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CHAPTER 14 : INTRODUCTION

141  GENERAL

As stated in the Master Plan Study (Part A of this Study), High Priority Projects were selected
among the road development plans proposed for the sort-term plan. The selection of these
high priority projects was made taking into consderation the following factors:

Classified Road Development to improve Basic Human Needs and Community
Environment

To contribute settlement of existing Road Problems such as pavement deterioration,
traffic congestion and poor drainage system

To enhance Future Traffic efficiency

To promote the Metropolitan Development

Economic Efficiency of the invesment

Vitdization of loca economy

Minimizing resettlement on the viewpoint of environmenta impact

Availability of development fund

Sugtainahility of maintenance fund

Improvement of accessbility to public transport services

Improvement of environment along the Proposed Project Roads

Urgency of the project from the viewpoint of necessity and safety

Congstency with nationd and regiona policy.

The high priority projects consist of three categories;, namely, road development plan, traffic
management plan and public trangport plan as outlined below:

(1) Road Development Plan

Trunk Road Development Plan:

Condruction of Bypass missing link on Av. Julius Nyerere

Improvement of Av. Vladimir Lenine

Rehabilitation and improvement of Av. Acordos de Lusaka and Av. Guerra Popular
Rehabilitation and improvement of Av. de Angola

Rehabilitation and improvement of Av. Marien Ngougbi

Collector Road Development Flan:

1. Rehabilitation of indudtrid and commercid area roads

2. Rehabilitation of port arearoads
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Residentid Area Roads:

1
2.
3.

Rehahilitation of Digrict 1 arearoads
Rehahilitation of Didrict 2 arearoads
Rehahilitation of Didrict 3 arearoads

(2) Traffic Management Plan:

Rehahilitation and Improvement of Intersectionsin the CBD

(3) Public Transport Plan:

14.2

Rehabilitation and Improvement of Bus Stops and Terminds

SUBJECT PROJECTSFOR THE FEASBILITY STUDY

® Road Development Plan

1)
2)
3)

4)
5)
6)
7)
8)
9)

Condruction of Missng Link on Av. Julius Nyerere (total length = about 5.6 km)
Improvement of Av. Vladimir Lenine

Rehabilitation and Improvement of Av. Acordos Lusaka, Av. Guerra Popular (total
length= 3.5 km)

Rehabilitation and Improvement of Av. Angola (totd length= 3.7 km)

Rehabilitation and Improvement of Av. Marien Ngougbi (total length= 1.9 km)
Rehabilitation of Indudtrid and Commercid Area Roads (total length= 6.03 km)
Rehabilitation of Port Area Roads (tota length =3.9 km)

Rehabilitation of Didtrict 1 Area Roads (total length = 8.7 km)

Rehabilitation of Didtrict 2 Area Roads (totd length = 10.2 km)

10) Rehahilitation of Didrict 3 Area Roads (totd length =9.5 km)

® Traffic Management Plan
Construction of Right-turn lanes and signals (14 intersections) and control of on-street
parking in intersection aress.

® Public Trangport Pan:
To provide suitable location and size of bus bays (22 bus bays) and one (1) terminal and
to equip required function on to the bus termind.

® A study on Road Maintenance and Management system
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143 OBJECTIVES AND BASIC CONDITIONS OF THE FEASIBILITY STUDY
PROJECTS

1) Thetarget year for the priority projects has been established as a year 2010 in order to
prepare suitable scale of the projects to meet a future traffic demand in the target year.

2) The objectives and basic components of the priority projects has been established and
confirmed as shown in the Table 14.3.1. The detailed study on the selection of each
project components has been described in the following chapters.

3) Basic policy of the selection of the alternatives on each projects has been prepared as
shown inthe Table 14.3.1.

4) Future traffic demand on the target year of 2010 has already been estimated as
“mid-term” traffic volume on the base plan in Chapter 12.
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Table14.3.1 Objectives and Components of Feasbility Study

Trunk Roads Collector Roads Residential AreaRoads Rehabilitationand | Rehabilitation andJ
1 Rehabilitation Improvement of | Improvement of Bu
i 1.Construction of 3.Rehabilitation and| 4.Rehabilitation | 5.Rehabilitation and| : 2.Rehabilitation | 1.Rehabilitation| 2.Rehabilitation| 3.Rehabilitation | Traffic Management] Stops and Terminal
FS Project T 2.Improvement of of Industrial and o o o o
Missing link on Av. Av. Viadinir Lenine Improvement of Av.Jand Improvement | Improvement of Av. Commertial Area of Port Area | of District 1 Areq of District 2 Aregdof District 3 Areq Facilities
Julius Nyerere ’ AcordosdelLusaka| of Av. Angola Marien Ngouabi Roads Roads Roads Roads Roads

1. General 1. Protect/ improve Basic Human Needs and Community Environment
Target/ Object|2. contribute settlement of existing Road Ploblems
ives, Target 3. Enhance Future Traffic Efficiency
year: 2020 4. Promote the Metropolitan Development
2. Generd 1. Functional Classification of Road Network and Typical Closs-sections
Strategy for |2, Rehabilitation of Pavement and Drainage, Construction of Dual Carriageway ( Lusaka, Angola.and M. Ngouabi Rd.) and Improvement of Intersections in Central Area
year 2020 3. Construction and Improvement of Dua Carriageway ( Mozambiqu, Nyerere, Lusaka, Lenine, FPLM, M. Ngouabi Rd.)

4. Construction and Improvement of Outer and Middle Ring roads
3. Project 1. Early Linking of 1. Decrease Traffic |1. Smooth Vehicle |1.-do- 1. -do- 1. -do- 1. -do- 1. -do- 1. -do- 1. -do- 1. -do- 1. Provide
Objectives, |Missing Link Congestion Running Approprizte Bus
Target year: ) . . Qanvirac _
2010 2. Prevent Disaster 2. Provide Better 2. Decrease Traffic |2. -do- 2.-do- 2.-do- 2. Settle Traffic

Pruihlie Trananart Connedtinn Connedtion

3. Basic Corridor for 3. Avoid Large-

Fiitiire Fxtention <rale Investment
4. Project 1.Reconstruction of 2- |1. Constructionof ~ |1. Pavement and 1.-do- 1.-do- 1.-do- 1.-do- 1.-do- 1.-do- 1.-do- 1. Installation of 1. Provide suitable
Measures/ lane Trunk Road BusBay Drainage Right-turn lane and |location and size of
Components Rehabilitation Signal bus bays/stations
for year 2010 2.Measuresfor Land-  |2. Improvement of  |2. Constructionof  |2. Intersection 2. -do- 2. Control of On-  |2. Equip required

dide and Drainane Inter<artinn Dual Carrianawvavy  [Imnrovement reet Parkinn Fiinctinng

3.Land Preparaion for 3. Construction of 3. Traffic Control

Wideninn Nual CarrianAavay
Carriageway |Asphalt-concrete(As- |Concrete block As-con As-con As-con As-con As-con As-con As-con As-con As-con Block

con) (Rlock)
Footpath Bitumenous Surface Block Block Block Block Block Block Block Block Block Block Block

Trostmont/RQT)
Drainage Open ditch nil U-shaped U-shaped U-shaped U-shaped U-shaped U-shaped Open ditch Open ditch U-shaped U-shaped
5. 1. Route Alternatives  |nil 1. Widening of nil nil nil nil nil nil nil nil nil
Alternatives Rinht of Wav

2. Stage construction
Carriageway |Stabilized base/sub- Semi-rigid Stabilization Stabilization Stabilization and Stabilization and | Stabilization and | Stabilization and |Stabilization and |Stabilization and | Semi-rigid Semi-rigid

base course BST BST BST BST BST BST

(Qahilizatinn)
Footpath nil BST BST BST BST BST BST BST BST BST nil BST
Drainage nil nil L -shaped L -shaped L -shaped Open ditch L -shaped L -shaped nil nil L -shaped L -shaped
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CHAPTER 15: ENGINEERING SURVEY AND ANALYSIS

151 GEOLOGICAL INVESTIGATION
1) Geological Characteristics at the Site
Geological characterigtics at the project Site are summarized as follows.

- Basic formation at the site is Ponta Formation, which is predominantly consisting of
coarse grained sandstone deposited in late Tertiary.

