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PREFACE 

 

   In response to a request from the Government of the Democratic Republic of Timor-Leste, the 

Government of Japan decided to conduct a basic design study on the Project for the Improvement of 

Roads and Bridges in Timor-Leste and entrusted the study to the Japan International Cooperation 

Agency (JICA). 

 

   JICA sent Timor-Leste a study team from March 27 to June 24, 2003. 

 

   The team held discussions with the officials concerned of the Government of Timor-Leste, and 

conducted a field study at the study area. After the team returned to Japan, further studies were made. 

Then, a mission was sent to Timor-Leste in order to discuss a draft basic design, and as this result, 

the present report was finalized. 

 

   I hope that this report will contribute to the promotion of the project and to the enhancement of 

friendly relations between our two countries. 

 

   I wish to express may sincere appreciation to the officials concerned of the Government of 

Democratic Republic of Timor-Leste for their close cooperation extended to the teams. 

 

 

 

                                                       December 10, 2003 

 

 

 

                                                       

 Kunimitsu Yoshinaga 

                                                       Vice - President 

                                                Japan International Cooperation Agency 



 

December, 2003 

 

Letter of Transmittal 

 

 

   We are pleased to submit to you the basic design study report on the Project for the 

Improvement of Roads and Bridges in the Democratic Republic of Timor-Leste. 

 

   This study was conducted by the joint venture between Pacific Consultants 

International and Nippon Koei Co., Ltd., under a contract to JICA, during the period 

from March, 2003 to December, 2003. In conducting the study, we have examined the 

feasibility and rationale of the project with due consideration to the present situation of 

Timor-Leste and formulated the most appropriate basic design for the project under 

Japan’s grant aid scheme. 

 

   Finally, we hope that this report will contribute to further promotion of the project. 

 

 

 

Very truly yours, 

 

 

  

                                                                                  
      Haruo SAKASHITA 

Project manager,  

Basic design study team on the 
Project for the Improvement of 
Roads and Bridges in Timor-Leste 

The joint venture between 
Pacific Consultants International 
and Nippon Koei Co., Ltd. 
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SUMMARY 
 

70% of infrastructure in Timor-Leste was destroyed due to the civil war and destruction which 

occurred just after the direct balloting to decide on extension of self-rule, which was conducted by 

the Indonesian Government in August 1999.  Operation & maintenance of infrastructure was 

discontinued before and after the ballot.  Under the control of United Nations Transitional 

Administration in East Timor (UNTAET), economic conditions improved drastically because of the 

reconstruction effort aiming for the nation’s independence.  However, the economic conditions 

have become worse again after the independence of the Democratic Republic of Timor-Leste in May 

2002, due to the big reduction of foreign staff engaged in the aid projects.  Under such 

circumstances, Timor-Leste (one of the less developed countries where the poorest segment of the 

population reaches 41% on a national level) set a goal of poverty-fighting through economic growth 

mainly implemented through human resource development, health care, improvement of agricultural 

productivity, administrative efficiency and infrastructure development. 

In view of the conditions mentioned above, the Government of Japan has extended assistance for the 

following; (1) reconstruction and development (restoration and development of infrastructure, 

development of agriculture, forestry and fisheries, human resource development, assistance to NGO 

and assistance to constituent assembly), (2) humanitarian support (financial support, commodity 

support and physical support), (3) refugee aid efforts, (4) multi-national forces support, and (5) 

United Nations and PKO support. 

Roads of Timor-Leste consists of 1,250 km of National / Main Roads, 1,750 km of District Roads, 

and 3,000 km of Feeder / Secondary Roads.  The Dili-Suai Road, the object of this Project, is an 

arterial road, which starts at the capital Dili and ends at Suai, a major city for agricultural 

development in a southern district of the country.  The Mola Bridge access road at the section 

between Cassa and Suai collapsed after a big flood in 2000; therefore, district transportation is 

passable only during the dry season. 

The road has frequently suffered from disasters caused by heavy rainfall of more than 2,500 mm per 

year on average on steep slopes with loose ground. The section between Aituto and Cassa (especially 

in the mountainous zone) has been seriously damaged; hence, it is reported that the passability of the 

road is becoming worse and there is the possibility of road blockage. It is necessary to improve the 

access portion for the Mola River.  In order to improve the above-mentioned roads, the Government 

of Timor-Leste requested the Government of Japan to rehabilitate the roads & bridges by Grant Aid 

cooperation. 
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In response to a Request from the Government of Democratic Republic of Timor-Leste, the 

Government of Japan decided to conduct a basic design study on the Project for the Improvement of 

Roads and Bridges and the Japan International Cooperation Agency (JICA) sent to Timor-Leste the 

basic design study team from 27 March to 18 April 2003 for the 1st study and from13 May to 24 

June 2003 for the 2nd study. Site survey was conducted to obtain the data such as existing site 

conditions, implementation organization and its capability, management and maintenance capability, 

preceding plans by other donor or recipient countries, and benefit to the regional society, etc. 

Further, JICA sent the team to explain and discuss the basic concept of the project from 22 October 

to 31 October 2003.  An agreement was confirmed and reached with those involved in this project. 

Evaluation items to select the objective section shall be ① Magnitude of damage, ② Workability,  

③ Social impact (such as land acquisition and/or migration), ④ Preceding plan of recipient 

country and ⑤ Contribution to the regional society.  As such, the following four sections are 

selected to be implemented. 

① Road improvement between Aituto and Cassa (50 km) 

There are many / more portions of unpaved and damaged roadways in this section than in other 

sections and failure of slope or shoulder happens frequently.  It is difficult for passenger cars to 

pass on the existing road, which includes steep gradient; therefore, the improvement of this 

section and the below-mentioned Mola Bridge will be most important for smooth transportation in 

the whole route between Dili and Suai.  Safety facilities are also required in consideration of 

narrow and curved road alignment in addition to the improvement of pavement, drainage and 

slope protection. 

②Road improvement between Dili and Aileu (43 km) 

The asphalt surface (t=5 cm) constructed in the Indonesian era is mostly still functioning and 

improvement of pavement by overlay is not required.  The pothole damage can be restored by 

patching work.  On the other hand, drainage for a total length of 30 km is not installed in this 

section.  It is important to construct side ditches & cross drainpipes to protect pavement from 

damage by landslide and rainfall.  At least 11 locations of slope protection work are also required 

for improvement of this section. 

③Km 60.3 Bridge 

The central pier (partition wall) damaged by ground settlement is not functioning.  Abutments 

are also damaged at the downstream side.  The existing condition of the bridge is seriously 

dangerous; therefore reconstruction is required.  Right-of-way does not seem to be a problem if 

the new bridge is constructed at a different location from the existing bridge since there are no 

private houses or farmland at both upstream and downstream sides. 
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④Mola Bridge (km 146) 

Existing Mola Bridge is located about 9 km upstream of the river mouth where the width of river 

is about 400 m. The bridge is 180 m in length of truss type and is constructed at left side bank. 

As described above, passenger cars can not pass at Mola Bridge because they can not cross the 

Mola River under the existing conditions.  New bridge construction is required as an extension of 

existing bridge.  It is important to select the most suitable design in consideration of cost saving 

in view of the problems of bridge type, land acquisition and flood possibility (50 years) that must 

be examined. 

Basic design, construction plan and cost estimate were done based on the data collected in this 

survey regarding ①  Road surface condition, ②  Topographic and geological survey, ③ 

Hydrological survey and ④ Soundness survey of existing bridge.  Basic concepts of the project 

and survey result are as described in Table-1. 

Table-1 Basic Concept of the Project and Survey Result 
Section Existing Condition Policy of Improvement 
Aituto-Cass
a 
(km79-km1
30) 

<Pavement> 
Many unpaved & damaged sections and 
cave-ins by land slides from km79 to 
km110. It is impossible for some passenger 
cars (sedan type) to pass this section. 
<Drainage> 
Side ditches are installed more than the 
other sections but side ditches & cross 
pipes are still insufficient in some sections. 
<Slope> 
There are many continuous slope failures 
at mountainside. Valley side is relatively 
under stable condition but widening by 
retaining structures are necessary to secure 
the road width. 

 
Pavement for unpaved area and cave-ins & 
damaged locations for almost all lines. 
Overlay for surface is also necessary. 
 
 
Installation of side ditches and cross pipes for 
about 25 km section. 
 
 
Stone masonry retaining wall for 
mountainside slope, and gravity type 
retaining wall & gabion blocks for valley 
side slope for about 8 km sections. 
 

 
 
 
 
 
 
 
 

R 
 

O 
 

A 
 

D 
Dili-Aileu 
(km2-km45
) 

<Pavement> 
Asphalt pavement constructed in the 
Indonesia era is almost functioning. 
Average road width of 4.5 m is kept. 
<Drainage> 
Side ditch & cross drainage are not 
installed for almost all this section. 
<Slope> 
Collapsing and dangerous slopes exist. The 
cave-ins at km40 was restored by JEG 
(Japan Engineer Group). 

Pavement for partial unpaved area and 
patching for damaged area. 
 
 
Installation of side ditches and cross pipes for 
about 30 km section. 
 
Stone masonry retaining wall for 
mountainside slope, and gravity type 
retaining wall & gabion blocks for valley side 
slope for 11 locations. 

km60.3 
Bridge 

Serious damage is on the partition wall by 
ground settlement and scouring. Collapse 
is possibly expected 

There is no land acquisition problem. Bridge 
beam should be examined carefully about 
type (RC slab) and location (L=10.5m). 

B 
R 
I 
D 
G 
E 

Mola  
Bridge 
(km146) 

Driving and crossing in the river is 
necessary. It is impossible for some 
passenger cars (sedan type) and people to 
pass the river when raining. 

Land acquisition (right bank), scale of flood, 
method of construction and cost cutback 
should be considered for bridge type (4 span 
steel truss; L=239m). 
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Construction period of Dili-Cassa Road Rehabilitation is 19.5 months including 2.5 months of 

detailed design and 17 months of construction, and Mola Bridge Rehabilitation is 19.5 months 

including 4 months of detailed design and 15.5 months of construction. 

Rough estimate of the project cost is 2.267 Billion JPY consisting of 2.265 Billion JPY granted by 

the Government of Japanese and 2 Million JPY covered by the Government of Timor-Leste. 

Execution Agency of the recipient country is Ministry of Transport, Communication and Public 

Works (MTCPW), and operation & maintenance shall also be done by MTCPW whose capability in 

implementing, operating / maintaining and taking budgetary steps is considered as appropriate. 

By implementing this project, following beneficial effect is expected. 

A. Direct impact 

  Direct benefit population: around 197,000 persons (namely, Dili city: around 120,000 persons, 

Aileu district: around 32,000 persons and Ainaro district: around 45,000 persons) 

  i) Aituto - Cassa 

    Paving road, rehabilitating slope protection and improving drainage will be implemented so that 

any type of vehicle is able to pass through and road function is recovered by. Simultaneously, 

reduction of fuel, maintenance cost, time and damage of agricultural commodities are expected. 

ii) Dili - Aileu 

    Traffic condition is to be improved throughout all the year by paving road and improving road 

drainage. Simultaneously, reduction of fuel, maintenance cost, time and damage of agricultural 

commodities are expected. 

iii) km 60.3 Bridge 

    Traffic safety is tobe secured by reconstruction of heavily damaged existing bridge. 

iv) Mola Bridge 

   Road function is to be recovered by extending a new bridge over the river so that any type of 

vehicle and district transportation is possible during rainy season. Simultaneously, reduction of 

fuel, maintenance cost, time and damage of agricultural commodities are expected.  Also, 

daily life of the region (transportation of daily commodities, commuting, etc.) will improve. 

B. Indirect impact 

  Indirect benefit population: around 787,000 persons (Total population of Timor-Leste of 2001)      

i) Activation of agricultural sector 

  Prompt and efficient distribution of agricultural commodities is secured by smooth road 

traffic. 

ii) Improvement of regional level of life 

  Access to the market and transportation of daily commodities is facilitated. 
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iii) Benefit to regional level 

  Acceleration of economic and industrial development is expected not only in the project area 

but also in the surrounding area in medium term by rehabilitation of bottleneck sections of 

roads and bridges.  

iv) Benefit to national level 

  The project contributes to the development of road sector of national development plan. 

 

Achievement Target of the Project 
Section Traffic Volume per Day Assumed Traffic Volume 

 per Day at Year 2011 
Dili～Aileu 500 665 

Aileu～Aituto 147 196 

Aituto～Ainaro 75 100 

Ainaro～Cassa 47 63 
 
 

Traffic Volume of bridge 
per Day 

Assumed Traffic Volume 
per Day at Year 2011 

Mola bridge vehicles 63 84 
Mola bridge pedestrians 646 756 

 

The Project for the Improvement of Roads and Bridges shall greatly contribute to the social and 

economic development of Timor-Leste.  

It is, therefore, necessary to implement this project by Grant Aid cooperation of the Government 

of Japan.  
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                    Basic Design Study on the Project for the improvement of Roads and Bridges in Timor-Leste 

   
1 - 1                   Basic Design Study Report 

Chapter 1 Background of the Project 

Timor-Leste has been governed by the United Nations Transitional Administration in East 

Timor (UNTAET) after the civil war erupted in 1999, and Timor-Leste became independent 

in May 20, 2002.  Timor-Leste is aiming to rebuild its country under the assistance of 

international community.  The Government of Japan has extended assistance to urgently 

repair damaged roads by urgent grant aid cooperation in view of the importance of 

infrastructure development.  Japanese Engineer Group (PKF by Self-Defense Force) also 

has extended assistance to urgently repair locations of landslides and erosion of roads to 

secure this lifeline through PKO. 

