an Equivalent Thickness of Sub-base”, to determine the required 
thickness of the gravel layer. 
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5.1.2.2 Design alternative No. 2: Honduras Highway Manual 
 
Insofar as the design of unpaved roads is concerned the manual considers three 
types of roads:  
 
                                  a) Earth road 
                                  b) Sub-base road 
                                  c) Base road. 
 

a) Earth Roads : Load carrying capacity for these roads is given as a function of 
design CBR for the compacted sub-grade. 

 
b) Sub-Base Roads : For these roads the thickness of the actual sub-base layer 

varies in accordance with the design CBR of the compacted sub-grade. The 
nomograph which is included as Figure 121 of the manual cited above is that 
which is used for its design. It is applicable to roads of 6 meters of roadway 
width (48,000 repetitions of loads in both directions) and roads of 4 meters in 
width (24,000 repetitions), considering a standard axle of 8.2 tons.  

 
c) Base Roads : for these roads, the structural package is made up of a base 

layer of 15 cm in thickness and a sub-base of selected material whose 
thickness varies in accordance to the design CBR of the compacted sub-
grade. The nomograph which is shown as Figure 122 herein is that which is 
used in the design of roads with base-course surfacing. They apply to roads 
with 200,000 repetitions (both directions) of the standard axles of 8.2 tons.  

 
In analyzing this alternative it can be noticed that the number of repetitions of 
equivalent axle obtained from the Traffic Analysis for this project are well beyond the 
maximum established values. It is therefore concluded that the analysis of this 
alternative should not be carried out any further. In case the traffic values would have 
been within the established limits, Figures 121 and 122 of the Honduras Road Manual 
would have been used to determine the required thickness of the gravel layer. 
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5.1.3 Flexible pavement alternative 

5.1.3.1 Introduction 
 

For the alternative of flexible pavement, two options were studied: one being hot-
mixed asphaltic concrete and the other double bituminous surface treatment.  For this 
design the AASHTO method 93 was also used, having determined the layer values of 
resilience modulus by indirect methods. The design period considered was 20 years. 
 
With the aim of creating a uniform sub-grade for the project, and reducing pavement 
cost, it has been considered to place a layer of select material just underneath the 
level of foundation grade line. This new layer could be composed of material currently 
existing as part of the riding surface plus new material from an adequate borrow pit. 
This layer of material could help reduce the required thickness of the sub-base and 
base layers due to its own structural contribution, which in turn would reduce the cost 
of the project. 

5.1.3.2 Mechanical values of the different layers 
 
To carry out the design of the pavement structure, the AASHTO 93 method was used 
based principally on the mechanical values of the different layers which form the 
pavement structure. This method is also given in the Central American Manual for 
Pavement design elaborated by SIECA. 
 
For the determination of the mechanical values of the resilience modulus of the 
materials, use has been made of the correlations which AASHTO recommends be 
used as shown in its pavement design manual, and the same is shown in the SIECA 
manual. 
 
In order to calculate the value of the resilience modulus of the sub-grade, which 
consists of a granular material, use is made of the following equation: 
 

MR = B x CBR 
 
In this formula the value of B will be 1500 when CBR is less then 10 and will vary 
between 750 and 3000 when the CBR is greater then 10 (in this case the  
 Kentucky Graph will be used). 
 
The elastic modulus of the base layer, and of the sub-base layer, was obtained from 
figures 7-5 and 7-7 of the SIECA manual, by correlation with CBR for each layer.  
 
The values of the resilience modulus are shown in Table No. 5.1.2 that follows. 
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Table No. 5.1.2: Value of Elastic Modulus based on CBR values 
 

Layer CBR (%) M R (lb/pulg²) 

Asphaltic Mix  400,000 

Base 100 31,000 

Sub-base 50 18,000 

Select Material 23 13,500 

Sub-grade 4 6,000 

  
With regard to the asphalt-concrete mix, it was considered that this would have a 
Marshall stability of 1,800 pounds, for which the Elastic Modulus for the surface 
course is obtained from Figure 7-4 of the SIECA manual.  

5.1.3.3 Design Methodology 
 
In order to determine the different thicknesses of the pavement structure layers, the 
Mechanical–Empirical Method shown in AASHTO-93 was used, making use of the 
resilience modulus values shown for surface course, base, sub-base, improved sub-
grade and sub-grade. Also taken into consideration were the limit values of the tensile 
forces and unit deformations which take place at the Asphalt Concrete-Granular Base 
interface; the exceeding of these limit values is what generates fatigue failures of the 
materials and causes deformation in the sub-grade layer. 
 
The basic equation of the AASHTO Method is as follows: 
 
For the Structural Number: 
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In which: 
 
W18 = Repetitions of equivalent standard axles during the design period 
Zr   = Standard deviation corresponding to the confidence level selected 
So   = Standard deviation 
SN = Structural number 

PSID = Loss in Serviceability 
Mr = Resilience modulus of the sub-grade 
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In order to calculate the different layer thicknesses of the pavement structure, the 
Layer Method requires that the structural number be equal to or greater than the 
structural number determined from the pertinent monographs.  
 
The equation used to estimate the total structure number of the new pavement 
structure is as follows:  
 

nnn mDamDamDaDaSN +++= 33322211  

 
Where: 

 
SN = Structural number 
a1, a2, a3, an= Layer coefficients 

 m2, m3,mn= Drainage coefficients 
 D1, D2, D3, Dn= Layer thickness (inches) 
 
 
Type of Base and Sub-base to be used 
 
For the construction of this road, it is recommended that a crushed-stone base and a 
granular sub-base be used, on top of an improved sub-grade layer; these layers 
would have good permeability. 
 
Drainage Coefficient 
 
The drainage coefficient values applicable to each layer have been selected from 
Table 6-3 of SIECA, according to the following table: 
 

Table No. 5.1.3: Drainage Coefficients 
 

Drainage 
Quality 

Percentage of time for which the structure is expos ed to 
moisture approaching saturation 

       < 1%                    1 – 5%                  5 – 25%                 > 25% 
Excellent 1.25 – 1.20 1.20 – 1.15 1.15 – 1.10 1.10 
Good 1.20 – 1.15 1.15 – 1.10 1.10 – 1.00 1.00 
Fair 1.15 – 1.10 1.10 – 1.00 1.00 – 0.90 0.90 
Poor 1.10 – 1.00 1.00 – 0.90 0.90 – 0.80 0.80 
Very Poor 1.00 – 0.90 0.90 – 0.80 0.80 – 0.70 0.70 

 
In the case of base and sub-base, the value of 1.00 is taken in view of the fact that 
this road will be rehabilitated and its drainage system improved, for which the 
drainage quality at a minimum will be good. 
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Layer Coefficients 
 
The values of layer coefficients were calculated by means of the following sources: 
 

·  Riding Course: Asphalt Concrete 
a1 = 0.41 (Obtained from Figure 7.3, SIECA Manual)  

·  Granular Base  
a2 = 0.14 (Obtained from Figure 7.5, SIECA Manual) 

·  Sub-base 
a3 = 0.12 (Obtained from Figure 7.7, SIECA Manual)  

·  Select material 
a4 = 0.10 (Obtained from Figure 7.7, SIECA Manual)  

 

5.1.3.4 Structural Design of the Pavement 
 
Asphalt Concrete 
 
The first evaluation of an asphaltic-concrete surface course was carried out using a 
minimum thickness of 7.5 cm, according to the minimum thickness suggested in 
Table 7-2 of the SIECA manual. Maximum size of aggregate to be used would be ¾ 
of an inch. 
 
Design Period = 20 years 
Number of repetitions of the equivalent standard axle ESAL = 0.485 x 10^6 
Surface Layer = Asphalt Concrete 
 

Table No. 5.1.4: Values for the Layers in the Struc ture 

Layer  CBR % E (psi) a m 

Asphaltic-concrete  400,000 0.41  

Base 100 31,000 0.14 1.00 

Sub-base 50 18,000 0.12 1.00 

Select Material 23 13,500 0.10 1.00 

Sub-Grade 4 6,000   

E:   Elastic Modulus 
a:   Layer Coefficient 
m:  Drainage Coefficient 

 
Thickness Design 
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In the calculation of the Structural Number required for the projected ESAL, the 
following elements were used:  
 

·  Confidence Value R = 80% (Obtained from Table 6.4, SIECA Manual). 
  

·  Coefficient Standard Deviation So = 0.45 (Obtained from SIECA manual). 
 
·  The serviceability indices (According to Chapter 7, page 4, of the SIECA 

manual). 
 
Initial Serviceability Index         PSI = 4.2 
Final Serviceability Index          PSI = 2.0 
                             DPSI = 2.2 
 
Value of the required Structural Number SN = 3.00 
 
Equation used for calculating SN of the proposed pavement structure:  
 

nnn mDamDamDaDaSN +++= 33322211  

 

Layers 
Thickness 

(D) (cm) 

Drainage 
Coefficient 

(m) 

Structural 
Coefficient* 

(a) 

Structural 
Number 

(SN ) 
Asphaltic Concrete 6.5 N/A          0.161                 1.05     
Crushed Gravel Base 15.0 1.00          0.055              0.83    
 
Granular Sub-base 0 1.00 0.047  

Selected Material  30.0 1.00 0.039 1.17 
  

                 3.04    TOTAL  
51.50    

 
SN *(Calculated) >   SN (Required) 
                  3.04 > 3.01 
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                                    Sub-grade 
 
 
This solution complies with the minimum thickness criteria suggested by AASHTO 
and in the SIECA Manual, Table 7-2. 
 
