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PREFACE

In response to a request from the Government of the
Repubiic of Bolivia, the Japanese Government decided to
conduct a Study of Road Improvement between Santa Barbara
and Bella Vista and entrusted the study to the Japan
International Cooperation Agency (JICA).

JICA sent to Bolivia a study team headed by Mr.
Takashi Tachikawa, and composed of members from Central
Consultant Inc., Nippon Koei Co., Ltd. and Kokusai Kogyo
Co., Ltd., from August 19898 to December 1990,

 The team held discussions with the officials con-
cerned of the Government of the Republic of Bolivia, and
conducted field surveys. After the team returned to Japan,
further studies were made and the present repori was
prepared.

I hope that this report will contribute to the promo-
tion of the road development and to the enhancement of
friendly relations between our two countries.

I wish to express my sincere appreciation to the

officials concerned of the Government of the Republic of
Bolivia Tor their close cooperation extended to the team.

March 1991

ammenben [

Kensuké&/Yanagiva

President

Japan International Cooperation Agency
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Photo-1 ' Photo-2

Scene of the present road from Santa Barbara Scene of damage due to & landslide near Point A
Bridge (foreground of photo} in the direction of {about 2.2 km from the point of origin; Santa
Choro.

Barbara Bridge). The Landslide extends about
1 km alongside the road.

Photo-3
Scene of the present road near Chatla about 10 km from the point
of origin. The road passes a point of change in geographical
gradient.



Photo-4 Photo-b

Aspect showing the narrow width and insuffici- Aspect shqwing overhang by the road near
ent drainage facility on the present road at a Puerto Leon about 35 km from the point of
location about 14 km fram the peint of origin. origin. One of the dangerous points for traffic

on the study section.

Photo-6
Scene of the present truss bridge near Puerto Leon, The bridge
is old and rotten and wooden slabs have been used in temporary
treatment.



of the whole extension.

Photo-9
Sceneé of the same location as Photo-8 taken
frora a far.

s Phota-7

Scene of the present tunnel exca-

vated without timber shoring at a

location 35 km from the point of

origin. The length of the tunnel is
about 26 m with on-lane.

Scene of the present road and
surrounding steep cliff 38 km
tram the point of origin. The sec-
tion is located in an area having
one of the most severe conditions




Photo-10

‘Yara Bridge construcied near the
village of Yara. Only this bridge
does not require reconstruction
or improvement in the whole
extension of the Study Road.

Photo-11

Scene of the location 118 km
from the point of origin, where
tandslides occur now and then.

i Photo-12
Scene of the present road condi-
tion at Bella Vista {terminal
point of the Study Road). The
road in the foreground of this
photo has been already improved
by the SNC.
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1. INTRODUCTION



INTRODUCTION

Background of the Study

The Republic of Bolivia, with an area of approximately
1,100,000km2, 1is located in the central part of the South
American continent, and is divided into. two very different
areas; the mountainous area with the plateaus and valleys
of the eastern edge of the Andean Mountain Range; and the
low flatlands of the Amazon and La Plata River Basins.

The flatlands ccoupy two-thirds of the area of Bolivia, and
there is a great potential for agrlcultural and livestock
development.

With +this in mind, the successive governments in recent
decades, have implemented a basic policy to convert the
economy from a mining base to an agriculture and livestock
industry. 'They have given a priority to facilitating and
pushing forward the development of this area, especially
northern part of the flatlands.

Complying with this objective, it is understood that the
roads available throughout the year connecting La Paz and
the cities of Trinidad, Cobija and Riberalta in the area is
the most important infrastructure and must be completed
first, since those cities have no stable means of transpor-
tation to or from other areas without the use of 1light
aircraft.

These roads are nominated as follows;

1) National Road No,3 -—— from La Paz to Trinidad
2) National Road No.2 —--- from Yucumo to Cobija
3) National Rocad No.8 --- from Rurrenabaque to

_ Riberalta and Guayaramerin
(See, Fig.1.1-1 on the next page.)

The Presidential Decree No.547 issued in May 1983 made the

urgent completion of these three roads the highest prlorlty
in the country for the following three reasons:

1-1
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(1)

(2}

a) To provide smooth, economical transportation for
products of this area to consumers in other areas.

b) To expedite internal migration for the further develop-
ment of the region.

¢) To make administration of Government policies possible
in the frontier regions.

The first meaningful effort made to achieve this end, was
the preparation of a feasibility study and the final design
for improvement of the roads between La Paz and Rurrena-
baque 1in 1975. All subsequent actions have been based on
and originated from, the results of this study and design.
A brief history of the event taken place on these roads
performed in the recent years as well as the existing
conditions of the roads are shown below:

La Paz—Cotapata (48km), National Road No.3

a) Newly constructed 2-lane road with an asphalt pavement
was almost completed in 1982 according to the 1975
design. :

b) At  present, pavement for remaining 10km long section
and rehabilitation work for the already paved section
are being carried out by the IDB fund.

Cotapata-Santa Barbara (44km), National Road No.3

a) The existing road has only a one lane with gravel
surface. Passing through very mcocuntainous area, this
section is notorious because of its danger and difficul-
ty to transit.

b) In 1989, the work to review and update the 1975 design
had been completed by Italian and Dutch consultants.

The work has made it clear that it is necessary to
construct a new, 2-lane paved road along a totally
different alignment from that of the existing road.

c) It 1is expected that the Bolivian Government will
receive finance from IDB and will start the construction
of the new road within a few years.

1-3



(3)

(4)

(5)

(6)

(7)

Santa BArbara-Bella Vista (118km), National Road No.3

a) As the topography is better here, so the existing road

in this section is better than that in the previous
section; Cotapata-Santa BArbara.
However, there is not much difference 'in danger and
difficulty involved in transit, due to the narrow width
and the many small curves between the existing roads in
this section and those in the previous one.

b) Since 1975, no big scale construction for improvement of
the existing road has been carried out in this section,
but minor work for some limited sections has.: '

Bella Vista—-Quiquibey (87km), National Road No.3

a) According to the 1975 design, the newly constructed road
with gravel surface has already been completed.

Quigquibey-Yucumo (42km), National Road No.3

a) The 1975 design for this section had been reviewed and
updated by Brazilian consultants, and now the construc-
tion work is being carried out.

After completion of the work in 1892, the road in  this
section will be 2-lane with a gravel surface,

These jobs have been and are now currently being fi-
nanced by IDB.

Yucumo-San Borja (48km}, No.3 and Yucumo-Rurrenabaque
{(102km), National Road No.Z

a) In 1889, the roads in these sections with 2 lanes and
gravel surface had been completed. The construction was
carried out by Servicio Nacional de Caminos itself with
financial assistance from the Japanese Government.

San Borja-Trinidad (228km), National Road NO.3

a) An earth road with only one lane constructed before 1973
exists in this section. However, its actual condition is
g0 poor that no car can pass this road for four or five
months during the rainy season each year.

b) The feasibility study and final design for the improve-
ment project was completed with technical cooperation

1-4



(8)

(9)

from the Japanese Government in 1888, and the implemen-
tation of the project is expected to be financed by IDB.

Rurrenabagque-Riberalta (more than 600km), National Road
No.8

a) Construction of an earth road had almost been finished
in 1988, however, as the condition of the road is fairly
poor, some parts are often closed to traffic so many
during the rainy season.

Rurrenabaque-Ixiamas (100km), National Road No.2

a) A 2-lane road with a gravel surface is now under
construction.