Dili-Aituto-Suai route (180 km), the object section of Grant Aid cooperation, is an arterial 

road between capital Dili and Suai, the main southern city for agricultural development.  

Therefore, Improvement of this route is very important to develop of the distribution network 

for the “Development of Nation’s Land by Market Economy” by National Development Plan. 

The object road has frequently suffered from disasters caused by heavy rainfall of more than 

2,500 mm per year on average on steep slopes with loose ground.  The section between 

Aituto and Cassa (especially in the mountainous zone) has been seriously damaged; hence, it 

is reported that the passability of the road is becoming worse and there is the possibility of 

road blockage.  The Mola Bridge (bridge length: 180 m), located between Cassa and Suai, 

on the other hand, collapsed after a heavy flood in 2000; therefore, district transportation is 

available only during the dry season. 

The Government of Timor-Leste requested the Government of Japan to rehabilitate the roads 

and bridges by Grant Aid cooperation to improve the above-mentioned situation. 





                    Basic Design Study on the Project for the improvement of Roads and Bridges in Timor-Leste 

   
2 - 1                  Basic Design Study Report 

Chapter 2 Contents of the Project 

2-1 Basic Concept of the Project 

In Timor-Leste, after the referendum held in August 1999 offering independence or autonomy 

within Indonesia, disturbance and destruction, and then interruption of maintenance / 

management occurred.  As a result, 70% of infrastructure was destroyed. After that, the 

provisional government, the United Nations Transitional Administration in East Timor 

(UNTAET), helped consolidate for an independent country.  The economic condition greatly 

recovered then, but after independence in May 2002 it become worse again due to decrease of 

foreign investors.  In this situation, the Government of Timor-Leste that has poverty of 

approximately 41% -- one of the poorest countries in the world -- established the policy 

aimed at poverty reduction by economic development.  The development policy includes 

personnel training (education), insurance, improvement of agricultural productivity, 

administrative efficiency, infrastructure development, etc. based on “National Development 

Plan” and/or “Medium-term Expenses Plan”.  Based on the above mentioned, the 

Government of Japan is carrying out support the following: 

① reconstruction development support (infrastructure reconstruction/development, 

agriculture/forestry/fisheries development, personnel training, support for NGO etc., support 

of conventional for promulgation of constitution), ②  humanitarian support (financial 

support, physical support, personal support), ③ refugee aid efforts, ④ multi-nation forces 

support, ⑤ United Nation PKO support, etc. 

Roads of Timor-Leste are divided into National/Main Roads of 1,250 km, District Road with 

1,750 km, and Feeder/Secondary Roads with 3,000 km.  The Dili – Suai Road is classified 

as a National/Main Road.  The objects for this Grant Aid are an arterial road, which starts at 

the capital Dili and ends at Suai (a major city for agricultural development in a southern 

district of the country), and the Mola Bridge access road at the section between Cassa and 

Suai that collapsed after a big flood in 2000 (therefore, district transportation is only during 

the dry season). 

The road has frequently suffered from disasters caused by heavy rainfall of more than 2,500 

mm per year on average on steep slopes with loose ground.  The section between Aituto and 

Cassa (especially in the mountainous zone) has been seriously damaged.  Hence, the 

passability of the road is becoming worse and there is the possibility of road blockage.  Also, 

the Mola Bridge work shall be necessary through length extension, river improvement, etc.  

In order to improve the above-mentioned conditions, the Government of Timor-Leste 

requested of the Government of Japan to rehabilitate the roads & bridges by Grant Aid 

cooperation. 
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In response to a Request from the Government of Democratic Republic of Timor-Leste, the 

Government of Japan decided to conduct a basic design study on the Project for the 

Improvement of Roads and Bridges.  JICA carried out the field survey from 27 March to 18 

April 2003 for the 1st study and from13 May to 24 June 2003 for the 2nd study.  In the field 

survey, the Study Team carried out the existing site investigation of requested road and data 

collection such as implementation organization/capacity, operation/management organization, 

evaluation of priority development plan / other donor countries, social evaluation, etc.  

Furthermore, JICA sent the Basic Study Team to Timor-Leste to explain the Draft Report for 

the Basic Design.  The authorities concerned of the Government of Timor-Leste agreed 

through the discussion and confirmed the contents of the Report. 

In selection of cooperation project road and bridges, the following basic evaluation criteria 

were set: ① damaged condition of the existing road, ② construction ability, ③ social 

impact (possibilities of land acquisition & resettlement by construction), ④ existence of 

improvement project plan of Timor-Leste, ⑤ contribution to local life.  As a result, 

following four (4) sections were selected for the cooperation project. 

(1) Road improvement between Aituto and Cassa (50 km) 

There are many more portions of unpaved and damaged roadways in this section than in other 

sections and failure of slope or shoulder happens frequently.  It is difficult for passenger cars 

to pass on the existing road, which includes steep gradient; therefore, the improvement of this 

section and the below-mentioned Mola Bridge will be most important for smooth 

transportation in the whole route between Dili and Suai.  Safety facilities are also required in 

consideration of narrow and curved road alignment in addition to the improvement of 

pavement, drainage and slope protection. 

(2) Road improvement between Dili and Aileu (43 km) 

The asphalt surface (t=5 cm) constructed in the Indonesian era is still mostly functioning and 

improvement of pavement by overlay is not required.  The damaged potholes can be 

restored by patching work.  On the other hand, drainage for a total length of 30 km is not 

installed in this section.  It is important to construct side ditches & cross drainpipes to 

protect pavement from damage by landslide and rainfall.  At least 11 locations of slope 

protection work are also required for improvement of this section. 

(3) Km 60.3 Bridge 

The central pier (partition wall) damaged by ground settlement is not functioning.  

Abutments are also damaged at the downstream side.  The existing condition of the bridge is 

seriously dangerous; therefore reconstruction is required.  Right-of-way does not seem to be 

a problem if the new bridge is constructed at a different location from the existing bridge 

since there are no private houses or farmland at both upstream and downstream sides. 
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(4) Mola Bridge (km 146) 

As described above, passenger cars can not pass at Mola Bridge because they can not cross 

the Mola River under the existing conditions.  New bridge construction is required as an 

extension of existing bridge.  It is important to select the most suitable design in 

consideration of cost saving in view of the problems of bridge type, land acquisition and 

flood possibility (50 years) that must be examined. 

2-2  Basic Design of the Requested Japanese Assistance 

2-2-1  Design Policy 

2-2-1-1 Basic Policy 

The basic elements of this project outlined below cover: ①  object scope (facilities),      

② selected site (section), ③ scale of cooperation, etc. 

(1) Object scope (facilities): 

The object facilities for road improvement by this project are slope protection, drainage 

structure and pavement.  The existing condition of Mola Bridge and km60.3 Bridge will also 

be improved by this project. 

(2) Selected route sections: 
① Aituto – Cassa (km79 – km130) 
② Dili – Aileu (km2 – km45) 
③ km60.3 Bridge 
④ Mola Bridge (km146) 

(3) Scale of cooperation: 

① Aituto – Cassa (km79 – km130) 

This section will be improved drastically by installation of drainage and by paving with 

asphalt concrete for the same thickness of 5 cm to the existing road.  The standard road 

width of 4.5 m will be applied for the design, but sub-standard will also be applied on some 

sections partially to moderate the standard road width together with the installation of passing 

places depending on the daily traffic volume.  This will avoid the road widening where land 

acquisition is less possible.  The quantity of slope protection, which includes stone masonry 

retaining wall and gabion wall, will be about 8 km, side ditches will be about 25 km, overlay 

will be about 28 km and asphalt improvement will be about 23km. 

② Dili – Aileu (km2 – km45) 

This section is included in the basic design in the scope of cooperation because the section 

has the heaviest traffic volume in the requested route and also is very near to the capital city 

of Dili.  However, since the recipient side of Timor-Leste is now implementing maintenance 

in this section, the possibility for implementation of drainage maintenance by the recipient 

side was confirmed to Timor-Leste.  But it was learned that the Dili district road office and 

Same district road office had annual budgets of only US$ 514,000 and US$ 411,200 

respectively.  On the other hand, the assumed amount for improvement works of drainage 
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including cross drainpipe will be about US$ 2.5 million.  Therefore, it was decided that 

pavement restoration for the damaged parts, drainage repair for about 30 km and slope 

protection work for 11 locations to be included in this section. 

③ km60.3 Bridge 

As a result of 1st and 2nd site study, invert slab of the box culvert bridge at downstream side 

was displaced by strong river flow in the rainy season.  It is anticipated that the bridge may 

collapse in the near future, so this km60.3 bridge was included in the basic design in the 

scope of grant aid. 

④ Mola Bridge (km146) 

The 50-year probable flood discharge of Mola Bridge basin was computed as 3,510 ton/sec 

and determined the necessary span length of 37.5 m for the new bridge.  This span length 

suggests that it would be better to use design of simple steel truss bridge in stead of RC 

bridge or PC bridge in consideration of cost and workability.  Regarding the route of new 

bridge, two routes were examined as candidates: one was a straight route by extension from 

the existing bridge, and another was a curved route that followed the remaining alignment of 

embankment in the Mola River.  The straight route that usually is applied for cross river 

bridges, will cause costly land acquisition and migration of residents; hence, application of 

curved bridge was decided by mutual consent between the donor and the recipient.  The 

official request letters were sent from Timor-Leste side to Japan side on 24 June and 4 

September 2003. 

2-2-1-2 Policy for Physical Conditions 

2-2-1-2-1 Meteorological Condition 

The meteorological and hydrological data of Timor Island including project study area was 

collected from Indonesia since much data for the Timor-Leste was destroyed by fire during 

the independence struggle.  The collected data from Indonesia included daily and monthly 

rainfall and mean monthly discharge; other meteorological data including temperature, 

humidity, wind speed/direction and evaporation could not be collected.  The collected 

meteorological data and its period are shown in Figure-2.1.  Monthly rainfall record and 

monthly average discharge record are shown in Table-2.1 and 2.2 respectively.  Timor-Leste 

is located in a tropical region right on the equator, and the weather is clearly divided to rainy 

and dry seasons by the influence of the monsoon.  There is a difference in the period of 

rainy season.  Also, annual rainfall of the northern area on Wetar Strait side and the southern 

area on Timor Sea side has different rain conditions.  The rainy season of northern area with 

Dili city is 5 months from December to April, and annual rainfall is about 1,000 to 1,500 mm.  

The rainy season of southern area with Suai and Cassa is 7 months from December to June, 

and annual rainfall is about 1,500 to 2,000 mm.  November is a transition stage to the rainy 

season from the dry season in both areas.  The annual rainfall is about 2,500 mm in the 

mountain area such as Aituto and Ainaro which is project study area according to the 
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isohyetal map collected from BMG (Indonesian: Badan Metereologi dan Geofisika, English: 

Meteorology & Geophysical Agency) in Indonesia as shown in Figure-2.2. 

Figure-2.1 Meteorological Data and Collection Period 

Table-2.1 Monthly Rainfall Record (1/3) 

Rainfall
Elevation Data

(El.m) 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 Source

Discharge
Catchment Data

Area (km2) 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 Source

Data Source ; DOC : Department of Communications (Indonesia)

WB : World Bank, Report of Hydro-Inventory and Pre-Feasibility Studies (Indonesia)

DOC

WB

WB

DOC

DOC

DOC

DOC

Tutuala E127o14' - S8o24' -

Year

Los Palos E126o58' - S8o35' -

4

57

3

2

Baucau

Komoro

Oe Coussie

46

Station Name Coordinate

Viqueque

E125o34' - S8o34'

E125o26' - S8o30'

E125o34' - S8o25'

E124o23' - S9o12'

E126o22' - S8o52'

Dili (Airport)

Station Name Coordinate
Year

Lonina E127o06' - S8o33' 406 WB

Atambua E125o26' - S8o43' 189 WB

Boasabi E125o18' - S9o10' 1,089 WB

Noilnebu E124o54' - S9o30' 227 WB

Temef E124o42' - S9o35' 547 WB

Remarks ;  : Daily Data  : Monthly Data

Station : Dili Unit : mm
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
1977 - - - 82 - - 0 - - - - - -
1978 - - 264 68 63 70 - 25 - 68 72 125 -
1979 - - - 65 - 47 0 20 0 5 66 - -
1980 231 - 98 177 64 40 12 0 1 6 43 247 -
1981 186 74 61 96 113 34 47 5 13 3 196 59 887
1982 182 106 57 70 3 5 1 10 0 0 5 81 520
1983 122 182 109 139 41 40 0 2 0 20 77 82 814
1984 - - - - - - - - - - - - -
1985 - - - - - - - - - - - - -
1986 - - - - - - - - - - - - -
1987 - - - - - - - - - - - - -
1988 - - - - - - - - - - - - -
1989 - - - - - - - - - - - - -
1990 - - 316 167 86 14 - - - - - 241 -
1991 24 250 93 302 - 21 - - - - - - -
1992 - - - - - - - - - - - - -
1993 - - - - - - - - - - - - -
1994 - - - - - - - - - - - - -
1995 - - - - 96 - - - - - - - -
1996 119 207 127 - - 4 1 10 0 48 81 - -
1997 - 197 119 - - 35 0 0 0 0 - 59 -
1998 - 162 - - - 81 100 1 8 28 - - -
1999 - - - - - - - - - - - - -

Average 144 168 138 130 67 36 18 8 3 20 77 128 935
Data Source : DOC (Department of Communications), Indonesia