However, a comment (MCA-Infra29) made by the Supervision (TPM) indicates that: 
 
“As indicated by the Terms of Reference, deviations from the Standards can be 
considered by MCA-N when such deviations could result in cost-effective options. 
This consideration applies to the Pavement Design and it implies that alternatives 
with regard to thicknesses and quality of wearing courses, bases and sub-bases shall 
be explore in order to ensure the most cost-effective solutions for the Secondary 
Roads” 
Based on this comment, the Consultant has analyzed the design of an asphalt 
concrete layer of reduced thickness. A double bituminous surface treatment has also 
been analyzed. 
This solution could result in an increase in maintenance cost for this project during its 
useful life because the resulting initial service ability of the project would depend on 
the construction process and set of controls put into place. On the other hand, these 
new alternatives will certainly result in a reduction in initial construction costs. 
 
Using the same values as before to calculate the Structural Number we have: 
 
Total required value of Structural Number SN=3.01 
 
Equation to be used: 
 

nnn mDamDamDaDaSN +++= 33322211  

Asphalt  Concrete  
 

�
Crushed Gravel Base 

15.0cm
. 

30.0 cm 

 
6.5 cm 
 

 
Selected Material  
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Layers 
Thickness 

(D) (cm) 

Drainage 
Coefficient 

(m) 

Structural 
Coefficient* 

(a) 

Structural 
Number 

(SN ) 
Asphaltic Concrete 5.0 N/A          0.161                0.81     
Crushed Gravel Base 15 1.00          0.055              0.83    
Granular Sub - Base  15 1.00          0.047     0.71 

Select Material 20 1.00 0.039 0.78 
     

                 3.12 
TOTAL  

55.00    
 

SN *(Calculated) >   SN (Required) 
                    3.12 >   3.01 
 
 

 
                  
               
 
           
 
 
 
 
 
 
 
 
 
                                    Sub-Grade 

 
 
Double Bituminous Surface Treatment 

If a double bituminous surface treatment is used instead of the asphalt concrete layer 
it is considered that: 
 

·  The first layer of the DST would be constructed with ½ inch aggregate; the 
second layer 3/8 inch aggregate maximum. These aggregates should have the 
required shape and asphalt adherence required characteristics. 

 

Asphaltic Concrete  

 
Granular Sub - Base  

�
Crushed Gravel Base 

15.0cm
. 

15.0 cm 

5.0 cm. 
 

 
Select Material   20.0 cm 
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·  The DST is not considered to contribute anything structurally to the pavement 

so that the SN is calculated using only the thicknesses of base, sub-base and 
select material. 

 

Layers 
Thickness 

(D) (cm) 

Drainage 
Coefficient 

(m) 

Structural 
Coefficient* 

(a) 

Structural 
Number 

(SN ) 
Double Bituminous 
Surface Treatment 2.5 N/A          0.00                 0.00     
Crushed Gravel Base 15.0 1.00          0.055              0.83    
Granular Sub - Base  20.0 1.00          0.047     0.94               

Select Material 32.50 1.00 0.039 1.27 
                 3.03 

TOTAL  
70.0    

 
SN *(Calculated) >   SN (Required) 
                    3.03 >   3.01 

 
 
 
 
                  
               
 
           
 
 
 
 
 
 
 
 
  
                            Sub-Grade 
 

 

15.0 cm 

 20.0 cm 

2.5 cm  Double Surface 
Treatment  

�
Crushed Base 

 
 

Granular Sub - Base 
 

 
Select material   32.5cm 
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5.1.4 Semi-Rigid Pavement Alternative 

5.1.4.1 Introduction  
 
Two alternatives for designing the semi-rigid pavement, in this case adoquín, were 
considered. These alternatives are presented in the Central American Manual for 
Pavement Design elaborated by SIECA, Chapter 7.3 Adoquines.  

5.1.4.2 AASHTO Method  
 
For this calculation is supposed that the sub-base to be used will be of granular type 
and that layer coefficients will be calculated using the following equations: 
 

·  Riding surface (adoquín)  
a1 = 0.45 (Obtained from Section 7.3.3)  
 

·  Sub-base 
                     a2 = 0.10 (Obtained from Figure 7.7 SIECA) 

·  Select Material 

         a3 = 0.10 (Obtained from Figure 7.7 SIECA) 

Results shown for this alternative are those obtained using preliminary (much lower) 
heavy-vehicle volumes. Inasmuch as, even with these low axle loadings, this 
alternative was not competitive on a life-cycle cost basis these results are included for 
illustrative purposes only. In this exercise a required SN of 3.01 was calculated. 
 
Equation to use in this case: 

2211 DaDaSN +=  
 

Layers 
Thickness 

(D) (cm) 

Drainage 
Coefficient 

(m) 

Structural 
Coefficient* 

(a) 

Structural 
Number 

(SN ) 
Adoquín 10.0       1.00               0.177                 1.77     

         
Sand 5.0        N/A                       -     

     
Sub -base 15.0        1.00           0.047     0.71  

     
Select Material 15.0       1.00               0.039                0.59 

       45.00               3.06 
 

SN (Calculated) > SN (Required) 
                  3.06 >   3.01 
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5.1.4.3 British method 
 

The publication “Concrete Blocks” of the Mexican Institute of Cement and Concrete 
shows in its technical report “The Design of Concrete Block Roads”, Wexham 
Springs, Cement and Association, 1976, that the paving blocks placed over a sand 
bed of 5 cm thickness have a capacity to distribute loads similar to that of compacted 
asphalt concrete of 16 cm thickness. 
 
Also it is indicated that the paving with concrete blocks can be placed directly over 
sub-base according to the standards of Road Note 29 (“A Guide to the Structural 
Design of Pavements for New Roads”, third edition, published by Transport and Road 
Research Laboratory, London) where the base and riding surface are substituted by 
paving blocks and 5 cm of sand. 
 
If the above paragraph is taken as the basis for design using Road Note 29 to 
determine the thickness of sub-base, for any sub-grade and the service life expected 
of different roads, these designs should support up to 1.5 million standard axles. 
From another part of said Road Note 29 it is recomm ended that the total 
thickness of the construction over the natural grou nd level be not less then 45 
cm. 
 
It is worth noting that Technical Memorandum Number H6/78 of the Department of 
Transport recommends that when the CBR value of the sub-grade is less then 5, an 
additional layer is necessary and this must have a CBR value of at least 5 more than 
the sub-grade (Publication MCYC page 76). 
 
Therefore, according to this method the thickness of the pavement structure would be 
at least equal to: 1) paving blocks of 10 cm thickness; 2) sand layer of 5 cm 
thickness; and 3) sub-base of 30 cm, without the need for any additional layer of 
select material since the sub-grade CBR is equal to 6. With this thickness the adoquín 
road should carry 1.5 million equivalent standard axles during a 20 year design 
period.  
 
The following thicknesses result from the two design methods described above: 
 

 
Layer/ Method AASHTO British 

Adoquín (cm.) 10 10 
Sand (cm.) 5 5 
Base (cm.) 0 0 

Sub base(cm) 15 30 
Select Material(cm.) 15 30 

Total 45 75 
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After analyzing the two methodologies the structure obtained via the AASHTO 
method would be adopted. 
  
                 
           
 
           
 
 
 
 
 
 
 
                               
 
 
 
 
                                Sub-rasante 
 
 
5.1.5 Rigid pavement Alternative 

5.1.5.1 Introduction 
 
For the alternative of rigid pavement, it is been considered that this riding surface 
layer would be of Portland cement concrete (designated hydraulic concrete in 
Nicaragua). For the design the AASHTO-93 is being used with values of resilience 
modulus having been determined indirectly for each layer. The design period 
considered is 20 years. 

5.1.5.2 Design methodology 
 
Design was carried out according to AASHTO-98 requirements corresponding to rigid 
pavements. 
 
The slab must work in flexure and, for that reason; the modulus of rupture is used, 
determined by means of the three-point test, Standard AASHTO T 97-86.  
 
The CBR values for the sub-grade were estimated indirectly from the DCP results 
leaving for the final design phase the execution of laboratory testing to make final 
adjustments to the DCP values obtained initially. 
 

�
�

 Sub – base Granular 

Arena 5.0 cm. 

15.0 cm. 

10.0 cm Adoquín 

 
Material Selecto 

15.0cm. 
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Later, using the correlation which is shown in Figure 7-33 of the SIECA Manual, the 
sub-grade modulus or “k” value of the sub-grade is determined. 
 
The basic equation of the AASHTO method is the following: 
 
  
 
 
 
 
Wherein: 

82W = Repetitions of the standard axle loading for the design period.   

rZ  = Normal standard deviation.  

oS  = Standard deviation combined with the traffic prediction and the variability of the 
expected pavement behavior.  

D   = Thickness of the concrete slab, in millimeters.  
PSID = Difference between the initial and the final serviceability index.  

tP   = Final serviceability index 

rM = Average resistance of concrete (in Mpa) to flexotraction at 28 days  

dC  = Drainage coefficient  
J    = Coefficient of load transmission in the joints. 

cE  = Modulus of elasticity of the concrete, in Mpa 
k  = Reaction modulus, given in Mpa/m of the surface on which the concrete 

pavement slab is supported.  
 
Type of Sub-base to used 
 
It has been considered to use a granular sub - base. 
 