- The sandstone has been completely weathered at top tens of meters and changed into
resdua soil, such as sand, sty sand, coarse sand with gravel and so on.

- There is a fault along Av. J. Nyerere Road, running to north. The maximum
differentid leve isabout 30m.

2) Evaluation of Foundation Stratum

Evaluation of foundation stratum is made according to the core drillings, performed at three
locations at the site shown inthe Figure 15.1.1. The evauation are summarized as follows.
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Figure 15.1.1 Location of Borehole
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Bearing stratum for embankment
- Top portion may be loose and a certain amount of settlement may be caused.
However, the settlement of loose sand takes place immediately right after on-loaded.

Bearing stratum for abutment and piers:
- Since unwesthered sandstone fragment may be remained not in decomposed condition,
which can damage the pile end if over-driven, bored type pile ispreferred to the driven

type.

Sope gability :

- Most of the soil at the project site is suitable for filling of embankment if properly
compacted. However, both clay-cover and horizontal subsurface drains are necessary
to prevent slope surface failure for filled embankment. And the slope angle should at
least be equd or gentler than Verticd : Horizontal =1:1.5.

- For cut dope, the dope angle is desirable to be equal to or gentler than Vertical :
Horizontal =1:1.0 at the place where the groundwater level is high. Clay-cover or
subsurface drains are also necessary to prevent dope surface failure.

15.2 MATERIAL INVESTIGATION

1) Subsoil Conditions on Project Roads

Subgrade sampling and laboratory soil tests were performed at selected 36 locations on the
project roads. The engineering properties of the sub-soil at the project site are summarized

asshown inthe Table 15.2.1. Basically, all material can be classified as excellent to good as
per AASHTO.
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Table 15.2.1 Engineering properties of soils at the site
Maximum | Optimum
Plas- dry moisture | CBR, Calie- Fric- .
. . sion, . Location
ticity density, content, % KN/m2 tion,
kN/m3 %
Stone NP 1.7andl1.9 | 7 and 10 24 and | - - TO7 and TO1/4
fragment, 48
gravel and
sand
Fine | Red NP 1.75in 8-9 20-25 2-7 28-25 Av24,C04,C07,C1
sand | sand average 1,C16/1,C16/2,
TO1 C21/1,C21/2,C24,
C25,C27,C30,C31
/1,C31/2,C33tT01/
3,T01/5,T01/7,TO
Gray 0-8 33-37 3,T05,T06,T09/1,
sand Y09/2
C27
Silty or NP 1.80-1.95 10-11 30-35 AV25,C20,C22,
clayey C23,T01/1,T01/2T
gravel and 01/6 TO4, T09/2
sand

2) Potential Borrow Pit Areas

- Soil borrow pit is located on a gently elevated hill at Marracuene, about 30km north to
the Maputo city.

- The type of soil is same as is commonly distributed at the project site, reddish brown,
fine to medium sand and it is believed that its quality is as excellent as
above-mentioned red sand.

3) Potential Quarry Sitefor Aggregate

- Most potential quarry is located about 30 km to the south of Maputo. There are two
types of rocks. Rhyolite and Basdlt.

- The quality of Rhyolite looks weathered and a little fragile, it has enough strength as
coarse aggregate, base course and other building stones.

- The quality of basalt is excellent, however the Basalt quarry is located relatively flat
portion compared to Rhyolite quarry and it is necessary to dig downward to continue
production of stones.
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153 HYDROLOGICAL STUDY AND ANALYSIS

1) Rainfall Intensity

Rainfall Intensity in the Maputo city is being set up wth the master plan in 1981 and be
examined newly with the basic design study of the reconstruction of Av. Julius Nyerere in
2000. It is conceivable to adopt the Rainfall Intensity in the result of these studies to the
drainage design.

Table 15.3.1 Rainfall Depths (mm) and I ntensities (mm/h,l/s’ha)
For Short Durations

Return Period Duration Depth Intensity |
T (vear) t(min) h(mm) (mm/h) (I/g/ha)

15 25 100 278

2 30 37 74 206

60 49 49 136

15 32 128 356

5 30 48 9% 267

60 64 64 178

15 37 148 411

10 30 56 112 311
60 73 73 204

15 42 168 467

20 30 64 128 356
60 83 83 231

15 48 192 533

50 30 74 148 411
60 94 94 261

15 53 212 589

100 30 82 164 456
60 103 103 286

Source: Scope Assessment and Preliminary Design Study of Repair of Avenida Julius Nyerere

2) Run-off Factor

Through the evaluation of the site conditions in Maputo city, the run-off factor determined for
the drainage design is proposed as follows.

® Urban Area: 0.75
® Semi-urban Area (High Density Residential Aress) : 0.55
® Semi-urban Area (Other Areas) : 0.20

154  TOPOGRAPHIC SURVEY

The Topographic Survey was made t© obtain topographic data of the existing ground for the
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preliminary design. The data was collected as a digital 3-D ground model in a format
compatible with “MODELMAKER” computer software systems.

155  EXISTING CONDITIONSOF THE PROJECTS

The high priority projects consist of three categories; namely, road development plan, traffic
management plan and public transport plan  The existing problems have been analyzed on
each roads shown below.

1) Road Development Plan

Trunk Road Development Plan
6. Condruction of Bypass missng link on Av. Julius Nyerere
7. Improvement of Av. Vladimir Lenine
8. Rehabilitation and improvement of Av. Acordos de Lusska and Av. Guerra Popular
9. Rehabilitation and improvement of Av. de Angola
10. Rehabilitation and improvement of Av. Marien Ngougbi

Collector Road Development Plan:
3. Rehdbilitation of indudtrid and commercid area roads
4. Rehahilitation of port arearoads

Resdential Area Roads.

4. Rehabilitation of Didrict 1 arearoads
5. Rehahilitation of Didtrict 2 arearoads
6. Rehdbilitation of Didrict 3 arearoads

2) Traffic Management Plan:
Rehabilitation and improvement of intersections in the CBD
3) Public Transport Plan:
Rehabilitation and improvement of bus stops and bus terminds
15.6 UTILITIESINVESTIGATION
Utilities investigation was carried out through hearings to the relevant authorities. Detall

information and other information were collected through the topographic survey, visua site
investigation and so on.  Subject to be consdered on the preiminary design are as follows.
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- A lot of illegal house have been constructed within the right of way on collector roads
and local arearoads, these poles are taken in to those houses.

- The condition of tap water network and sewerage system at site has been changed from
the information. Therefore detail site investigation such as trial dig etc. will be
required prior to the detailed design and the execution of congtruction.
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15.7 EVALUATION OF THE PILOT PROJECT

Through the implementation of the Pilot Project, 4 types of pavement structure and drainage
were evaluated from the viewpoint of economy, durability, easiness of maintenance / repair
and others. These evaluations should be the basis of the selection of structure type on the

preliminary design.

Base course

COSF R_o_ad : Traffic condition Other usage
comparison classification

Graded crushed 1.00 - Trunk road - Heavy traffic - Bus terminal

stone - Collector road
(urbanized area)

Stabilized soil 0.46 - Collector road - Low traffic - Side walk
(semi-urbanized - Road shoulder
area)

Surface course

COS'F R_o_ad : Traffic condition Other usage
comparison classification

Pre-mixed 1.00 - Trunk road - Heavy traffic

Asphalt Concrete - Collector road
(urbanized area)

DBST 0.42 - Collector road - Low traffic - Side walk
(semi-urbanized - Road shoulder
area) - Emergency repair

Inter-rocking 1.15 - Collector road - Heavy traffic - Bus stop

Concrete Block - Low traffic - Bus terminal

Roadside drainage

COSF Rp_ad : Traffic condition Other usage
comparison classification

U-drain 1.00 - Trunk road - Much pedestrian

(Concrete) (urbanized area) and vehicle
- Collector road crossing in urban
(urbanized area) area

K-drain 0.09 - Collector road - Temporary

(Stabilized soil) (temporary construction
construction)

K-drain - Collector road - Pedestrian and - Access road

(Concrete) (narrow ROW) vehicle use same - Local area road

road space

V-drain 1.08 - Trunk road - Less pedestrian

(Concrete) (semi-urbanized and vehicle
area) crossing

V-drain 0.65 - Trunk road - Less pedestrian

(Stone pitching) (semi-urbanized and vehicle

(Wet masonry) area) crossing
- Collector road
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CHAPTER 16 : ENVIRONMENTAL SURVEY

The existing environmental situations of the proposed feasibility study project roads were
identified by field survey, literature survey, interviews and discussions with authorities,
Environmentd survey items carried out are as shown below:

Natura Environmenta survey

- Horaand fauna

- Geology and soils
- Hood hazard

- Groundwater

Socid Environmenta survey

- Landuse

- Infrastructure

- Culturd properties

- Economic activities

- Household and business opinion surveys
- Resettlement compensation

Environmentd Pollution survey

- Air pallution

Survey results are used for the Environmental Impact Assessment (EIA) shown in the Chapter
20.
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CHAPTER 17 : BASIC DESIGN STANDARD

171  DESIGN STANDARD

1) Functional Classfication of the High Priority Roads

The recommendable Road Classification have been evaluated based on ANEs and SATCC
design standards.