Station : Baucau Unit : mm
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
1980 200 103 144 33 48 4 0 - 22 - - - -
1981 - - - 86 - 30 91 11 2 93 - - -
1982 - - - - - - - - - - - - -
1983 - - - - - 30 0 0 0 - - - -
1984 - - - - - - - - - - - - -
1985 - - - - - - - - - - - - -
1986 - - 56 - - - - - 0 4 58 - -
1987 - - - - - - 45 0 0 4 - - -
1988 - - - - - 1 1 2 - - - - -
1989 - - - - - - - - - - - - -
1990 - - - - - - - - - - - - -
1991 - - - - - - - - - - - - -
1992 - - - - - - 0 1 - - - - -
1993 - - - - - - - - - - - - -
1994 - - - - - - - 0 - - 2 - -
1995 - - - - - - - 0 - - - - -
1996 - 273 68 - 59 6 - 34 4 12 - 437 -
1997 196 141 - 103 - 70 - - - - - - -
1998 - - - - - - - - - 34 260 213 -
1999 - - - - - - - - - - - - -

Average 198 173 89 74 53 23 23 6 5 29 107 325 1,105
Data Source : DOC (Department of Communications), Indonesia



Basic Design Study on the Project for the improvement of Roads and Bridges in Timor-Leste                     

   
Basic Design Study Report 2 - 6 

Table-2.1 Monthly Rainfall Record (2/3) 

Station : Komoro Unit : mm
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
1984 - - - - - - - - - - - - -
1985 - - - 52 - - - - - - - - -
1986 - - - - - - - - - 2 - - -
1987 - - - 13 - - - - - - - - -
1988 - - - - - - - - - - - - -
1989 - - - - - - - - - - - - -
1990 - - - - - - - - - - - - -
1991 - - - - - - - - - - - - -
1992 - - - - - - - - - - - - -
1993 - - - - - - - - - - - - -
1994 - - - - - - - - - - - - -
1995 - - - - - - - - - - - - -
1996 - - - - 92 - - 10 - - - - -
1997 - - - - - - 1 1 0 0 - - -
1998 - - - - 72 - - - 3 - - - -
1999 - - - - - - - - - - - - -

Average - - - 33 82 - 1 5 1 1 - - -
Data Source : DOC (Department of Communications), Indonesia

Station : Viqueque Unit : mm
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
1985 - - - - - - - - 0 - 149 233 -
1986 - 246 477 - - 302 422 80 - - - 104 -
1987 - - - - - - - - - - - - -
1988 - - - - - - - - - - - - -
1989 - - - - - - - - - - - - -
1990 - - - - - - - - 1 2 - - -
1991 219 113 71 187 203 66 13 9 0 0 19 182 1,082
1992 128 292 - 178 280 - - - 21 18 38 - -
1993 - 181 - - - - 86 - - 0 11 133 -
1994 150 234 - 0 141 91 56 1 0 1 0 101 -
1995 213 252 - 181 329 334 - - - - - - -
1996 - - - - - 31 65 - 10 24 36 177 -
1997 193 174 67 - - 170 48 5 0 0 7 244 -

Average 181 213 205 137 238 166 115 24 5 6 37 168 1,493
Data Source : DOC (Department of Communications), Indonesia

Station : Oe Cussie Unit : mm
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
1984 - - - - - - - 0 - - - - -
1985 - - - 12 - - - - - - - - -
1986 - - - - - - - - - - 40 - -
1987 - 373 - 18 - - - - - - - - -
1988 - - - - - - - - - - - - -
1989 - - - - - - - - - - - - -
1990 - - - - - - - - - - - - -
1991 - - - - - - - - - - - - -
1992 - - - - - - - - - - - - -
1993 - - - - - - - - - - - - -
1994 - - - - - - - 0 0 - - 117 -
1995 - - - - - - - - - - - - -
1996 75 449 423 55 40 0 0 0 0 4 - 389 -
1997 162 452 104 9 12 16 0 0 0 0 - - -
1998 - 105 - - - - - 0 - - - 175 -
1999 - - - - - - - - - - - - -

Average 119 345 263 23 26 8 0 0 0 2 40 227 1,053
Data Source : DOC (Department of Communications), Indonesia
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Table-2.1 Monthly Rainfall Record (3/3) 

Station : Las Palos Unit : mm
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
1953 306 98 65 251 345 90 161 12 4 0 56 258 1,646
1954 172 238 187 275 587 56 79 57 75 43 24 476 2,269
1955 296 224 68 158 499 1,212 561 59 34 114 245 153 3,623
1956 272 143 104 410 87 765 75 274 18 2 4 247 2,401
1957 121 187 109 69 151 95 194 6 2 2 99 408 1,443
1958 282 254 110 205 360 262 59 31 6 23 94 210 1,896
1959 225 207 143 339 481 211 76 19 11 10 4 176 1,902
1960 134 229 254 373 590 82 113 8 7 1 77 195 2,063
1961 190 354 117 205 129 43 22 3 4 45 102 120 1,334
1962 265 317 412 158 297 692 94 30 1 15 217 201 2,699
1963 159 217 341 243 135 49 23 23 0 0 0 122 1,312
1964 230 125 191 160 458 252 35 15 51 154 300 102 2,073
1965 373 109 161 181 175 173 50 0 0 0 0 152 1,374
1966 340 176 142 121 143 281 43 43 0 0 58 218 1,565
1967 251 159 381 157 138 100 43 7 7 1 3 239 1,486
1968 302 161 136 130 571 479 544 28 0 2 2 242 2,597
1969 236 109 170 49 144 202 133 46 2 8 0 379 1,478
1970 145 144 119 236 558 275 81 4 81 49 86 249 2,027
1971 212 30 205 175 310 90 126 12 57 35 216 120 1,588
1972 192 210 415 256 246 157 40 0 4 0 0 191 1,711
1973 270 153 201 271 360 174 114 94 162 36 177 170 2,182
1974 76 235 125 237 161 94 105 8 272 0 245 95 1,653
1975 - - - - - - - - - - - - -
1976 - - - - - - - - - - - - -
1977 - - - - - - - - - - - - -
1978 - - - - - - - - - - - - -
1979 - - - - - - - - - - - - -
1980 - - - - - - - - - - - - -
1981 - - - - - - - - - - - - -
1982 167 228 89 221 72 59 37 38 0 0 57 144 1,112
1983 163 210 174 387 443 491 53 8 1 112 54 329 2,425
1984 231 212 177 372 552 230 54 0 8 17 44 400 2,297
1985 187 278 275 187 299 192 42 5 0 44 150 70 1,729
1986 440 127 133 101 149 368 313 17 4 95 128 196 2,071
1987 234 166 225 93 90 74 113 0 0 30 89 273 1,387
1988 201 250 207 112 59 30 29 78 62 34 127 714 1,903

Average 230 191 187 211 296 251 118 32 30 30 92 236 1,905
Data Source : Report on Hydro-Inventory and Pre-Feasibility Studies, Indonesia

Station : Tutuala Unit : mm
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
1957 100 159 268 111 233 130 141 6 0 0 83 212 1,443
1958 177 133 100 180 392 202 69 37 5 24 3 164 1,486
1959 72 222 79 182 551 127 59 16 63 0 0 209 1,580
1960 78 133 202 435 422 65 160 8 0 10 45 249 1,807
1961 384 213 196 260 194 14 25 0 11 11 59 15 1,382
1962 166 240 344 202 324 647 33 70 1 48 164 176 2,415
1963 136 86 137 376 253 28 16 13 0 0 0 36 1,081
1964 197 141 112 268 492 220 60 6 15 99 222 27 1,859
1965 286 139 31 162 154 130 34 1 4 0 13 119 1,073
1966 134 174 244 82 173 399 10 34 0 0 113 140 1,503
1967 352 119 349 296 120 7 24 4 9 2 6 114 1,402
1968 206 54 36 105 418 156 730 12 0 5 7 122 1,851
1969 174 145 194 98 90 50 129 40 3 2 0 262 1,187
1970 152 145 135 157 537 262 93 4 16 12 128 187 1,828
1971 148 32 119 180 390 64 125 9 41 59 60 99 1,326
1972 206 169 114 73 251 102 19 1 5 0 0 164 1,104
1973 276 258 223 322 233 153 39 72 123 16 187 90 1,992
1974 41 225 53 79 198 60 60 7 110 22 293 147 1,295

Average 183 155 163 198 301 156 101 19 23 17 77 141 1,534
Data Source : Report on Hydro-Inventory and Pre-Feasibility Studies, Indonesia
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Table-2.2 Monthly Average Discharge Record (1/2) 

 

 

Station : Lonina

Catchment Area : 406 km2 Unit : m3/sec
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average
1953 - - - - - - - - - 6.2 4.0 5.0 -
1954 6.5 9.2 11.8 11.3 14.6 12.6 13.9 14.4 5.8 5.9 5.3 8.3 10.0
1955 9.0 11.0 15.3 11.7 12.1 17.2 21.2 25.7 28.9 14.2 7.0 7.4 15.1
1956 10.1 11.3 9.8 12.6 9.6 14.5 15.8 13.8 18.4 7.1 8.1 5.4 11.4
1957 5.7 7.6 10.3 8.1 8.9 7.3 7.7 7.8 6.6 6.6 4.2 6.8 7.3
1958 8.6 11.9 14.8 12.3 12.2 10.9 11.8 12.1 8.4 4.8 4.7 5.7 9.9
1959 7.3 9.5 11.0 12.1 13.4 12.9 14.9 13.7 7.7 4.9 3.8 4.9 9.7
1960 5.5 7.3 10.5 11.6 15.6 14.7 15.9 14.6 5.8 5.3 4.1 5.3 9.7
1961 6.5 9.9 11.1 11.7 12.3 8.1 8.3 6.0 4.3 4.1 4.4 5.2 7.7
1962 7.5 9.8 12.3 14.0 15.2 18.1 13.2 15.0 15.8 5.3 5.5 6.2 11.5
1963 7.7 11.1 11.7 11.5 12.2 12.2 9.0 6.3 4.5 3.9 3.7 4.2 8.2
1964 5.7 6.6 9.4 10.5 11.2 12.3 11.6 13.4 6.3 5.4 7.0 8.0 9.0
1965 11.7 12.1 10.0 12.7 8.8 9.8 9.2 8.0 6.7 4.2 3.4 4.4 8.4
1966 6.6 7.8 10.8 12.2 9.2 9.6 8.5 8.7 8.6 4.4 4.5 5.2 8.0
1967 6.9 8.8 12.7 12.2 11.2 12.5 8.0 7.1 5.7 4.5 4.2 5.2 8.3
1968 6.9 8.3 11.8 11.4 12.0 13.4 17.0 20.3 16.2 12.7 3.8 5.1 11.6
1969 6.5 7.6 11.2 9.5 7.9 8.8 7.5 8.6 8.1 6.0 4.2 6.1 7.7
1970 6.7 8.5 12.6 9.3 12.0 12.5 14.2 15.5 9.2 5.5 5.0 7.4 9.9
1971 7.8 8.4 10.9 9.5 8.8 10.7 10.3 10.1 6.4 6.1 5.8 6.7 8.5
1972 7.8 10.6 11.1 12.5 13.6 15.0 10.9 9.0 6.3 4.0 3.4 4.8 9.1
1973 6.3 7.6 11.2 12.2 11.7 12.3 12.8 12.2 8.9 7.2 7.8 8.6 9.9
1974 7.0 9.9 9.1 9.0 10.8 9.1 10.0 7.5 7.8 - - - -

Average 7.3 9.3 11.4 11.3 11.6 12.1 12.0 11.9 9.4 6.1 4.9 6.0 9.4
Data Source : Report on Hydro-Inventory and Pre-Feasibility Studies, Indonesia

Station : Atambua

Catchment Area : 189 km2 Unit : m3/sec
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average
1991 14.4 16.8 5.4 2.6 2.7 2.1 2.1 1.7 1.4 1.4 17.7 14.2 6.9
1992 0.5 0.5 0.4 0.4 0.4 0.2 0.1 0.1 0.1 0.1 0.4 0.8 0.3
1993 2.2 2.2 1.5 1.9 0.9 0.8 0.8 0.7 0.3 0.3 0.6 0.9 1.1

Average 5.7 6.5 2.4 1.6 1.3 1.0 1.0 0.8 0.6 0.6 6.2 5.3 2.8
Data Source : Report on Hydro-Inventory and Pre-Feasibility Studies, Indonesia

Station : Boasabi

Catchment Area : 1,089 km2 Unit : m3/sec
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average
1992 6.2 20.8 9.9 8.0 5.4 5.7 6.1 6.3 6.8 6.6 6.5 15.3 8.6
1993 20.2 54.9 28.8 19.2 16.5 15.2 15.2 15.2 14.8 15.7 15.3 24.8 21.3

Average 13.2 37.9 19.4 13.6 11.0 10.5 10.7 10.8 10.8 11.2 10.9 20.1 15.0
Data Source : Report on Hydro-Inventory and Pre-Feasibility Studies, Indonesia
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Table-2.2 Monthly Average Discharge Record (2/2) 

 

Station : Noilnebu

Catchment Area : 227 km2 Unit : m3/sec
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average
1980 2.0 2.8 0.7 0.5 0.3 0.3 0.2 19.0 0.2 16.0 0.2 1.8 3.7
1981 1.6 0.7 0.5 0.2 0.1 0.1 0.1 0.1 - - 0.3 1.4 -
1982 - - - - - - - - - - - - -
1983 - - - - - - - - - - - - -
1984 - - - - - - - - - - - - -
1985 - - - - - - - - - - - - -
1986 - - - - - - - - - - - - -
1987 - - - - - - - - - - - - -
1988 - - - - - - - - - - - - -
1989 - - - - - - - - - - - - -
1990 - - - - - - - - - - - - -
1991 - - - - - - - - - - - - -
1992 3.0 3.1 2.5 1.6 1.6 1.3 1.3 1.3 1.1 1.1 1.6 2.3 1.8
1993 4.2 3.1 1.1 0.8 0.5 0.5 0.0 1.3 1.1 1.1 1.6 2.3 1.5