After viewing the section in the mountainous area of Na-
tional Road No.3 (from La Paz to Yucumo), implementation of
all improvements at least up to the level of a 2-lane road
seem to be certainly required, except for the section
between Santa BArbara-Bella Vista. In other words, once
improvement works between Cotapata and Santa Barbara as
well as between Bella Vista and Yucumo are completed in the
near future, the section from Santa BArbara to Bella Vista
would become a bottle neck for traffic, as it would be the
only section where the road width is only one lane,

The road projects in execution now in Bolivia are listed in
Appendix 1-1. Viewing those projects, it is easily under-
stood that the Bolivian Government is focusing its energies
upon the development and improvement of the trunk roads in
the northern area, as well as those of the secondary roads
in the strategically important regions. And also, it may be
easily understood +that the improvement of the objective
section of this Study is considered to be very important
and 1is requested to be completed as soon as possible in
Bolivia. (Incidentally, the present situation of roads and
the historical data of road development in Bolivia are
shown in "2.2 Existing Road System in Bolivia.")

Due to this situation, the Govermment of Bolivia intends to
improve this section also, and has'requested the Japanese
Government to conduct all necessary study for this as a
binational technical cooperation.



In- response to this, the Japanese G0vernment_have decided
to carry out a Feasibility_study on the Road Improvement
Project for that section, that is, between Santa Barbara

and Bella Vista.
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Objectives of the Study

The objectives of this Study are to carry out a technical
analysis and to evaluate the socio-economic influence of
the . road improvemeht work between Santa Barbara and Bella
Vista, with due consideration to the distinctive topograph-
ical and geological conditions in the region.

The road improvement work in this case involves upgrading
the existing road to a minimum level classified as an "all-
weather type road".

The technical analysis will include topographical, geologi-
cal, hydrographical and construction material surveys in
the vicinity of the project site, and based on the results
of these surveys, the most sultable solution will be recom-
mended.

The socio-economic influence from the project will alsoc be
examined and evaluated in the Study.

In addition, the transfer of technology to Bolivian techni-

cal personnel during the course of the Study is alse an
objective.
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General Project Description

The existing 118 kilometer road from Santa BArbara to Bella
Vista, which is a part of National Road No.3, was con-
structed over thirty five years ago, and since then no
considerable improvement or rehabilitation work has been
pefformed. Hence the road's physical condition is fairly
poor and is far from funétioning gsatisfactorily as a trunk
road of the nation.'In other words, it is very difficult to
pass down this road due to existence of humerous small
curves, large vertical gradieht on the alignment, narrow
width, poor surface treatment and a number of occurrences
of .slope failure in this section. It is true that insuffi-
cient maintenance work from 1982 to 1985, yvears of economic
crisis, ‘has made the road condition increasingly worse.

On the other hand, seéing other sections on the same road
{(i.e., Dbefore Santa BaArbara and after Bella Vista), work
has been carried out to grade the road up to a level of "
all- weather type" with 2 lanes.

Therefore, the Project, as a primary objective of the
Study, includes all works reguired to improve the existing
road, s0 it can be used throughout the year to the same
extent as other sections of the same road (National Road
Ne. 3).

The section between Cotapata and Santa BArbara will be
completed as a 2-lane road with an asphalt pavement, and
the section from Bella Vista to Yucume will be gravel.
More detailed information on these two sections are shown
in 6.1 of Chapter 6 of this report.

Considering the distinguishing features of the road such as
its peculiar'topography and current importance, a careful
study from the following viewpoints will be indispensable
in order to identify the contents of the Project.

The Project should;

a) conform with all neighboring alignments and engineer-
ing characteristics along the same road, _

b) consider the socio-economic situation of the country
so as to be flexible, optimize the effectiveness,

¢) be evaluated taking into consideration the disturbance
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to traffic during construction,

determine allowable
limits, and

d) include provision for sufficient facilities for traf-
fic safety.
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Study Approach -

Principal Items of the Study

In order to achieve the aforesaid objectives, the following

activities were principally conducted in the course of
Study:

1) To collect and analyze existing data relevant to;
a) Traffic and transportation
~ analysis and estimation of future traffic demand.
b} Socio-—-economic activity
- analysis of the past trend and frame work for
future.
¢) Engineering field
- topography, geology, hydrology, meteorology,
construction material, construction capabhility.
- as-built plans of existing road and bridges,
history of construction,design standards,
- construction costs and available equipment.

2) To carry out field surveys including;

a) A topographical survey necessary for mapping.

b) ‘Aerial photography.

c) A geological survey with boring and laboratory
tests.

d) A traffic survey,.

3) To establish design criteria,

4) To produce a preliminary design after evaluating the
alternatives for road improvement.

5) To estimate construction and maintenance costs.
6) To examine and evaluate the socio-economic impact.

7) To establish a viable and practical construction

the

the

schedule, including examination of the possibility for

stagewise construction,



1.4.2 Study Schedule

The Study was carried cut according to the flow-chari shown
in Fig.1.4-1. The time schedule is shown in Fig.1.4-2,
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Study Organization

The Study was carried out by a study team under the super-
"vision of the Advisory Committee 6rganized by JICA, (the
official agency responsible for the implementatiOn.of the
technical ‘cooperation programmes of the. Japahese Govern-
ment}. The Committee was directed by Mr. Naotoshi Baba.

The Stﬁdy Team, headed by Mr. Takashi Tachikawa, consists
of ten (10) experts and five (5) specialists who have’
worked in collaboration with their counterpart team organ—
ized by SNC. ' '

The organization of the Study is shown in Fig.1.5-1.
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2. PRESENT CONDITIONS



PRESENT CONDITIONS

Topography
Topography in Bolivia

The Republic of Bolivia, located in the center of the South
American Continent, has an area of 1,088,581 sdquare kilome-
ters and is bordered by Peru, Brazil, Paraguay, Argentina
and Chile. The country can roughly be divided into two
major topographical regions; a mountainous area of the
Andes on the western side of the country and a 1low flat
area covered with vegetation. These two regions can be
further subdivided as shown below: (See, Fig.2.1-1 and Fig.
2.1-2.)

Bolivia -—4— Mountainous —— Andean

Western
|
| Zone | Mountains | Cordillera
| (A-1)
|

|

I .
| L—— Eastern
| Cordillera
l (A-2)

| Altiplano (B)

|
|
l
|
|
|
l I
t L canyon Zone (C)
!
L Open Plain ——~ Low land Zone -———— Prairie (D)
Zone ] |
I - Chiquitania
| : Mountains {(F)
L Brazil shield (E)

The Mountainous Zone, which was formed by orogenic move-
ment, covers almost one%third of the country. Both areas of
A-1 and A-2, in the classification above, have an extremely
rough and complex terrain with many deep canyons formed
from erosion since the glacial age that is still continuing
today.The greater part of these areas is sub-barren with
many mountains over 5,000 m above sea level, which are
perpetually covered by snow and glacial ice.

The Altiplano (B), surrounded by areas A-1 and A-2, 1is a
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large plateau having an area of 180 km by 600 km and a
height of 4,000 m above sea level.

The Canyon Zone (C) stretches in a belt along the eastern
side of the Eastern Cordillera. Many rivers originate from
the Eastern Cordillera and cross this area to“give a pleat-
ed topography with a lot of deep canyons, some of which are
nearly 1,000 m in depth.

As ground level is approximately 300 m and 3,000 m above
sea level at the eastern and western edge of this area,
respectively, climate also varies widely through out the
year compared with other zones, and agricultural products
are so full of variety that this area is known as "the food
storehouse of Bolivia".

From the gedlogical viewpoint, this Canyon Zone is divided
into a slope of the Eastern Cordillera having a 1level of
3,000 - 1,500 m and a zone called Sub-Andes belt having a
level ©below 1,500 m above sea 1level approximately. The
tformer is the Eastern Cordillera itself in the geological
classification, and the latter is a marginal area hetween
the former and the Open Plain Zone.