Trunk Road:

Missng Link on Av. Julius Nyerere (total length = about 4.8 km)

Av. Vladimir Lenine

Av. Acordos Lusaka and Av. Guerra Popular (totd length= 3.5 km)
Av. Angolaand Rua S. Cabra/Largo de Deta (total length= 3.7 km)
Av. Marien Ngouabi (totd length= 1.9 km)

a b~ wdFE e

Collector Road:
Indudtrid and Commercia Area Roads (tota length= 6.03 km)
Port Area Roads (total length =3.9 km)

N e

® | ocd AreaRoad:

1. Didrict 1 AreaRoads (tota length = 8.7 km)
2. Didrict 2 AreaRoads (totd length = 10.2 km)
3. Didrict 3 AreaRoads (totd length =9.5 km)

2) Road Design Standards

The new road design standard have been proposed based on ANE’ s design standard as well as
SATCC design standard.

3) Design Speed

The design speed was established taking into account the road classification, type of road and
land-use situation aong the proposed roads.
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Table 17.1.1 Proposed Design Speeds

Project Road Classification Typeof Road | Terrain Land-use Proposed
Condition Situation Design

Speed
(km/hr)

Missing Link of Av. Julius Trunk Road Street Flat/Rolling Urban Area | 60

Nyerere

Av. Vladimir Lenine Trunk Road Street Flat Urban 50

Av. Acordos do Lusaka Trunk Road Street Flat Urban 60

Av. Guerra Popular Trunk Road Street Flat Urban 50

Av. Angolaand RuaS. Trunk Road Street Flat Urban 50/40

Cabral/Largo de Deta

Av. Marien Ngouabi Trunk Road Street Flat Urban 50/40

Industrial and Commertial Area | Collector Road Street Flat Urban 40

Roads

Port Area Roads Collector/ Local Street Flat Urban 40/30

Area Road

District 1 Area Roads Collector Road Street Flat/Rolling Urban 40/30

District 2 Area Roads Collector Road Road Flat Semi-urban 40

District 3 Area Roads Collector Road Road/Street Flat Semi-urban 40

4) Pavement Design Standard

The Pavement Design methodology in Mozambigque and SATCC is based on the “AASHTO
Guide for Desgn of Pavement Structures’, 1993.

The Pavement Design Standard in this study should be applied based on the AASHTO
gandard. Furthermore,

- An appropriate improvement measure should be selected based on the Pavement
Searviceability Index (PS) for each existing road.

Table17.1.2 Required Rehabilitation M easur es of Pavement

PS I mprovement Measure
Vey Bad Recongtruction from Subbase Course
Bad Recongtruction from Base Course
Far Overlay
Good Pot-hole patching
Very Good Ordinary maintenance work

- The design period for pavement design under the Project should be 10 years for the
project roads by consdering the follows items.
(i) the road maintenance regime of the M CM will be strengthened,
(i) possible transfer of the road maintenance responsibility from the public sector
to the private sector.
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5) Drainage Design Standard

Drainage design standard should be determined referring with existing plans, study, and also
comparing with Japanese standard.

(1) Return Period (based on the “Preliminary Design Study of Repair of Avenida Julius
Nyerere”)
® Av.JNyerere and Outlet of Port Area Road :

- Road drainage: 10 years

- Box culvert to Outlet: 50 years

- Outlet: 50 years
® Other roads: 2 years

(2) Run-off Factor

® Urban Area: 0.75

® Semi Urban Area (High Dengity Residential Areas) : 0. 55
® Semi Urban Area (Other Areas) : 0. 20

(3) Calculation of Discharge

® Q=1/360 C I
Q:Volume of Discharge(cu )
C: Run-off Factor
I: Intensity (mmvhr)
A: Cachment Area (ha)

(4) Calculation of Channds
® Q=A V

Q: Capcity of Channd (cu.m/sec)

V:Wae Vdoaty( )

A: Areaof How Water (s9.m)
e v=1/ RP® |12

V:Weer Veoaty( )

N: Coefficent of Roughness

R: Hydraulic Radius

I: Indine

® Limitation of water velocity (V) : between 0.6m/sec t03.0m/sec.
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6) Structure Design Standard

(2) Bridge Design standar d

The bridge design standard should be applied ANE s design standard.
(2) Box Culverts Design standard

For box culverts, sectional dimensions will be determined with referring to the Standard Box
Culvert Design Drawings established by the Ministry of Land and Trangport of Japan.

17.2 STANDARD TYPICAL CROSS-SECTIONS AND RIGHT-OF-WAY
Typica cross-sections for each road-type have been developed for the year 2010 along with
traffic lane numbers determined taking into consideration road classification, type of road

(Street and Road), land-use pattern and existing right-of-way conditions.

Figure 17.2.1 shows proposed typical cross-sections as well as required right-of-way width
for each proposed road.
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Figure 17.2.1 (1) Proposed Typical Cross-sections (Trunk Roads)
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Figure 17.2.1 (2) Proposed Typical Cross-sections (Collector Roads)

ORIENTAL CONSULTANTS CO., LTD
JAPAN ENGINEERING CONSULTANTS CO., LTD



ROAD DEVELOPMENT OF THE CITY OF MAPUTO
FINAL REPORT SUMMARY JICA STUDY TEAM

CHAPTER 18 : PRELIMINARY ENGINEERING DESIGN

181  ALTERNATIVE ROUTE STUDY

The missing link of Av. J. Nyerere was caused by the flood and the erosion in February 2000.
Av. J. Nyerere has been identified as one of the main corridors connecting the north area and
the CBD and the connection of the missing link has also identified as one of the urgent project
among the others. The basic route for the missing link has been studied in the master plan
study and the route is recommended to pass the flood plain comparing the original route of the
missng link through the evaluation of the costs and the benefits.

Based on the above, the alternative route study on the missing link of Av. Julius Nyerere has
been carefully done in order to identify the appropriate alternative route to be analysed during
the feesibility study.

1) Objectivesand Policies

® Ealy linking of the missing link through congruction of two lane trunk road

® To prevent Disaster through introduction of the required measures for the land-slide and
the storm drainage

® To function as abasic corridor for future extension through preparation of land for future
widening.

® No school zone and community cutting should be planned

Thetraffic capacity and the design speed should be high

® Accesscontrol to each housing should be introduced

2) Characterigtics of the Candidate Routes

Based on the above objectives and policies, the study team has selected four (4) candidates to
the basic route as shown in the Figure 18.1.1. The following three points have made for the
selection of the candidates :

® Short distancelinking
® To connect with the collector roads
® Tousealand of existing road
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Figure 18.1.1 Candidate Route for Alternative Route

3) Selection of Alternative Route

The evaluation of each candidate route has been conducted based on the fitness in the
objectives.
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Table 18.1.1 Alternative Route for Av. Julius Nyerere

Objectives Master Plal Plan 1 Plan 2 Plan 3 Plan 4
Trip length (km) 5.6 3.1 51 34 31
Impact to daily life o X o X o
(community cutting) (350) (550) (280) (650) (210)
Countermeasure for o o % %
damaged area
Riaht of wav for 4 9 % o
(resettlement houses)
Result X X X
o : No problem . Acceptable x . Unacceptable

4) Road Construction Work Itemsto be Needed

Road construction work items are shown in Table 18.1.2. Master Plan Route is needed more
items for congtruction work than Plan 4 Route.