Average 2.7 2.4 1.2 0.8 0.6 0.6 0.4 5.4 0.8 6.1 0.9 2.0 2.0
Data Source : Report on Hydro-Inventory and Pre-Feasibility Studies, Indonesia

Station : Temef

Catchment Area : 547 km2 Unit : m3/sec
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average
1974 - - - - 6.6 4.6 - - - - 8.6 15.0 -
1975 12.0 15.2 15.3 21.9 17.7 10.4 5.8 3.1 1.5 3.6 9.6 13.3 10.8
1976 19.2 9.6 25.9 8.1 5.3 5.9 2.9 - 2.0 2.2 2.3 8.9 -
1977 17.8 28.9 29.8 7.1 5.2 6.0 3.3 2.2 1.8 2.5 2.5 16.7 10.3
1978 20.6 25.4 17.4 - - - - - - - - - -
1979 - - - - - - - - - - - - -
1980 13.2 17.2 9.0 6.8 6.9 4.7 4.0 2.7 2.0 3.8 3.1 11.7 7.1
1981 - - - - - - - - - - - - -
1982 - - - - - - - - - - - - -
1983 - - - - - - - - - - - - -
1984 - - - - - - - - - - - - -
1985 - - - - - - - - - - - - -
1986 - - - - - - - - - - - - -
1987 - - - - - - - - - - - - -
1988 - - - - - - - - - - - - -
1989 - - - - - - - - - - - - -
1990 - - - - - - - - - - - - -
1991 4.2 16.8 2.3 5.2 1.5 0.5 0.3 0.2 0.2 0.2 1.7 1.2 2.9
1992 11.6 18.5 10.3 10.3 15.3 12.4 4.9 2.7 2.5 2.9 10.1 21.1 10.2
1993 12.7 14.8 8.4 10.9 5.3 8.4 5.8 3.6 2.7 2.1 2.5 5.1 6.9

Average 13.9 18.3 14.8 10.0 8.0 6.6 3.9 2.4 1.8 2.5 5.1 11.6 8.2
Data Source : Report on Hydro-Inventory and Pre-Feasibility Studies, Indonesia
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2-2-1-2-2 Hydrological Study 

The following hydrological studies were carried out and are described in this chapter: 

(1) Rainfall Analysis, (2) Flood Flow Analysis, (3) Low Flow Analysis, (4) Local Scouring of 

Pier and (5) Necessity of Bank Protection. 

(1) Rainfall Analysis 

Interpolation of Unavailable Rainfall Data 

Much data is unavailable in the rainfall record.  The long-term rainfall data is necessary to 

raise the precision of flood flow analysis.  Therefore, the possibility of interpolation of 

unavailable data was examined by the correlation of monthly rainfall of several rainfall 

stations.  The good correlation of the northern area rainfall stations was confirmed.  The 

correlation coefficient with Dili station and Baucau, Komoro and Oe Cussie stations exceeds 

0.8.  The existing data of Dili station are the longest record.  From the above, Dili station 

was selected as a representative rainfall station of flood flow analysis and interpolation of 

unavailable data was carried out using Dili station data.  The monthly rainfall at Dili 

observation station after interpolation is shown in Table-2.3.  It is desirable to use Viqueque 

station located in the same southern area near Mola Bridge; however, the correlation with 

other stations of Viqueque station is improper, it does not satisfy the long-term rainfall data. 

Probable Rainfall 

There are 2 bridges as objects in the site study, Mola Bridge located 146 km from Dili and 

Box Culvert Bridge (km60.3 Bridge) located 60.3 km from Dili.  The basin area, total river 

length and basin average elevation of the Mola Bridge basin are 150.2 km2, 26.4 km and EL. 

600 m respectively.  The basin area, total river length and basin average elevation of the 

km60.3 Bridge basin are 0.39 km2, 1.34 km and EL. 1,300 m respectively.  Catchment area 

for two rivers are shown in Figure-2.3 & 2.4 respectively.  The elevation of Dili station, 

which is a representative rainfall station, is EL. 4 m.  The rainfall compensation for the 

project study area is necessary because representative rainfall station is different from project 

study area in elevation and in rainfall intensity.  However, high elevation station is not 

included in the collected data; therefore, the rainfall compensation coefficient was decided 

from the isohyetal map collected from BMG in Indonesia as shown in Figure-2.2.  The 

annual mean rainfall estimated from isohyetal map is 2,300 mm for Mola Bridge basin and 

1,800 mm for km60.3 Bridge basin respectively.  The annual mean rainfall of Dili station 

was 1,000 mm, so rainfall compensation coefficient was estimated as 2.3 at Mola Bridge 

basin and 1.8 at km60.3 Bridge basin respectively.  The probable basin 1-day rainfall of 

Mola Bridge and km60.3 Bridge basins was calculated by Log Pearson-III and Gumbel 

methods shown in following formulas.  These are popularly applicable in Southeast Asia 

area.  Data of Dili station after interpolation of unavailable rainfall data and rainfall 

compensation coefficient was also utilized.  The result is shown in Table-2.4. 
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Figure-2.3 Mola River Catchments Area  
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Figure-2.4 km60.3 Bridge River Catchments Area 
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  Log Pearson-III Method 
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Table-2.4 Probable Basin 1-day Rainfall 

Mola Bridge Basin (mm) km60.3 Bridge Basin (mm) Return 
Period Log Pearson-III Gumbel Log Pearson-III Gumbel 

1 112.5 96.7 88.1 75.7 
2 203.4 205.3 159.2 160.7 
5 259.9 270.2 203.4 211.5 

10 297.4 313.2 232.8 245.1 
50 380.9 407.8 298.2 319.2 

100 417.1 447.8 326.6 350.5 
500 503.8 540.2 394.6 422.8 

1000 542.8 578.0 425.2 453.9 

Comparing the above 2 methods, numerical values for probable basin 1-day rainfall can be 

recognized since the Gumbel method is bigger than Log Pearson-III method.  Thus the 

design probable basin 1-day rainfall adopted Gumbel method since it will make the design on 

the side of safety.  The design return period for bridge is assumed to be 50 years.  

Therefore, design probable basin 1-day rainfall in Mola Bridge basin is 407.8 mm/day, and 

km60.3 Bridge basin is 319.2 mm/day. 

Rainfall Intensity 

The flood duration is considered as an hourly unit because the basin area of Mola Bridge and 

km60.3 Bridge basins is so small being 150.2 km2 and 0.39 km2, respectively.  Therefore, 

time of flood concentration is rapid.  The estimated hourly-rainfall is computed applying 

rainfall intensity formula by MLIT (Ministry of Land Infrastructure and Transport) in Japan, 

as shown in the following formula: 
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  Rainfall Intensity Formula 

  
0.82

0.13

19)(t

)tlogP0.25(15416
0.36I

+
⋅⋅+⋅

⋅=  

   I : rainfall intensity (mm/hour) 
   P : return period (year) 
   t : time of flood concentration (minutes) 

The rainfall intensity formula is a function of return period and time of flood concentration.  

The return period is 50-year, and time of flood concentration is assumed as 60 minutes in 

both Mola Bridge and km60.3 Bridge basins.  The rainfall intensity was calculated by the 

above formula as 93.4 mm/hour in both basins.  For the rainfall pattern, central 

concentration pattern was applied, and 50-year probable rainfall is shown in Table-2.5. 

Table-2.5 50-year Probable Rainfall 

Time (hour) Mola Bridge Basin (mm) km60.3 Bridge Basin (mm) 
1 19.8 28.7 
2 23.3 38.2 
3 28.7 61.1 
4 38.2 93.4 
5 61.1 46.6 
6 93.4 32.6 
7 46.6 18.6 
8 32.6 - 
9 25.6 - 

10 21.4 - 
11 17.2 - 

Total 407.8 319.2 

(2) Flood Flow Analysis 

Design Flood Discharge 

Generally, flood flow analysis for estimation of design flood discharge applies Rational 

Formula method, Unit Hydrograph method, Storage Function method, etc.  The applicable 

condition of Rational Formula method is as shown below. 

  1) No flood control facilities of upper reaches 

  2) Basin area is less than 200 km2 

  3) Not considering of basin storage 

  4) No discharge record in the basin 

Mola bridge basin satisfies all the above conditions.  Besides, much hydrological data is 

necessary for other flood analysis method; hence, those other methods are inapplicable 

because of the scant hydrological data of this basin.  Therefore, the Rational Formula 

method as shown below is utilized. 
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  Rational Formula Method 

   ARC
3.6

1
Q ⋅⋅⋅=  

   Q : flood discharge (m3/sec) 
   C : runoff coefficient 
   R : rainfall (mm/hour) 
   A : catchment area (km2) 

The runoff coefficient was assumed as 0.9 because flood discharge shall be designed on the 

side of safety and the ground condition is assumed as saturated in the rainy season.  The 

50-year probable flood discharges of Mola Bridge and km60.3 Bridge basins are 3,510 m3/sec 

and 9.1 m3/sec, respectively.  The probable flood peak discharge is shown in Table-2.6 and 

the probable flood hydrograph shown in Figure-2.5. 

Table-2.6 Probable Flood Peak Discharge (m3/sec) 

Return Year Mola Bridge km60.3 Bridge 
1 2,040 5.3 
2 2,300 6.0 
5 2,640 6.9 

10 2,910 7.5 
50 3,510 9.1 

100 3,770 9.8 
500 4,380 11.4 

1000 4,640 12.0 
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Figure-2.5 Probable Flood Hydrograph 

Flood Water Level of Present River Condition 

The discharge is converted to water level by Non-Uniform Flow Calculation method, and the 

calculation result of river flow capacity in the present river condition at the location of Mola 

Bridge and the km60.3 Bridge is shown in Table-2.7.  Plan & cross section at Mola Bridge 

are shown in Fig.-2.6 & 2.9.  The basic formula of Non-Uniform Flow Calculation is shown 

as follows: 
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  Non-Uniform Flow Calculation 
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   H : water level (El.m) g : acceleration of gravity (m3/sec2) 
   Q : discharge (m3/sec) A : cross section area of flow (m2) 
   ∆X : distance(m) n : Manning's coefficient 
   R : hydraulic radius (m) α : compensating rate of velocity 

The possible flood discharge at the Mola Bridge site is over 2,000 m3/sec as a maximum 

yearly volume.  The flood water level exceeds the height of existing right side dike where 

many private houses are concentrated as found in Table-2.6.  Flood water level also reaches 

to the crest level of left side dike.  The most recent biggest flood occurred in December 

2000 according to the flood interview survey around Mola Bridge; the access road by dike 

was washed away by this flood.  Flood water level at Mola Bridge based on the interview is 

shown in Figure-2.7.  The flood water level in December 2000 was El.65.25 m at the right 

bank (river section MO-450).  Year 2000 flood is assumed as equivalent to 20-year probable 

flood (flood discharge: 3,000 m3/sec) according to Table-2.6 and 2.7.  Besides, 50-year 

probable flood discharge of Mola Bridge site is 3,510 m3/sec, and flood water level in the 

present river condition is El. 63.8 m at the left bank side abutment and El. 65.4 m at the right 

bank side abutment.  The difference of water level between the left and right bank is because 

the river cross section and existing bridge are not parallel.  The flood water level of year 

2002 was El. 64.77 m at the left bank according to the flood mark.  Year 2002 flood is 

estimated as equivalent to 2-year probable flood (flood discharge: 2,300 m3/sec). 

On the other hand, 50-year probable flood discharge of the km60.3 Bridge is 9.1 m3/sec, and 

flood water level is El. 1205.8 m under the present river condition based on the Non-Uniform 

Flow Calculation. 