At the northeastern part of the country, the widths of the
Fastern Cordillera (A-2) and the Canyon Zone (C) are 40 km
and 200  km, respectively. A 70 km out of 200 km of the
Canyon Zone 1is that of the Sub-Andes belt.

The Open Plain Zone occupies two-third of the entire coun~
try. The prairie (D), having a varying width of 200 to 500
km and a length of 1,500 km, consists of the areas in the
Amazon River Basin and in the La Plata River Basin. Al-
though it is 3,500-4,000 km away from the mouth of the
Amazon River, the majority of this area is only 150-250 m
above sea level and is often inundated. The number of
inhabitants in this area is significantly smaller than that
in the Mountainous Zone, probably due to its characterized
topography and climate,

The Brazil Shield (E) is spread along the border with
Brazil and is a peneplain which was formed by the erosion

of ancient rocks.

The Study area 1is located in the Canyon Zone, and the
detailed topography there is described in "2.3 Existing
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(1)

(2)

Project Road" of this Chapter.

In respect to Geological description, refer Chapter 3.

Climate

Climatic conditions in Bolivia vary widely according to the
latitude and height above sea level. The inhabited areas
of the country can be divided into the following three
zones based on their characterized climate:

Altiplano Area (Plateaun and Canyon Zone}

The Altiplanc Area is a cold dry zone situated on the west
side of Bolivia between the Eastern and Western Cordilleras
and has an annual average temperature of 5 to 20 degrees
centigrade, with a daily maximum of 25 degrees and a daily
minimum of 10 degrees below zZero.

The winds that carry rain towards the Altiplanoc Area are
those blowing from the Amazon River Basin, but they reach
the high plateau after having discharged most of their
humidity on the low, flat land areas (Beni area) and on the
Canyon Zone which stretches along the slope of the eastern
side of the Andesan Cordillera.

This phenomenon causes sparse rainfall on the high plateau
of the Altiplano Area. Consequently, the annual average
rainfall over the Plateau Area is normally less than 500
mm, except 1in some places like the Titicaca Lake where
rainfall can be from 600 mm to 800 mm. This happens even
though. the southern plateau has an extremely cold dry
climate throughout a year due to the influence of the cold
winds blowing from the south,

Beni Area (Amazonian low land area)

This area is commonly called "Llanos Benianos (Plain in

Beni)". It has a hot humid climate and the average temper-
ature varies between 20 and 30 degrees centigrade with only
slight changes among the seasons. Annual rainfall 1is

ordinarily from 1,000 mm to 3,000 mmn, but in some places on
the border with the Cordillera, like the Chapare region,
the rainfall sometimes reaches up to 4,000 mm annually.
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(3)

In general, the climate of the Beni Area is tropiecal with a

rainy season in summer and a dry season during autumh,
winter and spring. The rainy season occurs when the air
masses coming from the Atlantic QOcean travel over the Andes
at high altitude,. '

Chaco Area (La Plata low land area)

This dry area is located in the southeastern part of the
country, A warm steppe climate with dry winter -'character-
izes this area where the average annual temperature ‘is
between 20 and 25 degrees centigrade and the annual rain-
fall is around 1,000 mm. The temperature decreases abrupt-
ly in this ares when cold fronts from the south pole reach
it.

The annual average temperature and rainfall in Bolivia is
shown in Figs. 2.1-3 and 2.1-4, '

The Project Site is located in the Canyon Zone , and is
very near to the boundary shared with the Beni Area. (See,
Fig. 2.1-3, Fig. 2.1-1 and Fig. 1.1-1.) Consequently, the
climate there. is fairly similar to the Beni Area rather
than in the Altiplano Area.

Climate data in the Project area is shown in "2.3 Existing
Project Road" of this Chapter.
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2.

2

Existing Road System in Bolivia

(1) Administrative system and road classification

All roads and streets in Bolivia can be divided into two
groups from the viewpoint of an administrative system; the
first group includes streets in the territories of big
cities and towns, and all remaining roads are in the second
group. Necessary administrative management, such as con-
struction, maintenance and repair, for the roads of the
first and the second groups is basically under the control
of Municipalities and the Servicio Nacional de Caminos
{(8SNC), respectively. '

Exceptionally, a few part of the roads in the second group
are constructed or repaired by the regional development
corporations, 1like CORDEPAZ, CORDECRUZ and so on, with
agreements with SNC.

The roads in the sécond group (i.e., those managed by SNC)
are classified into the following three categories:

1) Trunk or First Class National Roads

The functions of the trunk roads are principally to create
a domestic network, to link the important regions of devel-
opment in the country, to create access to all areas of the
country, and to contribute to the growth of the economy and
culture. The roads also serve to link regional capitals of
departments’ (Departamentos), and to interface with other
important transportation systems. In addition, they con-
tinue through national borders, and thus play a role in
linking Bolivia to her neighbors.

2) Collector Trunk or Second Class Roads

The collector roads link important regions with developing
areas, and draw traffic off away from these areas towards
the trunk road network, reducing congestion. The collector
roads contribute to the development of areas by integrating

them with other transportation systems.

3) Town and Village Road (Used by regional residents)
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(2)

_Town and villﬁge roads are generally provided to assist

traffic between an area. of production or living and trunk
or collector roads. In addition to this function the roads
also contribute to the convenience of daily life in small
towns.

Road network and its development

1) Road network

The road network system in Bolivia is shown in Fig. 2.2-1,
which illustrates not only existing roads but also project—

ed and currently impassable roads.
The c¢ircled numbers with one or two digits on the Figure

-mean the Trunk Roads or the First Class National Roads

listed below;

National Road

No. 1 (Peru)~La Paz—-0Oruro-Potosi-
Tarija-(Argentine) 1,221 km

No. 2 Yucumo—Rurrenabaque*Cobija _ 669
No. 3 La Paz-Yucumo-San Ignaclo-Trinidad 595
No. 4 Oruro-Cochabamba-Santa Cruz-(Brazil) 1,353
No. & Potosi-Sucre-Epizana 401
No. 6 Machacamarca-Sucre-{(Paraguay) 977
No. 7 Cochabamba~Villa Tunari-Guabira 416
No. 8 Rurreha_baque-«Riberalta—(Brazil) 595
No., © Trinidad-Santa Cruz-Ipati 1,028
No. 10 San Ignacio-Villa Tunari 295

Total 7,551 Km

On Fig. 2.2~1, three digits numbers are on the Collebtor
Road network.
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. 2) Historical view of road development

Increases in road length devéloped for each surface condi-
tion since 1974 are shown in Table 2.2~1. '

Table 2.2-1 Passable Road Length by Surfaee Type
in kilometers

1974 1975 1977 1970 1980  i8BL 1982 1083 . 1084 1085 1988

Paved 1185 1166 1280 1327 1396 135 1538 1538 1S54 154 152
(2.6) (0.5) (2.9) (8.3) (0.0) (10.3) (0.0) (1.0) (0.0) (2.4)

Gravel G560 658  678B 6760 TOTG 7087 . 9220 8288 8612 - 9850 - %W
(0.0} (3.8) (-0.5) (18.0) (0.0) (15.4) (0.5) (2.6) {36 (0.2

Earth 2500 20831 S0TAL 3041 30978 30442 30211 3081 40935 29607 28617
(0.8) (3.1) (0.0) (-1.5} (0.8} (-0.8) (0.0) {-0.8) (-1.9) (0.0

Total 31313 ??558 (B0 SGRIR SeBM et 0060 06T OOL 108 41070
6 (34) (0.0) (&1) {0) (2.9 (0.0) (0.0) (0.0) (0.1)

#( ): increase rate to the previous yeer in percentage.

From this table, it can be easily seen that road develop-
ment proceeded in 1977, 1980 and 1982, however, there was
no meaningful increasée in passable road length since 19683,
when the economic crisis in Bolivia started. '

In the case of decrease in length on earth roads it must be
understood that some part of these roads had become impass-—
able due to the lack of minimum required maintenance work.

