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PREFACE

In response to a request from the Government of the Republic of Indonesia, the Government of
Japan decided to conduct a basic design study on the Project for the Improvement of Bridges in

Nias Island and entrusted the study to the Japan International Cooperation Agency (JICA).

JICA sent to Indonesia a study team from February 10 to March 9, 2008.

The team held discussions with the officials concerned of the Government of Indonesia, 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 Indonesia 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 my sincere appreciation to the officials concerned of the Government of the

Republic of Indonesia for their close cooperation extended to the teams.

October, 2008

Eiji Hashimoto
Voice-President

Japan International Cooperation Agency



October, 2007

Letter of Transmittal

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

Improvement of Bridges in Nias Island in the Republic of Indonesia.

This study was conducted by Katahira & Engineers International under a contract to JICA,
during the period from January 2008 to October 2008. In conducting the study, we have
examined the feasibility and rationale of the project with due consideration to the present
situation of Indonesia 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,

Kazuyuki Hiraoka

Project manager,

Basic design study team on the Project
for the Improvement of Bridges in Nias
Island in the Republic of Indonesia
Katahira & Engineers International



1.

Summary
Outline of the Country

The area of Indonesia is composed of approximately 18,000 islands. It is the world's largest
archipelagic country. With a population of 221,654,500 people in 2006, it is the world's fourth
most populous country. The country area is about 1,940,000 square kilometers. Indonesia is the
world's 16th largest country in terms of country area. Nias Island is located 125 kilometers west
off the shore of Sumatra Island. It is under the jurisdiction of North Sumatra Provincial
Government. The island has an area of about 5,625 square km and a population of about 730,000.
Nias Island belongs to tropical rainforest climate. Annual rainfall is 2,800 to 3,200 mm. The
rainfall is not much different during rainy seasons and dry seasons. Temperatures vary slightly
throughout the year; the average daily temperature range is 25-30 °C. Nias Island is located on
Indo-Eurasia tectonic plate. Subduction of Indo-Australia tectonic plate under the Indo-Eurasia
tectonic plate at west off Nias Island formed Sunda Trench. Such tectonic activities cause

carthquakes in the area.

Indonesia has extensive natural resources, including crude oil, natural gas, tin, copper, and
gold. Major agricultural products include rubber, rice, palm oil. Indonesia was the country
hardest hit by the East Asian monetary crisis in late 1990s. However, the economy has recovered
significantly through an economic reform. GDP growth exceeded 5% in both 2004 and 2005, and
is forecast to increase further. The growth rate, however, is not enough to make a significant
impact on unemployment and stagnant wages growth. And increases in fuel and rice prices have
worsened poverty levels. As of 2006, an estimated 17.8% of the population live below the poverty
line. 49.0% of the population live on less than US$2 per day, and unemployment rate at 9.75%.

2. Background of the Project

Nias Island was severely stricken by two huge earthquakes, the north Sumatra offing earthquake
in December 2004 and the northern Nias offing earthquake in March 2005. Some 2,000 people
were reported to have been killed in the island. The road was totally damaged by embankment
collapse, slope failure and ground flow caused by liquefaction. As for bridges, damage of pile
heads, inclination of piers and abutments caused by ground settlement and flow, while abutment

slant along with superstructure collapse took place here and there to a large extent.

Under the situation, the Government of Indonesia has established the BRR (Badan Rehabilitasi
dan Rekonstruksi Aceh dan Nias = Rehabilitation and Reconstruction Agency of Aceh and Nias)
under BAPPENAS’ initiative to realize the master plan for the restoration of Aceh Province and
Nias Island, and promoted the restoration programs involving aids from the international financial

institutions and NGOs. The restoration programs comprise four pillars as follows: (1)
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Reconstruction of houses and communities, (2) Recovery of infrastructures, (3) Development of
local economy and (4) Capacity development. The BRR has been leading the restoration
programs by restoration of houses, markets, water supply, sewerage, irrigation, airport, ports,
roads, bridges, communication and electric power stations and other facilities in Aceh Province
and Nias Island. BRR has been implementing restoration of bridges along provincial roads in
Nias Island, however, bridges damaged by the earthquakes still remain and are possible to
collapse when an earthquake comes. Also, bridges restored with temporary structures are

obstructing the traffic.

Taking the situation into account, the Government of Indonesia (GOI) requested assistance from
the Government of Japan (GOJ) for the restoration of seven bridges. In response to the request, a
preliminary study was conducted in July 2007. The preliminary study team found that 4 of the
requested bridges had been reconstructed or committed to be reconstructed, and 2 of the requested
bridges were damaged slightly but structurally stable. Consequently, those 6 bridges were
excluded from the study. Meanwhile, there were bridges which were necessary to be
reconstructed urgently but not included in any restoration program. The study team has made
discussions with the Indonesian concerned parties that the newly requested 6 bridges including

one originally requested bridge were decided to be the subject of the study.

3. Outlines of the Survey Results and Contents of the Project

Japan International Corporation Agency (JICA) sent a basic design study team to Indonesia from
February 10 to March 9, 2008 in order to make discussions with the concerned officials of the
Government of Indonesia and conducted a field study at the study area. On their return to Japan,
further studies were made to develop an optimum basic design of the bridge facilities, and a draft
final report was prepared. Then, JICA sent a mission to Indonesia from July 24 to August 2, 2008

for discussions on the draft basic design, which results in finalizing the report.

The design policy employed for the planning of the Project bridges is as follows:

- Design specifications issued by the Ministry of Public Works, Indonesia are basically applied.

- Integral type structure, which is seismic resistant, is adopted since Nias Island is prone to
earthquake.

- Steel girder is used for the superstructure since it is superior to concrete girder in terms of
seismic resistance, construction ease and construction safety, while both are nearly the same in
terms of cost and maintenance requirement.

- New bridge locations are selected to minimize resettlement and land acquisition.

- The bridges are planned to be optimum to the site conditions.

- Cost efficiency should be considered in bridge planning and construction planning. All
materials and equipment are planned to be procured from Indonesia.

- Maintenance requirement should be minimized.
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The Project bridges are planned on the basis of the above policies. The components of the

Project bridge facilities are as summarized in the following table.

Components of the Project Bridge Facilities

Bridge Name Nou Nou A Gido Si’ite | Idano Gawo Mezaya Sa’ua
Bridge Length 41.5m 495 m 40.0 m 151.0 m 94.0 m 535m
3.0+32.0+ 29.0+36.0+
S 1@4l.5 2@?24.75 1@40.0 2@?26.75
pan @ @ @ 2@42.0+32.0 29.0 @
Carriageway 7.0 m 6.0 m 6.0 m 6.0 m 6.0 m 6.0 m
Bridge
Width Sidewalk 1.0 m 0.5m 0.5m 0.5m 0.5m 0.5m
Total 9.5m 7.5m 7.5m 7.5m 7.5m 7.5m
Steel Plate Steel Plate Steel Plate Steel Plate Girder Steel Plate Steel Plate
Superstructure Type Girder Girder Girder Girder Girder
Bored Pile Bored Pile Bored Pile Bored Pile Bent Bored Pile Bent | Bored Pile Bent
Substructure Type Bent Bent Bent
Bridge Deck AC (6cm) | AC (6cm) | AC (6em) | AC (6cm) AC (6¢m) AC (6cm)
Pavement
Approach Road 70.8 m 90.5m 180.0 m 209.0 m 181.0m 186.5m
Length
App. Carriageway 7.0 m 6.0 m 6.0 m 6.0 m 6.0 m 6.0 m
Road
Width Sidewalk 1.0 m 1.0m 1.0m 1.0m 1.0m 1.0m
Approach Road AC (8cm) | AC (8cm) AC (8cm) AC (8cm) AC (8cm) AC (8cm)
Pavement
ﬁggﬁg;ag}g‘ Road 39.0m 73.0m 0.0 0.0 95.0 m 129.0 m
Length
Revetment Type PC Sheet PC Sheet Gabion Gabion Gabion+Wall+ | Wall + Conc.
Pile Pile Mattress Mattress Conc. Block Block
: 74.0 m 48.0 m Gabion 53 Gabion 680 ea. | Gabion 22ea+ | Wall 42.0 m.
Revet t tit >
evetment Quantity ea. Wall 17.0m + Conc. Block
Conc. Block 486 ea.
25 ea.
Total Bridge Length 429.5 m
Total Approach Road Length 917.8 m

4. Project Period and Rough Cost Estimate

In case the Project is implemented, the detailed design will take 6.8 months and the construction
will take 20.5 months. The Project will be implemented in accordance with the Japan’s Grant Aid
scheme and the cost will be determined before concluding the Exchange of Notes (E/N) for the

Project.
5. Project Evaluation
The direct beneficiaries of the Project are the population along the Provincial Road No. 75

(Approximately 500,000), whereas the indirect beneficiaries are the population of Nias Island
(Approximately 730,000).




(1) Direct Effects
- The existing bridges are unsafe as they have been damaged by the earthquakes and will
possibly collapse when an earthquake comes, while seismic resistant bridges will secure safe

and reliable traffic facilities.

- The existing bridges force vehicles to slow down due to large gaps on bridge deck of Nou
Bridge and Gido Si’ite Bridge, hard vibration from the temporary bridges of Idano Gawo
Bridge and Sa’ua Bridge and weak wooden deck slab of Mezaya Bridge, while on the new
bridge motor-vehicles can run faster. (Present vehicle traffic speed at 5 to 20 km/hr will
increase to 40 to 60 km/hr after the Project.)

