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PLANNING MANUAL JICA STUDY TEAM

CHAPTER 1 INTRODUCTION
1.1 General

This manual has been produced for the Ministry of Transport and Infrastructure (MTT), who
will manage the road disaster prevention of major and rural roads in Nicaragua, by the
Japan International Cooperation Agency (JICA). The Direction of Road Maintenance,
General Direction of Road, in MTI (DRM) has managed and been responsibility for the
maintenance works of all roads controlled by MTIL Therefore, in order to achieve the
reliable maintenance works, all roads under DRM should be maintained in accordance with

this manual.

Maintenance works for road disaster prevention are one of the fundamental factors in
increasing the socio-economic performance of a nation. Therefore, activation of the
populace and safety control of the road users are dependent on the results of the
premeditated maintenance. Efforts that every day does not slacken are important for
securing the stable transportation of products. Due to his duty, DRM, Engineers, inspectors,
technicians and maintenance staffs should execute road maintenance work based on same

policy and methods.

This series of road disaster prevention manual are composed of four parts as follow.
PartI : Imspection Manual
Part I : Planning Manual
Part Il : Design/ Execution Works Manual
Part IV : Maintenance Manual

This is Part II “Planning Manual”.
This Manual has taken account of natural conditions, road geometries and environmental

condition. Engineers, Inspectors, Technicians and maintenance staffs should be kept on

doing maintenance.
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1.2 Glossary of Terms

This Chapter contains a glossary of terms that are used in this manual.

1.2,1 Cross section

The typical road cross section is as the following figure. Almost cut slopes, embankments

and ditches, etc. are not enough safeguard against failure. Therefore, this manual contains
proposals shown in following figure as bold lines.

‘Typical Cross Section of road

Key; 8. Roadside Drain

1. Roadway 9. Embankment Slope

2. Carriageway 10. Berm

3. Shoulder 11. Berm Ditch

4. Cut Slope 12. Berm Ditch

5. Berm 13. Structure

6. Berm Ditch i4. Existing Slope

7. Crest Ditch
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1.2.2 Glossary of Terms

The main “Glossary Terms” are as follows.

AHP This is one of evaluation method for selecting the high priority
disaster spots. AHP is an abbreviation of the Analytic Hierarchy
Process.
Catchment Area The area from which water runs off by gravity to a collecting
point.
Culvert A duct, usually rectangular or circular, for carrying surface
water under the road.
Gabion The steel mesh cage filled with cobble stone or crushed stone.
This is mainly used for revetment, foot protection and
rockfalling protection,

Disaster Critical Spots Disaster critical spots should be defined in consideration of the
following items to the disaster potential spots:
- Disaster scale/ records at area of spots,
- Necessary spots for emergency,
- Critical spots for third persons,
- Topographic data by preliminary topographic survey, and
- Sketch of site condition.

Disaster Potential Spots  Disaster potential spots are defined when there are:
- boulders on slope surfaces,
- many cracks on rock surfaces,
- small rock fallings, and
- historical disaster records regarding rock-fall, rock collapsing,
slope slide, scouring of bridge foundation.

Disaster Prevention Spot Where countermeasures against disaster are proposed,
Which addressed the following:
- Stability level of damage spots,
- Traffic volume of objective road,
- Environmental evaluation,
~ Natural condition,
- Benefits/ Rough cost estimate,
- Restoration level of damaged spot, and
- Development situation.

Emergency - It means that a serious and dangerous spot must be improved
Countermeasure immediately.

- The lifetime of countermeasures should be until the next rainy
season or less than a half year.

- It is necessary to decide upon the implementation of temporary
countermeasures or permanent ones during the hifetime of the
emergency countermeasures.
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Emergency Inspection

Inspector

Periodic Inspection

Permanent
Countermeasure

Routine Inspection

<Time of Year>: The Emergency Inspection must be carried out
just before any forecast hurricane or heavy
rain.

<Spots> : Slope spots previously damaged, seepage
water spots on slope and severe scouring spots
at bridge foundations, must be carefully
inspected and be written on the survey sheets
by Inspectors.

<Frequency> : Just before hurricane or heavy rain.

Inspector means a member of Inspection Team. Inspection team
is composed of a Engineer and two assistants.

<Time of Year>: The Periodic Inspection must be carried out
before the rainy season (usually around
September) or after earthquake occurred.
<Spots> : At least, whole slopes of disaster potential
spots, and around the bridges at disaster
potential spots must be inspected and be
written on the survey sheets by Inspectors.
<Frequency> : Once every year

- The lifetime of countermeasures should be least twenty (20)

years during the maintenance work.
- An adequate budget for permanent countermeasures should be
safeguarded at all times.

<Time of Year>: The Periodic Inspection must be carried out as
general inspection throughout the year.
<Spots> : Whole slopes and bridges on the objective
major road is inspected and be written on the
survey, if some abnormality occur.
<Frequency>: Once for a week

Screening The objective of screening is as follows:
- Objective inspection of vulnerable spots,
- Early detection of vulnerable spots, and
- Characteristic grasp of vulnerable spots.
Temporary The lifetime of countermeasures should be at least ten (10) years
Countermeasure during the maintenance work.
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1.3 Relating Law

Each regulation for construction work of disaster critical spots is described in this Section.
There are two regulations for construction work and for its transportation of materials and

machines.
1.3.1 Law 337
National Committee has managed the National system for the Prevention, Mitigation and

Disasters in Nicaragua. The following contents have extracted from the Creator Law of

National system.

!Ehapter 1: General Dispositions

Art. 3 Basics Definitions

Numeral 7 Disasters:

In all situations that cause intense alterations for the social, physical, ecological and cultural
society components, taking to imminent danger the human life and the personal and national
goodness, surpass the local answer capacity to give efficiently attention to the

consequences; it could be from a natural origin or caused by the man.

Numeral 8: Natural Disasters

This damages are caused by any natural phenomenon, this could be a hurricane, a twister,
storm, high tide, inundation, tsunami, earthquake or volcanic eruptions, land slide, forest
fire, agriculture blight, dried and others that as result will affect the population, the
infrastructure and some productive sectors from the different economical activities, in a
high scale that overcome the capacity for local answers and require the regional help; at the
request of one or more of the affected parts to complete the able resources efforts on it, so
that the damages and the loss could be mitigate.

Numeral 12. Disasters Prevention

It is call to the group of activities and measures from a technical and legal character that has
to be done in a Socio- economical development Planning process, so that the loss of humans
life and damages on the economy could be avoid as a consequence of the natural disasters.
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Art, 7 National System Functions

Part 1.
Design, ratify and execute the disasters prevention plan.

Part 19
To establish the agreement for Scientific-Technical cooperation for countries with more

experience on it.

From the National Commitment of the National System for Prevention, Mitigation and

disasters attention

Art. 9. National Commitment of the National System.
The national commitment of the National system, from now on is call National
Commitment; it is the ruling instance and the one who can establish the political, planning,

direction and the system coordination all over their activities.

Art. 10. National Commitment integration.

The national commitment joint to the State ministries or their represent, is going to be
presided by the president of the republic or the vice president. This National Commitment
has a permanent character.

The sessions works of the national commitment have to be on the running time at least two
times in the year and they will regulated themselves with the Rules established on the

present law. This commitment is going to be conformed as follows:

President of the Republic or  a representative

Secretary of Defend , companied with the Chief of the national army
Secretary of Interior , companied with the chief of the national police.
Secretary of state

Secretary of Treasure and public credit.

Secretary of Foment, Industry and business.

Secretary of health

Secretary of Transport and Infrastructure

e T L

Secretary of environment and Natural resources
10. Secretary of the Family
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11. Secretary of Education, Culture and sport.
12. Director of Territorial Study institute.