3) Existing roads

The lengths of exislting passable roads as of 1988 have been
tabulated by department in Table 2.2-2,

Table 2.2-3 shows the present situation for roads in some
other countries around the world. Taking into account the
non-conformity of categorization for the roads in each
country, it can be said that the values in this table show
a strong correlation.

However, comparing values from both Table 2.2-2 and 2.2-3,
it is clear that the Bolivian situation in road development
is at a considerably low level.

Of course the road density in Bolivia is also very low, and
the proportion of paved road is less than 4 % of total
length, & remarkably small figure.
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Table 2.2-2

Length of Existing Roads in Bolivia {(1986)

Departeent  area road trunk road collector road town road total road density
(km2) surface length(k) (%)  lemgth(k) {¥) lemgihlk) (%}  lenglhfk) (%) (km/1000kn2)

la Paz 134.0  paved a4 0 2l 3.8 i1 0.8 204 4.7 2,18

1000 gravel 46 5.8 17 3.0 164 334 2253 36.3 16.81

garth 113 Il T 8l 1L I N 52 58.0 27,25

total 801 100.0 Bl 100.0 4857 1000 §139  100.0 46.26

Chuquisaca 515 paved 28 3.8 0 0.0 1 0.9 30 0.1 0.58

grayel 5371 BB.A #1885 5 1.8 1001 21.8 19,44

earth 238 2.6 13| 81.§ 3118 8.2 3581 1.6 69.26

total 804 1000 250 100.0 /3% 100.0 4508 100.0 89.28

Tarija 3.6 paved 41 1.7 0 0.0 ] 9.0 41 1.6 1.25

gravel B 6.l 5 663 M 18 108 3.4 2.3

earth 1M 2.2 160 3.7 1501 82.2 1832 63.0 48.72

total §01 1000 4% 100,0 1825 160.0 2007 100.0 7731

ochabamba  §5.8 paved 526 1.8 1 24 § 0.3 50 174 8.68

gravel 197 212 s 40.2 a0F  43.3 1218 3.3 21.62

earth 0 0.0 164 51,3 W 564 1338 43.3 .08

total 723 160.0 W 100.0 081 1000 080 1000 55.38

Sanla Cruz  370.6 paved Q0 ) 0 0.9 52 1.3 472 T4 121

gravel 330 45.% 38 20.8 450 10.8 1208 20.3 3.50

earth 25 185 ™ 70.2 40 8.9 14 T3 12.45

total 1185 100.0 1068 100.0 4158 190.0 B34 160.0 17.23

Oruro 53.8  paved 15 8.6 8 0.8 10 0.2 174 2.6 3.25

gravel w Nd 08 418 3 1.3 151 11.8 31,58

earth 0 0.0 542 51.1 4698 2.5 5240 1.7 8.7

1otal 545 100.0 86 100.0 5080  100.0 6571 100.0 122.%9

Potosi 118.2  paved 2 54 ¢ 0.0 1 0.0 28 0.5 0.24

gravel 85 9.2 104 WA 109 2.2 878 114 5.1

earth 1 1.4 3z 5.6 4309 81.8 5238 8.1 44.31

total 495 100.0 426 100.0 5019 100.0 5044 100.0 50.20

Beni 213.6  paved 2 0.2 1 0.3 2 04 5 0.3 0.02

gravel o Nl 0 0.0 433 80.0 708 42,8 3.1

earlh 553 6.7 287 99.9 108 19.8 948 5.1 1.4

_ total 832 100.0 28 100.0 541  100.0 1661 100.0 .78

Pando 83.2 paved 2 0.9 0 0.0 0 0.0 2 0.3 0.0%

gravel 39 17.2 ] 0.0 0 0.0 39 8.7 0.81

earth 188 819 183 1000 188 1400 51 129 .40

______~__-____________fgfgi_ g 100.0 163 - 100.9 188 100.0 578 160.0 8.05
Total 10088 pared WAl B2 % 08 T 52 39 145

11000  gravel un 52.8 1860 33.7 1033 18.5 9870 %.0 B.88

earth 1485 3.9 e 655 4810 83.2 2817 1.1 26.90

___________________ }9}31__ A 8203  100.0 4920 100.0 298%  100.0 41078 100.0 31,34
logth (9 s.. 0 Lo 2y w.e

road density (im/1000km2) 5.85 {48 a2 31,99




Table 2.2-3 Road Statistics around the World (1987)

area
(1000km2)

total road
length (km)

paved road

(%)

road density
(km/1000km2)

. Netherlands
Yest Germany
Switzerland
Great Britain
France
Austria

Italy

U.S.A.

- Spain

Korea (south}
Sweden
Malaysia
Brazil
Thailand -
South Africa
Mexico
Indonesia

Kenya
Egypt

*Bolivia

1,098,900
113,600
492,500

71,000
352,300
804,900
107,500
301,600

6,242,200
318,000
54,700
130,900
39,100
1,675,000
84,800
183, 000
225,700
219,000

54,600
32,200

0.67
0.63
0.55
0.32
0.29
0.19
0.186
0,16
0.11
06.11

0.08
0.03

o ot s - e e e - oy W A R A Y T T A Tk ek S et o o Lt AL B A S . = o n o o m =y o o n T —

source: World Statistics (Edition 1988),I.R.F.,

*Bolivia: SNC, 1986



Existing Project Road
Topography, Climate and Rivers
Topography {See, Fig. 2.3-1)

The Project area belongs to the Canyon Zone (C), which is
categorized in "2.1:.1 Topography in Bolivia" in this Chap-
ter. '

Viewing the surroundings of the existing road, it can be
seen that theroad runs along the right hand bank of
the Coroicc River, parallelto the river from Santa Barbara
(the beginning point of the study section) as far as
Caranavi. That is to 'say, when going toward Caranavi
on, the right hand side of the road is always an uphill
slope and vice versa, the left side is a down-hill slope.
The mnatural gradient, which the alignment cuts, is mostly
very steep (seé, Table 2.3-1), and in some places such
as Patuni, Challa and Puertc Leon, the slope on both
sides of the road is almost vertically up. It forms
what has been termed a "cliff" on both sides. (See, Photo -
8 )

There are many tributaries in this section and these are
described later. (See, Table 2.3-5.) As almost all of
these tributaries flow down at a right angle toc the Coroi-
co  River and the tributaries have eroded steep V-shape
valleys, the siope of the river bank forms a very compli-
cated landscape with many sharp pleats.

Santa BArbara and Caranavi have a height of 968 m and 609 m
above sea level, respectively, and the existing road eleva-
tion decreases uniformly toward Caranavi over this sub-~
section.

Between Caranavi and Carrasco, the Yara River and its
tributaries (such as the Carrasco River and the Challhuani
River} run on the right hand side of the existing road.
Hence, the left hand side of the road, is a constant up-
hill slope at this sub-section.

Although there are several valleys containing streams
crossing the road, they are not so deep compared with those
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There is a critical point at three kilometers before  Car-
rasco, wheére the existing road runs through the middle of a
¢liff face and the slopes on both sides of the road are
almost vertical.

The existing road inclines up in this sub-section as far as
Carrasco, where 1t reaches a height of 830 m above sea
level. :

The road passes over a ridge in the sub-section from Car-
rasco to Bella Vista, the end point of the study sector.
The height at the ridge and Bella Vista are 1,500 m and 915
m above sea level, respectively.