- The single lane bridges (Nou A Bridge, I[dano Gawo Bridge, Mezaya Bridge and Sa’ua Bridge)
delay traffic from one of both directions. While the new bridges will allow both traffic

directions without stopping and waiting.

- The temporary bailey bridges, Idano Gawo and Sa’ua bridges are impassable for vehicles
heavier than 6 tons and B-class truss, Nou A and Mezaya bridges, are impassable for vehicles
heavier than 15 tons, while the new bridges will be passable for vehicles of any size. And the

transportation of goods become more efficient by using large capacity trucks.

- Nou Bridge which is located along Provincial road No. 75 in Gunung Sitoli causes traffic
congestion during commuting hours. Replacing Nou bridge with another bridge 1 m wider
than the existing bridge and replacing Nou A bridge which is a single lane bridge at the

downstream side of Nou bridge with 2-lane bridge will mitigate the traffic congestion.

(2) Indirect Effects
- Providing efficient and reliable transportation facilities means improving accessibility for
residents to public services and also stimulating socio-economic activities in the island. And it

will result in contributing to achieve the overall objectives of earthquake disaster restoration.

- Construction of earthquake-resistant bridge improves level of disaster prevention of the
Island’s trunk road. It secures the road for evacuation and transportation of relief goods in case

of disasters.

6. Recommendations
Since the project will make significant effects as mentioned above and contribute to the
improvement of the residents’ living condition, the project will be worth being implemented

under the Japan’s grant aid.

In order to realize, enlarge and sustain the effects of the Project, responsibilities to be undertaken



by the Indonesian side are as follows:
- To adequately carry out maintenance and repair works to keep the road and bridges in good
condition and in order to maximize their serviceable lives.

- To review and maximize the efficiency of the road network traffic operation connected to Nou

and Nou A Bridge in Gunung Sitoli on the opening of the new bridges.



Table of Contents

Preface

Letter of Transmittal
Summary

Table of Contents

Location Map / Perspective
List of Figures & Tables
Abbreviations

Page
CHAPTER 1 BACKGROUND OF THE PROJECT .....cciiiiiiiieieerieeeeseeee e 1-1
1.1 BACKGROUND, HISTORY AND OUTLINE OF THE PROJECT ...........c.......... 1-1
1.2 NATURAL CONDITIONS ..ottt sttt 1-3
1.3 ENVIRONMETNAL AND SOCIAL CONSIDERATIONS.......cooeiieieienieneeeene 1-5
CHAPTER 2 CONTENTS OF THE PROJECT .....ccotiiiiiiiiiieeeeeeeeeeee e 2-1
2.1 BASIC CONCEPT OF THE PROJECT ......oooiiiiiiieeeeeeee e 2-1
2.1.1  Overall Goal and Project PUrpose..........cccceereeriiiiiieiiinienieee e 2-1
2.1.2  Basic Concept of the Project........cceivcieieiiieiiiieciiecie ettt 2-2
2.1.3  Environmental and Social Consideration............cceceeveeroiieiieeneenienieeeeeeeene 2-4
2.2 BASIC DESIGN OF THE REQUESTED JAPANESE ASSISTANCE................... 2-7
2.2.1  Design Standards and Criteria..........cceerierieriiieiieenienie ettt 2-7
2.2.2  BaSIC DESIGN ...uveeevieiieiieiieeie ettt ettt teete e e ettt e snteanbeenbeensaesaennnes 2-12
2.2.2.1  Bridge StIUCIUIES ......eeviiereieeieeieeieesieesteetesbeeteesseeseeesnseessaesaessaesssesssennsens 2-12
2.2.2.2  Selection of Bridge LoCationS .........cccecverieerieriiriieieeieeseesresereeseeieeseeens 2-18
2.2.2.3  Bridge Planning..........cccoecvevieiiiiiieeiieseestesteste et ene e 2-25
2.2.3  BASIC DESIGN DRAWINGS ....c.coiiiiiiiieee ettt 2-31
2.2.4  Implementation PLan ..........ccccoecieeiieiiienieiie et 2-103
2.2.4.1 Implementation POIICY ......ccceiiiiiiiiiiiiiieie e 2-103
2.2.4.2  Implementation CONditioNS ...........cccveevveeecieeeniienrieerieeereeeseeesereeeeneesenens 2-104
2.2.4.3  SCOPE OF WOTKS......viieiiiieiie ettt et 2-110
2.2.4.4  Construction Supervision Plan ............cccccoeeiieiiiiiiiiiiciieceecee e, 2-110
2.2.4.5  Quality Control Plan...........ccoooiiiiiiiiiiii et 2-112
2.2.4.6  Procurement PIan ........c.ccoooiiiiiiiiiii e 2-113
2.2.47 Implementation SChedule............ccoeevieriieriieiiieiie e 2-114
2.3 OBLIGATIONS OF THE GOVERNMENT OF INDONESIA .....cccccceiiiiiieieens 2-114
2.4 PROJECT OPERATION AND MAINTENANCE PLAN.....cccootiiiiinieieeeeee, 2-118
2.5 PROJECT COST ESTIMATION ......coiiiiiiiiieieeteese ettt 2-119
2.5.1  Initial ProjeCt COSt .oouviviiriieiieiieiieiiesee sttt eteeieeseeseaeseaesaesnseesseesseeseessnas 2-119



2.5.2  MaINtENANCE COSt.uuiiiiiiiiiiiiiiiieeeeeeeeeeeee et ee e e e e e eeeeeeeeeeseseeaaeeeeeesessssaaseeeeesesnnas 2-119

2.6 OTHER RELEVANT ISSUES.......oooioiiieierie ettt ettt ese s essee s 2-122
CHAPTER 3 PROJECT EVALUATION AND RECOMMENDATIONS .......ccoceviriennee. 3-1
3.1 Project EfECtS .ouviiiiie ettt e 3-1
3.2 ReCOMMENAALIONS .....eeiviiiiiiieiiieeiee ettt ettt e et e e sb e e etae e sbeeeseseessseeenens 3-2
[ Appendices ]

1. Member List of the Study Team

. Study Schedule

. List of Parties Concerned in the Recipient Country
. Minutes of Discussions

. References

S O bW N

. Minute of Public Consultation and Stakeholder Meetings

-1 -



Legend

= Provincial Roads

~——— Local Roads

LOCATION MAP OF STUDY BRIDGES



(a8pug en, es) aAnoadsiog




<Figure>
Figure 2.2-1
Figure 2.2-2
Figure 2.2-3
Figure 2.3-1 (1/2)
Figure 2.3-1 (2/2)

< Table>
Table 1.1-1
Table 1.2-1
Table 1.2-2
Table 1.2-3
Table 1.2-4
Table 1.3-1
Table 1.3-2

Table 2.1-1
Table 2.1-2
Table 2.1-3
Table 2.2-1
Table 2.2-2
Table 2.2-3
Table 2.2-4
Table 2.2-5
Table 2.2-6
Table 2.2-7 (1/6)
Table 2.2-7 (2/6)
Table 2.2-7 (3/6)
Table 2.2-7 (4/6)
Table 2.2-7 (5/6)
Table 2.2-7 (6/6)
Table 2.2-8 (1/6)
Table 2.2-8 (2/6)
Table 2.2-8 (3/6)
Table 2.2-8 (4/6)
Table 2.2-8 (5/6)
Table 2.2-8 (6/6)

List of Figure & Table

Page
Proposed Width Composition of Project Bridges..........ccceevveevieiievieenieniccieenens 2-8
Pavement structure for approach road............ccceeevieiievienieiie e 2-11
Detour Plan during Construction of Nou Bridge and Nou A Bridge..................... 2-105
Temporary Bridge Plan...........cooooiiiiiiiiiiiececee e 2-114
Temporary Bridge Plan...........cooooiiiiiiiiiceece st 2-115
Present Condition and Reconstruction Necessity of the Project Bridges............... 1-2
Weather Data (Binaka Airport, Gunung Sitoli) ........ccccccveviveriieriieeiieeieerienieeeeen 1-3
RaINTAI] TNEENSIEY ..eevvieniieiieeieeie ettt eb e e be e ba e esneeens 1-4
Calculation of Peak Discharges of the Project Bridge Site .........ccccccvvevveeennennee. 1-4
Traffic Volume of the Project Bridge Sites.......c.ccocvviiviiieiiieeniieeieecieecee e 1-5
Environmental Impact Assessment System (AMDAL)......c.ccocevveeviieviiecciieeieens 1-6
Procedure of Land ACQUISITION ........ccciiiiiieiiie e et eeiee e e aee e e eveeeseree e 1-7
Outline of Public Hearing/Stakeholder Meeting ...........ccccveeeeiencieeenieeciie e 2-5
Land Acquisition and Resettlement Necessary for the Project..........c.ccccvevvvennennee. 2-5
Probable Negative Impacts and Mitigation Measures............ceceveeeerencenencnnens 2-6
Present and Forecasted Traffic Volume (PCU,” day) ......cccooooeeeeieeecennn. 2-7
Peak Hour Traffic Volume at Nou bridge (PCU) .....c.cccovvvviireerieieieiiceeieeiea 2-7
Geometric Standard of Bridge Approach Road..........ccccoeevvvcivivienienienieeieeeee, 2-11
Comparison of SUperstructure TYPE .......ccvevvverieriiriieiieieeriee e ere e ere e e 2-15
Comparison of Foundation TYPE ........ccccveiiviiiiiieiiiiecieeete e 2-16
Comparison of Revetment and Abutment Protection Type ........cccceevvveviieeneennee. 2-17
Comparison of Nou Bridge Location Scheme..............ccceocvieeciieiiieeniiceiee e, 2-19
Comparison of Nou A Bridge Location Scheme ............ccccooiieniiiiiniiiiiniieene 2-20
Comparison of Gido Si’ite Bridge Location Scheme............ccceevvveiiiiinieriieen, 2-21
Comparison of Idano Gawo Bridge Location Scheme............ccccevieiiiiiciniennnnns 2-22
Comparison of Mezaya Bridge Location Scheme...........ccccoooevieiiniininiincncens 2-23
Comparison of Sa’ua Bridge Location Scheme ...........c.coccvevieviieniirecieeciieieene, 2-24
Bridge Planning of Nou Brid@e.........cccccevieiiiiiiniieiieeeeeceeeee e 2-25
Bridge Planning of Nou A Bridge.......ccccevevveiieriiiniienieeiecieeeeeeiee e 2-26
Bridge Planning of Gido Si’ite Bridge ........cceveeeviiriiiniiieiieriieeieee e 2-27
Bridge Planning of Idano Gawo Bridge ...........cceevvviiivienieriencie e 2-28
Bridge Planning of Mezaya Brid@e ..........ccccceiiiiiiiiiiiiieeeeeee e 2-29
Bridge Planning of Sa’ua Bridge.........cccoooiiiiiiiiiiiiiieeeeeeeeeeee e 2-30