Table 18.1.2 Road Congruction Work Items

Item Master Plan Route Pan 4 Route
Road length 5.6 km 3.1km
Public facilities rlocation
Tdephoneline Need to relocate partly Need to relocate partly
Electric power line Need to relocate widely Need to relocate partly
Water supply pipe Need to relocate partly No need
House relocation Need to relocate Need to relocate dightly
(Number of houses: 350) (Number of houses: 210)
Removal of the instaled| No need Need to remove
gabions (1,300m3)
Earth work
Cutting volume 80,000 m3 Nothing
Banking volume 82,000 m3 320,000 m3
Pavement Work
87,500 m2 58,000 m2
Structure work
Box culvert Roundabout A: 3.0mx 3.0m Ravine 4: 3.5mx 3.5m
Junction B:2@35mx 2.0m | Ravine3: 4.0mx 4.0m
Ravine 1: 5.0mx 5.0m Ravine 2: 3.0mx 3.0m
Ravine 1: 5.0mx 5.0m
Countermeasures of cut | Concrete wall: partly Concrete wall: Nothig
slope (1,820m2)
Stream improvement Need to improve: 1.7km No need
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182 TRAFFIC FORECASTS

1) Overall Feasbility Study Programme Results

- By 2005, Av. de Mogambique and Av Julius Nyerere will become congested following
the growth in development in the north of the city.

- Av Vladimir Lenine will become more congested leading to the use of AV FPLM as a
main northrsouth corridor. This will place pressure on Av Acordos de Lusaka
particularly on the north section of Rua da Machava.

- In the city centre, severe congestion is expected on the main north-south roads of Av
Guerra Populare, Av Karl Marx and Av Vladimir Lenine, as well east-west road of Av
25 de Setembro.

- By 2010, particularly on Av de Mozambique, Av Acordos de Lusaka and Av Vladimir
Lenine, congestion will be even more severe. In the city center it is extremely likely
that al the magjor north south arteries will be congested over most of the day.

2) Alternative Alignmentsfor there-instatement of Av Julius Nyerere

- In 2005, construction of missing link of Av. Julius Nyerere will contribute almost 25%
of the total time saving of the feasibility study package, and this would rise to over
30% with the on-line option.

- In 2010, time saving by the on-line option will be 35% higher than by the off-line
option.

3) Consideration of other packagesin the Feasibility Study

Improvement of Av Vladimir Lenine (Package 2)
- Vehide hour savings due the improvements in Package 2 are set out in Tablel 8.2.1

Tablel 8.2.1 Estimated Time Savings (pcu hours per 16 hour day) in 2005

dueto Package 2
Car Truck Buses Total
Junction Improvements 170 57 68 295
Bus Bays 288 133 -142 279
Total 458 190 -74 o574
B-22
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Improvement of Av Acordos de Lusaka (Package 3)

- The total network time savings in 2005 are forecast to be 767 pcu-hours over the
16-hour day.

Improvement of Av de Angola (Package 4)
- Time savings due to the improvements are forecast to be 109 pcu-hoursin 2005.

Improvements to Av Marien Ngouabi (Package 5)

- Time savings are forecast to be 277 pcuhours per 16-hour day as a result of the
improvements.

Area Based Packages (6 to 10)
- These lead to time savings for existing road users and those who divert to take
advantage of the better quality surfaces, but in reality they may be built with limits, e.g.
Speeds humps, to protect resdentia amenity.
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183 HIGHWAY DESIGN

1) Design Speed

The design speed of each project road has already been determined in Chapter 17. The
detailed design speed of each project road is shown in Table 18.3.1.

2) Proposed Alignment

The horizontal and vertical alignments of each road will be aimost same as the existing,
except some sections where there is a drainage difficulty or steep alignment compared to the
required road function.

3) Proposed Cross-section and Right-of-way

The determination of actual cross-section should be carefully analyzed especialy in case of
the rehabilitation of collector roadsin Didtrict 2 and 3.

Table 18.3.2 shows where typica cross-sections and alternative modifications have been
examined. The study team recommended the modification cases for the proposed
cross-sections and Right-of-way because of the difficulty of entire land acquisition, as
opposed to amodest reduction in the required function.
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Av. A. dos Lusaka Av. V. Lenine
28,000 16,000
5,000 3,000, 3,000, 2,000, 3,000, 3,000 5,000 4,000 3,500 . 3,500 4,000 ]
2,00
1 [ e—
Av. A. dos Lusaka interse ction Av. V. Lenine Intersection
28,000 16.000
5,000 3,000,, 3,000,,3,000 , 2.000, 3.000,, 3,000, 5,000 3,250, ,,3.000, 2,500, 3,000, , 3.250
0 o
f |  —
Av. G. Popular/Marien Ngo uabi Av. G. Popular/Marien Ngouabi Intersection
20,000 . 20,000 .
3,500 3,000__ 3,000 3,000 3,000, 3,500 2,250 3,000 3,000 2,500 3,000 3,000 _ 2,25
0 0 0 0
} ] Y ]
Av. Angola/Marien Ngouabi (2 lane) Av. Angola/Marien Ngouabi(2 lane) intersection
20,000 20,000
4,000 3,500 o 3,500 4,000 4,000 3,000, 3,000, 3,000 4,000
2,501 2,501 1,5p0 1,500
W=10m W=8m
10,000 8,000
00| 6,000 00| (0] 5.000 1.0
[ m— —
W=12 - 14m District 1
12,000 15,000
000, 3,000, 3,000, ,2.00 3,000, 3,000, . 3,000, 3,000
1,400 1,000 1,900 1,500
— L B ——

Figure 18.3.1 Typical Cross Section
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Table 18.3.1 Higeway Design

Tanc Voliume Road | Exising] Poposed | _EXising Poposed

Project Road (vehicle/day) Length | Nos. Nos. [Carageway] Shoulde/ | Dranage | Sdewak | Median Tod | Canageway]  Shoulder Dranage | Sdewak | Utlty Median To | Landaquisition | Design

Existing] 2010 (m) of of Width |PakingLand  Type Width Strip Width Width | Perking Lane Type Width Space Strip Width Speed