Design of rigid pavement  
 
Riding surface layer = portland-cement concrete 
Design period = 20 years 
Number of repetitions of the equivalent axle loads ESAL = 0.485 x 106  
Concrete resistance ( cf ' ) = 350.0 Kg/cm2, 34.32 MPa, 5,000 pounds/inches² 
Elasticity modulus of the concrete = 2.34x105 Kg/cm², 22,933MPa, 3.33 x106 psi 
(Table 7.19, SIECA) 
Modulus of rupture (three-point test) Mr = 4.57 MPa 
Sub-grade values: 
The reaction value “k” of the sub-grade = 40 MPa/m 
CBR value of the sub-grade = 4 
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Thickness of the granular sub-base layer = 6 in 
 
Drainage coefficient Cd = 0.8 was obtained from SIECA Manual, Table 7-17. The 
portland-cement concrete pavements are considered to have only fair drainage 
quality due to the existence of joints through which water may infiltrate, and 
consequently there exists the possibility that pumping may occur of sub-base material 
at these joints. 
 
The coefficient of Force Transmission for the steel bar J = 3.9 (taken from Table 7-18 
SIECA). It is considered that the concrete slab will have shoulders of concrete as well 
and there will be no dowels for transmitting load between the pavement slab and the 
shoulder slab.  
 
Thickness Design 

Confidence value “R” equals 70 (Table 7-14, SIECA) 

rZ = -0.524 

So = 0.35 Coefficient of Standard Deviation (Chapter 7, page 56, SIECA). 

The serviceability indices (per Chapter 7, SIECA Manual)  

    Initial Service Index            PSI  =  4.5 
            Final Service Index                PSI   =  2.0 

                                        D  PSI   =   2.5 
 
 
 
 
 
 
 
           
 
 
                      
                                 Sub- Grade  
 
Separation of Transverse Contraction Joints: 
 
D = 7.00 inches (slab thickness) 
 
y = 18.04 feet (width of the slab) = 5.50 m 
 
x= SJT=24*D= 168 inches = 14.0 feet = 4.27 m 

 
Hydraulically Concrete 

�
Sub - Base  6.0 in        15.0 cm 

7.0 in     17.8 cm. 

13.0 inches         32.8 cm 
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x/y= 0.78 (relation between the length and width of each slab, which varies from 0.71 
< x/y <1.4, thus complying with requirement 0.71 < 0.78 <1.4. 
 
 
 
 
 
 
 
 
 
 
 
The forces and deflection were calculated under Corner Loading, Center Loading, 
and Edge Loading and all were within the fixed limits. 
 
Joint dowels must be used, of 32-inch (81.28 cm) length and 0.5-inch diameter, at 
every 40 inch (1.02 m) approximately. 
 

Hidraulic concrete
Layers (cm) AASHTO-FHA M. de C. Hond Concreto Asf. Concreto Asf. D.T.S AASHTO British AASHTO

Hydraulic Concrete 17.80
Asphaltic Concrete 6.50 5.00
Doble Trat. Superf. 2.50

Adoquín 10.00 10.00
Base 15.00 15.00 15.00
Sand 5.00 5.00

improved sub- grade
Sub-Base 15.00 20.00 15.00 30.00 15.00

Material Selecto 30.00 20.00 32.50 15.00 30.00
TOTAL 51.50 55.00 70.00 45.00 75.00 32.80

gravel surface Flexible Pavement(AASHTO) Adoquín

THICKNESSES OF ALTERNATIVE PAVEMENTS DESIGN S-6 ROA D

 
5.2 Alternative Studies for Structures 
 
The main objective in the Feasibility Study with regards to existing structures was to 
evaluate the possibility of keeping them as part of the final design as opposed to the 
decision of replacing them with new ones being built on the locations of the existing 
ones. 
 
This study was composed of several analyses as detailed here: 
 

·  Analysis of the possible fitting of the current structure in the geometric design 
proposed for the rehabilitated road in regards to new cross section type and 
grade line. 

4.27 m 

5.50 m 
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·  Analysis of the hydraulic capacity of the existing structure to provide for the 

safely passage of the design flood volume. 
·  Analysis of the existing protection in front of scouring of the riverbanks for the 

estimated flood levels. 
·  Analysis of the estimated structural capacity based on the field condition 

inspections of its diverse elements. 
 
The result of these analyses is that none of the existing structures in this road can be 
used as part of the final design for the reasons presented here below for each one of 
them. 
 
As part of the Final Design the detail calculation of the proposed solution in each case 
will be provided. 
 

 
 
Observations regarding the adequacy to the designed  alignment 
 
The existing tracing is in a low point of an alignment in swing. On an elevation of the 
low one having treated itself about a zone non-flowing serious necessary in order to 
avoid the possible affections to the traffic and to the pedestrians 
 
The width of the new road is 1.2+3.3+3.3+1.2 =9.0 m while the width of the existing 
bridge of minor section and corresponding to a one lane bridge. The strangling at this 
point of the road width would require extremely low speeds and it would require a full 
stop in case of two opposing vehicles reaching the bridge at the same time. 
 
It would be necessary to develop very large visibility distance in this segment of the 
road because unless optimal conditions are obtained this point would become 
accident prone. 
 
The result of this evaluation is that the structure is DEFICIENT. 
 

1 12+509 Bridge-Caja  

EXISTING STRUCTURE 
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Observations regarding the structural evaluation 
 
It is a question of a multiple sewer shaped by 3 pipes of armed concretely with 42 '. 
The structure is in poor condition. 
 
Heap of material is observed at the entry preventing the normal flow of the water. 
Downstream a wall of masonry observes that apparently it was a wall of containment 
that already does not work as such. 
 
The result is that the structure is DEFICIENT. 
 
Observations regarding scouring 
 
The most frequent method to avoid the undercut consists of arranging a mantle of 
breakwater placed about the support. 
 
In this case the hydraulic section would diminish and its capacity of outlet would 
diminish considerably managing to be insufficient. Another option would be to have 
an apron of at least 3.00 m and a tooth of 0.65 m. 
 
Also big problems of ruin exist for sedimentation. An important problem is the one that 
presents with the dragging that are produced during the avenues when the size 
provokes the blockage of the work or its impact. In these cases it is necessary to 
check the type of dragging and adopt measures for its retention, because they can be 
palisades upstream from the work or wells of withdrawal. 
 
The result of the evaluation of the existing structure with regards to scouring is 
DEFICIENT. 
 
Observations regarding hydraulic capacity 
 

   

ESQUEMA DE FUNCIONAMIENTO

 
 
Calculated Flow: 16.48 m3/sec 
Velocity: 4.70 m/sec 
Maximum water level: 2.99 m 
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Free distance to structure lower part: The water overcomes the level of low of the 
route. 
 
In view of the obtained results it is possible to conclude that, for a maximum avenue 
of 50 years of return period, the structure would enter load both uniform regime and 
critical regime. 
 
The result of this analysis concerning the hydraulic capacity is that the existing bridge 
is clearly DEFICIENT. 
 
 
5.3 Studies on preliminary alignments 
 
The study of preliminary alignments was done as soon as data was obtained 
regarding the existing road centerline which was done as indicated in section 4.3 
Road Inventory. 
 
Based on the data obtained from the use of GPS equipment initial adjustments to the 
existing alignment were studied under the general principle of keeping the projected 
roadbed within the limits of the existing right of way as indicated by the spirit of the 
project. 
 
 
5.4 Use of Paving Blocks (“Adoquín”) in Urban Areas  
 
The use of paving blocks (“adoquín”) is widespread in Nicaragua. Hundreds of 
kilometers of urban streets and secondary roads have been built using this type of 
riding surface. In this chapter, the structural pavement design for the use of “adoquin” 
has been considered as one of the alternatives for the entire length of the project. In 
Chapter 7 the corresponding cost analysis will be conducted. 
 
However, the Consultant has received the request to analyze its use along the 
segments of the road that crosses urban areas (small populations). This request has 
been made repeatedly at the institutional and public consultation meetings that have 
been conducted as part of the Socio-Environmental Study. The request is based 
primarily on the fact that this type of riding surface is very easy to repair and maintain 
through labor intensive methods. 
 
However, this type of solution has several technical problems such as: 
 

a. For the Contractor it becomes more difficult to place two types of pavement 
structures than just one for the entire length of the project. 

b. The actual cost for a given pavement structure tends to increase as the volume 
of work required for that particular structure decreases. From this point of view, 
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the total global cost of the pavement becomes more expensive if there are two 
types of pavement structures than if there is only one. 

c. The initial roughness of the “adoquin” riding surface is estimated to be 4 IRI 
while the corresponding initial roughness of a double bituminous surface 
treatment would be around 2 IRI, and that of an asphalt concrete surface is 
even lower. 

d. The experience in Nicaragua with regards to the performance of the “adoquin” 
pavements has been mixed. While it is true that its maintenance does not 
require special equipment and can be done using local labor, the quality of the 
repaired surface might turn out to be not satisfactory. 

 
Based on these factors, the Consultant considers that the used of mixed surface 
types (short distances of the road being built with “adoquin” along the populated 
segments of the project) does not offer enough advantages to promote its use. The 
cost analysis will yield more and better criteria to analyze the feasibility of using 
“adoquin” as part of the project. 
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6 CONSIDERATIONS RELATED TO ROAD MAINTENANCE 
 
6.1 General 
 
It must be remembered that a highway is not only the surface of a structure built 
specifically for the comfortable use of drivers but also a group of elements which form 
a harmonic system which demands conservation in a state reasonably close to its 
original condition. This must be done not only to ensure the comfort and safety of 
road users, but also to protect the investment made in the construction of such works 
and so that the highway will aid the social and economic development of the 
communities served by the road network. 
 