Table 2.2-9

Table 2.2-10
Table 2.2-11
Table 2.2-12
Table 2.2-13
Table 2.2-14
Table 2.2-15
Table 2.2-16
Table 2.2-17
Table 2.2-18
Table 2.5-1

Comparative Span Arrangement of Project Bridges..........ccccevvervineiieniniencncne 2-31

Major Components 0f the ProOJect........c.ccvverierieiiiiniiieiieniesie e 2-31

Major Components of UPL & UKL ........cccoccviiiiiiiiiiiiie ettt 2-109
Major Component of Recommendation from BAPEDALDA ..........cccccveevvennee. 2-110
Responsibilities of Both GOVEINMENLtS............cceevieviienieeniiecieeeie e 2-110
Quality Control Plan for Concrete Work .........cccocveeviiiienieenienie e 2-112
Quality Control Plan for Earthwork and Pavement Work .............c.cccceevveviennnnee. 2-112
Quality Control Plan for Plate Girder Fabrication Work ............cccceeevievieniennnne. 2-112
Material and Equipment Procurement Plan...........c.ccocovoieiininninniininiencee 2-113
Implementation SChedule ...........ccooviiriiieciiiiee e 2-114
Maintenance Works and Annual Cost..........cocceceririiininieiinieneneeeescee e 2-120



AASHTO
AMDAL

BAPEDALDA

BAPPENAS

BRR

DGH
EIA
E/N
GDP
IREP
JIS
M/D
MPW
NGO
ODA
PAPs
PC
RC
Rp
Sta.
UKL

UPL

Abbreviations

: American Association of State Highway and Transport Officials

: Environmental Impact Assessment

(Analisis Mengenai Dampak Lingkungan Hidup)

: Regional Environmental Impact Management Agency

(Badan Pengendalian Dampak Lingkungan Daerah)

: National Development Planning Agency

(Badan Perencanaan Pembangunan Nasional)

: Rehabilitation and Reconstruction Agency of Aceh and Nias

(Badan Rehabilitasi dan Rekonstruksi Aceh dan Nias)

: Directorate General of Highways

: Environmental Impact Assessment
: Exchange of Note

: Gross Domestic Products

: Infrastructure Reconstruction Enabling Program
: Japan Industrial Standards

: Minutes of Discussions

: Ministry of Public Works

: Non Governmental Organization

: Official Development Aid

: Project Affected Persons

: Prestressed Concrete

: Reinforced Concrete

: Rupiah (Indonesian currency)

: Station

: Environmental Management Measures

(Upaya Pengelolaan Lingkungan Hidup)

: Environmental Monitoring Measures

(Upaya Pemantauan Lingkungan Hidup)



1.1

CHAPTER1 BACKGROUND OF THE PROJECT

BACKGROUND, HISTORY AND OUTLINE OF THE PROJECT

Nias Island was severely stricken by two huge earthquakes, the north Sumatra offing
earthquake in December 2004 and the northern Nias offing earthquake in March 2005. Some
2,000 people were reported to have been killed in the island. The road was totally damaged by
embankment collapse, slope failure and ground flow caused by liquefaction. As for bridges,
damage of pile heads, inclination of piers and abutments caused by ground settlement and flow,
while abutment slant along with superstructure collapse took place here and there to a large

extent.

Under the situation, the Government of Indonesia has established the BRR (Badan
Rehabilitasi dan Rekonstruksi Aceh dan Nias = Rehabilitation and Reconstruction Agency of
Aceh and Nias) under BAPPENAS?’ initiative to realize the master plan for the restoration of
Aceh Province and Nias Island, and promoted the restoration programs involving aids from
the international financial institutions and NGOs. The restoration programs comprise four
pillars as follows: (1) Reconstruction of houses and communities, (2) Recovery of
infrastructures, (3) Development of local economy and (4) Capacity development. The BRR
has been leading the restoration programs by restoration of houses, markets, water supply,
sewerage, irrigation, airport, ports, roads, bridges, communication and electric power stations
and other facilities in Aceh Province and Nias Island. BRR has been implementing
restoration of bridges along provincial roads in Nias Island, however, bridges damaged by the
earthquakes still remain and are possible to collapse when earthquakes come. Also, bridges

restored with temporary structures are obstructing the traffic.

Taking the situation into account, the Government of Indonesia (GOI) requested assistance
from the Government of Japan (GOJ) for the restoration of seven bridges. In response to the
request, a preliminary study was conducted in July 2007. The preliminary study team found
that 4 of the requested bridges had been reconstructed or committed to be reconstructed, and 2
of the requested bridges were damaged slightly but structurally stable. Consequently, those 6
bridges were excluded from the study. Meanwhile, there were bridges which were necessary to
be reconstructed urgently but not included in any restoration program. The study team has
made discussions with the Indonesian concerned parties that the newly requested 6 bridges

including one originally requested bridge were decided to be the subject of the study.
This project is to reconstruct the 6 bridges damaged by the earthquakes and currently

unreliable and obstructing the traffic. The present condition and the reconstruction necessity of

the bridges are summarized on Table 1.1-1.

1-1
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1.2

NATURAL CONDITIONS

(1) Climate

Nias Island belongs to tropical rainforest climate. The rainfall is not much different in rainy
seasons and dry seasons. There is only one weather station in Binaka Airport in Nias Island.
The weather data of temperature, rainfall, humidity, wind velocity and wind direction recorded
there since 1985 are available. The monthly average temperature and rainfall from 2002 to
2006 are as shown in Table 1.2-1.

Table 1.2-1 Weather Data (Binaka Airport, Gunung Sitoli)

Month Average Temperature  (°C)
Year 2002 2003 2004 2005 2006
Jan. 26.4 26.1 26.7 26.4 25.7
Feb. 26.6 26.3 26.1 27.0 26.5
Mar. 264 26.4 26.3 26.7 26.1
Apr. 26.7 26.5 26.6 26.8 26.0
May 26.7 26.1 26.2 26.6 26.3
Jun 26.1 26.5 25.7 26.2 26.2
Jul 25.8 25.2 25.5 25.8 25.6
Aug. 25.8 25.6 254 25.7 25.6
Sep. 25.6 25.4 25.5 25.7 253
Oct. 25.7 25.5 25.9 253 25.5
Nov. 25.7 25.6 26.0 25.2 26.1
Dec. 26.3 25.5 25.8 25.1 26.5
Month Rainfall (mm)
Year 2002 2003 2004 2005 2006
Jan. 448 284 275 163 217
Feb. 146 180 209 52 210
Mar. 218 283 225 209 179
Apr. 124 323 203 107 302
May 279 207 129 195 81
Jun 180 137 215 206 217
Jul 218 252 198 168 202
Aug. 189 313 189 221 250
Sep. 206 315 433 255 275
Oct. 347 360 277 595 318
Nov. 381 364 313 344 235
Dec. 341 269 305 290 234
Total 3,077 3,288 2,972 2,805 2,720

(2) Hydrology

Rainfall intensities (mm/day) were derived from an analysis using “Gumbel Method” on the
basis of the rainfall data in last 20 years obtained from the Binaka Airport Weather Station.

The rainfall intensities verses return periods are shown on Table 1.2-2.
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Table 1.2-2 Rainfall Intensity (mm/day)

Return Probale Rainfall (mm/day)
period
(year) I;;E;iﬁ?;il Gumbel's Method
10 131 145
20 145 165
30 153 177
40 158 185
50 163 191
100 176 211

The calculation of peak discharges of the Project bridge site are shown in Table 1.2-3.

Table 1.2-3  Calculation of Peak Discharges of the Project Bridge Site

No. 1 2 3 4 5 6
R o Remarks
BRIDGE Nou Nou A Gido Si'ite Idano Gawo Mezaya Saua
Watershed A (km2) 40.7 40.7 23.4 91.7 77.4 48.2
Watercourse L (km) 11.8 11.8 10.5 15.6 12.7 16.1
Diference of Elv. (H) 300 300 270 480 400 320
Average Slope 0.0254 0.0254 0.0257 0.0308 0.0315 0.0199
Time of concentration
Kraven Formula (min.) 56 56 50 74 60 77 |empirical formula
Uniform-flow Velocity 109 109 98 125 104 160
Formua (min)
Kadoya's Formula (min) 126 126 108 160 152 152
Adopted tc (min) 110 110 100 140 120 150 |rounded to 10 min.
Rainfall intensity (Mononobe's Formula) R24= 191mnVday
r (mm/hr) =| 44.2 44.2 47.1 37.6 41.7 35.9
Peak Discharge Qp (m3/s) = 1/3.6-f:r-A Rational formula
revers in
Runoff Factor = 0.8 0.8 0.8 0.8 0.8 0.8{mountanious
district
Qp (m3/sec) = 400 400 245 766 717 385

(3) Geography/Geology

Nias Island is located 125 kilometers west off the shore of Sumatra Island and is under the

jurisdiction of North Sumatra Provincial Government.