Lane Lane Width Width (kmh)
1 [ 1 JAv.J Nyerere - 16,944[ 4.80 - 2 - - - - - - 3.25 125 oD 4.00 2.00 - 22(40) required 60
2 | 2 JAv.V.Lenine 20,213] 19,189] 0.00 2 2 350 0.50 L 2.00 - 23 3.50 0.50 L 2.00 2.00 - 16 required 50
3 ]131]Av. A Lusaka 29,318 30,489 280 4 4 3.00 2.00 L/OD 4.00 2.00 28 3.00 2.00 L/OD 4.00 100 2.00 28 None 60
4 | 32]Av. G Popular 11,965] 36,0121 0.70 2 4 350 250 L 4.00 - 20 3.00 0.50 L 350 - - 20 required 50
5 | 4-1]Av.Angola 3.10 2 2 3.00 250 L 4.00 - 20 3.50 2.50 L 4.00 - - 20 None 50
6 | 4-2|Ruas. Cabral/Largo de Deta 13,448] 23,799] 0.60 2 2 3.00 2.50 L 4.00 - 20 3.50 2.50 L 4.00 - - 20 None 50
7 | 5 JAv. Marien Ngouabi(4 lane) 4,478] 11,988 1.90 2 4 3.50 2.50 L 4.00 - 20 3.00 0.50 L 3.50 - - 20 required 50
2 2 3.50 2.50 L 4.00 - 20 3.50 2.50 L 4.00 - - 20 None 50
8 | 6-1]Av.J Michel 8,459] 10,884] 0.90 2 2 3.00 1.00 L 4.00 - 16 3.00 1.00 L 4.00 - - 16 None 40
9 | 6-2|Av. F. de Magalhaes 8413 10,884 1.30 2 2 3.00 3.00 L 4.00 - 20 3.00 3.00 L 4.00 - B 20 None 40
10 | 6-3|Av.Z. Magalhaela 10,712] 12,439 1.30 2 2 3.00 3.00 L 4.00 - 20 3.00 3.00 L 4.00 - B 20 None 40
11| 6-4]Av. M. Siad Barre 17,975] 23,128 0.85 2 2 3.00 2.00 L 3.00 - 16 3.00 2.00 L 3.00 - - 16 None 40
12 | 6-5 |Av. RomaoFernandes 5287 6.802] 0.85 2 2 3.00 1.00 L 4.00 - 16 3.00 1.00 L 4.00 - - 16 None 40
13 | 6-6 |Rue 1229 0.25 2 2 3.00 3.00 L 3.00 - 16 3.00 3.00 L 3.00 - - 16 None 40
14 | 6-7 |Av. AsEstancias 0.58 2 2 3.00 1.00 L 3.00 - 12 3.00 1.00 L 3.00 - - 12 None 40
15 | 7-1 JRueConsigglieri Pedroso 0.00 2 2 3.00 1.00 L 2.50 - 13 3.00 1.00 L 2.50 - - 13 None 30
16 | 7-2 |Rue Joaquim Lapa 024 2 2 3.00 1.00 L 3.00 - 14 3.00 1.00 L 3.00 - - 14 None 30
17 | 7-3 |Rue do Bagamayo 0.44 2 2 3.00 0.00 L 3.00 - 12 3.00 0.00 L 3.00 - - 12 None 30
18 | 7-4|Ruede Timor Leste 0.23 2 2 3.00 1.50 L 2.00 - 13 3.00 150 L 2.00 - - 13 None 30
19 | 7-5 |Av. Martires de Inhaminga 5174] 11,748] 0.80 2 2 3.00 4.00 L 250 - 19 3.00 4.00 L 250 - - 19 None 30
20 | 7-6]Other 6 roads 1.50 2 2 3.00 0.00 L 2.00 - 10 3.00 0.00 L 2.00 - - 10 None 30
21 | 81 ]Av. Milargre Mabote 6,011] 10,668 1.00 2 2 3.00 1.50 L 350 - 9 3.00 150 L 350 - B 16 None 40
22 | 8-2|Av. daMalhangalene 3,307] 10,776] 0.94 2 2 3.00 1.00 L 2.00 - 12 3.00 1.00 L 2.00 - - 12 None 40
23 | 8-3]Av. ParaO Parmar 1.40 2 2 3.00 1.00 L 2.00 - 12 3.00 1.00 L 2.00 - - 12 None 40
24 | 8-4|Av. Kaweme Nkrumah 2,691 6,747 161 2 2 3.00 1.00 L 2.00 - 12 3.00 1.00 L 2.00 - - 12 None 40
25 | 85 JAv. Paulo Samuei Kankhomba 055 2 2 3.00 1.00 L 6.00 - 20 3.00 100 L 6.00 - B 20 None 40
26 | 8-6]Av. EmiliaDausse 0.85 2 2 3.00 1.00 L 6.00 - 20 3.00 1.00 L 6.00 - - 20 None 40
27 | 8-7]Av. deMaguiguana 0.75 2 2 3.00 1.00 L 6.00 - 20 3.00 1.00 L 6.00 - - 20 None 40
28 | 88 ]Av. Filipe Samuel Magaia 0.40 2 2 3.00 3.00 L 4.00 - 20 3.00 3.00 L 4.00 - B 20 None 40
29 | 8-9 JAv. Friendrich Engels 1.20 2 2 3.00 1.00 L 2.00 - 12 3.00 1.00 L 2.00 - - 12 None 40
30 | 9-1 |Rua2282/2265 236 2 2 - - - - - 5 3.0(5.0) - Luop/y| 200 Jo5 1.0 - 8 14 required 40
31 | 9-2]Rua2275 2.00 2 2 - - B - - 5 3.00 B ob/U 2.00 100 - 14 required 40
32 | 9-3]Ruade Xipamanine 6,184 10,768] 113 2 2 B - B B - 6 3.00 B Luop/ | 150 Jo5 10 B 10 14 required 40
33 | 9-4 ]Ruados Imaos Roby 130 2 2 3.00 1.50 - 150 - 12 3.00 150 oD/U 150 - 12 required 40
34 | 9-5|Rua2315/2313 0.70 2 2 - - B - - 6 3.00 - Lu/op/y |15 20]05 1.0 - 10 14 required 40
35 | 9-6 |Rua2309/2324 1.00 2 2 - - B - - 5 3.00 B ob/U 2.00 100 - 14 required 40
37 | 9-7|Av. desEstancias 0.49 2 2 3.00 1.00 - 2.00 - 12 3.00 - OoD/U 1.50 0.50 - 12 required 40
38 | 10-1JRuada Goa 0.80 2 2 - - - - - 6 3.00 - LU 150 0.50 - 10 required 40
39 [10-2]RuadaLixera 0.79 2 2 - - - - - 7 3.00 - Ly 1.50 0.50 - 10 required 40
40 | 10-3JAv. Milagre Mbote 6,011] 10,668 1.98 2 2 B - - - - 7 3.0(5.0) - LY 1.50 0.50 B 8 10 required 40
41 | 10-4JAv. daMalhangalene 3,307] 10.776] 1.83 2 2 - - - - - 6 3.0(5.0) - Lu/op/y | 150 0.50 - 8 12 required 40
42 | 10-5|Rua 1 de Maio 1.49 2 2 - - - - - 6 3.00 - oD/U 2.00 100 - 14 required 40
43 | 10-6]Rua 3306 0.49 2 2 - - - - - 14 3.00 - OoD/U 2.00 1.00 - 14 required 40
44 [10-7]Rua 3523 1.00 2 2 - - - - - 14 3.00 - oDb/U 2.00 1.00 - 14 required 40
45 [10-8]Rua 3576 1.10 2 2 - - - - - 14 3.00 - OoD/U 2.00 1.00 - 14 required 40
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Table 18.3.2 Comparison of Application of Typical Cross Section and Proposed M odifications

House compensation cost(USD)

| " | wetam [oorese
9. Rehabilitation of District 2 Area Roads 324,000 79,500
9.1 Rua 2282/2265 6 8,10,14 147,000 25,500
9.2 Rua 2275 6 8,10,12,14 123,000 34,500
9.3 Rua de Xipamanine(2291) 6 10,12 24,000 3,000
9.4 Rua dos Imaos Roby(2289) 12m (street type)| 12m (street type) 0 0
9.5 Rua 2315/2313 6 10,14 18,000 7,500
9.6 Rua 2309/2324 6 14 12,000 9,000
9.7 Av. das Estancias(2000) 12m (street type)| 12m (street type) 0 0
10. Rehabilitation of District 3 Area Roads 319,600 57,800
10.1 Rua da Goa(3027) 5 10 13,600 1,700
10.2 Rua da Lixera(3030) 7 10 39,100 0
10.3 Av. Milagre Mbote(3001) 8 8,10 107,100 5,100
10.4 Av. da Malhangalene(3259) 6 8,10,12 119,000 22,100
10.5 Rua 1 de Maio(3374) 6 8 40,800 28,900
10.6 Rua 3306 14 14 0 0
10.7 Rua 3523 14 14 0 0
10.8 Rua 3576 14 14 0 0
Construction of Missing Link on Av. Julius Nyerere(On Line) 502,000
Construction of Missing Link on Av. Julius Nyerere(Off Line) 528,000
Construction of Bus Terminal(Combatentes) 138,000
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184 INTERSECTION DESIGN
1) Location of I nter sectionsto be Improved

9 intersections will be improved by the road development project, and 14 intersections will be
improved by the traffic management project.

|

D

<l

. Major Internsections in the
| Road Development Project
(9 Intersection)

O Major Intersections in the
Traffic Management Project
- g = | (14 Intersections)
A)

L. l L l l |
0.0 0.5 1.0 2.0 3.0 4.0 kn

Figure 18.4.1 Location of I ntersections to be Improved
2) Design Policy

(1) Geometric Design Criteria
® Design speed : 50 kmv/h

® |ane width : typicdly 35m
® Storage lanelength : 50m

®  Shift length : minimum 20m

(2) Shape of Intersections

® Crossng angle: minimum 60 degrees, preferably more than 75 degrees

® Type of intersection : small roundabout on trunk roads and major intersections should be
changed to the normal cross-shaped intersection. On narrow collector roads in
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sub-urban areas, small roundabout is recommended as the speed deduction device,

(3) Road Facilities Design

® [ane marking and channdization zebla for the adequete traffic flwo control

® Pededtrian crossing and guard fences should be established for the pedestrian safety

® According to the parking control policy, bus stops close to the intersections should be
relocated.