Good maintenance can only be achieved by carrying out a series of actions of a 
particular character, normally called maintenance activities or work standards (the 
latter term is used in HDM4), by means of which the highway administration seeks to 
assure an adequate level of maintenance, taking into account any budgetary 
restrictions. 
 
The road maintenance problem in Latin America and the Caribbean has similar basic 
characteristics. The accelerated deterioration of highway networks, the high costs of 
land transport, and the premature investments required in order to rehabilitate the 
highway infrastructure at a high cost, all are attributable to factors such as the lack of 
financial resources, low rates of execution of maintenance activities, and the deferral 
of needed maintenance which leads to higher investment costs. 
 
 
6.2 Road maintenance concepts and terms 
  
6.2.1 Road Maintenance 
 
This covers a broad group of activities destined to ensure the adequate functioning of 
a highway or road network at an acceptable cost. One of the principal objectives of 
road maintenance is that of avoiding, to the extent possible, the unnecessary loss of 
capital already invested through the physical protection of the roadway and its 
elements. Such maintenance specifically attempts to prevent the destruction of 
elements of the road and the necessity of premature rehabilitation or reconstruction. 
There are two general types of maintenance: routine and periodic maintenance. 
 
6.2.2 Roughness 
 
The roughness of a road is defined as the superficial irregularity which causes 
vibration in vehicles which pass over the road at a particular speed. Sizeable 
increases in roughness reduce driver comfort and increase the vehicle operating 
costs; it is an important element in the economic analysis using HDM4. 



 
 Consultancy services for the preparation of the feasibility study, environmental assessment and 

final design of the secondary road rehabilitation projects 
 

Feasibility Study 
S6: Santa Teresa – Las Brisas 

Final Report, English Translation  46 

 
 
The surface roughness is expressed in IRI (International Roughness Index), which 
normally is measured through use of special equipment, either vehicle-mounted 
lasers or “bump integrators”. However, World Bank experts have developed a 
reasonable correlation between the “comfortable riding speed” of a road surface and 
it’s IRI; the unit of measurement of IRI is in meters per kilometer. 
 
6.2.3 Routine Maintenance 
 
As the name indicates, this type of road maintenance is carried out routinely, as 
needed, although some activities may be programmed at certain interval. Typical 
activities include: repair of small defects in the roadway, normally using material 
similar to that of the existing pavement structure; grading of unpaved roadways; 
regular cleaning of the right-of-way and drainage system as well as signs and other 
elements designed for the control and safety of traffic. Average annual cost of routine 
maintenance varies from something less than 300 US dollars per kilometer for a 
gravel road, to more than 5,000 US dollars per km for a rural freeway. 
 
6.2.4 Periodic Maintenance 
 
This covers operations which are performed at certain intervals according to apparent 
need, to reinforce the pavement structure or to restore surface conditions which no 
longer offer the desired comfort and safety. Examples are: replacement and 
compaction of a gravel surface layer; application of some type of asphaltic seal 
(generally a fog seal or bituminous surface treatment); or an asphaltic-concrete 
overlay of a thickness calculated to reinforce the pavement structure as well as to 
restore an acceptable riding condition. The aim is always that of conserving the 
highway in good condition until such time as the increase in traffic requires greater 
structural capacity or improved geometry. 
 
 
6.3 FOMAV 
 
6.3.1 Background 
 
The Road Maintenance Fund (FOMAV) was created under Law No. 355 approved by 
the National Assembly the 29th of June of 2000, and published in the official Gazette 
(No. 157) in March of the same year. The regulations of said law were approved by 
the National Assembly under Decree No. 3513 and published in the official Gazette 
the 21st of May, 2003, thus establishing the procedures to be followed in defining the 
road network to be maintained by FOMAV. 
 
FOMAV initiated its maintenance operations in the year 2003, using funds from the 
seed fund (“Fondo Semilla”) offered by the Interamerican Development Bank (BID) 
under Loan Agreement No. 1036/SF-NI, which financed the Rehabilitation Program 
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for the North Panamerican Highway, and loan No. 1088/SF-NI, which financed 
rehabilitation of the San Lorenzo-Muhan Highway. Also used were resources from 
Agreement No. CR-3464-NI, signed with the International Development Agency of the 
World Bank.  
 
6.3.2 Maintenance by FOMAV 
 
Maintenance was carried out by FOMAV on a total of 1,317 kilometers of road during 
the first three quarters of 2007, for which a total of 177 million Córdobas was spent for 
works, supervision and administrative expenses. Approximately 900 km of highway 
are actually in process of being repaired and another 210 being contracted. For the 
entire year, FOMAV plans to actively maintain 2,427 kilometers. 
 
In road maintenance realized in the present year there has become exhausted a 
whole of 177 millions of córdobas, so much in works and services of supervision and 
expenses, since in investment endorsed with the collection derived from the tax 
received by means of the purchase of fuels. The total amount collected from the tax 
on vehicle fuel is 192.3 million Córdobas in 2007, and from this amount 20% is 
transferred to the municipalities. 
 
With the aid of these transfers from FOMAV, the municipalities to date have 
maintained some 880 km of roads included in the municipal network, in which they 
have invested nearly 55.7 million Córdobas. Of this amount, over 36.2 million 
correspond to transfers from FOMAV and the remainder from local counterpart funds. 
 
In addition, using resources from a World Bank credit to the Nicaraguan Government, 
FOMAV has signed 32 contracts with small businesses for routine maintenance 
operations on more than 211 kilometers of highway. 
 
 
6.3.3 FOMAV and the Millennium Challenge Account pr ojects 
 
The Fund of Road Maintenance, FOMAV, does not have included up to the moment 
the project S6: Santa Teresa - Las Brisas like part of its net to supporting, but it is 
logical to suppose that once works of improvements are executed on this way, it will 
be to take part of the net under FOMAV's jurisdiction. 
 
The FOMAV works for year and a half with own resources from tariffs for the sale of 
national fuel. Giving maintenance to ways, paved and paved roads 
 
The FOMAV catches eight cents of dollar for gallon of diesel and petrol, which tariff 
will grow in sixteen cents for 2009, and they will catch 38 million dollars during this 
year. 
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6.4 Maintenance Activities Considered for Use in HD M4 
 
One of the key points of the feasibility study of this project is the use in the economic 
evaluation of the mathematical model HDM-4, in which maintenance activities must 
be incorporated in order to properly predict the behavior of the study road during the 
entire analysis period. 
 
Maintenance activities (maintenance standards) incorporated into HDM-4 for 
analyzing various alternatives of rehabilitation and subsequent maintenance are 
indicated in Table No. 6.4.1.  In Table 6.4.2 key criteria for determining appropriate 
timing of such activities are set forth. 
 
 

Table No. 6.4.1: Maintenance Activities Details for  this Project 
 
Alternative Type of Activity

Activity to be done on the 
Road

Begin 
Year

Maintenace Works/Type of 
Improvement

Without Project M Maintain Unpaved 2008 Gravel resurface at 100 mm
Maintain Unpaved Road Grading every 6 months
Road Spot regravel depth < 100 mm

Routine maintenance

With Project I Paved with Double Bituminous 2008 Paved with Double Bituminous
Improved Pavement Surface Treatment Surface Treatment
Double Surface Treatment M Maintain after 2010 Resello SBSD 15mm

paving Patching
Crack Sealing
Routine maintenance

With Project I Paved with 2008 Paved with 
Improved Pavement Asphalt Concrete Asphalt Concrete
Asphalt Concrete M Maintain after 2010 Resello SBSD 15mm

paving Patching
Crack Sealing
Routine maintenance

Note: Type of Activity
M: Maintenance
I: Improvement
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Table No. 6.4.2: Maintenance Activities Implementat ion Criteria 
 

Activity to be done on the 
Roado

Begin 
Year

Maintenance Works Intervention Response Criteria Max I RI min max min max

M Maintain Unpaved 2008 Gravel resurface at 100mm R Greavel thickness <= 100 mm 30 3 9999 0 100000
Road Grading every 6 months S 180 days 30 180 750 0 100000

Spot regraveldepth < 100mm S 1 year 30 0 100000
Routine maint. S 1 year 1 9999

M Maintain Road after 2010 Reseal SBSD 15mm R Total carriageway cracked >= 35% 10 1 9999 0 100000
paving Patching R Potholing >=0 no./km 12.5 0 100000

Crack Sealing R Wide structural cracking >=5% 12.5 0 100000
Routine maint. S 1 year 1 9999

Note: Type of Intervention
R: Response
S: Scheduled
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7 FINANCIAL AND ECONOMIC CONSTRUCTION AND MAINTENAN CE 

COSTS 
 
7.1 Construction specifications 
 
The specifications which will govern the execution of this Project are the General 
Specifications for the Construction of Roads, Streets and Bridges in its updated 
version NIC-2000. 
 
In the final design document of the Project, the particular specifications which 
complement the NIC-2000 Technical Specifications will be included. The scope of 
works will be based on the definitions established in the NIC-2000, subdivisions 200 
to 1000. 
 
 
7.2 Financial Construction Costs 
 
7.2.1 Cost Analysis 
 
The analysis of the construction and maintenance costs of a road project is based on 
the unit costs of: 
 

a) equipment 
b) materials 
c) labor 

 
Each one must be measured in their corresponding unit, equipment in cost per hour, 
materials in cost per unit of weight or volume, and labor in cost per hour. 
 
Based on the specific cost of each input, the unit prices are computed for each work 
item. A work item is a part of the work to be done that can be executed and valued as 
an independent unit. As an example, “unclassified excavation” is a work item for 
which one can compute its price per cubic meter. 
 