Design Flood Water Level 

Mola Bridge rehabilitation is part of the applicable scopes in this study, and 5 alternative 

plans are under consideration.  The river water level is assumed to become more than the 

present river level after construction of Mola Bridge because of the changed river condition 

by bridge pier.  The Non-Uniform Flow Calculation for post-construction was carried out 

for 5 alternative plans considering 50-year probable flood discharge (3,510 m3/sec). The 

result is shown in Table-2.8 comparing with the present condition. The 5 alternative plans 

developed similar results when present condition and design water level of 50-year probable 

flood discharge were compared.   
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Table-2.7 River Flow Capacity 

 

Table-2.8 Peak of Flood Water Level (EL. m) 

 Peek of Flood water Level (EL. m) 
Section Present Alternative1 Alternative2 Alternative3 Alternative4 Alternative5 
MO-300 63.76 63.57 63.57 63.57 63.57 63.56 
MO-350 64.63 64.53 64.53 64.54 64.53 64.52 
MO-400 65.36 65.53 65.52 65.54 65.53 65.50 
MO-450 65.42 65.71 65.70 65.72 65.71 65.69 
MO-500 66.11 66.09 66.09 66.09 66.09 66.09 

 Notice; Left side bank (Dili side): MO-300, Right side bank (Suai side): MO-450

Mola Bridge
Section Distance Elevation (El.m)
Name (m) Riverbed L. Bank R. Bank 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

MO-300 0 59.32 62.89 62.97 62.49 62.58 62.65 62.70 62.74 62.78 62.84 62.88 62.91 63.11
MO-350 50 59.85 64.29 65.23 63.15 63.21 63.28 63.37 63.45 63.53 63.59 63.67 63.74 63.82
MO-400 100 60.83 64.82 65.84 63.88 63.98 64.09 64.16 64.23 64.30 64.39 64.46 64.52 64.59
MO-450 150 62.32 65.45 65.09 64.10 64.20 64.29 64.38 64.51 64.53 64.58 64.64 64.69 64.74
MO-500 200 63.43 66.14 65.50 64.98 65.03 65.10 65.14 65.19 65.24 65.29 65.33 65.38 65.42
MO-550 250 64.21 66.70 66.03 65.83 65.89 65.96 66.02 66.08 66.14 66.20 66.25 66.29 66.33
MO-571 271.57 64.40 67.34 65.78 66.32 66.38 66.44 66.51 66.56 66.62 66.67 66.73 66.78 66.84

Section Distance Elevation (El.m)
Name (m) Riverbed L. Bank R. Bank 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900

MO-300 0 59.32 62.89 62.97 63.16 63.22 63.28 63.32 63.36 63.40 63.44 63.48 63.52 63.56
MO-350 50 59.85 64.29 65.23 63.91 63.95 64.04 64.08 64.15 64.19 64.25 64.28 64.34 64.38
MO-400 100 60.83 64.82 65.84 64.63 64.71 64.75 64.82 64.86 64.92 64.97 65.03 65.07 65.12
MO-450 150 62.32 65.45 65.09 64.79 64.83 64.87 64.91 64.95 64.99 65.05 65.10 65.15 65.20
MO-500 200 63.43 66.14 65.50 65.46 65.50 65.54 1.00 65.63 65.66 65.70 65.74 65.78 65.83
MO-550 250 64.21 66.70 66.03 66.38 66.42 66.46 66.50 66.54 66.57 66.61 66.65 66.69 66.72
MO-571 271.57 64.40 67.34 65.78 66.89 66.95 66.99 67.04 67.08 67.13 67.17 67.22 67.26 67.30

Section Distance Elevation (El.m)
Name (m) Riverbed L. Bank R. Bank 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500

MO-300 0 59.32 62.89 62.97 63.59 63.76 63.90 64.03 64.16 64.28 64.39 64.49 64.59 64.69
MO-350 50 59.85 64.29 65.23 64.43 64.63 64.83 64.98 65.13 65.25 65.37 65.49 65.61 65.70
MO-400 100 60.83 64.82 65.84 65.16 65.36 65.53 65.67 65.77 65.88 65.99 66.08 66.16 66.24
MO-450 150 62.32 65.45 65.09 65.23 65.42 65.59 65.74 65.88 66.00 66.11 66.21 66.29 66.38
MO-500 200 63.43 66.14 65.50 65.87 66.10 66.29 66.44 66.62 66.79 66.93 67.01 67.17 67.27
MO-550 250 64.21 66.70 66.03 66.76 66.96 67.13 67.30 67.48 67.63 67.77 67.89 68.00 68.10
MO-571 271.57 64.40 67.34 65.78 67.36 67.63 67.86 68.07 68.25 68.38 68.53 68.65 68.75 68.85

km60.3 Bridge
Section Distance Elevation (El.m)
Name (m) Riverbed L. Bank R. Bank 5.3 6.0 6.9 7.5 9.1 9.8 11.4 12.0
60-000 0 1197.00 - - 1197.27 1197.29 1197.31 1197.33 1197.36 1197.38 1197.41 1197.43
60-010 10 1200.00 - - 1200.37 1200.39 1200.41 1200.43 1200.47 1200.48 1200.51 1200.52
60-020 20 1203.00 - - 1203.38 1203.41 1203.45 1203.48 1203.54 1203.57 1203.63 1203.66
60-030 30 1205.00 - - 1205.60 1205.63 1205.67 1205.70 1205.76 1205.78 1205.83 1205.85
60-040 40 1207.00 - - 1207.23 1207.25 1207.27 1207.28 1207.32 1207.34 1207.37 1207.39
60-050 50 1208.00 - - 1208.57 1208.62 1208.66 1208.68 1208.76 1208.78 1208.85 1208.87

Discharge (m3/sec)

Discharge (m3/sec)

Discharge (m3/sec)

Discharge (m3/sec)
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Figure-2.8 Mola Bridge River Cross Section (1/4)  
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Figure-2.8 Mola Bridge River Cross Section (2/4) 

66

64

62

60

58

56

E
le

va
tio

n 
(E

l.m
)

0 100 200 300 400 500 600
Distance (m)

MO-200

Right Bank; El. 61.83 m Left Bank; El. 62.89 m

Existing Gabion

68

66

64

62

60

58

E
le

va
tio

n 
(E

l.m
)

0 100 200 300 400 500 600
Distance (m)

MO-250

Left Bank; El. 62.64 m

Right Bank; El. 62.19 m

68

66

64

62

60

58

E
le

va
tio

n 
(E

l.m
)

0 100 200 300 400 500 600
Distance (m)

MO-300

Right Bank; El. 62.97 m

Existing Road/Bridge

0 100 200 300 400 500 600
Distance (m)

69

67

65

63

61

59

E
le

va
tio

n 
(E

l.m
)

MO-350

Left Bank; El. 64.29 m
Right Bank; El. 65.23 m

図2.6.7　　モラ橋河川横断図（2 /4 ）

Existing Bridge

Left Bank; El. 62.89 m
Existing Gabion

Existing Gabion



Basic Design Study on the Project for the improvement of Roads and Bridges in Timor-Leste                     

   
Basic Design Study Report 2 - 24 

Figure-2.8 Mola Bridge River Cross Section (3/4) 
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Figure-2.8 Mola Bridge River Cross Section (4/4) 

5 alternative plans developed similar results when present condition and design water level of 

50-year probable flood discharge were compared as shown in Table-2.8.  The flood water 

level decreased about 20cm at the left bank abutment in section MO-300 and increased about 

30 cm at the right bank abutment in section MO-450 respectively from the flood water level 

of present condition.  The water level decrease at the left bank abutment in section MO-300 

is because of increase of river flow area.  The 80 m length of existing abutment at the river 

center and access road on remaining dike are obstructing the river flow now, but the access 

road on dike is planned to be re removed.  The water level increase at the right bank 

abutment in section MO-450 is because of deceleration of flow velocity at the upstream side 

of pier since surface friction at pier increases by larger hydraulic radius of new bridge pier.  

The design flood water level is EL.63.6m at the left bank abutment and EL.65.7m at the right 

bank abutment for all 5 alternative plans. 

km60.3 Bridge is another applicable bridge in this study.  It will be reconstructed at the 

downstream side about 2-3 m from the location of present bridge which means that both 

bridges can be considered as almost same location in hydraulic conditions.  River flow 

condition for km60.3 Bridge is different from Mola Bridge because reconstruction does not 

increase any obstructing structure in the river.  Therefore, 50-year probable flood water level 

of km60.3 Bridge is EL. 1205.8 m. at section 60-030 as shown in Table-2.5. 

(3) Low Flow Analysis 

The estimate of low flow discharge in dry season is necessary to select construction machines 

for Mola Bridge rehabilitation.  The hydrological data, however, are scarce in this area, and 

so it is very hard to decide coefficients and numerical values among the various data for low 

flow analysis as described in the former clause.  Consequently, average and common values 

or data utilized for analyses in Southeast Asian countries are applied in the low flow analysis 

assuming that the conditions at Mola area are almost the same as those countries.  Tank 

Model Method (four tanks one column model) is applied as the method of analysis, which is 

commonly utilized in the area of small river basin less than 500 km2 in Southeast Asia. 
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Necessary data for Tank Model are rainfall, evaporation, constant value and parameter of hole 

size & height for tank model.  The rainfall data is computed by multiplication of rainfall 

value at Viqueque station and rainfall compensation coefficient for 3 years (1991, 1994 and 

1997) that consist of complete record.  Data at Dili station was used for the flood flow 

analysis but data at Vequeque station was used for the low flow analysis because the yearly 

maximum rainfall data is necessary for the flood analysis and also long-term data with no 

missing points is required for frequency analysis.  Viqueque station is located in the 

southern area the same as Mola Bridge, but it is not selected as representative rainfall station 

because of having no long-term data.  Low flow analysis demands rainfall data through the 

year.  Mola Bridge basin is located in the southern area; therefore, data at Dili station, which 

is located north area can not express the difference of wet and dry seasons for low flow 

discharge.  Therefore, as a representative rainfall station for low flow analysis, Viqueque 

station was selected.  Rainfall compensation coefficient adopts 1.53 (=2,300 mm/1,500 mm) 

after the application of isohyetal map using the same method as flood flow analysis.  

Evaporation is assumed as 3 mm/day for wet season and 4 mm/day for dry season as an 

average of Southeast Asian area.  The constant value for Tank Model is also assumed as an 

average value of Southeast Asian area as shown in Table-2.9. 

Table-2.9 Constant Value for Tank Model 

Tank Infiltrate Hole Bottom Hole 
Height of 

Bottom Hole 
Top Hole Size 

Height of Top 
Hole 

Top Tank 0.300 0.100 10.0 0.080 30.0 
Second Tank 0.008 0.020 0.0 - - 
Third Tank 0.006 0.003 0.0 - - 
Forth Tank 0.000 0.002 0.0 - - 

Result of Tank Model Analysis is shown in Figure-2.9. 
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Figure-2.9 Result of Tank Model Analysis 

Riverbed stream is estimated as 0.5 m3/sec for dry season from July to November and 

maximum discharge is assumed as 5 m3/sec. 
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 (4) Local Scouring at Bridge Pier 

The depth and area of local scouring around the pier were examined for disaster prevention 

even though the river flow at Mola Bridge is stable.  The river flow around the pier is 

basically divided into the flow toward right & left sides in front of the pier, and vertical down 

flow along the pier front.  The flow divided to right and left becomes a curving flow along 

the wall surface of pier, and the concentration of local flow occurs at the wall surface of the 

pier.  On the other hand, the down flow in front of the pier collides against the riverbed, and 

riverbed gravel rolls up a revolving whirlpool.  The soil and sand rolled up by whirlpool is 

carried to the back of the pier by the flow divided right and left.  Generally, flow is more 

concentrated when pier width is thicker if identical hydraulic quantity is same condition.  

The flow velocity becomes fast and riverbed material around pier front & side is carried away.  

The maximum scouring depth and scouring area are controlled by characteristic conditions 

such as size and shape of pier, hydraulic quantity and riverbed material. 

Maximum Local Scouring Depth  

Many prediction-formulas are proposed for maximum scouring depth around the pier and 

these formulae have been evaluated and examined.  But, each prediction-formula has its 

own problems, and it must be applied within the application allowance when used because 

there are many affecting factors for estimation of maximum scouring depth around the pier 

but all of the factors are not considered in the formula.  The dimensionless scouring depth is 

influenced by some dimension quantities as shown below. 

There are some factors that influence the scouring depth around the pier, and maximum 

scouring depth is expressed by the next formula. 

  a) Factors (non-influence by piers) 

Riverbed slope, water depth, density of water, dynamic viscosity of 

water, diameter of riverbed material, density of riverbed material and 

gravitational acceleration 

  b) Factor of pier 

Bridge width, bridge characteristic form and flow direction and 

crossed axes angle 

  c) Scouring physics 

Maximum scouring depth, scouring area and scouring form 
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Maximum Scouring Depth-1 
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  Z : maximum scouring depth (m) D : pier diameter (m) 
  τ* : dimensionless tractive force h0 : water depth (m) 
  dm : dean diameter of riverbed material (m)  
  Re* : Reynolds number k : bridge characteristic form 
  s : relative density in hydrospace of riverbed material =(ρs-ρw)/ ρw 
  ρs : density of riverbed material ρw : density of water 
   

From the 1st factor to the 4th factor of the right term in the above equation, the maximum 

scouring depth formula is a dimensionless quantity that prescribes the conditions for moving 

riverbed flow.  The influence of Re* is less than t* and h0/ dm, if compared with it, and s 

can be a constant value of 1.65 if the riverbed is common material.  The term of k/D can be 

neglected because Mola Bridge will consist of column-type piers.  Therefore, relative 

scouring depth around the column-type pier is controlled by three dimension quantities (t*, 

h0/ dm, h0/ D).  The maximum scouring depth formula is expressed as shown below when 

average flow velocity is applied instead of the riverbed slope. 