The island has an area of about 5,625

sq. km and a population of about 730,000. Mountain chains run from east to west of the island

of which peak exceeds 2,000 m from the sea level. The east coast of the island is swampy land

covered by mangrove trees. Nias Island is geographically suitable for surfing since the island

is surrounded by the deep-sea.

Nias Island is located on Indo-Eurasia tectonic plate. Subduction of Indo-Australia tectonic

plate under the Indo-Eurasia tectonic plate at west off Nias Island formed Sunda Trench and

the archipelago including Nias. Such tectonic activities cut and bend the plates, causing

earthquakes in the area.




The geology of the Project bridge sites are shown in Table 2.2-8 in Chapter 2.

(4) Traffic Condition

Traffic count survey was conducted at the Project bridge sites. The traffic volume at the

Project bridge is shown on Table 1.2-4.

Table 1.2-4 Traffic Volume of the Project Bridge Sites

Survey Date N Pedes- . Motor . . . Truck AADT
Direct Bicycl C Pickup |Light Truck | Light Bus | Large B
Station | (2008%%) |~ oMl han Y Bike ar fekup ) Hght frucky Light Bus §RABEBUS | o siony | (Veh./day)
To South
Nou o | 1640 2053 14358 628 332 31 0 3 17227
To North 1568 3503 15987 729 804 465 10 2 14
To South
Nou A s |5 238 2009 3217 126 512 377 12 0 0
To North 254 189 384 8 0 0 0 0 0
To South
Gdosite | pe |TOSo8 84 186 1382 63 260 86 1 0 0o
To North 90 193] 1606 68 218 91 0 5 61
To South
dano Gawo | 21pep TS 254 100 852 80 133 102 1 0 Bl s
To North 338 104 878 4 144 o4 2 1 62
To South 178 s8| a4 58 146 48 2 1 3
Mezaya 19-Feb  ——n 1,232
To North 317 116 520 41 141 115 5 0 15
To South
Saua lpey LTOSo 200 28 943 34 146 78 0 1 £
To North 154 128 748 44 152 92 9 0 25
PCU rate - 02 03 1 1 1 1 2 2

Note: Figures in the table are 12 hour (6:00-18:00) survey data. AADTs are PCU (passenger car unit converted) for both directions for 24 hour (1.3 time of 12 hours).

1.3 ENVIRONMETNAL AND SOCIAL CONSIDERATIONS

(1) Environmental Impact Assessment System (AMDAL)

The standard procedure of the environmental impact assessment system (AMDAL) is shown

in Table 1.3-1. To expedite the restoration of disaster by the earthquakes and tsunami in Aceh

and Nias, a simplified AMDAL system was introduced by Decree of Ministry of Environment
No. 308 in 2005. The simplified AMDAL is applicable to this Project and Environmental
Management Plan (UKL) and Environmental Monitoring Plan (UPL) are required to submit to
the Environmental Impact Management Agency (BAPEDALDA) in Medan. The Directorate

General of Highways of the Ministry of Public Works, the Project implementation agency, is

responsible to prepare and submit the UKL and UPL.
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Table 1.3-1 Environmental Impact Assessment System (AMDAL)

. Project Proponent (Directorate of
Environment Impact Management : P (

Stakeholder Planning, Directorate General of

Agency (BAPEDALDA) Highway, MPW)
Submission of Project
Activity and Contents of]
Planning
X Notification of
final letter arrangement for

beforey Preparation of ANDAL

Submission of Opinion final letter
and Suggestion ™\ before TOR
Preparation and
Submission of Impact
Matrix (KA-ANDAL)
Consultation <
)
s
=3
(=N
| B
o
! >
- <
. — Evaluation of KA- S
Submission of Opinion ANDAL by the L:E
and Suggestion Committee (max 75 days) @2
&
B

l

Preparation and
Submission of UKL &
UPL

!

Evaluation of UKL &
UPL by the Committee

y
Approval and Issue of
Recommendation Letter

$00T SOE "ON JUSUIUOIAUL
JO AnSIUIA] JO 99109(] Aq WNSAS TVAINY PoyIjdug

(2) Land Acquisition

The basic laws for land acquisition and compensation has been constituted in the Presidential
Degree No.55 issued in May 1993, and the procedure of land acquisition, public hearing,
determination of compensation price, application of objection have been regulated in Practical
Rule issued in 1994. The road right-of-way (ROW) of the provincial roads are 12 m and
regency roads are 8.5m for each side from the center of the road is regulated by the local
governments. However, if the ROW has not yet been clearly established anywhere, the
government admits the ownership of the land within the ROW which have been resided for
more than 20 years, and compensates for the cases of land acquisition for constructions.

Therefore, illegally occupied land within the ROW for less than 20 years will never be
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compensated by the government but compensation is made only for houses, trees, wells and
other properties when necessary to be removed for constructions. The land acquisition for the
Project should be started after the signing of the Exchange Note of the Project and should be
completed before the commencement of the construction. The procedure of the land

acquisition is shown on Table 1.3-2.

Table 1.3-2 Procedure of Land Acquisition

Project Affected

Land Acquisition

Directorate General of
Highway, Ministry of

Land Administration
Agency (BPN) in Nias

Head of Regency in

Provincial Development
and Planning Board in

Persons (PAPs) Committee . Nias Island (Bupati) Nias Island
Public Works (MPW) Inland (BAPPEDA)
Request Letter on N ~ -
Location Permit Information
5
Issue
»| Recommendation

for the Letter

Issue Decree on the
Letter

Request Letter on
Land Acquisition

Land Acquisition
Resettlement Action

l Plan

Consultation

Invitation to Public
Public Consultation

Detail Measurement
l Survey of the Assets
Invitation to
Negotiation
| Agreement/
Contract
Disbursement of
Compensation
Demolition of Protection of Land
Structure and
Cleaning of Land
Note: Members of Committee consist of;

- Reginal Secretary as a Chief

- Echelon IT as a Vice of Chief

- Chief of BPN as a Secretary

- Chief of Agency related to Land Acquisition
- Public Works Agency

- Agricultural Agency

- Tax Agency

- Head of Sub-district

- Head of Village




2.1

2.1.1

CHAPTER 2 CONTENTS OF THE PROJECT

BASIC CONCEPT OF THE PROJECT

Overall Goal and Project Purpose

Overall Goal and Project Purpose

Nias Island was severely stricken by two huge earthquakes, the north Sumatra offing
earthquake in December 2004 and the northern Nias offing earthquake in March 2005. Some
2,000 people were reported to have been killed in the island. The road was totally damaged by
embankment collapse, slope failure and ground flow caused by liquefaction. As for bridges,
damage of pile heads, inclination of piers and abutments caused by ground settlement and flow,
while abutment slant along with superstructure collapse took place here and there to a large

extent.

The Government of Indonesia has established the BRR (Badan Rehabilitasi dan Rekonstruksi
Aceh dan Nias = Rehabilitation and Reconstruction Agency of Aceh and Nias) under
BAPPENAS?’ initiative to realize the master plan for the restoration of Aceh Province and Nias
Island, and promoted the restoration programs involving aids from the international financial
institutions and NGOs. The restoration programs comprise four pillars as follows: (1)
Reconstruction of houses and communities, (2) Recovery of infrastructures, (3) Development
of local economy and (4) Capacity development. The BRR has been leading the restoration
programs by restoration of houses, markets, water supply, sewerage, irrigation, airport, ports,
roads, bridges, communication and electric power stations and other facilities in Aceh

Province and Nias Island.

This bridge project aims to support the above restoration programs by improving the bridges
damaged by the earthquakes and too dangerous for the traffic. The bridges proposed for
Japan’s grant aid require high constructional technique that is difficult for locally common

technique to construct.

Outline of the Project

This project is to reconstruct the following 6 bridges damaged by the earthquakes and

currently unreliable.

- Nou bridge (at Sta 0.6 km along Provincial Road No. 75 in Gunung Sitoli City)
- Nou A bridge (at Regency Road in Gunung Sitoli City)

- Gido Si’ite bridge (at 20.2 km along Provincial Road No. 75)

- Idano Gawo bridge (at 36.3 km along Provincial Road No. 75)
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2.1.2

- Mezaya bridge (at 87.5 km along Provincial Road No. 75)
- Sa’ua bridge (at 101.0 km along Provincial Road No. 75)

The implementation of this project is to ensure the safety and smooth traffic along the
Provincial Road No.75 which serves as the most important trunk road in the island. It will help
promoting and restoring the economic development of the island, and it will additionally

function as the evacuation and rescue route in case of disasters in the future.

Basic Concept of the Project

Scope of the Japanese Assistance

The scope of the Japanese assistance covers the following works:

- Removal of existing bridges (if necessary for the new bridge construction).

- Construction of bridge structures.

- Approach roads (Minimal length to connect the new bridge with the existing road).

- Abutment protections, riverbank protections, scouring protections (Minimal areas to
protect the new bridges).

- Installation of detour bridges (if necessary for the new bridge construction).