Art. 11 Commitment functions

For the present law and their ruling, it is function of the National commitment the following

aspects:

Definitions of the national system politics
Approve the national plan for the national system

W=

Propose to the president of the republic the declaration of the disaster conditions.

4. Approve the annual purpose for the national disaster fond.
Propose the adoption of required measures and instruments to make useful the objectives
of the national system, such as territorial order and education, and more.

5. Creation of the procedures on instruments for the control and distribution of the -
international help.

6. Approve the norms and regulation propose of the territorial order for the disasters
prevention.

7. Convoke, such as adviser, to the governmental and non governmental organisms.

8. Approve the items and contents of the study that has to be include on the education
programs of the Department of Education, culture and Sports, such as the others
institutions of the technical education and superior, about prevention, mitigation, and
disasters attention.

In the Department of Transport and Infrastructure exist a technical joint unity for disasters
that are direct dependant from the Superior direction of the MTI and in case that disasters
occur is attended by the General Director of Constructions Norms and urban Development.
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1.3.2 NIC 2000

Sub division 100
Section 105 Work reach

1. General

105.07 Dispositions about the Traffic Control

The contractor can not close to the traffic for any reason publics routs or stretch or bridge
without a previous writing approve by the engineer. Neither can start with the constructions
works that for any reason left the public road on non adequate conditions for the traffic flow,
with out a previous temporary construction approved by the engineer based on the

commodity and security aspects.

Other wise it is arrange on a different way on the draws, preventive signs should be
installed far away from the project limits, at least 150 meters from each side. And at least
150 m form another project site where the constructions works interfere with the public
traffic that use the route,

During the night should be working flashing beacon, lanterns. Electrical and reflective
instruments and any other approved light sign in the places where it is necessary.

Where it is necessary and the places where the engineer said, should be use a standard
bearer , or pilots cars or routs savers with the purpose to guide and arrange the traffic and
pedestrian circulation. The workers should be wearing uniforms or specials jackets and
pennant or manual signs so that they could be easily seen by the drivers during the day and
the night.

When the works are done on adjacent areas of lanes to open traffic areas, the borders of the
lanes or of the pavement should be defined trough portable definers placed on the whole
length and parallel to the border.
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105.06 Traffic Maintenance

Construction of the Road by band.

Specially in case of paving or re-paving, the contractor could, if the engineer approve,
proceed to work with band, leaving free a space with a enough wide for the secure and
comfortable traffic pass and controlling trough the standard bearer or pilots car; on both
opposites routs of traffic circulation.

Ruling for the load control and dimensions of the load carrving vehicles that
transit on the Road network of Nicaragua (MTI) March 2002

Art. 9 It is establish that the carried load should respect the following aspects.

No load could be more than 1.0 m from the back side of a vehicle.
Any loaded or unloaded vehicle could exceed the follow dimensions:

Wide: 2.60 m.
Height: 4.15 m. (starting form the running surface)
Length: a)2axes: 11.0m,

b) 3 axes: 12.0 m.

¢) half tow truck : 17.35m.

d) others combinations: 18.3 m.

Art. 19

When for any reason of general interest, had to be occasionally transported, heavy
machines or other invisibles objects, on load carry vehicles allowed to use the country
road network which load and dimensions exceed the indicated on appendix that are
stipulated on this ruling, a special permission is granted by the Road General Direction at
the request of the owner of the special load at least previously 3 days before the carry of the
load, which has limited urgency just for the particular trip.

Art, 20

In each special permission it is going to be specify the type of load, the rout that is going
to follow and the appropriate time, the circulation speed on the roads and specially on
bridges, accompaniment of radio squad and others protections measures of the road network

and safety of the others users.
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Art. 42

Motorized vehicles or their combinations should have pneumatic tires or dispositives with
enough elastic surface. It is prohibit to use metallic objects that are prominent on the
running surface of the tire. The tires pressure on none case can exceed the load of 8.4
kg/cm?. It is prohibit to circulate with chains or metallic bands.

1.3.3 Law for Vehicles and Traffic

Art. 61
It is totally prohibit to carry objects that are prominent from the external sides of vehicles
and every time that they are prominent form the posterior side of the vehicle, they shoiild be

provide with a red scarf, if it is during the day; or a red light if it is during the night.

Note: Law approved on may 10, 1938
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CHAPTER 2 ASSESSMENT METHODS OF ROAD DISASTER PREVENTION SPOTS
2.1 General
At disaster critical spots it 18 necessary to identify the need for urgent countermeasures,

either temporary or permanent in nature. Countermeasures at these spots should be

planned in consideration of the following items :

i) Hydrological conditions for evaluating bridge foundation scouring,
ii) Geological conditions for evaluation of rock weathering or collapsing or seepage
water,

iii) Environmental conditions for evaluating of environmental items,
iv) Future traffic demand, and
v) Benefit to cost ratio for evaluating value for money.

The identification of disaster prevention spots on roads should take into account the
evaluation indices for the factors: stability level, traffic volume, environment of the
surrounding area, development plans in the surrounding area, natural conditions, economic

benefit and restoration level

2.2 Selection Technique of Road Disaster Prevention Spots
2.2.1 Outline of Selection Techniques

The evaluation scores of disaster critical spots depends on the scale and type of potential
disaster.  For the purposes of prioritizing spots it is necessary to take account of all the

evaluation items.

In this Manual, the Analytic Hierarchy Process (AHP) is used to identify the priority order
for disaster prevention spots. The AHP technique converts human judgement into
numerical values for uncertain situations under various criteria. The AHP formulates a
hierarchical structure of the decision making with the “evaluation criteria” between

"“purpose” and "alternative spots” such as shown in Figure 2.2.1
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CRaised Questions )

- Decision of Evaluation
Criteria and Alternatives

- Preparation of Hierarchical
Structure

Questions to be settled

Getting out EvaluatioD
___ Criteria

- A Pair Comparison of
Evaluation Cruteria

- Calculation of Importance of
Evaluation Items

Evaluation
Criteria 3

Evaluation
Criteria 2

Evaluation
Criteria 1

h 4

5 Alternatives Alernatives Alernatives

Evaluvation of

) A B C
Alternatives

- A Par Comparison of Alternatives,
Calculation of Importance
- Overall Evaluation

Figure 2.2.1 Concept of Decision Making by AHP

2.2.2 Priority Level for Disaster Prevention Spots

Priority levels for disaster prevention spots are determined by a 2-step process in the AHP,
described below.

a} Step 1 (Setting of evaluation criteria)

Seven evaluation criteria are used in Step One, as described in the Table 2.2.1.  For each of
the evaluation criteria there is a detailed explanation of development and scoring later in

this section.
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Table 2.2.1 Setting Evaluation Criteria

Orde

1. Stability Level When the stability | Stability levels from the
score is large, the | survey results form
priority is high.

2. Traffic Volume 233 When the traffic Traffic volumes from
volume is large, the database or special
priority is high. surveys

3. Environmental 234 When the score is low, | Evaluation result of the

Evaluation the priority is high. environmental issues.
4. Development 235 More intense Development of
situation development of road | roadside areas from site
' side area gives a visits and plans.
higher priority.

5. Natural Condition 2.3.6 When the critical level | Critical levels are based
is large, the priority is | on the results of the
high. natural condition

survey of geology,
hydrology (including
_ ‘ effects of rainy season).