To obtain the unit cost of a work item is necessary to know the specific quantities for 
each input of equipment, materials and labor that are required to generate on site one 
unit of the corresponding work item following the corresponding norm or specification 
previously established for the job and assuming production rates usually adopted for 
this type of projects. 
 
Finally, the total cost of the project is obtained as the sum of the product of these unit 
prices for each work item by the quantities of each that are needed in the project. 
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To speed up the computation of the unit prices of each work item and the resulting 
budget, the Consultant TYPSA has used its own developed software named 
PREMEDIC2 (an acronym for “Presupuesto”—budget— and “Mediciones”—
measurements—). Figure No. 7.2.1 shows the opening screen of the said program. 
This software has a database built in Microsoft Access where all lists are saved 
(inputs, work items, quantities) and where they can be easily retrieve and update. 
This software is used to compute the budget for each project and makes it possible to 
compute changes and updates in a very simple and expeditious manner. 
 

 
 
Figure No. 7.2.1: Initial Screen of the PREMEDIC so ftware developed by TYPSA for the 
calculation of budgets of construction Works 
 
Most of the data for this feasibility study was obtained during the second half of 2007 
and it is expected that the construction activities begin in 2008. Therefore 2008 is the 
first year of the analysis period. As a guideline for this kind of studies in Nicaragua, 
market prices are taken as of December of the year prior to when other data is being 
collected. Therefore, in this feasibility studies all prices are taken as of December 
2006. The exchange rate then was C$ 18 per US$ 1. 
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7.2.1.1 Equipment 
 
The hourly costs of 58 types of equipment were included in the data base of 
PREMEDIC 2 for the preparation of the project’s budget. These hourly costs were 
estimated from the manufacturer’s specifications adapted to local condition in 
Nicaragua. 
 
The file named “Justificación Salarios y Tarifa Equipos.pdf” in Appendix 4 presents a 
detailed breakdown of the different cost components (depreciation, fuel consumption, 
lubricants, maintenance, etc.) and all related calculations performed to arrive at the 
hourly rate for each one of these equipments used. 

7.2.1.2 Materials 
 
In the preparation of the project’s budget in financial terms, the market prices of the 
materials used as inputs for the execution of the work items are used. These prices 
are shown in the file “Materiales.pdf” in Appendix 4. 

7.2.1.3 Labor 
 
The cost of labor is shown in Appendix 4 in the file “Justificación Salarios y Tarifa 
Equipos.pdf”. This list includes skilled labor as well as non-skilled labor. 
 
 
7.2.2 Breakdown Analysis of prices by work item 
 
In the document titled “Descomposición de Obra.pdf”, attached in Appendix 4, a 
detailed presentation is given as to how the process of combining equipment, 
materials and labor is undertaken to arrive a the financial cost of each work item. In 
that analysis other factors such as transport—which is function of the distance 
between a given project and the main distribution centers in the country—are also 
included. 
 
Table No. 7.2.1 is presented as an example of the breakdown for the work item 
“Unclassified excavation”, Code 203(1C). 
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Table No. 7.2.1: Cost Breakdown of the Work Item “U nclassified Excavation” 

 
Direct Cost (Cost of Actual Execution)     28.46 

Indirect Costs, Firm’s Overhead, Risk and Profit 32.6% 

Bid Price (Contractual Execution Cost)    37.74 
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It must be noticed that after the calculations made by PREMEDIC 2 the direct cost is 
obtained. At that point it is necessary to add other additional costs as a percentage of 
the direct costs. 
 
A typical breakdown of these additional costs is presented here below: 
 

·  Firm Overhead Costs  13% 
·  Unforseen Costs     3% 
·  Profit       7% 
·  Project’s Indirect Costs  11.97% 

                 _________ 
TOTAL 34.97% 

 
 
This total percentage varies somewhat from project to project. Even though the first 
three components are fixed, the fourth one varies according to the conditions that 
prevail in each project, and most importantly, it is affected by the duration of each 
project. 
 
7.2.3 Total Financial Project Cost 
 
The total construction cost for the project is obtained as the sum of the products of all 
work item quantities required to complete the project times their corresponding unit 
cost. An example of such calculation can be seen in Appendix 4, in the file 
“Presupuesto Alternativa.xls”. That computation is on a table format and it is 
presented for the Double Surface Treatment (DST) alternative. 
 
For the said alternative, the total construction cost in financial terms is C$ 91,621,004 
equivalent to US$ 5,090.056. 
 
The cost per kilometer is C$ 7,040.188 equivalent to US$ 391,122 
 
 
7.2.4 Financial Budget of the Other Construction Al ternatives 
 
The pavement cost of the following alternatives has been calculated: 
 
Alternative 1: A granular base course and a granular sub-base course topped with a 
hot mix asphalt concrete layer. 
 
Alternative 2: Granular base and sub-base layers with a double bituminous surface 
treatment. 
 
 



 
 Consultancy services for the preparation of the feasibility study, environmental assessment and 

final design of the secondary road rehabilitation projects 
 

Feasibility Study 
S6: Santa Teresa – Las Brisas 

Final Report, English Translation  55 

 
 
Alternative 3: A granular layer, a bedding layer of sand and paving blocks (“adoquín”) 
as the wearing course. 
 
Alternative 4: A granular layer with a Portland cement concrete riding surface. 
 
The alternative of granular sub-base and a gravel wearing course was not calculated 
because the level of traffic on this road generates a number of cumulative equivalent 
axel loads that is well above the maximum recommended for the design of this type of 
surfacing. Consequently, the design of pavement alternatives did not include the 
gravel alternative. 
 
The total cost for the pavement structure of the above mentioned four alternatives are 
presented in Appendix 4 under four separate files: “PAV DTS.pdf”, “PAV MAC.pdf”, 
“PAV CONCRETO.pdf”, “PAV ADOQ.pdf”. The total construction cost of the project 
including these mutually exclusive pavement options are also presented in Appendix 
4 in the file named “Presupuesto Alternativas.xls”. 
 
The total costs of the pavement structure are presented here below: 
 

Table No. 7.2.2: Cost of the Pavement Structures 
 

Cost (Millions) 
Pavement Structure 

Córdobas (C$) US$ 

Double Bituminous Surface Treatment 16.9 0.939 

Hot Mix Asphalt Concrete 17.9 0.994 

Paving Blocks “Adoquín” 27.7 1.539 

Portland Cement Concrete 45.9 2.550 

 
 
A quick review of the above Table No. 7.2.2 indicates that the alternatives for Paving 
Blocks and Portland Cement Concrete have initial construction cost much higher than 
the other two options based on asphalt products. The initial costs are so high as to 
make the non-asphalt based alternatives unfeasible and only the results of the first 
two alternatives will be farther developed here: 
 

·  Double Surface Treatment (DST) 
·  Asphalt Concrete Hot Mix (MAC) 

 
Based on these results and on the discussion presented in section 5.4, the use of 
paving blocks (“adoquín”) in the road segments along the populated areas of the 
project is also discarded. 
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Table No. 7.2.3: Financial Budget for the DBST Alte rnative 
ALTERNATIVA  DTS 

Chapter  Description 
    Budget  

C$ 
Budget 

 U$ 
1 FORCE ACCOUNT WORKS                                  140,000.00 7,777.78 
2 EARTH WORKS                                        6742,746.90 374,597.05 
3 PAVEMENT STRUCTURE                                    16941,223.47 941,179.08 
4 MINOR DRAINAGE                                                1373,475.04 76,304.17 
5 LONGITUDINAL DRAINAGE                                        11096,638.02 616,479.89 
6 STRUCTURES (BRIDGES )                                     19511,028.55 1083,946.03 

7 
STRUCTURES (BOX CULVERTS AND 
RETAINING WALLS)                                    2865,764.03 159,209.11 

8 SIGNING AND GUARDRAIL                                    2920,158.00 162,231.00 
9 ENVIRONMENTAL MITIGATION MEASURES                               1212,699.92 67,372.22 
10 UTILITIES RELOCATION                            1107,000.00 61,500.00 
11 COMPLEMENTARY WORKS                                       3461,949.23 192,330.51 
12 MISCELANEOUS                                                  509,811.93 28,322.89 
                                                                                                   
               TOTAL (DIRECT COST) 67882,495.09 3771,249.73 

 
TOTAL (WITH INDIRECT COSTS AND OTHER 

COSTS) 91621,003.62 5090,055.76 
  PROJECT LENGTH 13.014   
  PER KM COST (INCLUDING INDIRECTS) 7040,187.77 391,121.54 

 
Table No. 7.2.4: Financial Budget for the MAC Alter native 

ALTERNATIVA  MAC 

Chapter  Description 
    Budget  

C$ 
Budget 

 U$ 
1 FORCE ACCOUNT WORKS                                  140,000.00 7,777.78 
2 EARTH WORKS                                        6742,746.90 374,597.05 
3 PAVEMENT STRUCTURE                                    17850,562.41 991,697.91 
4 MINOR DRAINAGE                                                1373,475.04 76,304.17 
5 LONGITUDINAL DRAINAGE                                        11096,638.02 616,479.89 
6 STRUCTURES (BRIDGES )                                     19511,028.55 1083,946.03 

7 
STRUCTURES (BOX CULVERTS AND 
RETAINING WALLS)                                    2865,764.03 159,209.11 

8 SIGNING AND GUARDRAIL                                    2920,158.00 162,231.00 
9 ENVIRONMENTAL MITIGATION MEASURES                               1212,699.92 67,372.22 
10 UTILITIES RELOCATION                            1107,000.00 61,500.00 
11 COMPLEMENTARY WORKS                                       3461,949.23 192,330.51 
12 MISCELANEOUS                                                  509,811.93 28,322.89 
                                                                                                         
               TOTAL (DIRECT COST) 68791,834.03 3821,768.56 

 
TOTAL (WITH INDIRECT COSTS AND OTHER 

COSTS) 92848,338.39 5158,241.02 
  PROJECT LENGTH 13.014   
  PER KM COST (INCLUDING INDIRECTS) 7134,496.57 396,360.92 
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7.3 Economic Construction Costs 
 
7.3.1 Economic Costs Analysis 
 
An analysis of economic prices of the construction was done obtaining the economic 
values for the vehicle operating costs and the costs of the skilled and unskilled labor. 
To arrive at these costs it was necessary to begin with the financial costs and deduce 
from these the taxes and duties. 
 