Maximum Scouring Depth-2 

  





=

D

h
,

d

h
,Fr1f

D

Z 0

m

0
  

  Fr : Froude number ( 00 gh/uFr = )  

  u0 : average flow velocity g : acceleration of gravity 

The common input conditions among 5 alternative plans for the bridge plan are: 400 m for 

river width, 7.24 cm for average riverbed material groin size, 3,510 m3/sec for design flood 

discharge and 2.5m for average design flood water depth.  The average grain size of 

riverbed material was decided from representative grain sizes of the material as shown in 

Photo-2.1.  The maximum local scouring depth is shown in Table-2.10.  The maximum 

local scouring depth at the abutment between the existing Mola Bridge and new bridge was 

computed as 7.5 m 

Photo-2.1 Riverbed Material of Mola Bridge 

10cm

10cm



                    Basic Design Study on the Project for the improvement of Roads and Bridges in Timor-Leste 

   
2 - 29                  Basic Design Study Report 

Table-2.10 Maximum Local Scouring Depth 
Alternative 

Plan 
Pier Diameter 

(m) 
h0/D h0/dm Fr Z/D 

Maximum Scouring 
Depth (m) 

Alt-1 1.5 1.67 34.53 0.71 1.5 2.3 
Alt-2 1.5 1.67 34.53 0.71 1.5 2.3 
Alt-3 2.0 1.25 34.53 0.71 1.4 2.8 
Alt-4 2.4 1.04 34.53 0.71 1.4 3.4 
Alt-5 1.5 1.67 34.53 0.71 1.5 2.3 

 

Figure-2.10 Maximum Scouring Assumption 

Local Scouring Area  

There is a close relation between the local scouring depth and the submerged repose angle of 

riverbed material regarding the local scouring area around the pier.  Generally, the value of 

repose angle is measured as the natural angle of conical piled mountain when sand is falling 

from a funnel.  The angle of the mountain slope is considered as an angle of dynamic 

friction since sand particles are stopped little by little during falling on the slope. Figure-2.11 

shows the experimental result of relation between repose angle and mean grain size in air and 

in submerged condition.  There is a difference in the upper and lower limit of the 

experimental values in air and in submerged condition, because the value of static angle of 

friction, which expresses the beginning of sand particle movement, is bigger than that of 

dynamic angle of friction.  The local scouring area for columnar pier is computed by the 

following formula: 

図－2.6.12　　最大洗掘深推定図
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  Local Scouring Area 
  X = Z / tanθ  
  X : Local Scouring Area (m) Z : Maximum Scouring Depth (m) 
  θ : Repose Angle (degree) 
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Figure-2.11 Relation of Repose Angle & Mean Grain Size in Air & Submerged Condition 

The local scouring area around the pier by 5 alternative plans is shown in Table-2.11. 

Table-2.11 Local Scouring Area 

Alternative 
Maximum Scouring 

Depth (m) 
Repose Angle 

(degree) 
Local Scouring Area 

(m) 
Alt-1 2.3 34.5 3.3 
Alt-2 2.3 34.5 3.3 
Alt-3 2.8 34.5 4.1 
Alt-4 3.4 34.5 4.9 
Alt-5 2.3 34.5 3.3 

  Note) Average submerged repose angle is applied for Repose Angle 

 

The local scouring image of column type pier is shown in Figure-2.12. 

Original Ground Elevation

Z

XD

θ

Pier

: Scouring Area
: Maximum Scouring Depth
: Pier Width
: Repose Angle

X
Z
D
θ  

Figure-2.12 Local Scouring Image of Column Type Pier 
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 (5) Necessity for Bank Protection   

Protection for riverbank at upstream & downstream sides of Mola Bridge against erosion and 

protection for piers against scouring are examined as shown below.  Present conditions of 

riverbanks are as follows: 

Left Bank (Dili Side) 

- Gabion (upstream) : Total length of 150 m from 110 m downstream to 40m upstream 

- Gabion(downstream) : Total length of 75 m from 75 m upstream to 150 m upstream 

- Riverbank erosion : Riverbank is eroded beyond 150 m upstream side from Mola Bridge, 

but the progress of erosion is hindered by the riverbank protection at 

the downstream side. 

Right Bank (Suai Side) 

- Erosion (upstream) : Riverbank erosion is found at upstream side. 

- Gabion (upstream) : Gabion (35 m length and 1.5 m height) perpendicular to river flow in 

the Mola River at 50 m upstream side from the bridge. 

- Riverbank erosion : Riverbank is eroded at downstream side but the progress of erosion 

is not found and the surrounding condition is stable. 

The left bank side of the Mola River is protected by existing gabion and riverbank is not 

eroded in the present condition.  Also, condition of Mola Bridge will be continued; therefore, 

additional bank protection is not necessary.  The right bank side is eroded because low water 

flow is introduced near and along the riverbank.  New gabion similar to the left bank side is 

necessary at both sides of the stream to protect the newly built abutment.  The scale of 

protection shall be about 100 m (70 m at upstream side and 30 m at downstream side) as 

shown in Fig-2.6.  The height of bank protection will be El.66.5 m at the upstream end and 

El.65.4 m at the downstream end because height of 1.2 m as the freeboard.  The freeboard 

value of 1.2 m is derived from Japanese Standard, and it should be decided from design flood 

discharge. 

2-2-1-2-3 Topographic Survey 

Topographic survey was carried out to grasp route alignment for road improvement, basic 

data of road facility design, geographical features for bridge rehabilitation and river.  This 

survey used a Total Station System and plan drawings were produced by Auto-Cad system. 

The method is simultaneously centerline, profile leveling and cross-sectioning surveyed 

shown in Figure-2.13.  Survey point distance is 20m, and the detailed area was applied 

cross-sectioning survey to grasp the land shape of mountainous and valley side. Standard 

drawings of route survey are attached as another data. 
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Figure-2.13 Method of Topographic Survey 

Plane and vertical survey for bridge, vertical and cross survey for river were conducted at 

Mola Bridge and km 60.3 Bridge area.  Plan drawing for Mola Bridge is attached separately. 

Table-2.12 Contents of Topographic Survey 

Survey Item Section Contents of Survey Output 
km2～km45 Interval: 20 m, Length: 43 km 

km79～km130 Interval: 20 m, Length: 51 km 
km60.3 Bridge Interval: 20 m, Length: 0.2 km 

Center Line 

Mola Bridge Interval: 20 m, Length: 0.5 km 

Plan : 1/1,000 
Contour Line : 0.5 m 

km2～km45 Interval: 20 m, Length: 43 km 

km79～km130 Interval: 20 m, Length: 51 km 
km60.3 Bridge Interval: 20 m, Length: 0.2 km 

Vertical Survey 

Mola Bridge Interval: 20 m, Length: 0.5 km 

Vertical Section : 
X ; 1/1,000 
Y ; 1/200 

km2～km45 Interval: 20 m, Length: 43 km 

km79～km130 Interval: 20 m, Length: 51 km 
Cross Survey 

km60.3 Bridge Interval: 20 m, Length: 0.2 km 

Cross Section: 1/200 
Interval ; 20 m 

km60.3Bridge 4 ha Plane Survey for 
Bridge Mola Bridge 25 ha 

Plan : 1/1,000 
Contour Line : 0.5 m 

km60.3 Bridge Vertical Survey 
for River Mola Bridge Interval: 20 m, Length: 0.6 km 

Vertical Section : 
X ; 1/1,000 
Y ; 1/200 

km60.3 Bridge Cross Survey for 
River Mola Bridge 

3 Sections, Width: 400 m Cross Section: 1/200 



                    Basic Design Study on the Project for the improvement of Roads and Bridges in Timor-Leste 

   
2 - 33                  Basic Design Study Report 

2-2-1-2-4 Geological Investigation 

(1) Preface  

Geological investigation of road rehabilitation section was carried out for the purpose of 

understanding of geological conditions for Subgrade and Base/Subbase course materials, 

slope protection and design and construction of bridge foundations. 

The geological investigation was carried out in the following two phases. 

1st Field Survey 

Regional survey, slope inspection of the project area and preparation for 2nd field survey were 

carried out. 

- Slope inspection sheets 

- 2nd Field Survey Plan 

2nd Field Survey 

Detailed survey was carried out based on the result of 1st field survey. 

- Results of geological investigations along the road slopes (landslide, collapse, etc.);

 11 sites, 13 holes 

- Results of geological investigation for the improvement of the Mola Bridge; 

 1 site, 3 holes 

- Mechanical properties of typical soil in the project area 

The Geological survey items are shown in Table-2.13.  The following surveys were carried 

out (see attached Tables-2.14 and 2.15).  The locations of the surveys are illustrated in the 

attached Fig-2.14. 

Table-2.13 Items of Geological Investigation 

Object Survey Quantities 
a) Road slopes stability 
(include improvement of 
the bridge) 

Core drilling 
Standard penetration test 
Laboratory tests (water content, specific gravity, grain size, 
Atterberg limits) 
Swedish sounding 

13 holes 
69 nos 
31 samples 
 
111 nos 

b) Mola Bridge foundation Core drilling 
Standard penetration test 
Laboratory test 

3 holes 
39 nos 
2 samples 

c) Base/Subbase course  
materials 

Sampling 
Laboratory test (CBR test etc.) 

2 points 
2 samples 

d) Subgrade materials Sampling 
Laboratory test (CBR test etc.) 

4 points 
2 samples 
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Table-2.14 Core Boring Survey List 

 

Table-2.15 Swedish Penetration Test List 

Serial No. SWS No. Quantity Disaster Type Geology
1 22+900 3 embankment failure soil/schist
2 23+750 3 collapse soil/schist
3 40+500 7 embankment failure soil/schist
4 42+100 6 collapse soil/schist
5 60+900 5 Bridge basement tuff/faracyured zone/schist
6 80+150 3 collapse soil/schist
7 80+500 3 embankment failure soil/schist
8 83+400 3 embankment failure embankment(sliding/steady)
9 85+300 2 embankment failure embankment(sliding/steady)

10 86+250 3 embankment failure embankment(sliding/steady)
11 86+900 3 embankment failure embankment(sliding/steady)
12 88+850 6 collapse/embankmentfailure talus deposits/embankment/limestone
13 89+250 3 embankment failure soil/limestone
14 89+300 3 embankment failure soil/limestone
15 91+300 3 embankment failure embankment(sliding/steady)
16 91+700 3 embankment failure embankment(sliding/steady)
17 92+900 3 embankment failure soil/limestone
18 96+850 4 embankment failure soil/limestone
19 99+200 2 collapse soil/detritus
20 99+500 3 collapse soil/detritus
21 102+100 3 embankment failure embankment(sliding/steady)
22 105+200 3 embankment failure landslide
23 106+010 2 embankment failure landslide
24 106+600 3 embankment failure embankment(sliding/steady)
25 108+100 3 embankment failure embankment(sliding/steady)
26 109+550 3 landslide soil/fractured zone
27 109+900 3 landslide soil/fractured zone
28 116+600 2 embankment failure soil/terrace deposits
29 128+200 3 embankment failure embankment(sliding/steady)
30 128+700 5 embankment failure embankment(sliding/steady)
31 130+100 5 embankment failure embankment(sliding/steady)
32 130+300 5 embankment failure embankment(sliding/steady)

total 111

No. STA S E Height(m) Side of RoadLength(m)soil rock

Undistu
rbed
samplin
g

SPT(nos)
Moisture
content

Particle
size

Atterberg
limits

Specific
gravity

Unconfined
compressio
n

Disaster Type

Road Survey (Coordinates were measured by handy GPS)
1 23.0 8°37.161 125°38.120 1080 Left 6.70 4.50 2.20 1 4 2 2 2 2 0 Embankment failure
2 23.5 8°37.291 125°38.050 1120 Left 7.00 0.50 6.50 1 4 2 2 2 2 0 Collapse
3 40.3 8°41.524 125°32.923 1110 Left 10.00 10.00 0.00 2 6 3 3 3 3 0 Embankment failure

4 60.9 8°47.877 125°33.755 1160 Right 10.78 7.50 3.28 1 7 3 3 3 3 0
Embankment failure
(Basement survey for the

5 83.4 8°52.995 125°36.386 1800 Right 9.00 7.00 2.00 2 6 2 2 2 2 0 Embankment failure
6 83.4 8°52.995 125°36.386 1800 Right 9.00 7.50 1.50 1 6 3 3 3 3 0 Embankment failure
7 89.3 8°54.042 125°35.531 1540 Right 7.52 4.50 3.02 2 5 3 3 3 3 1 Embankment failure
8 91.3 8°54.690 125°35.088 1470 Left 7.52 6.00 1.52 1 5 2 2 2 2 1 Embankment failure
9 91.3 8°54.690 125°35.088 1470 Right 7.50 5.00 2.50 2 5 3 3 3 3 1 Embankment failure

10 91.7 8°54.711 125°35.016 1440 Left 9.00 8.00 1.00 1 6 2 2 2 2 0 Embankment failure
11 108.1 8°59.109 125°31.197 925 Left 7.95 4.00 3.95 2 5 2 2 2 2 1 Embankment failure
12 109.6 8°59.504 125°30.824 813 Right 7.50 4.00 3.50 1 5 2 2 2 2 1 landslide
13 109.9 8°59.497 125°30.768 795 Right 7.50 4.00 3.50 2 5 2 2 2 2 landslide

subtotal 106.97 72.5 34.47 19 69 31 31 31 31 5

Bridge Survey
14 Mola A1 9°10.290 125°26.998 65.5 Left 13.50 13.50 0.00 8
15 Mola P 9°10.258 125°26.944 63.75 Left 23.88 16.00 7.88 16
16 Mola A2 9°10.201 125°26.921 62.85 Right 22.88 15.50 7.38 15 2 2 2 2 0

subtotal 60.26 45.00 15.26 39 2 2 2 2 0

Grand total 167.23 117.5 49.73 19 108 33 33 33 33 5
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Figure-2.14 Mola Bridge Boring Survey Location Map 

A1 
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M 

A1 

Basement 19.8 m 
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(2) Topography and Geology 

The project area is underlain by the following rocks.  Schematic profile of the area is shown 

below. 

① Dili-Maubisse 

Schist rocks of the Permian age, easily weathered and flaked, distributed from Dili to 

Maubisse.  The project road rise meandering and steep slopes from Dili until km20, while 

from km20 to Maubisse the road lies on hills of gentle slopes. 

② Mountain range that runs Timor Leste from east to west-Ainaro 

Limestone of Paleozoic-Mesozoic age, fresh and hard, distributed in the mountain range.  

The limestone forms escarpments and steep valleys. 