6. Benefit/Cost 237 When the B/C is large, | Benefit calculations

the priority is high. and countermeasure
COSts.
7. Restoration Level 238 When the level of The level of difficulty

difficulty (restoration
time, restoration yard
spaces and necessity
of special restoration
machines) is high, the
priority is high.

of restoration should be
evaluated based on the
worst disaster to be
assumed.

b) Step 2 (Pair-wise comparisons of evaluation criteria)

1) Magnitude and definition of importance

The seven evaluation criteria are paired with each other.

The degree of relative

importance between the two criteria is assessed. The degree of relative importance

between the first element of the pair and the second is given a value, from Table 2.2.2.

Intermediate values can also be used.
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1 Both criteria are equally important
First criteria 1s weakly more important
3
than the second
First criteria is strongly more important
5
than the second _
First criteria i1s very strongly more
7 .
important than the second
9 First criteria is absolutely important
- 1/9 First criteria is absolutely not important
First criteria is very much less important
177 :
than the second
5 Furst criteria is less important than the
second
13 First criteria is a little less important than

the second

For example, when the stability level is weakly more important than the traffic volume,

the magnitude is 3.

than stability and the magnitude is 1/3, (i.e. the reciprocal value).

ii) Magnitude of Pair Comparison

Conversely, therefore, the traffic volume is a little less important

The magnitude of the pair-wise comparison for evaluation criteriz is entered into a

table, an example of which is shown as Figure 2.2.2.

Stability Traffic | Environment| Natural Benefit Restoration | Development )
L level volume evaluation condition B/C level situation Weight
Stability
level 1 3 5 3 7 3 9 0.36676
Trafiic \
volume 1/3 1 3 1 5 H 7 3.16733
Environment
evaluation 1/5 1/3 1 1/5 3 1 7 0.08395
Natural
condition 1/3 1 5 1 L 5 1 7 0.18000
Benefit \ '
B/C 177 175 13 1/5 1 1/5 3 0.G3826
Restoration
level 1/3 1 1 1 5 1 7 0.14303
Development \
situation 1/9 V7 1/7 1/7 1/3 177 1 0.02068
1.000C0
Figure 2.2.2 AHP Pair-Wise Comparison of evaluation criteria
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The usual method is to enter values for all the cells above the leading diagonal.
Reciprocal values are then automatically generated for the cells below the leading
diagonal. A sum is then calculated for each of the rows of the table (each evaluation

criteria). The sum has the general formula :
Ti = (Vi *Vip* Vg Vg *Vis*. . Vi) " (I/n)

Where Ti = Row total for row i
Vj; - Value for cell in row i, column 1, etc
n = total number of evaluation criteria

A weight for each evaluation criteria is calculated as follows :
Wi=Ti/ Ti(i=l,n)
2.3 Method of Emergency Assessment of Road Disaster Preventions

2.3.1 General

Emergency assessment of road disaster prevention should be decided by taking account of
the traffic volume on the objective road, stability level of slopes and bridges, restoration
levels and the surrounding environment. Emergency assessment of road disaster

prevention measures is defined using the following items in this manual.

2.3.2 Stability Level

Stability level refers to slope stability and the stability of bridge foundation scouring.

It should be evaluated taking account of the progress of weathering, collapsing and seepage
of water at the slope surface. Regarding bridges, stability evaluation should consider the
scouring. Stability level is evaluated by the Score of Stability Survey Sheet (See Planning
Manual).. ‘
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2.3.3  Traffic Volume

The identification of traffic levels on road potentially affected by natural disaster is an
important part of the overall assessment. Traffic levels are continually growing in
Nicaragua, and traffic patterns change as a result of new and rehabilitated roads.
Therefore up-to-date traffic data are required. Traffic data can be taken from :

i) Regular traffic counts, taken by MTI on main roads, if available; or
ii) Special traffic surveys, if above data are not available.

A typical traffic count form is shown as Figure 2.3.1. It allows data to be collected on
traffic volumes by vehicle type, for 15 minute periods over a 12-hour working day. Traffic
counts should be converted to an Average Annual Daily Traffic (AADT) figure using the
factors developed by Lavial SA. AADT’s enable direct comparisons to be made of traffic
volumes for any time of the year. The factors are :

12 hours to All-day : Multiply by 1.31

Table 2.3.1 Factors to Convert to an Average Day

Sunday 1.30 Thursday 1.10
Monday 0.80 Friday 0.74
Tuesday 1.15 - | Saturday 1.15
Wednesday 1.04 '

Table 2.3.2 Factors to Convert to an Average Month

anuary .00 uly 25
February 1.03 August 1.20
March 1.05 September 1.20
April 1.05 October 1.20
May 1.05 November 0.91
June 1.05 December 0.89

‘Traffic should be split into 6 vehicle types : cars, camionetas, buses, light goods, medium
goods, and heavy goods. These have different annual growth rates.
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Table 2.3.3 Percentage Annual Growth Rates for Traffic

. Vehicle Type 102005 | 2005 to 201 2015t0 2002
Car 5. 8 5.8 7.2
Camioneta | 5.8 5.8 7.2
Bus 33 3.2 50
Goods (Agriculture) 7.0 6.5 54
Goods (Other primary) | 2.3 23 1.8
Goods (Industry) 7.0 1 6.2 5.0
Goods (Construction} 6.5 6.4 5.4
Goods (Vacant, other) | 6.5 6.0 5.0

If a link in the road network is affected by a natural disaster such that traffic cannot pass,
then vehicles will be forced to find an alternative route. The potential alternative routes in
the locality of the potential disaster site should be identified by:

1) Reviewing existing mapping; and

ii) Site visits
The following data for each of the minor roads in the locality are required :

i) Length

ii) Average speed

iiiy  Capacity

iv) Restrictions on any types of vehicles

There are two ways to assess the traffic impact of a disaster :

i) Manually; or
ii) Using the JICA STRADA model

The manual method can be used when it is clear that there is only one available alternative
route for traffic to use, if a natural disaster forces a link to close. Table 2.3.4 shows the
approach to be taken. For each vehicle type the changes in distance time are calculated

from the input link length and speed data.
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CONTEO DE TRAFICO - RECORDING SHEET
Niimero de Nombre de fa Estacion Numero de Hoja
Estacion San Ishidoro, NIC 26
Direccién de Tratico Nombre de Contador
Fecha Clima
E:m'f"" ""T"""’:m o i-w? Minbus | Autohus ::u“‘:; pamin | pamin | Motocicleta | Bicilota | Tretor | Cawioneta | Oiros
Netad < 25 asiontos | 525 ash 2 efas 3 ejos 5yb eies y ique) Nota 2

7:00 718

7:15 7:30

730 745

745 8:00

8:00 8:15

8:15 8:30

8:30 5:45

845 9:00

900 9:15

915 9:30

9:30 .45

945 10:00

10:00 1015

10:15 10:30

10:30 10:45

10:45 44:00

1100 1115

11:15 11:30

11:30 11:45

11:45 12:00

12:00 12:15.

1215 12:30

1230 12:45

12:45 13:00

13:00 1315

13:15 13:30

13:30 13:45

13:45 #00

14:00 1415

14:15 14:30

14:30 14:45

445 15:00

15:00 15:15

15:15 15:30

15:30 15:45

15:45 16:00

16:00 18:15

16:15 18:30

16:30 16:45

16:45 17:00

17:00 17:15

17:15 17:30

17:30 1745

17:45 18:00

1800 18:15

18:15 18:30

18:3¢ 18:45

18:45 19:00

Porgjemplo Nota1  Wehiclulo de Pasajerss!{Sédan) - Toyata Corolla; Mitsubushi Lancer; Nissan Sentra

NotaZz  Cami6neta (Utilitario) : Toyota Hitux, Land Cruiser; Mitsubishi Montero; Nissan Samurai

Figure 2.3.1 Typical Traffic Counting Form
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Table 2.3.4 Manual Method for Calculating Traffic Effects

Traffic Volume Affecied Link Alternative Link Additional Daily
AADT Length | Average Speed| Length [Average Speed| Vehicle Km [ Vehicle hours

Cars L UBO0 T e BT e T B o LT B 900 23

Camionetas o) ;

5 CBOL 1200 31

g
Buses TeA00. -0 B 300 8
Light Goods e 100 - SBO 300 8
Medium Goods |-~ . 100 e B SR RN - 300 7
Heavy Goods | o@ 8O- 00 v HA DG o e T R DG e BT 150 3
Total 1050 3150 79

Input Data.