® Road lighting facilities should be relocated or newly indaled.

185  STRUCTURE DESIGN

There are three and two box culverts on Master Plan Route and Plan 4 route on the
condruction of the missing link of Av. Julius Nyerere.

1) Master Plan Route

Table 18.5.1 Box Culvert Sze

L ocati Inner Section | Overburden| Top dab Floor dlab | Side wall Haunch
ocation

W(m)x H(m) (m) (mm) (mm) (mm) size (mm)

Ravine 1 5.0x 5.0 0.5 400 500 500 200x 200
Roundabout

A 3.0x 3.0 0.5 400 400 400 200x 200

Junction B 3.5x 2.0 0.5 400 400 400 200x 200
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2) Plan 4 Route
Table 18.5.2 Box Culvert Sze
L ocati Inner Section | Overburden | Top dab Floor dlab | Side wall Haunch
ocation
W(m)x H(m) (m) (mm) (mm) (mm) size (mm)
Ravine4 3.5x 3.5 0.5 400 400 400 200x 200
Ravine 3 4.0x 4.0 0.5 400 400 400 200x 200
Ravine 2 25x 25 0.5 400 400 400 200x 200
Ravine 1 5.0x 5.0 0.5 400 500 500 200x 200

18.6 DRINAGE DESIGN

1) Solutionsfor Problems on the Existing Drainage System

(1) Urban area
In urban area, most of drainage catchpit are blocked by soil/garbage due to lack of cleaning
and flushing so that the drainage capacity are reduced.

Solutions of the problem are follows.
Cleaning and flushing to drainage structure (Strengthening of maintenance)
Protection for soil and garbage

Improvement of location of catch-pit
Strengthening the drainage capacity of outlets leading to the port

(2) Sub-urban area
In most of sub-urban area, there is no proper drainage system. Other area where has the
drainage system are aso blocked by soil/garbage same as the urban area.

Solutions of the problems are follows.
Condruction of new drainage systems
Cleaning and flushing to drainage structure (Strengthening of maintenance)

Activity of enlightenment of resident not to put garbage into open ditch

Removd of squatters
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2) Proposed Drainage Networ k

Proposed drainage network for the study area has been determined based on the concept and
catchments basins mentioned in the Maputo Drainage Master Plan and a Preliminary Design
Study of Repair of Avenida Julius Nyerere prepared in 2000.

Proposed drainage network for the study area shows Figure 18.6.1-18.6.3.

3) Design poalicy

Selection of drainage structure should be determined taking consideration into the evaluation
of the Rilat project.

4) Proposed Drainage System for Study Area

In order to solve existing problem of drainage system JICA Study Team has prepared
following drainage system for study area.

Table 18.6.1 Proposed Drainage System for Study Area

Project Name Contents
Construction of New Drainage System
(Open ditch,Catch pit,Box culvert)
Cleaning of Existing Drainage System
(Catch pit, Pipe)

Construction of New Drainage System
(Lu-side ditch)

Construction of New Drainage System
(Lu-side ditch)

Construction of New Drainage System
Rehabilitation and Improvement of Av.Marien Ngouabi |(L-side ditch)

Cleaning of Existing Pipe

Cleaning of existing drainage system
(Catch pit, Pipe)

Construction of New Drainage System
(Catch pit)

Cleaning of Existing Drainage System
(Catch pit, Pipe)

Cleaning of Existing Drainage System
(Catch pit, Pipe)

Construction of New Drainage System
(Open ditch,U-side ditch)
Construction of New Drainage System
(Open ditch,U-side ditch)

Construction of Missing Link on Av.Julius Nyerere

Trunk Road Rehabilitation and Improvement of Av.Acordos Lusaka

Rehabilitation and Improvement of Av.Angola

Rehabilitation and Industrial and Comercial Area Roads

Rehabilitation Port Area Roads

Collector Road
Rehabilitation District 1 Area Roads

Rehabilitation District 2 Area Roads

Rehabilitation District 3 Area Roads
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Figure 18.6.1 Proposed Drainage Network District 1
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Figure 18.6.3 Proposed Drainage Network District 3
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5) Proposed Drainage Structure Design

COVER CONGRETE(25MPA

O—
O—

CONCRETE(15MPA,

Figure 18.6.4 Proposed Drainage Strructure
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18.7 PAVEMENT DESIGN

1) Selection of Pavement Type

With considering the construction economy ard local conditions, pavement type are selected
asshown inthe Table 18.7.1.

Table 18.7.1 Proposed Pavement Type

Carriageway Sdewalk
Trunk Road AC DBST
Industrid and Commercid Area Roads AC DBST
Port Area Roads AC or Concrete Block Concrete Block
Didtrict 1 Area Roads AC Concrete Block
Digtrict 2 Area Roads Concrete Block DBST
Didtrict 3 Area Roads Concrete Block DBST

2) Pavement Improvement M easures

Proposed pavement improvement measures based on the PSI are shown as Figurel8.7.1.
3) Pavement Thickness Design

The pavement thickness design was carried out in accordance with AASHTO standard.

The thickness and the structure of individual layers of pavement were designed based on a
comprehensive judgment of various factors including subgrade, estimated future traffic
volume of heavy vehicles, climate conditions as well as economic aspects.

- Thein-gtu soil/grave stabilized materid is useful for base course and subbase course.

- The design traffic in 2015 after 10 years from the opening year should be used for design
traffic.

- Design CBR for subgrade are determined as shown in Table 18.7.2.

- Tablel8.7.3, Figurel8.7.2 shows the optimum pavement structures recommended to be
applied for the proposed roads.

4) Pavement Structure of Carriageway at Around I nter sections

Semi-flexible pavement will be adopted at around intersections, level crossings at railway
lines, road hump sites and bus stops to prevent the deterioration of the paving due to oil
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leeking from poorly maintained vehicles
5) Pavement Structure of Sidewalk

The pavement structure to be applied for the sidewak will be the smple pavement with
DBST and a 10cm thickness base course (stabilized materid).
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LEGEND Pavement Imorovement Measures PSI
Maintenance / Pot Hole Patching 2.5<PSI<5.0
Overlay 1.5<PSI<2.5
— Reconstruction from Base Course 0.5<PSI<1.5
— Reconstruction from Subbase Course 0.0<PSI<0.5

Figure 18.7.1 Pavement Improvement Measures
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ROAD DEVELOPMENT OF THE CITY OF MAPUTO
FINAL REPORT SUMMARY JICA STUDY TEAM