Consideration for Natural Conditions

In the bridge planning and designing, the natural site conditions such as topographical
condition, geological condition, river condition, seismic condition are taken into consideration.
The design flood levels are determined by comparison between the flood levels obtained from
hearing / observation survey and from hydraulic analysis with 50-year period probability. The
bridge structure should be seismic-resistant since the site is a prone area potential for

earthquake.

Consideration for Socio-economic condition

The bridge width and design load are determined by taking the present and future traffic
volume and traffic composition into consideration. The road width, the pavement structures
and the geometric standards of the bridge approach roads are designed by taking the traffic

condition of the sites into consideration.

Consideration for Construction and Procurement Conditions

Local materials and local products are utilized at optimum. Materials are selected by
comparing their quality, cost and procurement possibility. Efficient construction plan is
prepared by taking the availability of local materials, machines, labors, and so on into

consideration.
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Operation and Maintenance Policy

After the completion of project, Nou A Bridge will be taken-over by Nias Regency and the
other 5 bridges will be taken-over by North Sumatra Province. Then bridge will be maintained
under the local government’s road and bridge maintenance system. However, the bridge is

designed to be maintenance-free as much as possible.

Policy on Facilities Grading

The grading (standards) of the bridges and approach roads are determined referring to the
design standards / criteria established by the Ministry of Public Works of Indonesia, of which
the standards for provincial roads are basically adopted. However, the design standards
proposed for the facilities are clarified for their appropriateness by referring to the Japanese
design standards and AASHTO.

Also, the design standards adopted in the projects of BRR, IREP (Infrastructure

Reconstruction Enabling Program) and other donors are referred to.

Policy on Construction Method Planning
To plan the construction easily and smoothly, the common construction methods using

common materials and technique in Indonesia and Japan are adopted. To secure the
construction quality, the required specifications of the material quality tests and as-built
measurement inspection are clearly written in the contract documents and technical
specifications. The construction plan is prepared by taking safety of the surrounding residents
and construction staff and environment into considerations. Detour roads/bridges are provided

during the construction.

Policy on Environmental and Social Consideration

As this project is to reconstruct existing bridges, therefore, it will not change the natural
environment conditions. However, the followings are considered in the design and

construction planning to minimize the effects on the environmental and social conditions.

- Complying to the environmental law and regulations to obtain the construction permit
- Avoiding land acquisition and removal of houses in selection of new bridge location

- Minimizing relocation of utilities and obstacles in road alignment planning

- Minimizing the inconvenience for traffic by providing temporary detour bridges

- Controlling vibration and noise in the vicinity of residential area

- Treating the construction disposals properly

Policy on Cost Efficiency

The bridge facilities will be designed with the top priority to secure the required functions and

durability. However, cost efficiency will also be considered in the design. The major items to
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2.1.3

(D)

2

be considered are as follows:

- Materials are selected on cost comparison including local materials.

- Construction methods are proposed on cost comparison of schemes including utilizing
local materials and equipments.

- The facility capacity is determined in anticipation to the present and future use.

- Materials for protections, retaining walls, ditches should be from economic and locally
available materials.

- Coordination and consistency with other donor projects are taken into considerations.

- Up-to-date design method is adopted in structural design.

Environmental and Social Consideration

Environmental Compliance Certificate

Environmental Management Plan (UKL) and Environmental Monitoring Plan (UPL) are
required for the implementation of this project. The UKL and UPL were prepared by the
Directorate General of Highways of the Ministry of Public Works and then submitted to the
North Sumatra Regional Environmental Impact Management Agency (BAPEDALDA).
BAPEDALDA evaluated the UKL & UPL and then issued the Recommendation for the
implementation of the project on June 24, 2008. The recommendation declares the permission
to undertake the works, requirement to comply to Environmental Management System and
report the implementation of UKL & UPL to BAPEDALDA at least every 6 months and
others. The major contents of the UKL & UPL and the recommendation are described in Table
2.2-11 and 12 in Section 2.2.4.2 Implementation Conditions.

Land Acquisition and Resettlement

The land acquisition and resettlement will be implemented by the Land Acquisition
Committee headed by the Bupati (Mayor) of the regency. The Regency Government together
with the Directorate General of Highways of the Ministry of Public Works conducted public
hearings/stakeholder meetings in April 2008 and confirmed the project affected persons
(PAPs) consent for the land acquisition and resettlement for the project. The outline of the
public hearing / stakeholder meeting is shown in Table 2.1-1. The minutes of the public

consultation / stakeholder meetings are shown in Appendix 6.
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Table 2.1-1  Outline of Public Hearing/Stakeholder Meeting

Venue: Regional Development Office, Nias Regency (April 9, 2008)
Mezaya and Sa’ua bridge site, South Nias Regency (April 10, 2008)

Attendee: - Ministry of Public Works: Directorate General of Highway Planning Office
- Nias and South Nias Regency: Regional Development Office, Public Works Office,
Traffic Control Office
- Representatives of project site: District Mayors, Village Chiefs, Residents of the site,
PAPs (affected land owners and house owners)

Discussion Topics:
- Explanation of the project contents
- Affected areas of land acquisition and resettlement and their compensation method

- Confirmation of consent for the project

Comments: - Request of employment from the site area for the project construction
- Request of procurement of local materials (aggregate, etc.)
- Request not to cause vibration and noise near residences
- Request of compensations for relocation of houses and stores in order to install
temporary bridges, if necessary
- Request of detail explanation when the project starts

On signing of Exchange of Notes (E/N) for the implementation of the project, the land
acquisition and resettlement will be executed. The land acquisition and resettlement should be
completed before the start of construction. Land acquisition and resettlement necessary for
this Project is summarized in Table 2.1-2. The Locations of the land acquisition and

resettlement are shown on Figure 2.2-7.

Table 2.1-2 Land Acquisition and Resettlement Necessary for the Project

Land Acquisition(m2) Resettlement (House)
Nou Bridge 30 -
Nou A Bridge 30 1 (Temporary house)
Gido Si’ite Bridge 1,000 -
Idano Gawo Bridge - -
Mezaya Bridge 80 2 (One is foundation only)
Sa’ua Bridge - -

(3) Environmental and Social Considerations

Probable negative impacts due to the implementation of the project which were mentioned in

the preliminary study of the project and their mitigation measures are as shown on Table 2.1-3.
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Table 2.1-3 Probable Negative Impacts and Mitigation Measures

Environmental Item

(Affected Term) Negative Impact Counter measure/Mitigation
measure
Involuntary Resettlement will be necessary due Alignment is examined to
Resettlement to realignment of bridge approach minimize resettlement.
(long-term) road.
Dust and smoke will come out Asphalt plant is installed away
. . from asphalt plant. from residential area.
Air Pollution

(short-term)

Exhaust smoke from construction
equipment will pollute air.

Checking up of equipment is
made frequently to maintain
equipment in good condition.

Water Pollution
(short-term)

River will be muddy due to
excavation in the river.

Excavation area is closed with
coffer dam.

Muddy water is cleaned in
deposit.

Noise and Vibration
(short-term)

Noise and vibration will reach
residential areas.

Silent and low vibration type
equipment is used.

Equipment is well maintained
by frequent check up.

Works are suspended on
holidays and local off days.
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2.2 BASIC DESIGN OF THE REQUESTED JAPANESE ASSISTANCE
2.2.1 Design Standards and Criteria

(1) Design Standard

The design specifications issued by the Directorate General of Highway, Ministry of Public
Works, Indonesia are basically adopted for the design of bridges and approach roads. These
design specifications are similar to the specification of Australian, Japanese and AASHTO.

Supplementary, Japanese Specifications and AASHTO’s are applied for the design.

(2) Bridge width

Traffic volume on the project bridges

Present and 10-year after traffic volume estimate (Passenger Car Unit) of the project bridge

site is shown on Table 2.2-1.

Table 2.2-1 Present and Forecasted Traffic Volume (PCU,”day)

2008 2018
Nou Bridge 17,227 22,170
Nou A Bridge 3,271 10,788
Gido Si’ite Bridge 2,578 4,125
Idano Gawa Bridge 1,815 2,903
Mezaya Bridge 1,232 1,972
Sa’ua Bridge 1,619 2,591

Note) Future traffic volumes were forecasted on the basis of the following assumptions:
- Traffic increase rate is 5% annually.
- Nou A bridge traffic will increase to be doubled after the bridge opening with two-way
traffic. On the other hand, traffic at Nou Bridge will decrease.
- It is possible that the traffic would not increase as forecasted above since the present
traffic comprise many recovery project vehicles and the BRR office in Gunung Sitoli
will close down in 2009.

The peak hour traffic volume (PCU) at Nou bridge is shown on Table 2.2-2.

Table 2.2-2  Peak Hour Traffic Volume at Nou bridge (PCU)

Peak time 2008 2018
07:15-08:15 1,310 2,096
12:00 — 13:00 1,272 2,035
17:00 — 18:00 1,314 2,102
Bridge Width Adequacy

The Road Geometric Standard of the Japan Road Association specifies that 2-lane is adequate
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for the roads with the following traffic volumes or less.

- Rural Road : 6,000~8,000/day
- Urban Road : 9,000~10,000/day

Based on the above, 2-lane width is adequate for the 5 bridges except for Nou Bridge. A 6m
width with 2-lane carriageway is proposed for the 5 bridges located on the Provincial Road No.
75 since all the existing bridges along Provincial Road No. 75 are 6m wide and bridges

planned by other donor project are designed with 6 m wide as well.