Where the road network is more complicated and there are more one altemative route, it is
better to use the JICA STRADA traffic model. The same data needs to be collected and is

input to the model using the Network editor module.

These data should be entered into the JICA STRADA Model using the Network Editor

module and add or modify link icons.

Figure 2.3.2 Extract from Network Editor in JICASTRADA

Check if Origin-Destination information exists for the link in question. Currently, traffic
data for NIC1, NIC3, NICS, NIC15, NIC 24, and NIC26 are based on surveyed (2002) data.
If the link does is not listed above, then an origin-destination survey should be carried out,
at the same time as the traffic volume count. The police should be contacted as only they
have the authority to stop traffic to be interviewed by field surveyors. A target sample rate
of 30 % to 40% of vehicles should be aimed at. The numbers of surveyors needed depends

on the amount of traffic and a guide is shown in Table 2.3.5
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Table 2.3.5 Interviewer Requirem

Up to 1000

2000

3000

4000

A typical interview sheet is shown as Figure 2.3.3

Origins and destinations of traffic have to be allocated to traffic zones. These are

described in Appendix P2.
FORMATO GE ENCUESTA DE CARRETERA ORIGEN-DESTING HOTAS
T} Miede de Viaje
Numera Nombre de Estaciin Vehlculo de pasaieros

de

Mirdbus {< 25 asientos.

;
2

Dizaccién de Trafice: THombre de Autnbus (> 25 asientos) gl
Entuestadar Camian Paguefio (2 sjes) 4

Facha Clima Carion Posade (3 ejes) -l

Camisn Articulads (4.5 y 6 sjes] €

Fismpo | Modo de | Numero de Crigen Destino Proposho | Frecutncia | Tipo de | Carga [|Molocicleta 7
e, 0712} Viaje {1) | Fasajeros Fuetlo ¥ Department {2} Coda Pueblo y Departmont (2 Coda | dal Visje {3) | devizle (4) | Carga (5) | (Tonnes) IBicicleta 2
Tractor {y rernalque} 2

- Camianata 10)

Gtres 11

(&} Proposito det Viaie
Al rabajolDe Megodios 4

Al EscuelajColegicfUniversidad
Comgras/Privado

2
3|
(Tourisma 4
Deportvo y 7eunion amigos 5|

3

Otros

{a) Frectenclz de viaje
5-7 par semena

e ra =

3-4 por semana

{2 Si exterior, esoribo ef pais yiudad grande

1-2 por samana
-1 per semana 4]
5] Tino e Carga
Aciste, Petrdlea 1
Algodén 2
Arroz 3
Azucar 4
5
Café El
Cerrionio 7|
Construecian
Gansdo |
Grano 10
lesers 1
Metales 12]
Quimicos: 13|
Sésamo, Afanjoli 14
Tabaco 15
Vaca, Came vaca 16!
Solo pasajeros 7|
(rfos comida, eomestible 8
Oras no comida 19

Varios 20

Figure 2.3.3 Example Survey Form

Traffic allocated to zone-zone (origin destination) pairs can be input to the traffic demand

matrices used in ]’ICAS_TRADA,

using the Matrix Manipulator module. Currently there

are 4 full demand matrices for 2002, 2003, 2010 and 2020. Each matrix is composed of 6
separate tables for cars, camionetas, buses, light goods, medium goods, and heavy goods.

These are stored in the relevant directories as shown in Figure 2.3.4
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—
Hard Dnve C:
3 2002
003
Traff ic | : 2
Model m
— - 2010
2020

Figure 2.3.4 Directory Structure for JICASTRADA Traffic Model

Networks and parameter files are also stored in the respective directories as shown in the
figure above. Networks should be reviewed and amended from time to time to reflect
changes to the road infrastructure on the ground, and changes to plans and programs for

new roads and road improvements.

MTT staff has been instructed in the operation of JICA STRADA. The model can be run
for 2 cases: a base of full network, and a case with a link removed to reflect a natural
disaster. Traffic volumes on alternative routes can be viewed with the Highway Reporter
module. Vehicle-kilometers and vehicle-hours on the networks need to be extracted using

the Evaluation Indices icon in the Highway Report module, shown in Figure 2.3.5.

\/_ _-\l';: evallgaiién&l'. ¥

' 4 el ' ':'\Tu.ﬂssnmed'rmfﬁc‘:; L
. 5 j' o : ) -_D:s(m;cei.aasum-_ . hm
Ve;odl.y B I : D;s{amemmlhan ’ :.hn
o o avemze R i

o e May Vel s tharl Ik
Pedkc - e

E\_.ahlalioﬂ-ind.ec'es

472217 powkas 2826 Todiength
7,586 pasir : 0.02 ‘Avez VCR
27,425,160 capacity-km 62.2 Aves Speed

Figure 2.3.5 Evaluation Indices in JICASTRADA
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2.3.4 Initial Environinental Examination
1) Objective of Environmental Examination

The environmental concern that it is symbolized by a global warming in recent years causes
the long-term concern that it influences a future generation on a global scale. Activity
against these concerns is being done in each country and the international level.

Even Nicaragua had established the “Permit regulation and evaluation of the environment
impact” under the “General law of environment and natural recourse™. And, as for the
large-scale project (ref. Appendix-1), the execution of the environmental impact assessment is

required.

On the other hand, as for ihe project which swerve from object of environmental impact
assessment, It gets the permission of MARENA, and that is carried out. Therefore, an
influence on the environment by the execution of the project is evaluated through the
environment survey, and it is important to enforce the countermeasure that an impact to the

environment 1s avoided and or reduced as needed.
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2) Flow of environmental examination

This environment exarmination is carried cut in accordance with the following flow.

Initial environmental examination (IEE)
(Scoping)

Master plan‘study

Preparatory study
vironmental impact assessment (EIA)

Preliminary environmental survey Feasibility study

(Screening) . .
Detailed design for

mitigation measure
_ t environment
Making of project

4 Making of execution plan
(Including the Detailed Design)

1
1]
A
1
3

---------- Execution of mitigation measure
.. ing of environment management plan

Construction

gement

Environmental monitoring

Figure 2.3.6 Flow of Environment Examination

Screening: To make a judgment on whether to be the project which environment impact
assessment is necessary for. As for the Nicaraguan country, refer to " Section five of Permit
regulation and evaluation of the environment impact

Scoping:  An important environment impact factor is extracted, and the item of the

environment impact assessment (EIA) is cleared.
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3) Examination Item for IEE

IEE is carried out in the following item. Environment impact assessment (EIA} is enforced
about the extracted important negative impact. It is shown about the general environment
spread factor along with the road construction as a reference in the table 2.3.6-2.3.7.