For the HDM-4 analysis all construction costs-financial costs, must be converted to 
economic costs.  This is the cost that reflects the real value of goods and services to 
society. For each item within the budget the price on the open market is determined 
and the degrees to which these costs are distorted by the imperfections of the local 
market are determined for each major item. 

7.3.1.1 Equipment 
 
To obtain the economic cost of the hourly tariff of the mechanical equipment a factor 
of 0.78 is used that multiplies the values of hourly financial cost. This factor is 
obtained of the average of studies realized by the Department of Transport and 
Infrastructure (MTI) for a wide range of equipment of construction of roads. The 
above mentioned study is attached by information of costs updated in the file 
“Economic Factor Cost Machinery Updated.xls “in the Appendix 4. The value of the 
obtained average appears in the final column of the sheet "Machinery" of the above 
mentioned file. 

7.3.1.2 Materials 
 
In the file “Relation Price Econom Finan.xls” in the Appendix 4 the calculation of the 
Economic Factor of Cost for each of the materials is presented. To obtain the 
economic cost is necessary to deduce of the financial cost the value of the taxes 
charged to each material. The tax load is different in every case and appears in detail 
in the file mentioned previously. Some products (very few) do not pay VAT; others, as 
some asphalt mixtures and the fuels, have all its taxes lumped together in a fixed 
amount named ISC; finally there exist also products that besides the VAT must pay 
Import Customs Duty (DAI), which can vary between 5 and 15%. This is presented in 
more detail in the file mentioned previously. 
 
Although VAT has been included in the previous tables for illustration purposes, it is 
important to make notice that for the present study VAT is totally irrelevant. It has 
been assumed that the construction contractors will obtain total exemption of the 
payment of such tax. On the other hand, other taxes like the DAI and the ISC must be 
included because due to their nature, there is no easy way to obtain a similar 
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exemption. In the tables presented there are many inputs in which the ratio between 
economic cost and financial price is equal to one. 

7.3.1.3 Labor 
 
For effects of economic analysis, it is assumed that unskilled labor can be hired from 
personnel currently dedicated to agricultural jobs in the zone because there is no 
need for any specialized knowledge to execute the new tasks. 
 
The adjustment factor for unskilled labor has been obtained by comparing the 
minimum wage of the agricultural worker with the minimum wage of the worker in 
construction. This information is obtained from the material published by the 
Department of Labor (“Ministerio de Trabajo”). 
 
In the year 2006 the monthly salary approved by the National Commission of Wages 
for construction worker was C$ 2,018.4. Considering a weekly total of 48 hours of 
work and the number of weeks in one month being 4.34, the wage per hour becomes 
C$ 9.68. This must multiply for 1.6246 to consider the social security contributions 
and thus a minimum wage of C$15.72 is obtained. 
 
In the year 2006 the salary approved by the National Commission per month for the 
agricultural worker was of: C$ 869.40. Considering a weekly total of 48 hours of work 
and the number of weeks in one month being 4.34, the wage per hour becomes C$ 
4.17. This must multiply for 1.6246 to consider the social security contributions and 
thus a minimum wage of C$ 6.78 is obtained. 
 
Based on this analysis, the correction factor (FCE) for unskilled labor is 6.78/15.72 = 
0.43. 
 
As a source of supplementary information to previous analysis, the National System 
of Public Investment (SNIP) of the Secretariat of the Presidency of Nicaragua was 
consulted. Based on detailed studies undertaken in the MEDE/BID/PNUD project with 
the collaboration of the World Bank, it was concluded in its report “Methodological 
Guidelines for the Formulation and Evaluation of Projects” that the FCE for unskilled 
labor should be 0.70, while a factor of 1.0 should be used for skilled labor. For the 
latter the price paid for the construction is regulated on the open market without much 
distortion by any important external effect. 
 
In agreement to the previous considerations and taking a conservative approach, the 
values obtained of the report of the Secretariat of the Presidency of 0.70 and 1.0 for 
unskilled and skilled labor respectively will be used. 
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7.3.2 Total Economic Project Cost 
 
After calculating the economic cost of equipment, materials and labor, the procedure 
for obtaining the costs for each unit of work and the total cost of the project is similar 
to that followed for the calculation of the financial cost. Again, PREMEDIC2 was used 
for the calculation of the direct costs and then the percentage for indirect costs were 
added as it was described previously for the case of financial costs. 
 
For the alternative of Double Bituminous Surface Treatment, the Total Economic Cost 
of the Project is: C$ 81,535,067 that is equivalent to US$ 4,529,726 
 
The cost for kilometer is C$ 6,265,181 which is equivalent to US$ 348,065 
 
 
7.3.3 Economic Budget of the Other Construction Alt ernatives 
 
Similarly to the analysis presented in Section 7.2, the alternatives that are going to be 
considered for further analysis are only two: 
 

·  Improvement with Double Bituminous Surface Treatment (DTBS) 
·  Improvement with Hot Mix Asphalt Concrete (MAC) 

 
Below are summarized the principal items of the total budget estimated for the project 
for these two alternatives that will be analyzed in detail in Chapter 8 for an economic 
cost-benefit analysis throughout the design period against the base alternative of 
keeping the road in its current condition but providing the basic necessary 
maintenance. 
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Table No. 7.3.1: Budget in Economic Terms for DTSB Alternative 
 

COSTOS ECONOMICOS DTS

Chapter       Description                                                     Budget C$     Budget US$
1 FORCE ACCOUNT WORKS                                 140,000.00            7,777.78                  
2 EARTH WORKS                                       5393,493.42          299,638.52              
3 PAVEMENT STRUCTURE                                   13831,852.12        768,436.23              
4 MINOR DRAINAGE                                               1248,695.94          69,372.00                
5 LONGITUDINAL DRAINAGE                                        10163,153.41        564,619.63              
6 STRUCTURES (BRIDGES )                                     18388,537.48        1021,585.42            

7
STRUCTURES (BOX CULVERTS AND 
RETAINING WALLS)                                   2652,019.17          147,334.40              

8 SIGNING AND GUARDRAIL                                    2793,386.06          155,188.11              
9 ENVIRONMENTAL MITIGATION MEASURES                               1156,781.28          64,265.63                

10 UTILITIES RELOCATION                           1107,000.00          61,500.00                
11 COMPLEMENTARY WORKS                                       3092,009.22          171,778.29              
12 MISCELANEOUS                                                 442,842.48            24,602.36                

                                                                                          
               

TOTAL :                                                     60409,770.58        3356,098.37            
PROJECT LENGTH 13.014                   13.014                     
COST PER KM. 4641,906.45 257,065.69              
COST PER KM (INCLUDING INDIRECT COSTS) 6256,181.14          348,065.62
TOTAL COST PLUS INDIRECT AND OTHERS 81535,067.35        4529,725.96             

 
Table No.7.3.2: Budget in Economic Terms for MAC Al ternative 

 
chapter Description                                                   Budget     Budgect US$

1 FORCE ACCOUNT WORKS                                 140,000.00             7,777.78                 
2 EARTH WORKS                                       5393,493.42           299,638.52             
3 PAVEMENT STRUCTURE                                   15691,364.03         871,742.45             
4 MINOR DRAINAGE                                               1248,695.94           69,372.00               
5 LONGITUDINAL DRAINAGE                                        10163,153.41         564,619.63             
6 STRUCTURES (BRIDGES )                                     18388,537.48         1021,585.42           

7
STRUCTURES (BOX CULVERTS AND 
RETAINING WALLS)                                   2652,019.17           147,334.40             

8 SIGNING AND GUARDRAIL                                    2793,386.06           155,188.11             
9 ENVIRONMENTAL MITIGATION MEASURES                               1156,781.28           64,265.63               

10 UTILITIES RELOCATION                           1107,000.00           61,500.00               
11 COMPLEMENTARY WORKS                                       3092,009.22           171,778.29             
12 MISCELANEOUS                                                 442,842.48             24,602.36               

                                                                                          
               TOTAL :                                                     62269,282.49         3459,404.58           

longitud del tramo 13.014                    13.014                    
Costo por kilometro 4784,791.954         265,821.78             

Costo por kilometro incluyendo Indirectos 6458,033.70           358,779.65             
Costo total incluyendo indirectos 84044,850.58         4669,158.37           
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It is worth noticing that in previous stages leading to this final report, the Consultant 
has used a global ratio of Economic Costs to Financial Costs equal to 0.85. In the 
present Final Report a ratio of 0.878 was obtained based in the results of detail 
budgets calculated with PREMEDIC 2 for both the economic and the financial 
computations with used of specific factors for Labor, Materials and Equipment as 
described in the previous sections. 
 