Table18.7.2 Design CBR

Subgrade Strength(CBR) B ™
Ave. Soked
Length sonercmn| s oe anceR|  Subarae. za}gg(ﬁni) Bxi 5‘(‘%3"* ceRwiin
Group No (km) (%) CBR(%) (%) Result of CBR test(%) AVe.CBR jinc
1. Construction of Missing Link on Av. J. Nyrere 39 39 30 6 44] 34] 30| 48 39 39
24 24 20 S5 NOJ None | 23] 23] 27] 24 | 24
2. Rehabilitation & Improvement of Av. A. Lusaka _ -
2.1 Av. A. dos Lusaka(3013,4057) 0 22 22
2.2 Av. G. Popular(1189) 20 32 32
3. Rehabilitation & Improvement of Av. Angola _ 2% 2 % - 26
3.1Av. Angola3077) 34 5! 15 34 34
3.2 Rua S, Cabral(3081)/Largo de Deta(3079) 17 7 0 17 17
| 4. Rehabilitation & Improvement of Av. Marien Ngouabi(1166) 29 29 20 % 8 14 22 21| 24 22 22
5. Rehabiilitation of Industrid & Commercial Area Roads - -
5.1 Av. J. Michel (1070) _ N
5.2 Av. F. de Magalhaes(1038) _ 3 16 -
53 Av. Z. Maga hadla(1034) 18 3 20 18 18
54 Av. M. Sad Barreg(1203) 23 2 20 % 4 22 23 23 2
5.5 Av. Romao Fernandes(1199) _ 3 15 _
5.6 Rue 1229 24 24 24
5.7 Av. As Estancias(1030) _ 3 14 -
6. Rehahilitation of Port Area Roads - -
6.1 Rue Consigglieri Pedroso(1022) - -
6.2 Rue Joaquim L apa(1020) - N
6.3 Rue do Bagamayo(1016) - 37 30 6 2 20 - 37
.4 Rue de Timor L este(1014) _ -
6.5 Av. Martires de Inhami nqg(lOOG) 27 32| 41 37
6.6 Other 6 roads - -
7. Rehabilitation of Digtrict 1 Area Roads - -
7.1 Av. Milargre Mabote(1369) _ 4 12 N
7.2 Av. daMalhangalene(1357) _ 6 0 N
7.3 Av. ParaO Pamar(1426) i -
7.4 Av. Kweme Nkrumah(1250) 27 4 12 27 27
7.5 Av. Paulo Samuel Kankhomba(1152) ~ 25 20 S6 2 16 - 25
7.6 Av. Emilia Dausse(1138) . 3 15 -
7.7 Av. de Maguiguana(1130) 22 2 12 22 22
7.8 Av. Filipe Samuel Magaia(1183) _ 3 15 N
7.9 Av. Friendrich Engel(1009) 41 41 41
8. Rehabilitation of District 2 Area Roads - -
8.1 Rua 2282/2265 22 1 18 21| 24 23
8.2 Rua2275 38 None None 38 38
8.3 Ruade Xipamaning(2291) 32 None None 32 32
8.4 Rua dos |maps Roby(2289) 19 2 20 %6 4 0 19 19 2
8.5 Rua2315/2313 16 None None 16 16
8.6 Rua2309/2324 - None None -
8.7 Av. das Estancias(2000) _ 3 14 -
9. Rehabilitation of District 3 Area Roads _ -
9.1 Ruada Gﬁ 3OZZ _ 1 2 -
9.2 RuadaLixera(3030) 16 1 5 16 16
9.3 Av. Milagre Mbote(3001) 24 None None 18] 29 24
9.4 Av. daMahangalene(3259) - 21 20 6 None None - 21
9.5RualdeMaio(3374) 2 5 15 22 22
9.6 Rua 3306 _ one one -
9.7 Rua3523 - |__None one -
.5 Rua _ one one -

* Bold& Italic Numbers are shown as the existing pavement thickness which are adopted by pavement design.

ORIENTAL CONSULTANTS CO., LTD
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ROAD DEVELOPMENT OF THE CITY OF MAPUTO
FINAL REPORT SUMMARY JICA STUDY TEAM

Proposed Pavement Structure

1. New construction of Missing Link on Av. J. Nyerere

30 : As surfase course
40 : As binder course

100 : Base course (Graded Crushed Stone)

150 : Subbase course (Crushed Stone)

CBR=20%

2. Rehabilitation & Imprpvement of Av. A. Lusaka/ G. Popular

2.1 Overlay
sl e —
(50 : Existing AC)
(150 : Existing Base)
CBR=20%

2.2 Reconstruction from Base course

existing surfase level 50 : As Surfase course

(150 : Stabilised Existing Base Material)

CBR=20%

3. Rehabilitation & Improvement of Av. Angola/ Rua S. Cabral/Largo de Deta

3.1 Overlay
sy s E— = T
(50 : Existing AC)
(150 : Existing Base)
CBR=20%

3.2 Reconstruction from Base course

existing surfase level 60 : As Surfase course

(150 : Stabilised Existing Base Material)

|

CBR=20%

4, Rehabilitation & Improvement of Marien Ngouabi

4.1 Overlay
s  ——— TV
(80 : Existing AC)
(140 : Existing Base)
CBR=20%

4.2 Reconstruction from Base course

existing surfaselevel 50 : As Surfase course

(140 : Stabilised Existing Base Material)

|

CBR=20%

Figure 18.7.2 Proposed Pavement Structures(l)

ORIENTAL CONSULTANTS CO., LTD
JAPAN ENGINEERING CONSULTANTS CO., LTD



ROAD DEVELOPMENT OF THE CITY OF MAPUTO
FINAL REPORT SUMMARY JICA STUDY TEAM

5. Rehabilitation of Industrial & Commercial Area Roads
5.1 Overlay

existing surfase level

60 : Overlay
(20 - Fvictinn AN

(150 : Existing Base)

CBR=20%
5.2 Reconstruction from Base course

existing surfaselevel 50 : As Surfase course

150 : Stabilised Existing Base Material

CBR=20%

6. Rehabilitation of Port Area Roads

6.1 Overlay
sy anze e —— a—
(20: Existing AC)
(200: Existing Base)
CBR=20%

6.2 Reconstruction from Base course

existing surfase level

80 : Interlocking Block
(30 : Sandbed)
100 - Stahilised Fxigtina Rase Material

|

CBR=20%

7. Rehabilitation of District 1 Area Roads

7.1 Overlay
s ana s T 40: Ovely
(20 : Existing AC)
(200: Existing Base)
CBR=20%

7.2 Reconstruction from Base course

existing surfase level 40 :As Surfase course

130 : Stabilised Existing Base Materia

CBR=20%
8. Rehabilitation of District 2& 3 Area Roads

existing surfase level

| 80 : Interlocking Block
(30 : Sandbed)
100 - Stahiliced Fxistinn Rase Material

|

CBR=20%

Figure 18.7.2 Proposed Pavement Structures(2)

ORIENTAL CONSULTANTS CO., LTD
JAPAN ENGINEERING CONSULTANTS CO., LTD
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Table 18.7.3 (1) Pavement Design for Overlay

Pavement Design for Overlay SN,,4 (Structure Number of existing pavement)
Existing Pavement Thickness surfacing base SNoig SNegired | SNosa | Overlay
Reconstruction
Group No Maintenance Overlay Reconsiruction from Subbase | New Constructiol *Supgradg Existing As Bxisting Base
Length (km) from Base course course Classification]| Surface (cm) (cm) 0.35! 0.12 0.4 Proposed

3. Rehabilitation & Improvement of Av. A. Lusaka 0.0d

3.1 Av. A. dos L usaka(3013,4057) 36 3 0.1 50 150 17.50] 18.00] 1.40 196] 054 3544 40

3.2 Av. G. Popular(1189) 065 06 % 50 150 17.50] 18.00 1.40] 196] 059 3544 40
4. Rehabilitation & Improvement of Av. Angola 00q

4.1 Av. Angola(3077) 204 20 50 10 1750l 1800l 140 210|070 4441 SO

4.2 Rua S. Cabral (3081)/L argo de Deta(3079) ngd 0§ 50 150 17.50]  18.00] 1401 2101 0.7 4L4.4% 50
5. Rehabilitation & Improvement of Av. Marien Ngouabi(1166) 18 1 0 % 80 140 28.00]  16.80 1.76] 181 0.04 274§ 40
6. Rehabilitation of Industrial & Commercial Area Roads o)