③ Ainaro-Cassa 

Alternations of mudstone and sandstone (not exactly known, but a portion of it is Tertiary 

age), soft and fragile, distributed from Ainaro to Cassa. Four different level terraces are 

widely distributed in this area.  Thick terrace deposits, very dense sand and gravels, cover 

the route. The road runs through the flat terrace. 

④ Cassa-Suai 

Quaternary river and alluvial fan deposits, soft 

and loose, cover Cassa-Suai area. The road 

runs through the boundary of mountains and 

plain area.  After heavy rain, drainage ditches 

along road frequently overflow.  The Mola 

Bridge is located on the top fan of Mola River. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-2.15 Schematic Profile from Dili to Suai 

 
Photo-2.2 Distant view of Mola Bridge 
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(3) Lithology 

A. Schist Rocks 

Schist rocks widely are distributed from Dili to 

Maubisse. 

The character of schist rock is as follows:  

･Easily weathered and flaked 
･Joint spacing ranging 1 to 10 cm 
･Schistosity (mica) is well developed 
･Schistosity plane mainly dips southwestward although there are miner folds 
･Many miner faults are observed along the cut of road 
･Diabase layers are intercalated.  

Schist rocks generally are easy to collapse and 

slide. Many collapsed slopes are observed along 

the cut of the project road due to high weathering. 

South-facing slopes tend to slide easily compared 

with north-facing ones due to schistosity dipping 

southward.  Diabase causes rock mass failures 

and large rock falls, because its joint spacing is 

relatively wide (ranging from 30 to 100 cm). 

B. Limestone      Photo-2.4 Diabase 

Limestone, forming escarpments, is distributed from the mountain ridge to southern slope. 

The character of limestone is as follows: 

･Hard with assumed unconfined compression strength ranging 60 to100 MPa 
･Joint spacing ranging 20 to 30 cm, expect massive limestone from km95 to km97 
･Bedding planes of limestone frequently show different dip (chevron fold). 

Many rock mass failures and rock falls due to weathering are observed along the project road. 

Residual soil of about 1 m thick and thin talus deposits of 1 to 2 m thick cover limestone on 

the ridge and on the steep valley respectively, where groundwater level is generally shallow, 

and causes collapse of the cut of road and embankment failure. 

 

 

 

 

 

 

Photo-2.5 Accumulation of Limestone and Outcrops 

Diabase（km23.9） 

(The picture shows the dip of the foliation.) 

Limestone Outcrops;km94.7 
Piled talus deposits at km89

(inside the dotted line) 

Photo-2.3 Weathered Schist Rocks (km24.6) 
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Massive limestone, forming escarpment of approximate 100 m high, from km95 to km97, has 

a potential of rock mass failure.  Boulders of about 5 m in diameter, which are remnants of 

rock mass failure, were observed at 96 km. 

C. Alternation of mudstone and sandstone 

Although alternation of mudstone and sandstone, soft and fragile, causes collapse, few 

outcrops are exposed along cut of the road. 

D. Detritus 

Pleistocene detritus cover gentle slopes beneath limestone 

escapement distributed along the Belulic River, located on 

approximate 200 m higher than riverbed from km92 to 

km103.  The character of detritus is as follows: 

･Mainly composed of angular gravel of less than 10 cm 

(max 2 -10 m) in diameter 

･Consisted of limestone fragments with gravel ratio ranging from 50 to 70% 

･Well consolidated (N values are assumed to be 10 to 20).  Detritus forms stable steep (50 

degrees-60 degrees) slopes of 5 m to 7 m high, although included gravels sometimes fall on 

the road. 

E. Terrace deposits 

Four level terraces: high terrace (170 - 200 m higher than riverbed), middle terrace 

(approximate 100 m high), low terrace1 (20 - 30 m high) and low terrace2 (5 - 10 m high), 

are distributed from Ainaro to the bridge of km120.  The character of terrace deposits is as 

follows: 

･Mainly composed of rounded gravels of Less 

than 20 cm (max 1 m) n diameter, while 

sub-rounded to sub-angular gravels in high 

terrace 

･ Including gravels of limestone, diabase and 

sandstone etc, 

･Gravel ratio ranging from 50% to 70%, 

･Well consolidated (N values are assumed to be 

10 to 20.), 

･Low ground water level.       Photo-2.7 Terrace Deposits 

Few points of disturbed subgrade were observed. 

km116.6 

km99.2 

Photo-2.6 Pleistocene Detritus 
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F. Talus deposits 

From Dili to Maubisse, where schist rocks are distributed, many of fragments of the talus 

deposits were broken into gravels of less than 10 cm in diameter due to weathering. Almost 

talus deposits along the road cut were 1 to 2 m thick except landslide area.  At mountain 

valleys the deposits sometimes attains 5 m thick. 

From Maubisse to Ainaro, where limestone is distributed, thick talus deposits are distributed. 

The deposits include boulders of 5 - 6 m (maximum 15 m) in diameter. 

G. Landslide 

 

Landslide areas were illustrated in attached geological 

maps by field surveys and topographical inspection 

(1:25,000 in scale).  

 

 

 

Photo-2.8 Landslide 

H. Fractured zone  

Three fracture zones range 20 - 100 m and one fracture 

zone of approximate 300 m is distributed at km60 - 

km68, and km109 - km110 respectively.  

Many collapsed slopes and landslides were observed in 

the vicinity of the faults.  

 

 

Photo-2.9 Fractured zone 

 

(3) Road Survey 

The boring investigation is summarized below.  Swedish sounding was carried out at 

collapse points shown in Table-2.16. 

Fault line at km64 

At Maubisse, low activity and few deformations 
on the road surface are observed. 
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Table-2.16 Boring Investigation Result 

No 
STA 
(km) 

Object Result 

1 23.0 Collapse 0-4.5 m Soil, 4.5 m-rock(schist, CLL/CLH class) 

2 23.5 Embankment failure 0-0.5 m Talus deposits, 0.5 m- rock(schist CLL class) 

3 40.3 Embankment failure 
0-0.4 m embankment material, 0.4-4.5 m soil, 4.5m- rock（schist 
CLL class）  

4 60.5 Bridge foundation  
0-1.0 m talus deposits, 1.0-6.0 m soil, 6.0-7.5 m solid soil, 7.5m- 
foundation of the bridge(schist CLH class) 

5 83.4 Embankment failure 0-7.0 m embankment material, 7.0 m- rock(limestone CLH class) 
6 83.4 ditto 0-7.5 m embankment material, 7.5 m- rock(limestone CLH class) 

7 89.3 Embankment failure 0-4.5 m talus deposits,4.5m- rock(limestone CLH class) 

8 91.3 
Embankment failure, 
collapse 

0-6.0 m talus deposits, 6.0 m- rock(limestone CLH class) 

9 91.3 
Embankment failure, 
collapse 

0-2.0 m talus deposits, 2.0-5.0 m diabase D class, 5.0 m- 
rock(limestone CLH class) 

10 91.7 
Embankment failure, 
collapse 

0-7.0 m talus deposits, 7.0m- rock(diabase, limestone CLL/CLH 
class) 

11 107.0 Landslide 0-4.0 m mass, 4.0 m- rock(fractured) 

12 108.3 Landslide 0-4.0 m mass, 4.0 m- rock(limestone) 

13 108.5 Landslide 0-4.0 m mass, 4.0 m- rock(limestone) 

14 Mola A1 Bridge foundation 0-13.5 m sand/gravel 

15 Mola P Bridge foundation 0-16 m sand/gravel, 16 m- tuff, 19.8m- N value of more than 50 

16 Mola A2 Bridge foundation 0-15.5 m sand/gravel, 15.5 m- tuff, 19.8m- N value of more than 50 

 (4) Geo-technical assessment 

In this study the soil and rock in the project area are classified into the following three classes 

based on rock facies and N values. Rock classifications are on the basis of criteria developed 

by CRIEP (Tanaka, 1964) as follows. See attached boring logs and Swedish penetration test 

data sheets (see attached boring logs and Swedish penetration test data sheets). 

D class: Clayey and sandy materials with 

soft rock fragments 

CL class: Soft rock by weathering (CL 

class was further divided into 

CLL and CLH class based on N 

values.) 

 

Figure-2.16 Geological Conditions, N-value and Distinction 

① Collapsing materials, residual soil, completely weathered rock, fractured zone (D class); 

N value: 5 - 7 (wide variations) 

Standard penetration tests were not carried out at the just point of sliding plane. 

According to Swedish sounding data of the sliding plane, N values were 

estimated to be less than 3. 
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② Highly weathered rock (CLL), embankment (stable); N value: 15 - 20 

③ Slightly weathered rock (CLH class);   N value: more than 50 

In general, since sandy soil of N values of more than 20 or cohesive soil of more than 10 - 15 

are suitable in bearing capacity for concrete retaining wall, layer ③ will be adequate.  

Layer ② will be also a foundation, after geotechnical inspection for each wall. 

Gabions or mortar masonry retaining walls of less than 3 meters high do not need to rest on 

rock foundation because of their required bearing capacity. However they are expected to rest 

on layer ② or ③, because many uneven settlement points of the existing gabions in the 

project area were observed according to site inspection.   

Each Stratum Test Result became as below.  

 

Table-2.17 Geological Investigation Result (Average Value) 

Geology N-value(Boring) N-value estimated by 
Swedish sounding (Sws) 

①layer (collapse and embankment failure materials)* 
Soil, talus deposits, completely 
weathered rock (D class) 

7.8（29）, 
standard deviation 4.1 

5.1 

Embankment failure － 4.7 
Fractured zone (D class) 10.5（2） 4.9 

Sliding plane  Less than 3 
②layer (weathered zone/ stable unconsolidated deposits) 
Detritus (Pleistocene) － 19.2 
Terrace deposits － 13.5 
Schist rock (CLL class) 28.3（12）, 

standard deviation 14.2 
14 

Embankment (stable) － 27 
Fractured zone (CLL class） 33（3） 14.2 

③layer (foundation) 
Schist rock (CLH class) 66.4（2） More than 50 
Limestone (CLH class) More than 46 

（Not penetrated at 5 sites in 13） 
More than 50 

Note: Figure in parenthesis shows quantities of penetration tests. 
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(5) Disaster type 

Disasters in the project area are classified into three types shown below. 

Table-2.18 Type of Slope Failure 

Type Schematic Illustration 
Collapse 
 
Collapsing materials are residual soils, 

completely weathered or well jointed 
rocks. 

1-2 m thick 
Size is generally less than 500 m3.  
Embankment failure 
 
Slope failure in embankment 
Slump or collapse of slope and 
settlement of road surface 
 

 
Rock fall 
 
General rock fall size of  is as follows. 
Dili-Maubisse 

Schist         less than 10cm. 
Diabase (intercalated in schist) 

20-50 cm 
Maubisse-Cassa 

Limestone       20-50 cm 
Detritus/Terrace  10-30 cm  

Rock mass failure 
 
General rock mass size is as follows. 
Dili-Maubisse 

Diabase         2-5 m3 
Maubisse-Ainaro 

Limestone    5m3-more than 100m3  

Landslide 
 

Materials are clayey soils and highly 
weathered rock. 
 

 
Others 
① km60(bridge) left bank  
Fractured zone causes collapse. 
② km84 - km109 
Mud flow from small valleys. 
③ km120 - Cassa 
Overflow at side ditches and flood by 
strong rain damage road base course. 

 

②km84 - km109 

km120 - Cassa 

km80 - km110 

Residual soil and talus deposits 

cause collapse. Spring points 

were frequently observed. 

Poor drainage 

Scouring of toe part 

rock 

Erosion of toe part 

of embankment 

Diabase, 

limestone, 

schist 

Detritus, 

Terrace deposits 

Failure modes include 

toppling, plane slide, 

wedge slide 

High Activity― 

km9, 22, 37, 62, 87, 109 

Low activity ― 

 km70 

①km60 (bridge) 

Fracture zone
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(6) Geology and Disaster type of the project area 

Geology and disaster type are summarized in the following table. 

Table-2.19 Geology and Disaster Type of the Project Area 

No 
Distance 
from Dili 
（km） 

Distance 
（km） 

Topography Geology Disaster type 

0 - 2 Alluvial 
Plain 

Recent river deposits: Sand 
and gravel, loose 

- 

1 
0 (Dili) - 
20 

2 - 20 Mountains 
Steep slope 

Schist: The rock mass is 
somewhat softened by 
weathering. 
km2 – km15 relatively fresh 
km15 - km20 highly weathered 

Collapse, rock fall and 
embankment failure 

20 - 43 Hills 
Gentle slope 

Schist: The rock mass is soften 
by weathering, partly soil. 

Collapse, rock fall, embankment 
failure. 
km23 - km29 relatively large scale 
collapse 
km30 - km43 collapse (2-3 m high) 
Embankment failure, settlement of 
road surface (km23 - km25 etc.） 

43 - 51 Basin 
Flat-gentle 
slope 

Resent river deposits: Sand 
and gravel, loose 
Terrace deposits: Sand and 
gravel, dense 

- 
2 

20 - 
46(Aileu) 
- 60 

51 - 60 Hills 
Gentle slope 

Schist: The rock mass is 
somewhat softened by 
weathering. 

Collapse, rock fall, embankment 
failure and settlement of road 
surface 

60 - 69 Hills 
Gentle slope 

Schist: The rock mass is 
softened by weathering, partly 
soil.  Partly fractured. 
66-68 km Boulders of limestone 
are scattered. 

Collapse, rock fall, embankment 
failure and settlement of road 
surface 

69 - 82 Hills- 
Mountains 

Schist: The rock mass is 
somewhat softened by 
weathering. This formation 
contains much intercalated 
diabase block. 