 
7.4 Financial and Economic Costs of Highway Mainten ance Activities 
 
The calculation of costs for the road maintenance activities follows a similar 
methodology to that used previously to estimate the cost of construction works. It 
begins with the database of unit prices —financial or economic as the case might 
be— of the different inputs (materials, equipment and labor). 
 
The activities of maintenance considered are those modelled by HDM-4 for paved 
and unpaved roads. 
 
Activities for unpaved roads: 
 

·  Routine Maintenance 
·  Grading 
·  Spot Regraveling with Select Material 
·  Resurfacing with Gravel (150 mm)  

 
Activities for paved roads: 
 

·  Routine Maintenance 
·  Patching  
·  Slurry Seal (Crack Sealing) 
·  Resurfacing with Surface Treatment 

 
As it happens with the work units in construction, each one of these maintenance 
activities has its own components of equipment, material and labor. Based on the unit 
prices of its corresponding inputs, the total cost of each activity is calculated using 
PREMEDIC 2. To these basic direct costs, as it was done for the costs of 
construction, it is necessary to add the percentage of additional costs described and 
calculated in the section of financial costs (indirect costs). 
 
The information on maintenance costs is fundamental for the HDM-4 model where 
they have to be entered in addition to the cost of construction for every alternative. In 
this way, the model computes the initial construction cost plus the maintenance costs 
required to maintain the newly constructed road to an acceptable level of service to 
the road users. 
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In Appendix 4, the file “Descomposición Mantenimiento.pdf” provides the computation 
breakdown for each one of the activities that are summarized in Table No. 7.4.1 
presented below for economic as well as financial costs. 
 

Table No. 7.4.1:  Economic and Financial Prices for  Maintenance Activities of Paved 
and Unpaved Roads 

 

Work Item $/m2 $/km. $/m3 $/m2 $/km. $/m3

Unpaved Roads

Routine Maintenance 763.80$       945.60$      
Grading (with mechanical compaction) 1,588.71$    1,985.89$   
Spot Regravelling with Select Material 26.54$     28.36$     
Gravel Resurfacing (150mm) 18.73$     19.45$     

Paved Roads

Routine Maintenance 857.54$       1,056.47$   
Patching 16.78$   18.00$   
Crack Sealing (Slurry Seal) 2.51$     2.86$     
Resurfacing with Surface Treatment 2.69$     2.87$     

ECONOMIC PRICES FINANCIAL PRICES
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8 ECONOMICAL EVALUATION 
 
8.1 Methodological Approach  
 
In an economic analysis there should be an evaluation of the costs and benefits of a 
given project to obtain their balance for the with and without project scenario. In the 
case of the Consumer Surplus Method, the benefits are accounted for directly through 
the savings in vehicle operating costs that arise due to the improvement brought 
about by the execution of the project. The improvement causes savings in fuel 
consumption, oil, tires, vehicle maintenance, depreciation, etc. as well as savings in 
travel time for the road users. Traffic patterns will also change during the project’s 
analysis period (which accounts for Final Design, road construction and 20 years of 
operation). These changes will be different for different vehicle types according to the 
traffic studies conducted. 
 
In the Producer Surplus Method, the road improvement creates incentives for the 
producers in the area of influence to produce more because of the reduced transport 
costs for their agricultural supplies as well as for their production, increasing their 
profit margins. It also happens that the provision of a paved road to access an area 
will induce producers to change to a product which results in increased income for 
them, for example changing to perishable products that before could not be 
transported in a timely manner and in good condition to outside markets. 
 
The year by year comparison during the analysis period of the production costs 
(including the initial costs of implementing the new agricultural scheme) and the 
additional producer income at farm-gate prices provides the basis for estimating the 
net annual producer income. These net benefits are compared with and without 
project.  
 
The economic analysis is basically a comparison of the streams of economic costs 
and benefits discounted to their present-worth values using an established discount 
rate. If discounted benefits exceed the relevant discounted costs, then the project 
evaluated has a positive Net Present Value (NPV) and is viable. Nevertheless, 
inasmuch as there always are many candidates for the investment of capital in a 
country, and in order to prioritize competing projects, the Internal Rate of Return 
(IRR) is calculated. The IRR is the discount rate at which the total discounted benefits 
equal the discounted total costs.  
 
In this present case, the agreement between the Millennium Challenge Corporation 
and the Government of Nicaragua requires as proof of economic viability that the 
investment required to rehabilitate each of the secondary road projects produces an 
Economic Rate of Return of at least 8%. 
 
 



 
 Consultancy services for the preparation of the feasibility study, environmental assessment and 

final design of the secondary road rehabilitation projects 
 

Feasibility Study 
S6: Santa Teresa – Las Brisas 

Final Report, English Translation  64 

 
 
8.2 Economic Costs of Construction and Maintenance 

 
The economic cost per kilometer of the construction and maintenance activities that 
were calculated in chapter 7 are used as inputs to the HDM-4 model. 
 
It is also necessary to calculate as an additional parameter for the HDM-4 model the 
residual value at the end of the analysis period of the construction works executed 
through the project. This value represents the value of the infrastructure that still has 
usable life beyond the end of the analysis period. It is conservatively estimated that 
the residual value for this project will be a 10% of the initial construction cost. 
 
8.3 Consumer Benefits 
 
The consumer surplus is the orthodox approach for estimating the economic 
indicators related to possible investment in roads. This method is based upon the 
economic benefits to road users from reduction in the cost of vehicle operation and in 
travel time. The annual direct benefit to the users of the improved road -the consumer 
surplus-is equal to the product of the number of trips and the average economic costs 
saved per trip. 
 
The consumer surplus methodology is well recognized and is widely used in models 
of economic analysis, such as the Highway Development and Management Model, 
also known as HDM-4, of the World Bank. The results are very reliable except for 
roads with very low volumes of traffic.  
 
In addition to the automobile traffic in these projects, there are also a considerable 
number of non-motorized vehicles propelled by animal energy, or by persons, such as 
bicycles, cycle-taxis and farm carts. Benefits from this class of vehicles are related to 
savings in time and human energy required to propel such vehicles. Being quite low 
the economic value of people's time in these conditions, it would be necessary for 
many people to be traveling in that manner in order to justify the investment that 
normally would be required in a road rehabilitation project. 
 
According to the terms of reference, the Consultant has utilized the HDM-4 model to 
carry out the economic evaluation of this project. The model considers the costs and 
the benefits which can be readily expressed in economic terms and provision is made 
for some which are often difficult to quantify in monetary terms. The benefits and 
costs considered are:    
 

a) Costs incurred by the highway administration (improvement and costs) 
b)  Costs of highway users 
c) Environmental effects 
d) Other benefits and costs 
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a) The costs incurred by the administration include: 
 

·  Highway construction 
·  Highway maintenance 
·  Activities outside the roadway 

 
The costs of the works to be carried out are obtained as a product of the physical 
quantities estimated for each activity and its respective unit cost. This is determined 
for each section and option which seems reasonable for the inversion and for each 
year of the analyses.  The following predefined categories are used in HDM-4: 

 
·  Capital (or periodic) 
·  Recurrent (or Routine) 
·  Special 

 
When optimization of the investment program is required, budget restrictions might be 
applied separately and by category. 

 
b) Highway user cost: 

 
These are modeled on the following components: 
 

·  Operation costs of motorized vehicles including: 
 

o Consumption of fuel and lubricants 
o Consumption of tires and spares  
o Work hours and of operation 
o Depreciation  
o Driver cost 
o General costs 

 
·  Cost of time for passengers and cargo 
·  Non-motorized transport  
·  Accident costs, which are evaluated in monetary and non-monetary 

terms and are usually divided in these types: fatal, those with injuries 
only, or only material damage. 

 
c) Environmental effects included the following: 

 
·  Vehicle emission 
·  Energy use 
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d) Other benefits and costs 
 

The user can specify, for every year of the period of the analysis, benefits 
and costs that are not shaped. These are added or are discounted to the 
calculated ones internally and, in some cases they identify as day pupils.  

 
In case of the project S-9 they are considered to be only the costs of administration 
and those of the users of the road. 

 
 
8.4 Producer Benefits 

  
They do not apply the benefits to the producer because the nearness of León's city 
and the function of the road to join this city with a tourist center, generates distortions 
as for the impact of the project in the increase of the agricultural (farming) production. 
 
8.5 Economic Evaluation 

 
8.5.1 Introduction 

 
The purpose of the analysis is to establish the economic benefits which will result 
from the proposed investment. This differs from a financial analysis which is more 
related to methods of financing of a project and its financial viability. The economic 
viability of a road project is evaluated by comparing it with a base alternative which 
normally is continuing to maintain the road essentially in its present condition. The 
alternatives evaluated in this study are: 

 
·  Without project: maintain the existing gravel road. 
·  With project: five alternatives of different pavement structures followed by 

the maintenance of each alternative. 
 
The analysis of the steams of costs and benefits is used to define the economical 
viability for each of the different alternatives, and thus establish which is the most 
advantageous and when is the most opportune moment in which to carry out the 
investment. The economic analysis can be used also to compare different technical 
standards or strategies of investment.  
 
This analysis includes the following operations: 
 

a) Identification of the problem which must be resolved and formulation of 
appropriate alternatives. 

b) Identification and quantification of the costs and benefits during the project life 
cycle in which these benefits and costs will be incurred. 
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c) Modeling of the future impacts on the highway and the traffic flow of each of 

the proposed alternatives. 
d) economic comparison of the different alternatives, including: 

 
·  Discounting the annual flows of costs and benefits in the base year 

selected. 
·  Comparison of the flow of benefits and costs between each pair of 

alternatives. 
·  Calculation of the economic indicators such as net present value, internal 

rate of return, benefit-cost ratio and benefit in the first year. 
 