Table2.3.6 Examination Item for IEE

dge | xamination Item
1 Landowner survey (Register book survey)
2 |Economic Activity Land use (agricultural area, industrial area, etc)
3 |Facility for Life and Traffic Influences on the transport, hospital, school etc.
's‘ 4 |Area Severance Ground and movement Severance with construction
g 5 Historical  place/Cultural Influences on Historical place/Cultural asset
2 asset (influences on the indigenous people)
& Water Right/ Common
M6 Right £ Influences on water right, fishing rights, common rights.
=
S | 7 |Health/Hygiene iig;;\:g:gln of the health and hygiene with waste and
8 |Waste Construction waste
9 |Disaster (Risk) Increase of risk such as slope collapse, etc
10 |Geography/Geology ,le'gi; c;icprecmus geographic and geology with excavation|
11 |Soil Erosion Loss of surface soil with felling and land improvement, etc
12 |Groundwater Water depletion for excavation or drainage work
g 13 |Lake and river Charige _ of water volume or riverbed level with
E . construct:on
£ 14 | Coast/Sea area Frosion and deposition of sea area with change off
E hydrographic condition and reclamation, eic
= Inhibition of breeding or extinction of spices for the change
g |13 |Fauna/Flora of the natural habitat
~ 16 | Weather Change of temperature and wind with ground improvement|
or construction of large scale structure
Change of geography with project, inhibition of the
17 |Landscape harmony by artificial structure
18 | Air pollution ff;zlt}c:]rtifsn by emission gas, noxious fume of car and
19 | Water poilution Pollution by sediment discharge or factory disposal, etc
= | 20 |Soil pollution Pollution by dusty, agrichemical, etc
=
2 . o Generation of noise and vibration with construction or
=
= 21 | Noise, Vibration increase of car (influences on school, hospital, etc.)
A
29 | Ground Subsidence Subm.dence by changes of the ground conditions, and with
pumping, etc
23 | Afoul smell Generation of auto emission or bad-sinelling fumes, etc

{Note) Judge Classification

A: Foreseeing the big impact

B: Foreseeing some impact

C: Unclear

D: Non-intended object of EIA (Evaluation of the environmental impact)
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2.3.5 Development Situation

Discontinuation progress or Reduction of the effect of a related project as shown below that
is caused by Slope collapse or Bridge Foundation Scouring must be avoided.

i) Transportation infrastructure project such as road improvement

i) Medical and Educational project such as hospital construction or school
construction

iti)  Industrial promotion project

It is necessary to examine into the situation of the improvement project for the road and
development project that related with the Disaster Potential Spots.

In investigation of these plans, the contents, a scale, enforcement time, and importance shall
be investigated, and relevance with the improvement project for Slope collapse or Bridge
Foundation Scouring shall be grasped.

And these related projects are taken into consideration to selection of Road Disaster

Prevention Spots.

In evaluation of a development project, By quantifying the related importance of a project
and the related grade of influence, pair comparison of each object part is performed easily.

An example of evaluation criteria is shown in Table 2.3.8.
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Table 2.3.8 Example of Evaluating

The improvement plan of the road under which Potential Spots .

.. . . iy 5 . Project
exists is already advancing, and is completed within one year.
The bridge on the road where Potential Spots exists i 2 Place
improved.
The improvement plan of a road under which Potential Spots )

. e . . 3 Project

an object part exists is decided.
The rehabilitation project for the bridge on the road under which L Spot
Potential Spots exists is decided. PO
The improvement plan of the branch road of a road under which;
Potential Spots exists is already advancing, and is completed 3 . Project
within one year.
The improvement plan of the branch road of a road under which 1 Project
Potential Spots exists is decided. ' eJee
In the circumference of the Potential Spots, Medical project)
Fducation project or the urban development project is unden 2 Project
advance or it has completed. '

In the circumference of the Potential Spots, Medical project, i Project
Education project or the urban development project is decided. Qgee
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2.3.6 Natural Conditions
1} General : Survey target, Scope of Survey, Survey Items, Method of Survey
a) Survey Target

A natural condition is investigated for the selection of the road disaster prevention spots.

Refer to "Method of selecting 2.2 disaster prevention spots" for the selection to be
investigated method. To advance the investigation smoothly, the ID code is put on the object
part. The method is as follows.

When the investigation object is decided after screenings, the ID code is applied to the object
part according to the standard (outside application when the ID code already exists).

When the ID code is not decided, the position of the object spots is recorded by the region, the
district, and K display, etc. , and an expedient serial number is put.

Hereafter, it explains how te put the ID code. See Table 2.3.9.

Table 2.3.9 Example of ID Code

i1} Route Number:

“N” is put on the head for the national road.

The slash is pulled in case of the other.

Hereafter, the route number is filled in.

For example, it becomes N0O1 for NIC.1. It becomes N026 for NIC.26.

ii) Road Disaster Type:

The sign is filled in according to the disaster.

Rock-fall - Collapsing A Rock Collapsing B
Slope Slide C Debris Flow E

Bridge Foundation Scoring Bridge or H

iit) Site Number :
The Site number of each route is put. The starting point side of the route is assumed to be

the first usually. It is easy to manage at the following when it is made to apply 2 and 3

sequentially.
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iv) Local Serial number in Site
Besides, 0 is filted in when there is no object.
It is assumed start and 1 respectively, 2,and 3 -+ - - - n when the plural corresponds and

there is n piece object, from the first.
b) Range of Investigation

The natural condition survey begins for each item after deciding the investigation object. The
range of the investigation can take room if necessary up and down and more right and left
directions than the object part, and plam the plan of the countermeasure enough. Moreover, the

adjoining geographical features situation etc. is understood for the evaluation.

¢) Survey Item (Content)

As the Survey item, they are the Topbgraphic Survey, the Geological surveys, the
Hydrological surveys, and other investigations (presence such as spring water), etc.

d) Research Methodology

When it precedes the site survey, geographical features information on topographical map
1/50,000 and the aerc photograph, etc. within the rough range of the object is prepared.
Moreover, it may arrange the meteorological observatory, which is adjacent most within the
range of the object to the weather and the rainfall data, etc.

Moreover, the geological map etc. is also effective to understand rough geological features

condition.

The research methodology, the result, and the content, etc. when investigating existing data
having already executed site are analyzed before the site survey of the investigation object is

executed, and an efficient investigation is executed.

When the topographic survey is generally done first because the geographical features can
collect data, which is the most basic of the object part, and the geological survey and the
hydrological survey are done, it is efficient.
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2) Topographic Survey

At first, the position, geographical features, and the range of the outline of the object part are
clarified by summary and Preliminary survey about the grasp of the geographical features
situation.

When it is not possible to measure it, outline information is collected by the visual inspection.
Records of height and the inclination, etc. are suppressed as necessary minimum information
the photograph and the sketch. When stability survey of the site is not recorded, it should

record newly.

When treating as a selection of the disaster prevention spots, it have to understand a detailed
geographical features situation of the object part, it is necessary to execute the detail survey,
which uses the transit and the level, etc.

To plan the countermeasure easily, the output is arbitrarily set by the range of the
geographical features situation though is about 1/200 the basis of the reduced scale.

To assume the basic material made figure when the countermeasure is examined, the

cross-leveling corresponding to the necessity is executed.

Moreover, if the temporary reference point (Bench Mark) connected with public coordinates
point for the execution construction of the countermeasure can be set up in each part, it is

effective for the construction execution and the maintenance in the future.

When the object part is a bridge, linear profile of the approach road is measured because
reconstruction is forecast according to the change in the situation. Moreover, it is effective to
execute the river profile leveling around the bridge and the river crossing measurement in
several places in preparation for the case when the hydrologic analysis of the river is

necessary. -

However, the tape, Paul, the hand-level, the compass, and the additional watching
investigation, etc. are efficiently done by the team of about three people in operating directly
in addition to the data of summary survey of the watching subject when there are neither cost

to lie a detail survey nor time enough.