As the existing rocad crosses the Carrasco River, (a tribu-
tary of ~‘the Yara River) at Carrasco, the up-hill slope,
which is on the left hand side of the road; changes into an
down-hill slope from this point until meeting the ridge.
The topography of +the area prior to the ridge is very
complicated with many sharp pleats and a steep slope but it
doesn't have any large rivers. 1In the vicinity of the
ridge, several cliff faces are encountered along the road,

On the other hand, the topography between the ridge and
Bella Vista is quite different from that encountered prior
to the ridge.

The natural gradient is fairly gentle, and the surface soil
and vegetation appears to be different from that found in
other sub-sections.

The existing road maintains an inciine on the 1left hand
side all the way to Bella Vista,.

From the geological viewpoint, the arsa from the ridge to
Bella Vista Dbelongs to the Sub-Andes belt in the Study
sector.

The result of the geological investigation of the region is
described in Chapter 3.
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Table 2.3-1 Approximate Average Gradient of Natural
Ground along the Existing Alignment

Sub-section Average Gradient (deg.)
Santa BArbara - (F) 38
(F) ~ (K) 39
(K) - Caranavi 25
Caranavi - Carrasco (Q) 27
(Q) - Bridge (V) 32
(V) — Bella Vista 26

Note: (F), (K) and (V) are the name of the point
established in Fig. 2.3-1.

(2) Climate

According to the categories of climate for the whole of
Bolivia as desecribed in "2.1.2 Climate in Bolivia" in this
Chapter, the climate in the study area is most 1likely Lo
belong to the Altiplano Area. However, as the study area
is . very near to the Beni Area and its ground height is
fairly low, (i.e., generally below 1,000 m above sea level)
the climate in the study area is sometimes very similar to
that in Beni Area.

Only one permanent meteorclogy station exists in this area
and is located at Caranavi. The office of CORDEPAZ (Corpo-
racidén de Desarrollo de La Paz) in Bella Vista has histor-
ical data on precipitation there. The data obtained from
these stations are tabulated in Tables 2.3-2, 2.3-3 and
2.3-4.

This area 1is 1located on the east slope of the Eastern
Cordillera, where there is a considerable amount of precip-
itation.

That 1is, wind from the east with high humidity blows
against this Cordillera causing heavy rainfall below. In
general,the period from December to April is the rainy
season for_this region and the annual volume of precipita-
tion in the area from Santa BArbara to the ridge (which
exists between Carrasco and Bella Vista) is in the range
from 1,500 +to 2,000 mm. In the area on the Bella Vista
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side of the ridge, it is between 2,000 and 2,500 mm. (See,
Tables 2.3-2 and 2.3-4.) '

Lboking at the maximum daily rainfall, shown in Tables 2,6 3-
2 and 2.3-4, it can be seen to be 220 mwm/day at Caranavi
and 138 mm/day at Bella Vista, and both values are encoun-
tered out of the rainy season in the Tables. It shows that
a wind current called “"Suasso", which blows from the south
or south-east and sometimes blows intensely in the dry
season, bringing a lot of rainfall to the region.

With respect to temperature, the office of CORDEPAZ in
Bella Vista has no records but it can be said that there is
not much variation within the study area and the tempera-
ture gradient is between 8 and 40 degrees centigrade
throughout the whole study area. The maximum and minimum
monthly average temperatires are below 39 degrees but above
22 degrees throughout the year, as shown in Table 2.3-3.
Therefore the climate in this area can be said to be fairly
gentle with high humidity similar to a subiropical zZone.



Data of Rainfall

Table 2.3-2
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Table 2.3 - 4 Data of Maximum and Monthly Rainfall

Station: Bella Vista ( Ka.53 )
Provinee: Rorth YUNGAS
Depariment: A PAZ
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o 24 Hours | 1083 ! - 630 60.4 - 5.4 380 2.6 132 515 366 1382 41! - !
! oged ! o35 8.6 1303 705 83.2 LD 440 1382 366 515 132 %31 - !
! boigss ! 80,8 30.7 535 49.7 189 167 227 1.2 370 7.5 505 6887 - !
! Dojess ! o33 62.2 T2 SLE 103 8.2 2.0 288 4LT 320 M5 0.8 - !
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! I I e
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Source: Data from the Office of CORDEPAZ at Bella Visia
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(3) Rivers:

As ‘described before, the existing road crosses many rivers
and streams easpecially in the sub-section from Santa BArba-
ra to Caranavi. - '

The rivers which are necessary to investigate and study for
the Project are listed in Table 2.3-5. The cross section,
gradient of the river beds and the past, highest water
“level for the rivers in the vicinity where the road cross-
es, were surveyed. :

Eight rivers out of twelve listed in the Table are located
between Santa BArbara and Caranavi. All rivers except. the
Carrasco River flow down to the bottom of a sharp notch
type valley creating a rapid current.

Generally Speaking, the catchment area of each river seems
not to be too large. However, the'rbuting time for run-off
is so small that the ratioc of maximum volume of run-off
water after heavy rainfall, to that in normal time is
considerably large. This means that earth and debris can
sometimes be caught up in the flow of these rivers.

As the other rivers and streams are so small, they have not
been listed in the Table and it is not necessary to +take
them into detailed consideration.

Furthermore the Coroico River and the Yara River, which
flow down parallel to the Project road, are not considered
to have a great influence on the Study.
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River bed Past*% Cross sec.

‘River height* gradient H.W.L. area¥®*
Patuni 986.4 m 5 % 997.5 m  18.0 m2
Challa 1030.5 12.6 1033.8 13.0
Calacala 924.5 927.8 -
Choro 807.5 3.0 809.4 45 .56
guitacalson T15.17 2.5 718.6 64.0
Cajones 727.0 3.0 728.0 8.0
Chojfia 681.8 5.5 682.6 4.0
San Silverio 711.0 6.5 713.0 30.0
San Lorenzo 733.1 5.0 734.0 13.5
Espiritu B50.2 9.0 851.6 12.56
Carrasco 823.6 1.5 824.86 16.5
Avaroa 1335.9 19.0 1336.6 3.0

Note: * Height is that above sea level. All values are
those where the existing road crosses the river.
*% Past High Water Level (H.W.L.) were estimated by
site observation and local knowledge.
¥%%x (Cross sectional area given is at the time of
H.W.L..

2.3.2 Results of Site Reconnaissance

(1)

(2)

Setting up Milestones (See, Fig. 2.3-1.)

For further description, twenty three milestones from
point A to point W were set up between Santa BArbara and
Bella Vista.

Horizontal Alignment

The actual horizontal alignment for the existing road was
found to be not very good. ‘That is, there exist hardly no
straight sections and many substandard curves with small
radii throughout the study section, from Santa BArbara to
Bella Vista. As a result, sight distance for drivers is
too short causing numerous traffic accidents.
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The most fundamental reason why the horizontal alignment is
as described above is surely due to the topography of the
vicinity, and the SGGondary'reason is because the road was
constructed in such a way to avoid costly structures such
as bridges or tunnels.. Due to this, the road is forced to
go into the deepest point of the valley in order to cross
it without a large bridge. Consequently, the rcad winds
back and forth using curves of small radii.

In Fig. 2.3-1, the number of curves with a radius of less
‘than 50 meters in each subsection is shown. Also the curva-
ture of the existing road calculated according to the
following formula is tabulated in Table 2.3-6.

C = (3IA)/D
C : Curvature (degrees/km)
IA: intersection angle of each curve (degrees)
D: distance of subsection (km)

Looking at the number of curves with a radius of less than
50 m, one-third of the total number in the study section is
concentrated in the subsection 20 Km in length from Point T
to Bella Vista. On the other hand, there are less such
curves in the 15 km section from Point F to Point J.