Collapse, rock fall, 
The landslide at Maubisse was 
observed not to be active.. 

3 

60 -  
71(Maubi
sse) 
 - 
83 
(divide) - 
84 
(Aituto) 

82 - 84 Mountains-
Hills(divide) 

Limestone: Fresh and hard, 
crack spacing 20-30 cm. 

Collapse, rock fall 
km83 large embankment failure 

84 - 109 Mountains 
Steep slope 

Limestone: Fresh and hard, 
crack spacing 20-30 cm. 
km94 - 99, massive and hard. 
Detritus(Pleistocene): Very 
stiff soil matrix, include 
fragments of limestone. 

Collapse, rock fall, debris flow  
km89 and km91 large embankment 
failure 
km109 landslide 

109 - 
116 

High terrace Terrace deposits: Sand and 
gravel, extremely dense. 

km114 - km116 Collapse 
4 

84 - 
109 
(Ainaro) - 
125 

116 - 
125 

Middle-Low 
terrace 

Terrace deposits: Sand and 
gravel, dense 

Drainage ditch’s overflow 
Flood 
Partly settlement of road surface. 

5 

125 - 
130 
(Cassa) - 
146 
(MoLa 
Bridge) - 
170 

125 - 
170 

Boundary 
hills and 
alluvial 
plain 
 

Recent river deposits: Sand 
and gravel, loose 
Mola Bridge is located on the 
alluvial fan of the Mola River.  
The fan sediments, somewhat 
dense, contain gravel of 20 - 30 
cm in diameter. 

Drainage ditch’s overflow 
Flood 
Partly settlement of road surface 

6 
170 - 
180(Suai) 

170 - 
180 

Alluvial 
plain 
 

Recent river deposits: Sand 
and gravel, loose. 

Drainage ditche’s overflow 
Flood 
Partly settlement of road surface  
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(7) Mola Bridge Foundation 

The Mola Bridge is located on the top of alluvial fan of the Mola River.  The riverbed is 

approximate 750 m wide.  The broad alluvial plain spreads on the downstream of the Mola 

Bridge.  The tuff layer 20 m below the surface is suitable for the foundation of the Mola 

Bridge.  The geology and geotechnical assessment of the Mola Bridge site is as follows; 

Depth Geology 
0 -10 m Silty gravel with sand, 2 - 3 cm (average), 20 - 30 cm (maximum), 
  Gravel ratio ranges 50 - 70 %, N values range 20 - 30 (average), dense, 
  5 - 10 m Silty and gravel ratio less than 50 % 

10 -14 m Sandy silt with gravel to Gravelly silt, Gravel ratio ranges 30 - 50 %, 
N value is approximate 10, moderately loose, 
This layer thins toward the right side gradually. 

14 -16 ｍ Silty gravel with sand, 2 - 3 cm (average), 20 - 30 cm (maximum) 
N value is approximate 30, dense. 

16 m- Tuff  
This layer shows the feature of very stiff 
gravely clay because it has fractured, 16  
- 17 m highly weathered, moderately 
loose (N value is 12) 

20 m- N value is more than 50. 
This layer is suitable for foundation of 
the Mola Bridge. 
 
 

(8) Laboratory Test 

Locations of the laboratory test for base/subbase course materials and subgrade materials as 

below. 

Table-2.20 Original Location Sampling and Geological Condition 

No. 
STA/ 
Side* 

South latitude/ 
East longitude 

Elevation Object Geology 

A1-A2 
120.0/ 
Right 

9°3.596/ 
125°31.385 

298m Base course materials 
A1: km120 riverbed  
A2: Quarry at Dili 

S1 
39.7/ 
Left 

8°41.285/ 
125°32.846 

1160m Subgrade materials 
Highly weathered schist, no 
groundwater 

S1 
39.7/ 
Left 

8°41.285/ 
125°32.846 

1160m 
ditto 

Ditto 

S2 
83.1/ 
Left 

8°52.799/ 
125°36.128 

1300m 
ditto 

Subgrade material, no groundwater 

S3 91.9/ 
8°54.970/ 

125°34.688 
1360m 

ditto Subgrade materials, relatively flat 
gravels, no groundwater 

S4 
99.1/ 
Right 

8°56.367/ 
125°32.548 

994m 
ditto 

Detritus, no groundwater. 

S5 
113.8/ 
Right 

9°1.692/ 
125°30.292 

617m 
ditto Soil (Terrace deposits), no 

groundwater 

S6 
126.5/ 
Right 

9°6.548/ 
125°32.031 

172m 
ditto Recent river deposits, groundwater 

was observed. 

Note: Side of right or left is fixed from Dili side.  Coordinates were measured by handy GPS. 

Boring core sample of the 
foundation of the Mola Bridge 

Photo-2.10 Core Sample 



                    Basic Design Study on the Project for the improvement of Roads and Bridges in Timor-Leste 

   
2 - 45                  Basic Design Study Report 

1) Base/Subbase course materials 

The sample of km120 riverbed is mainly composed of limestone.  Its quality is suitable for 

the base course materials.  The sample of the quarry at Dili is also suitable although some 

sample of fine aggregates slightly exceed the standard.  Because the quarry at Dili varies by 

samples, quality checking will be required. 

Table-2.21 Mechanical Properties of Base/Subbase Course Materials 
Absorption（％） 

Location 
Coarse fine 

Bulk density（coarse）
（g/cm3） 

Soundness 
Test (%) 

Los Angels 
Abrasion test 

400 revolutions (%) 
km120 Riverbed 0.58～0.72  2.67～2.68 2.72 20.51～28.27 

Quarry at Dili 1.14～1.93 2.30～3.36 2.58～2.95 2.69～3.06 18.3～30.29 

Standard value* 
3.0 and 
under 

3.0 and 
under 

2.45 and over 
12 and 
under 

35 and under 

*) Standard values are from JIS-A5001. 

Design CBR values are estimated as shown below. 

Table-2.22 Design CBR Values 
Location CBR (average) ① Standard deviation ② CBR (①－②) Design CBR 

km120 Riverbed 56.9 15.9 41.0 20 
Quarry at Dili 28.4 21.9 6.5 6 

 

2) Subgrade materials 

The results of CBR test were shown below. 

Table-2.23 Result of CBR Test 
12 blows 26 blows 55 blows 

Location 
0.1 in 0.2 in 0.1 in 0.2 in 0.1 in 0.2 in 

S1 21.89 27.15 22.65 30.20 39.42 44.72 
S2** 13.44 11.47 7.41 14.38 17.86 19.31 
S3 12.78 15.83 20.91 19.60 22.22 20.47 
S4  9.206  6.33  10.7 
S5 10.42 20.33 25.70 27.44 34.63 34.56 
S6 17.30 12.27 20.47 16.12 31.58 26.57 

**) Sample S2 is adjusted as zero point 

Modified CBR values were estimated below. 

Table 2.24 Modified CBR values 
CBR (%) Location Optimum Moisture 

Content (%) 
Dry density  max 
(g/cm3) Dry density max 90% Dry density max 95% 

S1 15.323 1.833 28.4 33.9 
S2 13.435 1.794 4.7* 9.9* 
S3 12.778 1.859 14.5* 17.7* 
S4 7.368 2.219 9.6* 10.1* 
S5 10.420 1.949 24 29.8 
S6 17.302 1.639 16.6* 20.8* 

Note: S2, S3, S4 and S6 are used as reference, because blow numbers of the test are different from JIS standard. 
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ORGANIZATION CHART OF MINISTRY OF TRANSPORT, COMMUNICAITON & PUBLIC WORKS 
 

 
 
 
 

ORGANIZATION CHART OF THE DIRECTORATE OF PUBLIC WORKS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-2.19 Organization Chart 

Director 
Roads, Bridges & Flood Control (I) 

Chief of Planning and  
Design (1) 

Chief of Flood & Erosion Control  
(1) Chief of Operation & Mtce.(1) 
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Strategic Planning Engr. (1) 
Road Design Engr. (1) 

Bridge Design Engr. (1) 
Contract Engineer (1) 

Flood & River Engineer (1) 

River Manage.& Monitoring (1) 
Landslide & Soil Rehab. (1) 
Hydrological Planning (1) 
Construction & Mtce. (1) 

Regional Engineer (5) 
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Central Stores Officer (1) 

Clerical Assistant (4) 
Driver (4) 
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Design Draftmen (2) 
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Regional Clerical Officer (5) 
Regional Clerical Officer (5) 

District Supervisor (15) 
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Truck Driver (10) 

Driver (5) 
Laborer (30) 

 
Note: 
a] Administrative function of Facilities Unit under Directorate of Administration 
b] Administrative function of Government Transport under Directorate of Equipment 
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Chapter 3 Project Evaluation and Recommendations 

3-1 Project Effect 

3-1-1 Direct Effect of the Project Implementation 
Section Existing Condition and 

Problem 
Countermeasure of this 

Project 
Effect/Improvement of the 

Project 
Aituto - 
Cassa 
(km79 - 
km130) 

<Pavement> 
Many unpaved & damaged 
sections and cave-ins by 
land slides from km79 to 
km110. It is impossible for 
some passenger cars (sedan 
type) to pass this section. 
<Drainage> 
More side ditches are 
installed than the other 
sections but side ditch & 
cross pipe are still 
insufficient in some sections. 
<Slope> 
There are many continuous 
slope failures at 
mountainside. Valley side is 
relatively stable condition 
but widening by retaining 
structures are necessary to 
secure the road width. 

 
Pavement for unpaved area 
and cave-ins & damaged 
locations for almost all lines. 
Overlay for surface is also 
necessary. 
 
 
Installation of side ditches 
and cross pipes for about 25 
km section. 
 
 
Stone masonry retaining 
wall for mountainside slope, 
and gravity type retaining 
wall & gabion blocks for 
valley side slope for about 8 
km sections. 

 
Any type of vehicles will be 
able to pass due to paving 
for unpaved area and 
rehabilitation of slope 
protection/drainage of road 
surface. Therefore, traffic 
function of the road between 
Dili and Suai can be 
recovered/improved. In the 
same way, saving driving 
cost, improvement of time, 
and reducing of damaged 
agricultural production will 
be expected. 

R 
O 
A 
D 

Dili - 
Aileu 
(km2 - 
km45) 

<Pavement> 
Asphalt pavement 
constructed in Indonesia era 
is still almost functioning. 
Average road width of 4.5 m 
is kept. 
<Drainage> 
Side ditch is not installed for 
almost all the route. 
<Slope> 
Collapsing and dangerous 
slopes exist. The cave-in at 
km40 was restored by JEG 
(Japan Engineer Group). 

 
Pavement for partial 
unpaved area and patching 
for damaged area. 
 
 
Installation of side ditches 
and cross pipes for about 30 
km section. 
 
Stone masonry retaining 
wall for mountainside slope, 
and gravity type retaining 
wall & gabion blocks for 
valley side slope for 11 
locations. 

 
Traffic condition will be 
improved due to 
rehabilitation of pavement 
and drainage of road surface, 
thus saving driving cost, 
improvement of time, and 
reducing damaged 
agricultural production will 
be expected. 

km60.3 
Bridge 

Serious damage is on the 
partition wall by ground 
settlement and scouring. 
Collapse is possibly 
expected. 

There is no land acquisition 
problem. Bridge beam 
should be examined 
carefully about type (RC 
slab) and location(L=10.5m) 

Safety for passing users can 
be secured by reconstructing 
the quite dangerous bridges. 

 
B 
R 
I 
D 
G 
E 

Mola 
Bridge 
(km146) 

Driving and crossing in the 
river is necessary. It is 
impossible for some 
passenger cars (sedan type) 
and people to pass the river 
when raining. 

Land acquisition(rightbank), 
scale of flood, method of 
construction and cost 
cutback should be 
considered for bridge type (4 
span steel truss; L=239m) 

During rain, crossing the 
river can be done and traffic 
function of the road will be 
improved. Daily life of the 
inhabitants (transportation of 
life goods, going 
school/hospital, etc.) will be 
improved. 
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3-1-2 Indirect Effect of the Project Implementation 

Indirect Profit Population: Approximately 787,000 (source: Population of Timor-Leste) 

i) Promotion of agricultural activity:  Smooth road traffic flow will be secured, and 

speedy delivery of agricultural production will 

be possible. 

ii) Improvement of inhabitants’ life level: Access of market and transportation of life 

goods will be easier. 

iii) Efficiency to regional level:  Improvement of bottleneck road area and 

bridges will promote the economic and industry 

development around the area 

iv) Efficiency to national level:  Development plan of road sector of National 

Development Plan will be contributed to. 

 

3-1-3 Establishment of Result Index and Forecast of Index after Improvement 

Result Index for daily traffic volume (road traffic) and daily traffic volume of crossing 

bridge are set up. Forecast of index after improvement is set up as the numerical target. 

Section Existing Traffic Volume (No./day) 2011 Traffic Volume (No./day) 
Dili – Aileu 500 665 
Aileu – Aituto 147 196 
Aituto – Ainaro 75 100 
Ainaro – Cassa 47 63 
Traffic Volume of River Crossing Existing Traffic Volume (No./day) 2011 Traffic Volume (No./day) 
Mola Bridge (Vehicle) 63 84 
Mola Bridge (Passenger) 646 756 

 

3-2 Recommendations 

The Government of Timor-Leste, to achieve the project effect, shall properly carry out 

operation, maintenance and management of road and bridge. JICA is planning technical 

transfer by specialist dispatched to support strengthening of the organization of operation, 

maintenance and management. Further more, to carry out the technical support as soft 

component is desirable to increase effectiveness. 
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