The inclination, height, and the length of the object part are the most important items in
necessary local information in the topographic survey.
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Additionally, it is investigated whether the knick line is clear, and it is talus cone geographical

features whether it is geographical features etc. of the landslide.

The presences etc. of spring water are investigated as an item of other geographical features

investigations, and it records.

Photo 2.3.1Visual Inspection Photo2.3.2 Detailed Topographic Survey

3) Geological Survey
a) General

At first, it does by the visual inspection and the hammer shock investigation though there are
methods of variety in the geological survey. The photograph and the sketch govern minimum
information of hardness and the rock quality, etc. When the stability survey is not recorded, 1t
should record newly.

When information is not obtained enough by watching the watching investigation the basis of
the research methodology, other methods are examined.

Because appropriate and a homogeneous stratified large-scale face of slope is suitable, the
volcano deposit can be called general ineffective for the seismic expleration in a Nicaragua
country of the subject.

On the other hand, the sounding, especially boring exploration is effective to watch the core
sample by sampler by which the stratum can be distinguished and the Standard Penetration
Test is effective. Moreover, the laboratory experiment etc. can execute and 2 detailed

characteristic be examined about the sampled sample for the examination of the

countermeasure.
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In the location, a technical viewpoint is important, and the safety side of the investigator of
the execution of carrying and the investigation of the machine is considered by priority. Even
when the boring is executed, the situation of the object part is investigated about an overall

tendency and the detail using the visual investigation together.
b) Boring
A standard rough when the boring exploration is executed is as follows.

i) Objective (Boring, Sounding and Sampling)

The boring exploration was executed for the face of slope and the bridge location, which
had been selected basing the first phase as disaster critical spots. The thing to obtain the
basic information, which seemed to be necessary for evaluating the stability of the slope or

the entire slope, which included the face of it, a slope location was executed aiming.

Moreover, the thing to obtain the basic information which seemed to be necessary for
evaluating the stability of the bed-rock considering the bed morphology of the location of
bridge, the river sediment, and the forecast bedrock situation, etc. was executed in the
bridge location aiming. Moreover, the basic material was sampled, and the standard

penetration test was examined also executing at site.

it} Survey method

The investigation method in Nicaragua country was not used the methods other than the
ASTM law, and assumed doing by this method to be basic. Digging did with the oil
pressure type rotary boring machine, and executed the standard penetration test within the
range, which could be examined. In the material sampled by sampler, it is good to do the
laboratory test to understand the physical property of the object stratum. The laboratory test
includes grain size analysis, the specific gravity test of soil particle, the water content test,
and the LLPL test, etc.

Moreover, the unconfined compression tests are enforceable to gather the undisturbed

sampling easily when there are a lot of clay soils.
Moreover, you may try the rock sample gathered like the core to examine the uniaxial
compressive strength with the unit weight test as a mechanics examination and to

understand the physical properties value of the bedrock.

It is good to evaluate the geological survey that there are about a lot of kinds of the

laboratory experiment.
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However, the test at least needed only have to be generally done when aiming at the

evaluation of the disaster prevention spots and the plan of the countermeasure.

iii) Selection of boring position

When the position where the boring exploration is executed and the number are decided,
the characteristic of the disaster prevention check result and the object part is visually
examined closely again, geographical features which affects stability and geological
features are considered, and at which position of the object part investigates is decided.

Geographical features which affected stability on that and geological features are
considered. At which position of the object part of boring investigated was classified by
five stages for the face of slope, and selected for the bridge according to two stages are
shown in Table 2.3.10.

The example of the bore arrangement to the objecf slope is shown in Table 2.3.11.
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Table 2.3.10 Classification Item of Boring Exploration

Objective
item

Class

Characteristics

Quantity of
Boring

Slope

Type-A

Repeatedly because it is a state of the alternation of
strata even if it is a single-layer or a combined stratum
composition;

It is a place where rock faces and weathering are
understood casily. When the bore location can be
assumed to be one place, and the average stratum
composition etc. which affect stabilizing is evaluated.

BH=1

Type-B

The change is seen in the stratum composition and the
state of weathering on site. When the average stratum
composition etc. which affect stabilizing can be
evaluated by the thing to execute the bore by at least
two places.

BH=2

Type-C

The degree of the stratum composition and weathering
is complex.  When the evaluation of the stability of
the entire slope, which includes the face of slope, is
needed, and the bore in at least three places or more
needed.

And, when it set up the erosion and torrent contrel dam
aiming at the thing to assume the riverbed inclination
of the road crossing location to be 3° or less in the
place where the generation of the avalanche of sand
and stone is forecast.

Type-D

For instance, the exposed bedrock omits boring when
most information is appreciable in the hard rock etc. by
watching for stability.

BH=0

Type-E

The point that the degree of the geological features
composition and weathering is extremely complex
because of the alteration of the fault and the volcanic.
Things except the above-mentioned.

It depends on
the situation.
Arbitrariness.

Bridge
Foundation

Structure
Foundation

Type- ¢

The stratum composition of the point in the bridge:
from the distribution of plane geographical features,
the crossing geographical features, and the open rock
of the river when average geological features and
thickness, etc. are appreciable by the bore one place.
Especially, when the plain part and the length of bridge
were short etc, it applied.

BH=1

Type- 3

The change is forecast from the above-mentioned to
the fluvial landscape and the stratum composition, and
when average geological features and thickness, etc.
are appreciable by the bore in two places or more.

BH=2
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Example of | Serial-No.8  {ID- No.001B230)
Type-A Because the composition of the face of
slope is large the range where
simplicity and the visual investigation
can be done, and is also same
weathering condition; Especially, the
face of slope is not bored To
examine the slope failure, which
includes the road, the toe of slope or
the road shoulder executes one-place
bore.

Example of | Serial-No.32  {ID- No.003C150)

Type-B It is in geographical features of the
slope and there are weathering of tuffs,
which influence easily and an
argillation in a slope movement. And,
there is small-scale movement (The
flat terrain forms to the leg of the cliff
like the belt) in the slope. And, the
difference has been generated in the
shoulder. The change in the geological
features composition is understood by
executing the bore in two or more.

Example of | Serial-No.35 (ID- No.005A010)

Type-C Example of inclusion of face of slope
collapse shown in Nic-5 of seepage
water of stratum composition and lava
plateau on back slope and influence on
stability of the entire face of slope.
Because height the face of slope and
width require the examination of
stability including the entire road long,
plural  bores are executed by
arrangement to be able to do an overall

: evaluation.
Example of | Serial-No.22 (ID- No.001A010)
Type-D There 1s no vegetation and it is a

bedrock situation of the entire face of
slope and the rock eyes are composed
on the mass of agglomerate because of
the andesite lava flow of the receiving
board. The evaluation of the degree
of weathering and stability 1s possible
cases in watching encugh.

Figure 2.3.10(1) Example for the Classification Item of Boring Exploration (Slope})
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Type- ¢

Serial-No.4  (ID- San Ramén)

It is a bridge in the comparatively
short length of bndge laid on
geographical features in which the
change does not exist in the plain part.
As for the stratum composition, a big
change need not be assumed in both
banks, and a geological features
composition and thickness, etc. boring
singular average are appreciable.