On the other hand, Nou bridge of which forecasted traffic in 2008 (22,170 PCU/day) is much
larger than 2-lane urban road capacity (10,000 PCU/day), while the forecasted peak hour
traffic in 2018 (2,102 PCU/hr) is less than 2-lane road peak hour traffic capacity (2,500
PCU/hr) which is indicated in the Highway Capacity Manual of Japanese Road Association
and AASHTO, therefore, 2-lane width is adequate for Nou Bridge. Providing an additional
slow-vehicle lane will be better because traffic congestions occur during peak hours due to
slow vehicles such as manual becaks (tricycles) and motor-becaks (motor-tricycles) which are
mixed up in the traffic flow. However, widening of the present bridge approach roads, which
are 9 m wide, is difficult because the roads are supported by retaining walls and there are
many houses along the walls. Totally 9 m wide bridge is proposed to maintain the road width
consistency in the bridge and the approach sections. To provide space for a heavy traffic of
pedestrians, 1 m wide sidewalk for each side is proposed. Consequently, the remaining 7 m
wide will be allocated for the carriageway of Nou Bridge. In this bridge width component,
small motor-vehicles (cars and pick-ups) may overtake slow vehicles since the small
motor-vehicles are around 1.7 m wide while slow vehicles are around 1.4 m wide. The traffic
congestion at Nou Bridge is expected to be mitigated since the carriageway will be widened
from 6 m to 7 m, and the traffic volume will be reduced by widening of Nou A Bridge which
is presently 4.5 m wide with single lane becomes 6 m wide with 2-lane. The proposed width

composition of the project bridges is shown on Figure 2.2-1.
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Figure 2.2-1 Proposed Width Composition of Project Bridges

(3) Design Live Loads

Most of the heavy vehicles are 6 or 8 ton capacity small tracks in Nias Island. There are few
20 ton large trucks belonging to recovery projects. The road width in Nias Island was mostly
only 4.5 m and there were many weak temporary bridges. It seems to be the reason why there
are only a few heavy trucks. According to the Governments of North Sumatra Province and
Nias Regency, there is no stipulating regulation that bans heavy vehicles. It is expected that
heavy vehicles will increase in Nias Island when roads are widened and temporary bridges are
replaced with permanent structures by recovery projects. The same to the other donor’s bridge
project, the design live loads specified in the bridge design specifications issued by
Directorate General of Highways of the Ministry of Public Works is used for the design of the
project bridges.

(4) Design Seismic Load

Ministry of Public Works of Indonesia issued seismic design guidelines for bridges. The
contents of the guidelines are similar to the seismic guidelines of Australia, Japan and USA.
The latest seismic design guidelines were issued in 2005 which was prepared before the huge
Sumatra offing earthquakes. In the guidelines, 500-year return period seismic load by area is
given as the design seismic load. Acceleration 0.46 - 0.50 g at bearing strata or 0.21 (for
medium hard soil) static seismic coefficient is the design seismic load for the area covering
Nias Island.

It was reported that the earthquakes occurred at Sumatera offing on December 26, 2004, and
on March 28, 2005 are at magnitude 9.1 and 8.6 respectively. The magnitude is the biggest
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ever in the world. The design seismic load for this project should be reviewed and established

considering these earthquakes occurred in the same situation as the Japanese seismic design

code has been revised after Kanto Earthquake and Kobe Earthquake. However, the present

seismic design guidelines are used for the design of the project bridges on the following

reasons:

Directorate General of highway, Ministry of Public Works has not so far revised the
seismic design guidelines up to now.

Present bridge seismic design guidelines are applied by the other donor bridge projects,
therefore, it would be inconsistent for the bridge design in Nias in case this project uses a
revised design seismic load.

In order to review and establish a new design seismic load considering the late big
earthquakes, seismic records, seismic analysis experts and bridge seismic design experts
are required, but they are not available in this basic design study.

The magnitudes of the earthquakes were very big; however, it is unclear whether the actual
seismic movement in Nias exceeded the design seismic load. According to earthquake
disaster reports, the major cause of the bridge failures are lack of reliable devices to prevent
bridges from falling, structural weakness due to poor work quality and liquefaction was not
considered.

The present bridge seismic design guidelines in Indonesia are not substandard compared to
the other bridge seismic design codes/specifications in other earthquake prone countries

such as Japan, Philippine and USA.

It is proposed for this project to use “Integral type” structures, which seldom collapse even

when the ground shakes and moves, and “steel plate girder type” structures which are ductile

and able to be deformed without breaking even when the bridges are significantly displaced.

The proposed bridges will then become more seismic resistant than the previous types. As the

result, it is able to provide reliable transportation means for evacuation and rescue operation in

case of future earthquakes, which is the one of main objectives of this project.

(5) Temperature Change

Temperature change : £15°C

(6) Material Specification

Concrete (Design Strength)

Deck slab: 30 Mpa
Pier column and coping: 30 Mpa
Footing and Wall: 24 Mpa
Bored pile: 30 Mpa
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(7) Steel Plates

- For main member and splice: JIS G 3106-SM490Y

- For diaphragm and stiffener: JIS G 3101-SM400

- Other minor members: JIS G 3101-SS400

Steel Materials

- Reinforcing Steel Bars:  SD 40 (Min yield point 390 N/mm2)
- High Tensile Bolt: JIS B 1186 F8T (Galvanized)

(8) Bridge Freeboad

Bridge over river without driftwoods : 1.0 m  (Nou, Nou A, Gido Si’ite and Sa’ua)

Bridge over river with driftwoods : 1.5m (Idano Gawo and Mezaya)

Since fishing boats usually pass under Nou Bridge and Nou A Bridge, the bridge soffit

elevations should be maintained or raised.

(9) Geometric Standards of Bridge Approach Road

The geometric standard of the bridge approach road is shown on Table 2.2-3.

Table 2.2-3 Geometric Standard of Bridge Approach Road

Terrain Flat Hilly Mountainous Urban
Design Speed (km/hr) 60 40 30 30
Minimum Radius (m) 110 50 30 30
Maximum Grade (%) 6.0 8.0 10.0 6.0
Pavement Width (m) 6.0 6.0 6.0 6.0-7.0
Shoulder Width (m) 1.0 1.0 1.0 1.0-1.5

Note: - Widening for curve section is not provided for urban area and small traffic area.
- Super-elevation for curve section is not provided for urban area and slow speed area.

(10) Pavement Structure and Typical Cross Section of Bridge Approach Road

BRR is implementing road improvement work along Provincial Road No. 75 and streets in
Gunung Sitoli City. The pavement structure of BRR project is adopted for this project bridge
approach roads. The bridge deck is paved with 2-layers of 3 cm thick asphalt concrete. The

typical cross section of the bridge approach roads is shown in Figure 2.2-2.
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2.2.2

2.2.2.1

(1)

2

500 1000 3000 - 3000 1000 300

AC Surface Course (T=3cm)

AC Binder Course (T=5cm)
A | A (T= )
Aggreqate Class B (T=18¢m) Bose Aggregate Class ( 20ch'\,|
Sub Base Aggregate Class B (T=30cm)

Figure 2.2-2 Pavement structure for approach road

Basic Design
Bridge Structures

Superstructure Type

Common superstructure types with their features and applications are shown on Table 2.2-4.

Steel plate girder type is proposed for all of this project bridges on the following reasons.

- Seismic resistant type is required because Nias Island is prone to earthquake. Steel girder
type is desirable for its lighter weight and more seismic resistance than concrete girder type.
Also, steel girder is reparable since it is easy to be jacked up and welded.

- There is no difficulty in procurement of steel girders since there are some 10 steel girder
manufacturers in Jakarta and steel girders will be delivered to the site around 3 months
from the order date. Galvanized steel girders do not require repainting for many years.

- PC girders need a wide yard for their fabrication, while no wide space is available in
Gunung Sitoli City and other bridge sites. In addition, it is difficult to acquire working
space for heavy equipment to launch PC girders and also difficult to transport heavy cranes
to the sites along the zigzagging and steeply slanting roads.

- Fabrication of PC girder needs high strength concrete, while high strength concrete may
not be available since the only available gravel from Idano Gawo River contains soft rocks.

- PC girder is long and heavy while steel plate girder can be cut into small pieces. Therefore,

hauling and erection of girders are easier and safer.

Seismic Resistant Structure

The following structures are introduced for the project bridges to be seismic resistant.

- Light and ductile steel plate girders are used for the superstructure.
- Integral type (abutments and piers are rigidly connected with superstructure) is adopted.
- Flexible 2-column type pier is adopted instead of ridged wall or oval type pier. Flexible

2-column pier can stand without collapse under excessive earthquake by forming plastic
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hinges at the top of the columns which may absorb the seismic energy.

Extraordinary earthquakes may damage bridges. However, damages above ground may be
repairable.

Possibility of liquefaction is examined from the result of sieve analysis of the sub-surface
soil samples. The bridge foundation is designed with reduced soil strength where soil is

subject to liquefaction.

(3) Maintenance-Free Structure

“

The following measures are introduced for the project bridges to minimize maintenance.

Expansion joints and bearings which needs frequent maintenance are not necessary for the
integral type bridge.

Galvanized (Zink hot dip galvanized) steel is free from repainting for 30 to 40 years.

Deck slab is paved with asphalt concrete.

Adequate length (5m) approach slab is installed.

The revetment and erosion protection are durable type.

Counter-measure for Salt Water

Nou Bridge, Nou A Bridge, Mezaya Bridge and Sa’ua Bridge are located seaside. The

following counter-measures are taken against salty water.

Reinforcing bars are protected by increased concrete covers depends on the member’s
exposure level to salty water.
Sa’ua Bridge is located near a beach with severe waves. Therefore, epoxy resin paint is

planned to be coated on the galvanized steel members.