Table 2.3-6 Horizontal Alignment of Existing Road

Sub-section Distance Husber of curves Curses per kn Curvature
(km) R0 s 50 mR total RS0 m 50&R  total  (deg./fke)

§/Barbara - (F) 21.0 B BE 28 0.93  9.48 10.4i. i
(F) - (§) 2.1 12 13 148 0.5  6.15 8.7 M3
(E) - Caranavi 14.8 100107 1P 068 .23 781 413
Caranavi - (@) 21.2 13 19 208 0.81 9.2% 0.8 579
Q) -Mm 22.8 H B 262 1.06 10.53 11.%9 T2
(V) - Bfvista 7.8 18 1) 16 - 23 T LU 692

Total 1.5 10¢ 891 1693 0.85 8§38 8.5 555
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{3) Vertical Alignhment

Basically, the vertical alignment of the existing road
descends parallel to the Coroico River from Santa BArbara
to Caranavi. However, there are several points, where the
road keeps away from a dangerous cliff or goes down to
cross a valley, and these sections have a vertical gradient
of more than T %.

Between Caranavi and Bella Vista, there are many places
where the vertical gradient of the road is considerably
steep as the road has to cross a ridge of more than 1,800
meters in height.

Problem areas with respect to gradient and continuous
distance have been listed in Table 2.3-7.
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Table 2.3-7 Problem Points'regarding Vertical Gradient

- Location Vertical _ Continuous

from : - to gradient length
K+ 3.0 :L+ 0.2 8.0 % 500 m
O+ 1.6 : + 1.9 11.0 250
S+ 0.9 + 1.5 8.5 600
T+ 1.6 + 1.9 9.0 300
T + 4.6 + 4.9 8.5 250
U.+ 0.0 + 0.2 9.0 200

1) Vieinity of Point L (Santa ‘Ana)

A schematic profile of the existing road in this area . is
shown in Fig. 2.3-2. The maximum vertical gradient and its
continuous length are more than 8 % and 500 m, respective-
ly. 1In this section, it was observed that driving speed of
a car went down to less than 25 km/h. _

The road climbs up te the top of the hill, although' it
looks not to be necessary, and the better route pasSing
through lower hillside can be easily found, observing the
surrounding landscape.

2) Point O + 1.8 km

Vertical gradient at this point is nearly 11 %, A profile
is i1llustrated in Fig. 2.3-3.

3) Between Point S and Poinit V

Two tops, the highest points, exist on the existing reoad in
this section. Both are not for going across any  ridges,
therefore, the road is not necessary to climb up so highly,
and it looks to be possibly able teo find a better alterna-
tive alignment in this section, too. '

Road Width
Actual width of the existing road including road shoulder

throughout the study section is illustrated in Fig. 2.3-1.
Table 2.3-8 shows the summarized results.
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Table 2.3-8 FProportion of Actual Road Width (W)

W (m) Length(km) Proportion(%)
W < b 43 37

5 < W <6 39 34

6 < W <" 20 17

7 < W 14 12

Coinciding with horizontal curves, it is often difficult or
impossible for cars to pass each other in sections with a
width of less than 6 meters. More than 70 % of the study
section contained such road.

The places where the width is extremely narrow (less than 4

m) are listed below. '

a) Point C + 1.0 km W

b) Point H + 1.2 km W
¢) from Point H + 2.5 km

to Point I + 0.4 km W

d) Point P + 1.7 km W

i
w w
® o
5 =5

non
W W
b =
= S
w2
<
3

Bridges

In the extension of this Study Area, as shown in Fig.2.3-1,
fourteen (14) existing bridges are present. A survey of
these existing bridges was performed in order to grasp the
actual condition of each structure, the characteristics of
the geometfric alignment for the approach roads and a visual
damage inspection of the bridges.

According to the hearing on the investigation by the au-
thorities 1in SNC, all the bridges except the Yara Bridge
were constructed before 1865. The Yara bridge was con-
structed in 1680 and was the newest in the extended Study
Area. Almost all bridges except the Yara Bridge are located
in deep valleys.

The bridges constructed prior to 1965 are classified into
the following five (5) types of structure:

a) Steel I-section Girder ( 5 bridges )
b) Steel Warren Truss ( 3 bridges )
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¢) RC Slab ( 2 bridges )

d) RC T-section Girder ( 2 bridges )

e) RC Reversed U-Type Girder { 1 bridge )
Note: RC; Reinforced Concrete

These - bridges generally had a bridge lengths from 6.0 m
to 28.3 m, lengths of span of 5.6 m to 28.0 m, and an
effective 'widths of 3.8 m to 6.0 m. All of these bridges
are classified in small type of bridges.

On the other hand, the Yara bridge is a PC composite (pre-
stressed concrete) I-Type, Girder bridge constructed on
the Yara River just before Caranavi City and has the
following dimehsions; bridge length 180.8 m, bridge span
30 m x 6, effective width 7.3 m. Only this bridge has
two lanes of carriage way.

For details on the bridges investigated, refer to Table
2.3-9.

1) Access Roads

The geometrical alignment of the roads approaching Cascada
Bridge, Alto Choro Bridge and Chojifia Bridge have a compara-
tively larger radius of curvature of more than 200 m. The
other bridges have very small radii of curvature, less than
18 m since the bridges are located in the deep parts of the
valleys. TFor more details, refer to Table 2.3-10.

2) Degree of Damages

The degree of damage to the steel bridges was found to be
more severe than that of concrete bridges during visual
investigation. Especially, it was found that rust had
gathered on material of steel girder, deficit of horizontal
girder members and destroyed slab were noted. In addition,
the joint between the precast slab and main girder seemed
to be inadequate.

In the case of the steel girder bridges, rust formed on the
steel member, deformation of each member, plus exposure and
corrosion of reinforcing steel under the slab are very
severe., '
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In the case of concrete structures, severe damage such as
large cracks in the main girder and large holes on the slab
were noted mainly on the RC Reversed U-Type Girder bridges.

Table 2.3-8 Results of Bridge Investigations (1)

1Rame of Bfidge: Lécation :Accumuléted ) Type of Bridge |Total Bridge;Effective, Remarks H
! _ ! _ bistance({Rm}| wLeagth (m) [Width (m); !
‘Patuni Bri. Point "B" | 7.3 i5teel I-Section |, 8.4 ! 4.4 IPrecast RC Slab

! : | {Gixder ! | :

1—-——— ----- e o o

1

\Challa Bri, jPoint "C" | 11.6  |ditto P8 b4 iditto

l —— ——

1 .

ICascada Bri. !Point "D" !  20.6  lditto P60 ) 4.4 lditio

! 1+51Fn ! ' : ' 'Skew Angle L-68 degree

I et o i e £ o 2 o 2 e . s e e e e

! .

iAlto Choro{1) jPoint "E" |  26.7  |RC Reversed 1 5.6 bodg

'Bri. 1+4.6 fn U-Type Girder ! ' !

I .

]
iAlto Choro(2)} |Peint "F" }  27.0  }Steel Warren H
1Bri. ' : 1Truss H

)
tPuerte Leon  |Point "H" 34,9 Wooden Bridge and | 26.1

28.3 ! 3.8 ICast in Place RC Slab
1

4.6  !Reinforced Wooden Bridge

1Bri. ' 1Steel Warren Truss | iwith 5 I-Section Beams

b e o et 2t o e o ottt e e et et e 2 e .

] .