Type- B

Serial-No.45  (ID- La Banderita)
The bridge exists in sag vertical
alignment in the walley of the
mountainous area. There 1s a
possibility that there is a change in the
stratum composition in the right side
shore and left bank in the river It
executes two or more bores and the
geological features composition and
thickness, ctc. are evaluated by doing,

Figure 2.3.10(2) Example for the Classification Item of Boring Exploration (Bridge)

In the location, a technical viewpoint is important, and the safety side of the investigator of

the execution of carrying and the investigation of the machine is considered by priority.
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4) Hydroelogical Survey

a) General

The flow velocity investigation of the bridge where the scour of objects 1s assumed is
effective. Because the execution of the flow velocity investigation is risky, it considers
safely. When an enough result is not obtained when flow velocity is investigated, flow
velocity and flowing quantity, etc. are understood by hydrologic analysis etc. by the
rationality type etc.

As for the correlation of a current bridge and the river, it is convenient to acquire running
through in the river and the river crossing for the measurement investigation to execute
hydraulic analysis. ‘

Moreover, flood record and the past highest high-water level, etc. are clarified by the struck
record and hearing, etc. When the investigation object 1s "Scour of the bridge foundation", a

minimum situation etc. is effective for the photograph and the sketch government.
b) Flow velocity Investigation

It is a principal object to obtain the mean velocity in each section in the river. The flow
velocity is measured in the straight-line part where the width of a river and depth are constant.
The research methodology has the method with a surface float and a stick float and the
method with a current-meter.

|

R

Ved T

“Photo2.3.3 Site Survey Photo2.3.4 Detailed Riief Velocity Investigation

Because the surface velocity is measured in the method of using the floatage, the surface
velocities are usually faster than the mean velocities. At flow velocity, correct the

coefficient corresponding to the river situation.
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The linear motion of water is changed into the rotational motion as for the current-meter, the
error is large at the flood though it is the one to measure flow velocity according to the

rotational frequency.

There are various measurements depending on depth, and the observation method with the
current-meter measures by 0.1-0.15m under the surface of the water, assumes the surface
velocity, puts a necessary coefficient, and obtains the mean velocity when measuring it by one

point.

The measurement is executed on two or more days, and the result of seemning as the average
or appropriate is adopted. It is recommended to measure it in two days different with a

current-meter in the main investigation.
¢) Hydrological Analysis

The methodology is applied combination of common hydrological analysis techniques and

hydrological model simulation to reach the study goal.

Firstly, the watershed is decided by using the topographical map, which the contour line
enters. The topographical map of 1:50,000 are used usually.

After the decision of the watershed, the condition for the selection of the condition of the
valley and the river, the geographical features conditions, and flood concentration times and
conditions of the altitude, the river inclination, and the run-off coefficient, etc. are decided.

It is necessary to understand the regional characteristic enough based on the data of INETER.
To evade the extreme contradiction between the stations to the data of the weather and the
rainfall, a double mass-haul curve etc. are used and analyzed.

It examines by using a general establishment method for the parameter.

A regional rainfall of each watershed is calculated by using the Thiessen method or the

Isochyet Map diagram.

The calculation of the establishment rainfall uses and calculates a general method (Gurﬁbei,

and ultra value frequency analytical method, etc.).

The amount of the flood peck runoff is calculated by using the rational type in a different year
of establishment (return period for 25,50 and 100 years).
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Qp=0.278CIA

Qp: Peak discharge (m'/s)

0.278 :  Coefficient of Rational Formula
C Runoff coefficient(dimensionless)
I: Rainfall intensity (mm/hr),

It is computed or estimated from the rainfall intensity-duration-frequency
(IDF) curves for each return period with Te (Flood Concentration Time).
Tc = (L¢™ 3 /(Hmax-Hmin))" 0.385 (California Formula)
Hmax-Hmin = (Difference of elevation in Watershed)

Lc = River length
A drainage basin area(Watershed (krnz))

The floed stage (establishment for 25 or 50,100 years) etc. are analyzed by the non-uniform
flow calculation etc. for the flood flow of the probability year (establishment for 25 or 50,100

years) calculated by the above-mentioned.

When the embankment is maintained, the flood stage calculation of each river can be

inevitably calculated.

However, because there is often no embankment in the river in Nicaragua, a virtual
embankment in the slope gradient at 1:2 levels is assumed and calculated in the natural terrain

or the river boundary location in the river.

In this case, it is not the one that the flood, which was able to happen before actually
maintaining the river, was shown by the river's being maintained because it is a calculation

when the embankment is assumed.

The water level rise in the calculation does not happen because water leaks from the unrepair

embankment part in the current profile and the range of the flood extends.

Therefore, the calculation result before the river improvement (When the embankment

unfinished) notes not the one superior to the flood calendar and the hearing result but

handling.
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5) Selection Factor and Evaluation Method

a) Evaluation of Natural Condition Investigation, which Lies Face of Slope

It is good to judge the evaluation of geographical features and geological features overall by
the visual inspection, and to evaluate dangerous potential of the confirmation of the progress
of weathering the state of progress such as weathering and collapses by the result of the bore

etc.

These are to the last due to the detailed finding done when not turning out in the evaluation of
the stability survey sheets.

The impact, which the result of the progress situation and the hydrologic analysis of the scour
give to the main body of the bridge, is had and evaluated.

The evaluation is assumed to be the following five grades in Table 2.3.11.

(However, become six grades when there is an item assumed to be off the subject D).

Table 2.3.11 The Evaluation of Natural Condition Survey for Slopes

Category Situation " Points

A: The weathering and collapsing reached a high advanced stage, | (10 points)
and the emergency has increased. The potentiality of risk,
including the advanced stage of weathering inside of the

slopes, is high.
B Plus (B+): | Approximately medium between A and B. (8 points).
B: The weathering and collapsing reached a medium stage. The | (6 points).
potentiality of risk, including the medium stage of weathering
into inner part, is medium
B Minor (B -): | Approximately medium between B and C. (4 points)
C: The weathering and collapsing didn’t progress so much. The | (2 points)
weathering didn’t reach at inner part of the slope.
D: Totally decayed completely. Otherwise, countermeasure was | (0 point)

totally accomplished. For that reasom, this case is to be
excluded from the evaluation.

Note: The above-mentioned is an evaluation to the detailed investigation, which won't
turn out in the stability survey sheets.
One example (A rank, B rank, and C rank) in the natural face of slope, condition

investigation is shown in Figure 2.3.11 below.
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A
{10Points)

The weathering and collapsing reached a high advanced stage, and the
emergency has increased. The potentiality of risk, including the advanced stage
of weathering mnside of the slopes, is high.

17

NOOIAOS0

The tuff has changed into green color.
The extent of weathering, physical
characteristics, and strength
characteristics are unknown.
Although the face of slope is long,
same stratum exists continuously.
One (1) borehole shall be enough to
be done.

According to the boring result, altered
tuff has been weathered up to near 7
meters depth, and the weathered degree
can be judged large. Under the present
condition, the slope is very steep, so the
preventative measure for weathering and
examination of angle of face of slope

shall be required.

33

N0O03C140

A decay on the middle section of fill
was caused by the penetrating water
from mountain side. The decay is
remarkable. Tn order to study the
decay including the current road, 2
boreholes shall be selected.

The boring survey result shows that most
of tuff has become soil and consiitute
weathered belt at the fairly deep level.
The stability on the whole slope face shall
be required.

Figure 2.3.11(1) Evaluation Example of Natural Condition Survey, for Slopes (1/3)
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The weathering and collapsing reached a medium stage. The potentiality of risk,
including the medium stage of weathering into inner part, is medium

According to the boring survey result,

-agglomerate with open cracks exists from 0 to

4 meters depth. Agglomerate, which exists
from 4 meters to 8 meters depth is composed,
even though it has close cracks. As for the 8
meters of deeper, strata was gathered together
firmly. Because the weathering of surface
reached an advanced stage and there are many
exfoliations and falling stones on the current
faced of slope, prevention measure for falling
stones shall be necessary.