(5) Foundation Type

Common foundation type with their features and applications are shown on Table 2.2-5.

(6) Revetment and Abutment Protection Type

(7

Common revetment and abutment protection type with their features and applications are
shown on Table 2.2-6.

Cost Efficiency

The measures to be cost efficiency are as follows:

Adoption of Integral Bridge Type

Footings are not necessary
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- Pile quantity can be reduced.
- Cofferdam temporary work is not necessary because no need to construct footings
- Bridge expansion joints and bearings are not necessary.

- The steel girders section can be smaller than simple supported steel girders.

Low Cost Structure

Railing is simple type.

Bridge deck drainage pipe is of polyvinyl chloride material instead of steel pipe.

Bridges are vertically curbed to reduce embankment and pavement.

Steel materials are galvanized to reduce lifecycle cost.

Procure Local Material

- Steel girders are fabricated in Indonesia, using Indonesian steel plates.
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2.2.2.2 Selection of Bridge Locations

New bridge locations are selected by comparing the alternative scheme of locations. The
concepts of selection of the bridge locations are as follows. The comparison of the bridge

location schemes are shown in Table 2.2-7.

Concepts of selection of bridge location

- Resettlement should be minimized.

- Land acquisition should be minimized.

- Relocation of utilities should be minimized.

- Disturbance to traffic should be minimized.

- Construction cost including temporary works should be minimized.

- Space for temporary bridge and temporary works is available.
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2.2.2.3 Bridge Planning

(1) Bridge Planning

Bridge approach road alignment, revetment locations and elevation, bridge length, bridge

elevation, foundation type, temporary works and miscellaneous works are planned on the basis

of the site conditions as shown on Table 2.2-8.

Table 2.2-8 (1/6) Bridge Planning of Nou Bridge

Site The site is surrounded by commercial and residential area. Traffic volume at this
Condition | bridge is very high.
Existing Existing bridge is 47 m long with 3-span concrete girders. Carriageway width is
Bridge 6m. The new bridge carriageway is 7 m wide and sidewalk is 1 m wide at each
Condition | of both the sides. The new bridge and the existing bridge are at the same
and location.
New Bridge
Plan
The existing road is paved with asphalt. The carriageway is 6 m wide and
Road shoulder is 1.5 m wide. The bridge approach section is embanked with retaining
Condition | walls at the both sides.
and The bridge approach road is planned with 4% vertical alignment, the same to the
Road Plan | existing. Radius 500 m vertical curve is planned for the bridge section. The
approach road elevation is planned to be the same as the existing.
. The bridge is about 250m away from the estuary and the river is tidal. The river
River . . . .
Condition | S about 2 m deep gt deepjcst point. Small ﬁshlng boats pass the river to transport
and fishes and anchor in the river. PC sheet pile revetment is planned in front of the
Revetment abutments.. . o .. .
PC sheet piles are driven avoiding existing concrete structures and to be aligned
Plan . . . .
with existing concrete revetment at up and down stream side of the bridge.
Bridge Abutments are planned just behind the revetment. Consequently, the bridge
Length length is adjusted to 41.5 m.
Bridge The new bridge soffit elevation is planned to be the same as existing because
Elevation fishing boats are passing under the bridge. The freeboard clearance is high
Plan enough against floods.
Subsoil About 15 m thick soft silty clay deposits at the surface. Beneath the soft silty
Condition | clay is medium stiff silty fine sand. The bearing stratum exists at 28 to 29 m
And deep. The pile length is planned 30 m.
Foundation | 1.5 m diameter bored pile is planned. Use of reverse circulation boring machine
Plan is planned since its vibration and noise are relatively low.
A 6 m wide temporary bridge is planned at the downstream side of the main
Temporary | bridge. The temporary bridge is used for pedestrians and light vehicles. The
Work Plan | temporary bridge is sometimes used to operate the equipment of the bridge
and construction work.
Miscellaneous | Relocation of water pipes and telephone cables presently attached to the existing
Work Plan | bridge is necessary. The new bridge is designed with attachment of the pipes
installation under the bridge.
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Table 2.2-8 (2/6) Bridge Planning of Nou A Bridge

Site
Condition

Left side is shopping malls and markets. Right side is residential area.

Existing
Bridge
Condition
and
New Bridge
Plan

Existing bridge is 51 m long single span steel truss with a 4.5m-wide
carriageway. The new bridge carriageway is 6 m wide. The new bridge and the
existing bridge are at the same location.

Road
Condition
and
Road Plan

The bridge approach road at the left side is about 13m wide. Right side road is 6
m wide including road shoulders. Both the approach roads are on the
embankment with retaining walls.

Vertical alignment with 6 % is planned for the approach roads to follow the
existing slope of the left side approach road. The existing right side approach
road with 8 % slope will be improved to be 6 % to follow the geometric standard
by providing retaining walls higher than the existing ones. New bridge is
planned to be vertically curbed with 500 m radius.

River
Condition
and
Revetment
Plan

The bridge is about 100m away from the estuary and the river is tidal. The wave
is gentle since the sea is surrounded by Nias and Sumatra Island. The river is
about 2m deep at the deepest point. Small fishing boats pass the river to
transport fishes and anchor in the river. PC sheet pile revetment is planned in
front of the abutments. PC piles are driven to be aligned with existing concrete
revetment at up and down stream side of the bridge.

Bridge
Length

Abutments are planned just behind the revetment. Consequently, the bridge
length is adjusted to 49.5 m.

Bridge
Elevation
Plan

The new bridge soffit elevation is planned to be the same as existing because
fishing boats pass under the bridge. The freeboard clearance is quite high to
avoid floods.

Subsoil
Condition
And
Foundation
Plan

About 20 m thick soft silty clay deposits at the surface. Beneath the soft silty
clay is silt. The bearing stratum exists at 38 to 43 m deep. The pile length 40 to
45 m is planned. 1.5 m diameter bored pile is planned. Use of reverse circulation
boring machine is planned since its vibration and noise are relatively low.

Temporary
Work Plan
and
Miscellaneous
Work Plan

A 6 m wide temporary bridge is planned at the downstream side of the main
bridge. The temporary bridge is used for pedestrians and light vehicles. The
temporary bridge is sometimes used to operate the equipment of the bridge
construction work.
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Table 2.2-8 (3/6) Bridge Planning of Gido Si’ite Bridge

Site
Condition

The site is about 20km away from Gunug Sitoli City. The surroundings are farm
and forest. The topography is quite hilly.

Existing
Bridge
Condition
and
New Bridge
Plan

The existing bridge is 37m long combination of 2-span concrete bridges. The
carriageway width is 6 m wide. The new bridge carriageway width is planned 6
m. New bridge is planned upstream side of the existing bridge because the
existing bridge alignment does not meet the geometric requirements. There is a
power line at the upstream side of the existing bridge. In the bridge planning,
priority is given to a new bridge location without requirement to relocate the
electric wire/poles. However, it was found out that relocation of a power pole or
raising the power line by adding a power pole is unavoidable.

Road
Condition
and
Road Plan

The bridge approach road is paved with 6 m wide asphalt pavement. The
carriageway is 6 m wide and the road shoulder is 1.0 m wide. New bridge is
planned to cross the river at the right angle. The minimum horizontal curve is
110 m. Vertical alignment with 8 % is planned for the bridge approach roads
since the bridge elevation is about 1.7 m higher than the existing bridge. The
vertical curb radius for the bridge is 450 m.

River
Condition
and
Revetment
Plan

The river is meandering around the site. Floods overflow the river and spread
over around the site. Road section within several hundred meters from the
bridges is inundated when floods occur. Since the flooded areas are extensive, no
counter-measure for the flood is planned under this project. Gabion mattress
revetment has been installed at the riverbanks at the upstream and downstream
of the site. Gabion mattress is planned to be installed in front of the new
abutments to replace the old ones and to make smooth revetment lines.

Bridge
Length

New bridge length is planned to be 40 m. (Existing bridge is 37 m.) This bridge
opening is adequate since the river catchment area and discharge is not large
even when floods overflow.

Bridge
Elevation
Plan

Floods overflow on the wide area, and the stream velocity is very slow,
therefore, 1 m freeboard is adequate for the bridge.

Subsoil
Condition
And
Foundation
Plan

About 38 m thick soft clay deposits on hard sand. 40 m long bored pile is
planned.

Temporary
Work Plan
and
Miscellaneous
Work Plan

No temporary bridge is necessary for the work.
Existing bridge will be demolished after the new bridge opening.
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Table 2.2-8 (4/6) Bridge Planning of Idano Gawo Bridge

Site
Condition

Topography is hilly. There are several houses along the left side approach road. An
asphalt plant is located at right side riverbank. Traffic volume is low.

Existing
Bridge
Condition
and
New Bridge
Plan

Existing bridge is composed of a box culvert (29m), truss bridge (60m), and temporary
bailey bridge (91m). The bailey bridge has been installed over the damaged box
culvert which had been scoured by floods and overturned by the earthquake. New
bridge is planned to replace the truss bridge and the bailey bridge. The existing left
side box culvert and the abutment of the truss bridge are planned to continue to be
used. The new bridge carriageway is 6 m and sidewalk is 0.5 m.

Road
Condition
and
Road Plan

The existing approach road is paved with 6 m wide asphalt pavement with 1.5 m
shoulders. The approach road is embanked with stone masonry retaining walls at the
both sides. Vertical 1 % slope is planned to the bridge approach road. Vertically curbed
alignment is planned for the new bridge section with radius of 8000 m. The new bridge
elevation is planned to be the same as the existing road.