Two or more options have been specified, including different improvement and 
maintenance works, for each section of the proposed highway, one of which is the 
base case (minimum maintenance of the existing road). The benefits of other options 
are calculated for a specific analysis period comparing the flow of calculated costs in 
each year against those costs each year for the base case. The difference between 
the total discounted economic costs of the two cost streams is defined as the net 
present value (NVP) of the proposed option. The average of the roadway quality 
during the life cycle is measured in terms of the international roughness index (IRI), 
which is calculated also for each alternative. 
 
8.5.2 Calculation of economic indicators 
 
The economic indicators for a proposed investment are calculated using the flows of 
benefits and costs resulting from the different comparisons between investment 
options, always for with-project and without-project scenarios. 
 
For each pair of investment options considered, the net benefits and the costs for 
carrying out one or the other are calculated year by year. In all cases, the investment 
option “m” is compared with the option “n” (option “n” being the base case of no 
improvement).   
 
The following economic indicators are calculated from the flows of costs and benefits, 
using specific discount rates chosen by the user: 
 

·  Net Present Value - NPV  
·  Internal Rate of Return - IRR  
·  Benefit/Cost Ratio - BCR  

8.5.2.1 Net present value 
 
The net present value (NPV) of the investment option “m” related to the basic option 
“n” is the sum of the discounted net annual benefits, and costs, calculated by the 
equation shown: 
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Where: 
 
NBy (m-n): economic net benefit of the investment option “m” over the basic option 

“n” in the year “y”.  
r:  discount rate (%) 
y:  analyzed year (y = 1, 2, ... ., Y) 
 
The maximum net present value indicates the greatest benefits for the investment 
option “m” over the basic option “n”. If there are no budget restrictions then the 
election between two alternatives of investment would be conditioned by NPV. 
Obviously, large investments would have large NPV. 

8.5.2.2 Internal rate of return: 
 
Internal rate of return is the discount rate at which the net present value is zero. It is 
calculated by solving the relationship implicit in the following equation:  

 
 
The equation is solved for r° by evaluating net present value in percentage 
increments of 5 in the discount rate from -95 +900 percent, and determining the (or 
those) zero(s) of the equation by linear interpolation of adjacent discount rates with 
NPV of opposing signs. 
 
Depending on the nature of the net-benefit flow, NBy (m-n), it is possible to obtain 
one solution only, or multiple solutions or no solution. 
 
The IRR does not offer indications of the magnitude of costs or benefits of an 
investment; it serves only as a guide to the viability of the investment: the larger the 
value the better. If the IRR is calculated as being greater than the project discount 
rate (here 8%), then the investment is economically justified.  

8.5.2.3 Benefit/cost ratio 
 
The benefit-cost ratio of the investment option “m” compared to the basic option “n” is 
calculated in the following manner: 
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Where: 
BCR (m-n): Benefit/cost ratio of the option “m” over the basic option “n” 
NPV (m-n): Total discounted net present value for option “m” over the basic      

option “n”. (This is the NPV for the discount rate “r”).  
Cm: Total discounted costs of the road administration resulting from 

investment “m”.  
 
If the NPV (m-n) is zero, then (NPV/C) (m-n) is zero. This relationship offers an indication 
of the viability of the investment option “m” over the basic option “n” using a defined 
discount rate. This measure eliminates the predisposition of the NPV toward project 
options which are very costly, but, as with the IRR, it does not give an indication of 
the magnitude of costs and benefits involved. 

8.5.2.4 Indicators given in the HDM-4 outputs 
 
As it will be seen in the following section, the model HDM-4 presents (see Appendix 
6) the economic results of the project by means of tables having nine columns of 
economic indicators. In the last four columns of these tables the following indicators 
can be seen: the NPV, the ratio NPV/RAC, the ratio NPV/CAP and the IRR. The NPV 
and the IRR have already been described in detail while the NPV/RAC is the same 
Benefit Cost Ratio (BCR) described in the previous section. In the first five columns of 
the above mentioned tables key results are presented from which the previous 
indicators are calculated. These indicators are described in more detail here below for 
a better understanding of the values provided by the model: 
 

a) Present Value of Total Costs of Construction and Maintenance (Present Value 
of Total Agency Costs) (RAC). For a given improvement alternative, this result 
provides the cost of the improvement plus the costs of all maintenance works 
undertaken during the analysis period. The RAC is the sum of the above costs 
incurred every year discounted to their present value. 

 
b) Present value of Periodic Costs of Construction and Maintenance (Present 

Value of Agency Capital Costs) (CAP). Similar to the previous indicator, but not 
included are the recurrent maintenance costs. Periodic maintenance costs are 
included. 

 
c) Increase of the Total Costs of Construction and Maintenance (Increase in 

Agency Costs) (C). It is the result of the sum of the present value of the 
differences of costs of construction and maintenance year by year of the 
alternatives with and without project during the analysis period. It is equivalent 
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to the RAC for a given alternative but subtracting the costs of the without 
project alternative. 

 
d) Saving in Road User Costs (Decrease in User Costs) (B). When an 

improvement of the road is undertaken, there is a decrease in costs to the road 
user in four main items. 

 
i. Savings in operating cost of motorized vehicles (savings in fuel, oil, 

tires, maintenance, depreciation, etc.)  
ii. Saving in travel time for the users of motorized vehicles. 
iii. Saving in travel time for the users of non-motorized vehicles. 
iv. Savings for reduction of road accidents 

 
Identical to the previous point, the differences, year by year, between a given 
alternative and the base alternative are computed throughout the analysis period and 
their present value is computed. 
 

e) Net Exogenous Benefits (B). Those benefits not included in the previous point 
are included here. Some examples are economic development of the area, 
benefits of environmental improvement, etc. They are computed as the sum, 
throughout the analysis period, of the present value of the difference of the 
costs year by year between a given alternative and the without project  or base 
alternative. 

 
8.5.3 Results obtained 
 
Although four possible alternatives for pavement improvement were initially 
considered for the economic analysis with the HDM-4 model, the final analysis have 
been conducted only for the following two alternatives found viable according to the 
analysis presented in the Section 7.2: 
 

a) Mix Hot Asphalt Concrete  
b) Double Surface Treatment 

 
Other two alternatives of hydraulic and paved concrete did not turn out to be 
sufficiently competitive for its high costs of construction, as it was described in the 
previous Chapter 7, for what in this point of the analysis the approach will centre only 
on Mac’s alternatives and the DTS. 
 
The best alternative in this case was the double bituminous surface treatment (TSBD) 
as can be seen in the file “Economic indicator Summary 5_8_CC.mdi” in Appendix 6. 
In section 8.5.2 the contents of the results presented in that file were described. 
Same description applies also to other similar results. 
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The following results were obtained: 
 

Net Present Value (NPV) :                            US$ (-0.961) millions  

Internal Rate of Return (IRR):          5.3% 

 
 

In Appendix 6 are included, besides the documents mentioned previously, the reports 
corresponding to both of the described analyses for the following topics: 
 

·  Summary of the Economic Analysis 
·  Flow of Costs and Benefits (undiscounted) 
·  Vehicle Operating Speeds 
·  Vehicle Operating Speeds (Graph) 
·  Vehicle Operating Costs 
·  Variation of the Roughness (Graph) 

 
 
8.6 Sensitivity Analyses 
 
The economic evaluation of projects consists of the determination of the economic 
indicators using the difference between the annual flows of benefits and costs. 
 
 Values calculated for some of these benefits or costs can vary from those which are 
likely to actually be obtained. These variations could have an important effect on final 
results because a small change in some elements could translate into a large change 
in important indicators such as Internal Rate-of-Return and Net Present Value. The 
degree of impact that a certain change in a given factor has on a specific indicator is 
the sensibility. 
 
A value of equal sensibility to the unit will indicate that a change in this factor in a 
given percentage will produce a percentage of similar change in the economic 
indicator. In the cases in which the value of the sensibility is major or minor that the 
unit, the percentage of change that is produced in the indicator is equal to the product 
of the above mentioned value multiplied by the percentage of change of the factor. 
 
The HDM-4 model permits performing a series of sensitivity analyses of the results 
obtained in the basic evaluation. The model calculates again the results obtained in 
terms of Net Present Value and Internal Rate of Return for six cases which the user 
can define. 
 
In each one of these cases the user may vary the discount rate employed and may 
increase or decrease any of the following five variables: 
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·  Capital costs of the agency 
·  Recurrent costs of the agency 
·  Values calculated for vehicle calculated costs 
·  Values calculated for time savings 
·  Values obtained for exogenous costs and benefits 

 
In Tables No. 8.6.1 the parameters employed in the sensitivity analyses for this 
project. The effect on Net Present Value and IRR in both cases was evaluated for the 
following three scenarios: 
 

·  Increase of 10% in construction costs 
·  Reduction in  user benefits of 10%  
·  The two previous conditions present simultaneously 

 
Road-user benefits were those obtained from the savings in vehicle operating costs in 
addition to savings in the annual investment required to properly maintain the road. 
 

Table No. 8.6.1: Sensitivity Analyses Considering A ll Traffic 
 

 
Variation 

NPV 
(millions 

of dollars) 

 
IRR in % 

Values of original costs and benefits (-0.961) 5.3 
Increment of 10% in the users benefits (-1.078) 5.1 
Reduction of 10% in the users benefits (-1.187) 4.6 
Simultaneous Increase of 10% in construction costs 
and 10% reduction in users benefits 

(-1.598) 3.8 

 
 
 
 