ICajones Bri. |Point "I" [ 37.8  |Steel i-Section | 1.6 ! 6.0  {Wooden Slab

[} 1 ] IGirder 1 ] ] :

: : 1 1 ] 1 t 1

i - .

iIChojna Bri. |Point "J" ) 417  |ditte 1155 ! 4.2 iCast in place RC Slab Skew,

: : ' ' : ' ‘Angle L~ 66 deg.20 min. |

] —— e e eomm e e e e e e e e . {

] . [}

1san Silverio |Point "E" )  49.1  |Steel Warren Truss , 14.5 po46 ditto '

lBri ] 1 3 1 : 1 1 1

: : t ] ] 1 1 1 :

| TETTTTTTm Ty e e 1

'Yara Bri. Point "W' | 62,9  !PC [-Section | 180.8 ' 7.3 |Post Tension Method '

! 1+3.2 | yGirder( 6 - Span ) ' iCast in Place RC Siab

e e e e e e m — )

1 . I

'San Lorenzo Point "0,  76.8 |3 Continugus Span | 22.8 V50 '

iBri. H ' 'RC Slab ' ' H ;

] i

i e ETm T T e e e TTTTmmT T T T 1

tEspiritu Bri. jPoint "P" |  80.1  |RC T-Section Girder, 18.8 p 43 ;

1___ P e e e et e i it bt 21 e R 1

i H

iCarrascu Bri. jPoint "g" |  85.1  (ditte v 18,7 V43 5

] - T T T T T T T T T T T T T T - 1

Avaroa Bri.  jPoint "S8" |  93.4  |RC Slab 'B.2 | 5.8 | :

)

I |

Note : "Acctmulated Distance” is a distance from Santa Barbara.
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Table 2.3~-10 Results of Bridge Investigations (2)

[} \ [}
| o b [
:Name of Bridge : Qutward and Evaluation ' !Results of Com ressive]Horizontal Hinimum:
| i EStrel}gth Test by Badius of Access |
' S SO 1.0y ..o SO |
';"'"f":"""}%é}ié"ai'tié ﬁ;t—asel—lt—_élal_) are broken aﬂa¥. The connections bet- | | i :
lPatum Bri. | eEn the slab and main girder are nol sufficient. Almost ail | 43 | 218 - 242 Kgfem2 | Eoin=1ln |
| JDembers are rusted.Three cross bars are cul off at the cemters. | . a P l
: _ {The connection betveen the present slabs and main gifdex_‘s ae | ; ]
Chatla Bri. nol sufficient. The ouiside givder-of the upper strean is beat, | T | we-oeeoes Rait=18n
i ;and horizontal deformation has come to spproximately 6 cn. . ,
:Cascada Bri. ]Parts of the pfecast slab are broken away and the round rein- m lg?(élzlla? Kefem? R min=300m

4

| (forced bars are exposed. A pair of cross bars are lost.
E ;%o holes are found in the slab, and oue of the holes is 30 ¢
jAlto Choro Bri. in dismeter, Many cracks ave found on the girders, especially
E jon the ouiside girder on the upper stream side. Parts of the

- ,concrete girders are broken away and 1he round bars are exposed.

v 188 - 203 Kg/em?

{S1ab and girder)

251 - 285 Kpfemd
(Slab) 4

!
{Alto C?gl)ﬂo Bri. ;i!efomed bars are exEosed under the surface of the slab. & Iy

| ilower chord member at an end of the bridge is bent.

: Since wooden slab is not connected with cross bars, the whole
IPuerto Leon Bri.lrigldit of the bridge is nol enough. Lateral bracing members

| Jhearby ihe abulment are bent.

' 17he slab consists of woed and soil, and has a hole of 80 cr in

]
!
§
i
|
i
]
1
I
1
'
|
|
. ]
:Cajones Bri. !diameter. The rain Eirders consist of several I-Section steel : Iv

]

t

|

|

1

1

]

I

I

I

i

{

i

1

|

]

I

I

I

i

1

IH

233 - 261 Xgfem2
(I¥) _

(Pier)

| ;and wood, and do nol have cross beam.The steel girders are rusted.

! 'The upper surface of the concrete slab is abraded and the rein-

i
IChojna Bri. Eforce round bars ave expesed. Epd parts and surroundinﬁ of Lhe II { 196 - 214 Rgfem? Roin=- 400z
| yslab’s transverse joint of the girders are hardly rusted. .
:San Silvirio inefored bars of ihe slab are exposed everywhere. Steel Liuss ]'
\Bri. (embers are rusted esEeciaily on the lower chord members and i | 223 - 249 Kg/on? Bmin=1in
i ;Ahe-splice plate are hardly rusted, :
;Yara Bri.  |Can't find to be noted especially. | L e
:San Lorenze Bri. iA lot of hair cracks are found on the upper surface of the I1 i 240 - 289 Kg/em? Rminz17m
| ,slab, but not found on the lower slab. .
!Espiritu Bri. |The upper sul_"face'pf the concrete slab is abraded. An end part T 214-237 Yefen2{S1ab) Brin=17n
| ,0f the slab is broken away, 1233262 Xgfem2(Birder)
:Carrasco Bri. ;ditto. B min =crank

11 i261-298 Kg/cm2f3}ab)
I i 1229250 Kpfemd{Girder),

!Avaroa Bri. \A lot of hair cracks are found on the lover surface of the slab, I 1240-271 Xgfen2(Slab) | Rmin=16m

Yote:1 %valuatiou Hethod

|
|
I
|
I
|
I
I
|
|
i
|
I
i
!
f
I
|
|
]
Bmia:-l4m :
!
i
!
|
|
|
!
|
!
|
|
i
I
i
I
!
|
!
t
]
|
1

..... v (ood :

II ....... Need of resurfacing (overlay)

I ... h‘ecessari fo reconstruct concrete slab or gart of menbers.
....... Preferable to change with a new bridge or box culvert,

¥
¢ Nothing is to be noted for abutments and piers. ( Comparatively good )
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In dther'cdncrete bridges, only hair cracks were seen. _
Meanwhile, the Yara bridge is in good condition with regard
to both the slab and girder.

Despite the installation of felloe on almost all bridges
surveyed, the handrail was not seen on the Stéel I-Section
Girder " bridges, one of the RC Slab bridges, and the RC
Reversed U-Type Girder bridge. '

"In this field of bridge survey, only the exposed portions
with respect to the infrastructure of the bridge was able
to be investigated. However, the condition of the infra-
structure itself was in good condition as a whole.

The foundation was considered to be constructed as a direct
foundation since the rock bed or gravel layer could be seen
exposed on the surface of the ground.

3) Bridge Appurtenances

Bridge Appurtenances surveyed are summafized in Table 2.3-
11.

Table 2.3-11 . Observation of Bridges

Joint Joint Drainage
Appurtenance Facilities

Steel I-Section X X X
Girder

Steel Warren Truss X O 0]

RC Slab X : O 0

RC T-Section Girder X 0 0

RC Reversed U-type X X X
Girder

PC I-Section Girder 0 0 0
Note: X = absence, 0 = existence.
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(6) Disaster Spots

During the site reconnaissance, geological investigations
and interviewing local pecople and the authorities who know
the region well, an investigation of spots with disaster
potential was made along the Project Road.

At first, all places and spots where some disaster had
occurred, and may possibly occur in the future were select-
ed. They were then investigated in detail one by one,
while considering the required works for improvement.

Total number of those places was ninety seven, of which
detailed description is made in "3. GEOLOGICAL INVESTIGA-
TION" of this report.

After evaluating the condition and the features of each
place, sixty places were identified as having disaster
potential after omitting places which seem to have Dbeen
stabilized.

In the course of this investigation, the following items at
each place were mainly taken into consideration;

a) height and gradient of the slope (natural or artifi
cial),

b} material of the slope and its composition,

¢) condition of weathering, erosion, scouring, etc.,

d) seepage or ground water,

e) structure of geological strata,

f) activity of faults and land slides,

g) the past disaster records obtaining from interviewing,
and

h) results from observation of aerial photographs.

The identified 60 disaster potential spots have been oclas-—
sified into six groups according Lo the type of disaster as
follows;

a) Cut slope or natural slope failure
b) Embankment slope failure

¢} Rock fall

d) Land slide

@) Debris flow/earth f{low

f} Zone fractured by fault line
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A concept or ‘schematic croquis of each type of disaster  is
shown in Fig.2.3-5.