River
Condition
and
Revetment
Plan

The site is the midstream of a relatively big river. The river meanders and the river
alignment is being moved by floods. Scouring on right side riverbank is progressing at
about 100 m upstream from the bridge, while the left side riverbank is being scoured
around the bridge. To protect the new bridge from scouring, layers of gabion mattress
are planned to be installed along the left riverbank and upstream side of the box
culvert. Additionally, gabion mattress is planned to be installed around the box culvert
to prevent erosion around the box culvert. Gabion revetment has been installed at the
right side riverbank. A stone masonry wall is planned to be installed in front of the
planned right side abutment.

Bridge
Length

Existing truss bridge abutment is planned to be re-used and a new abutment is planned
to be installed at the same location of existing abutment. Consequently, bridge length
is adjusted to 151.0 m.

Bridge
Elevation
Plan

The bridge elevation is determined to be the same as the existing bridge. In this case,
the freeboard between the design flood level and the bridge soffit is more than required
1.5 m.

Subsoil
Condition
And
Foundation
Plan

Around 5 m thick boulder layer cover the riverbed. Soft clay layer exists beneath the
boulder layer and over the stiff clay of which surface exists 10 to 20 m deep from the
ground surface. The bored pile is planned as same as other bridge. Oval shape pier is
planned since the pile-bent type pier may not bear the loads.

Temporary
Work Plan
and
Miscellaneous
Work Plan

A detour bridge for traffic and work are planned to be installed at the upstream side of
the bridge. The existing box culvert is sound and reinforcement is not necessary since
no crack is seen on it. However, some reinforcing bars at the ceiling of the first cell are
exposed due to poor quality of work. The exposed reinforcing bars are planned to be
epoxy coated after chipping off the concrete around the bars and removal of corrosion.
The pavement, sidewalk and railing on the left side box culvert are planned to be
replaced with new ones.
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Table 2.2-8 (5/6) Bridge Planning of Mezaya Bridge

The site is located in a small village surrounded with steeply slanting mountains.

Site The bridge crosses over a deep valley close to the sea. Houses are located at the
Condition bridge approaches. Traffic volume is low.
Existing Existing bridge is a 3-span truss with a total length of 92 m. A new bridge is
Bridge planned at downstream side of the existing bridge.
Condition
and
New Bridge
Plan
The existing bridge approach is 4.5 m road with bituminously treated surface.
The road is planned to be widened with 6 m wide asphalt concrete pavement.
Road L . . o .
Condition The. ex1st1pg right side approach road 15013 % at .th.e mo:t steeply slanting
and sef:uon. It is plar.mf:d to bF: 1mp.roved to 10 % by providing 3 % slope to thg new
bridge. The existing bridge is connected with the approach road with an
Road Plan . . . L . .
intersection. The intersection is planned to be a curb with a radius of 8§ m.
Floods run down fast because the upstream is steep valley topography despite
the site is near to estuary (about 200m to the sea). The water level is tidal.
River The riverbed consists of boulder containing gravels. River alignment is stable
Condition | gince the riverbank is weathered rime stones.
and A stone masonry wall is planned in front of planned abutment. Installation of
Revetment | concrete block scouring protections is planned at around the wall to protect wall
Plan from scouring. Installation of riprap slope protection is planned for the left side
abutment slope to protect the slope from rainwater erosion.
Bridge Abutments are planned where the vertical alignment of the road crosses existing
Length slopes. Consequently bridge length is adjusted to 94m.
Bridge Bridge elevation is given by the vertical road alignment plan. The bridge
Elevation elevation is far above the flood level.
Plan
Subsoil The ground is weathered rime stone. As the depth increased, the soil becomes
Condition stiffer. The N-value becomes 30 to 50 at the depth of around 15 m from the
And ground surface. Diameter 1.5 m bored pile is planned as same as other bridge.
Foundation | Grab hammer type drilling machine is planned since rime stone boulders exist in
Plan the ground.
The right side approach road is planned to be a gentle slope by rising the grade,
Temporary | installing 2.6 m high L-shape retaining wall for around 70 m long steel section.
Work Plan
and
Miscellaneous
Work Plan
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Table 2.2-8 (6/6) Bridge Planning of Sa’ua Bridge

Site Condition

The site is estuary crossing with the coastal road. Houses are located along the
bridge approach roads. Traffic is not many. Seashore is about 50 m away from
the bridge. Splashed sea water reaches the bridge when the waves are rough.

Existing
Bridge
Condition
and
New Bridge
Plan

The existing bridge is a temporary 61 m long dilapidated bailey bridge. New
bridge is planned at the upstream side of the existing bridge.

Road
Condition
and
Road Plan

The existing bridge approach roads are 6 m wide asphalt paved road. The new
bridge is planned at 2 m away from the existing bridge. The left side bridge
approach road is connected with 30 m radius curb. The curved section is
widened by 1 m. The left side curb is radius 110 m. The new bridge elevation is
planned about 2 m higher than the existing bridge. The approach road is
planned with 8 % slope. The bridge section is planned with vertical curb radius
450 m.

River
Condition
and
Revetment
Plan

The river flows very slowly since the site is very close to sea. The water is tidal.
Installation of a stone masonry wall in front of abutments is planned. The part
of the wall under the low tide level is planned to be made of base concrete.
Installation of concrete block scouring protection at the wall footing is planned.
Also the concrete block scouring protection will be installed along the left side
approach road wall where waves directly hit the wall when storms come.
Meanwhile, seawall has been installed at the right side approach.

Bridge Length

The abutment protection location is planned so as to align with the natural
riverbanks at the upstream side. Consequently, the bridge length is adjusted to
53.5m.

Bridge
Elevation
Plan

The flood level is not high because the site is estuary. However, the highest tide
reached the existing bridge deck level according to the hearing survey.
Therefore, The new bridge soffit elevation is planned at 50 cm above the
existing bridge deck level.

Subsoil
Condition
And
Foundation
Plan

Silty clay layer and fine sand layer deposit alternatively. As the depth increase,
the soil becomes stiffer. The N-values become 30 to 50 at the depth of around
20 m from the ground surface. Diameter 1.5 m bored pile is planned the same
as the other bridges. Grab hammer type drilling machine is planned since rime
stone boulders exist in the ground.

Temporary
Work Plan
and
Miscellaneous
Work Plan

In order to construct the right side new abutment, about 10 m long part of the
bailey bridge is necessary to be removed. Before the removal of the part of the
existing bridge, temporary embankment to shift the approach road is necessary.
Existing bailey bridge is dilapidated and dangerous for heavy vehicles to pass,
therefore, reinforcement of the bridge is necessary.
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(2) Span Arrangement

The most efficient span length for integral steel girder is 20 to 40m. Comparative span

arrangement of the project bridges are shown on Table 2.2-9.

Table 2.2-9 Comparative Span Arrangement of Project Bridges

Bridge Name Length(m) Scheme 1 Scheme 2
Nou 41.5 1-span 3-spans
Nou A 49.5 2-spans —
Gido Si’ite 40.0 1-span 2-spans
Idano Gawo 151.0 4-spans 5-spans
Mezaya 94.0 3-spans 4-spans
Sa’ua 53.5 2-spans —

Note: 2-span is not applicable for Nou Bridge since a pier cannot be installed at the center of the river.

As the result of the cost comparison, the least span schemes are selected for all bridges.

2.2.3 BASIC DESIGN DRAWINGS

The major components of the Project are shown on Table 2.2-10. The Basic Design Drawings

are shown on the following pages.

Table 2.2-10 Major Components of the Project
Bridge Name Nou Nou A Gido Si’ite | Idano Gawo Mezaya Sa’ua
Bridge Length 41.5m 49.5m 40.0 m 151.0 m 94.0 m 53.5m
3.0+32.0+ 29.0+36.0+
l@41.5 2@24.75 1@40.0 2@26.75

Span @ @ @ 2@42.0+32.0 29.0 @

Carriageway 7.0 m 6.0 m 6.0 m 6.0 m 6.0 m 6.0 m
?Vrilccllie Sidewalk 1.0m 0.5m 0.5m 0.5m 0.5m 0.5m

Total 9.5m 7.5m 7.5m 7.5m 7.5m 7.5m
SoprsmanneType | SR | SR | S | cimaconi | SR | TGl
Substructure Type Bog:éinlt:‘ile Bog:éinlt:‘ile Bogeéinft’ile Bored Pile Bent | Bored Pile Bent | Bored Pile Bent
Bridge Deck Pavement | AC (6cm) | AC (6cm) AC (6cm) AC (6cm) AC (6cm) AC (6cm)
Approach Road Length 70.8 m 90.5m 180.0 m 209.0 m 181.0 m 186.5 m
App. Carriageway 7.0m 6.0 m 6.0 m 6.0 m 6.0 m 6.0 m
Road
Width | Sidewalk 1.0 m 1.0 m 1.0 m 1.0 m 1.0m 1.0 m
Approach Road AC (8cm) | AC (8cm) AC (8cm) AC (8cm) AC (8cm) AC (8cm)
Pavement
Approach Road
Retaining Wall Length 39.0m 73.0 m 0.0 0.0 95.0 m 129.0 m

. . Gabion . Gabion+Wall+ Wall + Conc.
Revetment Type PC Sheet Pile | PC Sheet Pile Mattress Gabion Mattress Cone. Block Block
Gabion 22eat+ Wall 42.0 m,
Revetment Quantity 74.0 m 48.0 m Gabion 53 ea. Gabion 680 ea. Wall 17.0m + | Conc. Block 486
Conc. Block 25 ea. ea.
Total Bridge Length 429.5 m
Total Approach Road Length 917.8 m
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