B:
(6Points)

46 The geological constitution
(composite of tuff, andesite, and
volcanic clastic rocks) can be

NO026A100 | confirmed by visual
observation. But the
confirmation of weathering
degree shall be necessary. One
(1) borehole shall be selected.

48 The tuff which distributes
mainly on the face of slope can
be confirmed by visual survey,

NO0O26A130 | in order to confirm the extent of

weathering, one (1) borehole
shall be selected.

According to the boring result, the width of
topsoil is 40 cm, and there is a weathered tuff
belt with hair-cracks from the depth deeper
than surface up to around 2 meters. Although,
in the level deeper than 2 meters, the number
of cracks is increasing, tuff is good condition.
Under the present circumstance, the rainy
water inflowing from the top of slope generates
the gully, and the exfoliations are being
repeated. The measure to drainage on the top of

slope shall be necessary.

Figure 2.3.11(2) Evaluation Example of Natural Condition Survey, for Slopes (2/3)

THE STUDY

ON VULNERABILITY REDUCTION
FOR MAJOR ROADS

IN THE REPUBLIC OF NICARAGUA

FAGE 2-33

ORIENTAL CONSULTANTS CO., LTD.
in association with

JAPAN ENGINEERING CONSULTANTS CO., LTD.




PLANNING MANUAL

JICA STUDY TEAM

C: The weathering and collapsing didn’t progress so much. The weathering didn’t
(2Points) | reach at inner part of the slope.

9 Most of the face of slope consists | Although the andesite on the face of

from andesite, and outcrop appears | slope contains many cracks and open to

on the whole area. Therefore, the | some extent, the strata are stable as a

NOOIB200 | extent of weathering and stability can | whole. No change is seen in comparison

be judged by the visual investigation. | with the survey result of previous

investigation..

47 The extent of weathering of andesite | At this location, there is no continuity

can be confirmed by wvisual | among the strata of both andesite and

NO26B110 | observation. tuff, and this site is isolated. It seems by

reason of fault from the circumstance.
Although there 1s exfoliation, it is no
difference in weathering progress from
the previous investigation,

Figure 2.3.11(3) Evaluation Example of Natural Condition Survey, for Slopes (3/3)

b) The evaluation of the natural condition survey for the scouring for bridge foundation

As for the bridges, the evaluation is based on the impact, of the scouring condition and

hydrological analysis result, on the bridges themselves. Following five (5) grades (In case

with evaluation item that is not applicable, the indicator shall contain six (6) grades) indicated

the result of evaluation. The evaluation of the natural condition investigation, which lays the

scour of the bridge foundations, is in Table 2.312.
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Table 2.3.12 The Evaluation for the Scouring for Bridge Foundation

Category Situation - Points

A: The progress of the scour increases and the emergency | (10 points)
increases greatly. River channel narrowness section small so
on of the bridge part is restricted for flow velocity and
flowing quantity remarkably and the progress factor of the
scour is extremely large.

B Plus (B+): | Approximately medium between A and B. (8 points).

B: The progress of the scour is an medium level. An medium | (6 points).
level is restricted for flow velocity and flowing quantity in
the bridge part.
B Minor (B -): | Approximately medium between B and C. (4 points)
C: There is too no progress in the scour. There is no restriction | (2 points)
in the bridge part for flow velocity and flowing quantity.
D: It is collapse of bridge in complete. Or, because the | (0 point)

countermeasure was completely accomplished, it is assumed
an evaluation off the subject.

Note: The above-mentioned is an evaluation to the detailed investigation, which won't turn
out in the stability survey sheets.

Because various, natural condition item is assumed to the scour of the bridge foundation, an
integrated evaluation is examined by the mean etc. of each the following items.

However, an integrated evaluation is assumed to be A in the case where as many as two A

grades or more attach according to the situation.

Details Category Situation
Velocity A Velocity(observed value or calculated value) 5n/ s more
B 3m/ s -5m/s
C Less than 3m/s
. There 1s record of overflow above the superstructure in the past.
Discharge . . . .
Quantity A Or, when it extremely underestimates the section to flowing

quantity in the calculation.
When a state near the overflow situation happens in the past.
B Or, when it underestimate the section to flowing quantity in the
calculation a little
There is no overflow record at all at all in the past.

C Or, when it is quite unquestionable in the past, the section in the
bridge: to flowing quantity in the calculation.
Soil A-C Itisthe same as the evaluation of the slope.
When the factor to cause progress 1s seen by an extreme scour.
Scoring A E.g. The river width narrows extremely in the part of the

bridge crossing point. Section change of degradation site etc.

When the factor to cause progress is seen by the scour in some
degree.

C There is no special cause factor.
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One example each grade in the natural condition survey of the scouring of the bridge

foundation (A grade, B grade and C grade} is shown mn Figure 2.3.12.

26

El
Guayacan

An integrated evaluation:
A grade (10 points)

The progress of the scour and the
emergency increases greatly. The river
channel section in the bridge part is
compared with flow wvelocity and
flowing quantity, and there is a
remarkable restriction of the small
size etc. and the progress factor of the
scour is extremely large. (Arank has a
lot of factors about 2 pieces or more
and the scour, and a part of the
structure of each factor has already
collapsed.  Therefore, a  whole
evaluation was assumed to be A.)

Velocity

The maximum flow velocity in the
calculation 1s 1.07m/s.

C (less than flow velocity 3m/s)

Discharge
Quantity

The section in the calculation is lack.
In the hearing result, overflow is often
recorded.

A (There is overflow records).

Soil

It is topsoil according to the bore
result up to about Im in depth.

After that, it is a weathered rock of the
tuff breccias. As for depth, both
states become excellent.

C (The influence of weathering is a
little).

Scoring

The bridge section has blockaded river
flow.

Bridge is constructed in the curve part
m the river.

The abutment on the left bank side has
collapsed.

A
{The factor of an extreme scour two
or more has).

Figure 2.3.12(1) Evaluation Example of Natural Condition Survey, for Bridge (1/3)
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5 An integrated evaluation:
B grade (6 points)
Las {Average of each factor)

Chanillas
The progress of the scour is an
medum level.
An medium level is restricted for
flow velocity and flowing quantity in
the bridge part.

Velocity | The maximum flow velocity in the | A {more than flow velocity Sm/s.)
calculation is 5.34m/s

Discharge | There is no problem in the pass | C (There is no overflow records.)

Quantity | section in the calculation. In the
hearing result, no overflow t record.

Soil Becoming to the soil is advanced up | B {The influence of weathering is

to two bores and about 5m. The state | about mean plus.)
is steady though becoming to the soil
is admitted even by the depth of 5m
or less along the crack surface.

Scoring | There is no special cause factor. C (There is no special cause factor.)

Figure 2.3.12(2) Evaluation Example of Natural Condition Survey, for Bridge (2/3)

4 An integrated evaluation:
C grade (2 points)
San {Average of each factor)
Nicolas
There 1s no progress in the scour.
There 1s no restriction in the bridge
part for flow velocity and flowing
quantity.
Velocity | The maximum flow velocity in the | B
calculation is 3.77m/s
Discharge | There is no problem in the pass|C (There is no overflow records.)
Quantity | section in the calculation.
In the hearing result, overflow is not
recorded.
Soil It is welded tuff (welded tuff) | C (The influence of weathering is a
according to the bore result advanced | little.)
| up to about 3m in depth by making to
the soil. Weathering is comparatively
few in the depth of 3m or more.
Scoring | There is no special cause factor. C (There is no special cause factor.)

Figure 2.3.12(3) Evaluation Example of Natural Condition Survey, for Bridge (3/3)
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