1) Cut slope or natural slope failure

This - type of failure can normally be sub-classified into
surface and deep failure. However, no deep failure has
been encountered in the Study Area. That is, all cut or
natural slope failures in the region have been surface

failures.

Materials - in slopes where this type failure was found or
deemed to occur are soil or a soil/gravel mixtures. Causes
of this type failure are considered ta be primarily due
to weathering of surface materials and erosion. There are
many places where the slope angle is almost similar to the
critical angle for stability of the material, and in such
placés a amount of weathering or erosion can easily trigger

- a failure.

2) Embankment slope failure

Although along the existing road, described previously,
there are not so many places where the road was constructed
as an embankment, embankment type slope failures were found
at several places.

T"he primary cause of this type of failure is considered to
be that the embankment was constructed on a natural slope,
of steep gradient without any bench cut . being made. A
secondary reason is thought to be insufficient compaction
and a steep slope angle on the embankment itself.

3) Rock fall

bisasters of this type may possibly occur on slopes not
only made from pure rock material but alsec in ~soils con-
taining boulders.

4) Land slide

This category includes land slides where displacement

proceeds slowly, on a fairly large scale due to a fundamen-
tal weakness of the sub-soil structure at considerable
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depth from the surface.
5) Debris flow/rock flow .

Debris, soil or rock flow occurs when a failure take place
upstréam of the point under consideration. The debris from
‘the failure point results in tremendous damage as it moves
down its course. In most cases, the material flows down
with water. '

It is faifly difficult to forecast the occurrence of this
type of disaster because it originally commences at a place
remote from where final damage results,

8) Fractured zone

This type of failure varies, however, the common reason of
failure in this category is that materials in the area are
fractured by the geological movement of a fault line. :

The result of classifying sixty potential disaster spots as%
described above, is shown in Table 2.3-12. ;
A more detailed description on each spot is tabulated in

Table 4.5-1,

Table 2.3-12 Number of Tdentified Disaster Potential
Spots by Type of Failure

e e e e e R A e R T L Fm R G b TS R U AR AT Il e e ol ek o o e e et e it e e i s o o e e o e

Type of Failure

Sub-section (a) {b) (e)  {d) (e) (1) total
S/Barbara -~ (F) 7 0 1 4] 1 0 g B
(F) - (K) 8 1 1 0 0 0 10

(K) - Caranavi 5 0 0 0 3 0 B

Caranavi - (Q) 11 0 0 0 4 0 15

(Q) — (V) 8 2 1 0 1 0 i2

(V) — B/Vista i 0 0 4 1 0 8
Total 40 3 3 4 10 0 —"~_g5—_”

Note:i) These 60 places are a part of the 97 places which are described in "3. GEOLOGICAL
INVESTIGATIONS", and are those having disaster potential with stability Grade 1I or III
in Table 3.3-1. .
2) All places in Type f have been simultaneously categolized in other group of type, and
counted as in the other type in the above table. 8o, the number of Type f places are
28T0.
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out of these spots, type (a) "ecut slope Tfailures" are
distributed at various points on the study road, and in
particular, this type of disaster is found at the shortest
interval in the sub-section from Caranavi to Point (Q)
(Carrasco).

The spots identified as type (b) "embankment failures"”
exist in the limited sections, such as on the section from
Point (F) {(Alto Choro) to Point (K), and Point (Q) to Point
(V).

The potential spots for rock fall also exist in the limited
sections, that is, in the section between Santa Barbara and
Point (K), Point (@) and Point (V).

Apparent land slide potential spots are 1located in the
vicinity of the end of the study road.

Existing Slope
For reference, the gradient of the existing slope on the

raised side of the road was roughly measured in the course
of the site reconnaissance. An estimate was also made for

. the expected ground levels after widening to two lanes at

the same time.
The results are tabulated in Table 2.3-14, 2.3-13, and also
shown in Fig. 2.3-1 schematically.

Attention must be paid when dealing with these values due
to their very approximate estimation.

Table 2.3-13 FEstimated Height of Slope After Improvement

Height of Slope Length Rate of the Whole Section
(m) {(Km) (%)

H<10C 49.2 43

10<H<20 51.1 44

H>20 15.2 13

Total 115.5
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Table 2.3-14 Gradient of Existing Slbpe and
Estimated Future Slope Height

Sub-section Gradient (deg) Estimated height (m)
Santa Barbara-A 80 10<H<20
A-B - "45-60 10<H<20
B-Challa(c) - 55-80 10<H<20 or 20<H
Challa(c)-D 65-90 10<H<20 or 20<H
D-E 60-70 10<H<20
E-Alto Choro(F) 60 10<H<20
Alto. Choro(F)-G 40-90 10<H<20 or 20<H
G-Puerto Leon(H) - g0 10<H<20 or 20<H
Puerto Leon(H)-1I 606-90 10<H<20 or 20<H
I-J . 65-90 10<H<20 or 20<H
J-K : 55-90 _ H<10 or 10<H<20
K-Santa Ana(L) 45-55 H<10
Santa Ana(L)-M 45-70 H<10 or 10<H<20
M-Caranavi 50-70 H<10 or 10<H<20
‘Caranavi-N 55-60 H<10 or 10<H<20
N-0 45-70 10<H<20 or 20<H
o-P 60-65 10<H<20
P-Carrasco(Q) 40-90 H<10 or 10<H<20
Carrasco(Q)-R G0 H<10
R-S 60-80 H<10
S-T 60 H<10
T-U 6090 H<10 or 10<H<20
u-v 60-75 10<H<20 or 20<H
VoW 45-70 H<10 or 10<H<20
W-Bella Vista 45 H<10

Drainage Facilities

Considering that most of the existing road was constructed
by cutting into the hillside slope, installation of the
following three types of drainage is essential so as to
maintain the road in good condition. These are : cross
sectional drainage, lateral road side drainage and drainage
to protect cut and fill slopes. ‘
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1) Cross sectional drainage

At places where streams or constant water currents exist,
(except those where bridges have been constructed as de-
scribed in "(5) Bridges" of this Chapter) many corrugated
metal pipes or.cdncrete pipes have been installed for cross
sectional drainages along the study road. All of them are
indicated in the one to five thousand (1:5,000) Topographic
Map prepared for the Study.

Pipe diameters, in general, are between 600 mm and 1,000
mm. At places most densely buried, pipes were constructed
every 300 meters along the road. '

However, there are many places where the capacity of pipes
installed has been exceeded, and proved insufficient
against the volume of run-off water from the mountains,
Also, most of the pipes have no adequate inlet and outlet
structures such as headwalls and wingwalls, consequently
the pipes do not work satisfactorily.

Incidentally, SNC had the idea of improving these existing
cross sectional drainage facilities using the fund from
IDB. However, they have been forced to halt that program
while they await the outcome of this Study.

2) Lateral road side drainage

Lateral drainage to collect water from the hill side and to
channel it to a cross sectional pipe were constructed, as
road side ditches with no lining in some places. However,
they appear to be working insufficiently, probably because
their dimension was too small from the beginning or they
may have been damaged and buried due to the lack of neces-
sary maintenance work.

As a result of this poor drainage, water often floods over
the road causing damage in many sections.

3) Drainage Lo protect slopes
As there is no drainage facility to protect slopes, such as

a vertical drain ditch on a step and blind drains in or
under an embankment, water flowing down on the surface of
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slopes sometimes induces such a disaster as slope failure
or rock falls.

Other Facilities

No other facilities for smooth transit or traffic safety,
such 4&s sign boards,; guard rails, reflectors and corner
mirrors, . were found on the existing road,

Some of these were surely considered, during the reconnais-
sance survey, to be essential for improving the quality of
the road.. - '
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