6.1 Av. J Michel(1070) 1.7Q 17 30 150 10.50] 18.00 1.1 197 08§ 539 60

6.2 Av. F. de Magalhae5(1038) 1.3 1 30 150 10.50] 18.00 1.124 1971 08§ 5391 60

6.3 Av. Z. Magalhaela(1034) 177 177 % 30 150 10.50] 18.00§ 112 197] 0849 5391 60

6.4 Av. M. Siad Barre(1203) 1.39 08 0 30 150 10.50] 18.00 1.1 197 089 539 60

6.5 Av. Romao Fernandes(1199) 154 15 30 10 10.50]  18.00 1121 1971 085 5391 60

6.6 Rue 1229 024 024 30 150 10,501 _18.004 1121 197 0.% 539 60

6.7 Av. As Estancias(1030) 054 0 30 10 10.50] _ 18.00) 1.12] 197 0.8 53.91 60
7. Rehabilitation of Port Area Roads 0.

7.1 Rue Consigglieri Pedroso(1022) 044 Q.4r 20 200 7.00] 24.00 1.2 1.7 049 31. 40

7.2 Rue Joaguim L apa(1020) nod 02 20 200 7.00] 24008 12 17 049 31 40

7.3 Rue do Bagamayo(1016) 044 04 £3) 20 200 7000 24000 122 1721 049 314 40

7.4 Rue de Timor L este(1014) 0od 02 20 200 7.00] 24008 1.2 17 049 31 40

7.5 Av. Martires de |nhaminga(1006) 045 04 20 200 7.00] 24001 1.22] 172 049 314 40

7.6 Other 6 roads 169 0.2 1 20 200 7.00] 24.004 1.22] 1720 049 314 40
8. Rehabilitation of District 1 Area Roads 0.0d

8.1 Av. Milargre Mabote(1369) 1.03 0 053 30 130 10.50] 15.60 1.03] 160l 057 3639 40

8.2 Av. da Malhangalene(1357) 0Qg 0 4C 050 30 10 10.50] 15.60f 103 160 0574 3639 40

8.3 Av. Para O Parmar(1426) 1.29 12 30 130 10.50] 15.60 1.03} 160l 057 3639 40

8.4 Av. Kweme Nkrumah(1250) 164 1 0 % 30 130 10.50] 15.60f 103 160l 057 3639 40

8.5 Av. Paulo Samudl Kankhomba(1152) 235 2.3° 30 130 10.50] _15.60 1.03] 160 057 3639 40

8.6 Av. Emilia Dausse(1138) 221 221 30 10 10.50] 15.60 1.03} 160l 057 3639 40

8.7 Av. de Maguiguana(1130) 2 2 30 10 10.50] _15.60 103] 160 057 3639 40

8.8 Av. Filipe Samuel Magaia(1183) 1.79 17 30 130 10.50] _15.60 1.03] 160l 057 3639 40

8.9 Av. Friendrich Engel5(1009) 154 10 Q 30 130 10.50] 15.60 1.03} 160l 057 3639 40
9. Rehabilitation of District 2 Area Roads 00q

9.1 Rua 2282/2265 224 224 1 18 1.65)

92 Rua2275 20 20 None None 1.65

9.3 Rua de Xipamanine(2291) 1173 1173 % None None 1.65

9.4 Rua dos | maos Roby(2289) 1.3q 1.3 4 0 1.65

9.5 Rua2315/2313 11 11 None None 1.65)

9.6 Rua 2309/2324 0ad 064 None None 165

9.7 Av. das Estancias(2000) 107 107 3 14 1.65)
10. Rehabilitation of District 3 Area Roads 00q

10.1 Rua da Goa(3027) 0784 0786 1 2 16

10.2 Rua da Lixera(3030) 0.79 0.79 1 5 1.6

10.3 Av. Milagre Mbote(3001) 109 1.04 None None 1.61

10.4 Av. daMahangalene(3259) 184 1.84 s3] None None 1.6

10,5 Rua 1 de Maio(3374) 150 150 5 15 1.6

10.6 Rua 3306 052 054 None None 1.61

10.7 Rua 3523 nod nod None None 16

10.8 Rua 3576 1.1 1.1 None None 1.61]

56.18 0.00 15.46 20.59 20.13 0.00 * Bold& Italic Numbers are shown as the existing pavement thickness which are adopted by pavement design. .
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Table 18.7.3 (2) Pavement Design for Reconstruction

SN, (Structure Number of existing pavement)

Bae
Pavement Design for Reconstruction from Base course [Existing Pavement Thickness surfacing | base Proposed Pavement Thickness surtece | s:ﬁ <) (Zﬂif
SNeis | SNrequired |  SNeft o) SN
" Reconstruction . " . . Seabilised
Group No Length(km) | Maintenance Overlay fr’;ﬂgﬂ?:e from Subbase | New Construction| Cliabﬁrca;i:n Sﬁ’;‘;gg"iﬂs) Ex'sz'rg?ﬂ?& 0.35 0.12 (Anin?;rfa:e Baz"(s:‘dﬂ ) Existing 0.4 0.2 0.08
course Bae (mm)
3. Rehabilitation & Improvement of Av. A. Lusaka 0
3.LAV. A dos L usaka(3013,4057) 260 250 01 50 150 1800, 0.7. 1.96 1259 5000 0.0 _150.00] _20.00 0.001 12,00 1.26
3.2 Av. G. Popular(1189) 086 086 50 150 1800 0.7. 1.96 1259 5000 0.0 _150.001 _20.00 0.001 12,00 1.26
4. Rehabilitation & Improvement of Av. Angola 0. S
4.1 Av. Angola(3077) 3.0 2.0 50 150 18.00 0.7] 2.101 1.3 60.00 0.0 150.00] 24.00 0.00] 12.00 1.4:
4.2 Rua S. Cabral(3081)/Largo de Deta(3079) 0.6 0.6 50 150 18.00] 0.7]] 2.10 1.33 60.00] 0.0 150.00] 24.00 0.00]  12.00 1.4.
5. Rehabilitation & Improvement of Av. Marien Ngouabi(1166) 184 130 0.5 5 80 140 16.80 0.6 1.81 1.1! 50.00| 0.0 140.00] 20.00 0.00] 1120 1.23
6. Rehabilitation of Industrial & Commercial AreaRoads 0
6.1 Av. J. Michel (1070) 179 179 30 150 1800 0.7, 1.97 1.2 50.00! 0.04 _150.001 _20.00 0.001 12,00 1.2
6.2 Av. F. de Magalhaes(1038) 134 1 30 150 18.00 0.7. 1.97 1.2 50.00! 0.0 _150.001 _20.00 0.001 12,00 1.2
6.3 Av. Z. Magalhael a(1034) 177 17 % 30 150 1800 0.7. 1.97 1.2 50.00! 0.0 _150.001 _20.00 0.001 12,00 1.2
6.4 Av. M. Siad Barre(1203) 1.3 0.8 054 30 150 18.00 0.7] 1.97] 1.260 5000 0.0 150.00] 20.00 0.00 12.00 1.26
6.5 Av. Romao Fernandes(1199) 1.5 159 30 150 18.00 0.7 1.97] 1260 5000 0.0 150.00] 20.00 0.00 12.00 1.26
6.6 Rue 1229 0.2 024 30 150 18.00 0.71] 1.97] 1.2 50.00 0.0 150.00] 20.00 0.00 12.00 1.2
6.7 Av. As Estancias(1030) 0.5 0.5 30 150 1800] 0.7]] 1.97] 1.2 50.00 0.0 150.00]  20.00 0.00] 12.00 1.2
7. Rehabilitation of Port Area Roads 0.
7.1 Rue Consigglieri Pedroso(1022) 04 W | 20 200 24.00! 0.94 s 0.771 4000 0.0d__200.00] 6.00 0.00} 6.00 .2
7.2 Rue Joaquim L apa(1020) 02! 02! 20 200 24.00! 0.94 7! 0.77) 4000 0.00 _200.00] 6.00 0.00f 6.00 .2
7.3 Rue do Bagamayo(1016) 04r 04r 6 20 200 24.00! 0.94 W4 0.77) 4000 0.00 _200.00] 6.00 0.00f 6,00 .2
7.4 Rue de Timor Leste(1014) 02! 02! 20 200 24.00! 0. 17 0.77) 4000 0.0 _200.00] 16,00 0.001 16,00 1.2
7.5 Av. Martires de Inhaminga(1006) 0 0 20 200 24.00! 0.94 1.72) 0.77]  40.00 0.0 200.00] _16.00 0.00] _16.00 1.26
7.6 Other 6 roads 1.6 0.2 1.4’ 20 200 24.00] 0.94 1.72) 0.7/ 40.00 0.0 200.00]  16.00 0.00] 16.00 1.2
8. Rehabilitation of District 1 Area Roads 0.
8.1 Av. Milargre Mabote(1369) 10 0.5 053 30 30 5.60 0.6. .60 0.9 40.00 0.09 _130.00] 6.00 0.00f 040 .04
8.2 Av. daMalhangalene(1357) 09 Q 05d 30 30 560! 0.6 .60 0.9 40001 0.09 _130.00] 6.00 0.00f 040 .04
8.3 Av. Para O Parmar(1426) 1.2 12 30 30 560! 0.6 .60 0.9 40001 0.0 30.00f 6.00 0.00f 040 .04
8.4 Av. Kweme NKkrumah(1250) 164 104 Q % 30 30 5.60] 0.6 .60 0.9 40001 0.0 30.00} 6.00 0.00} 040 .04
8.5 Av. Paulo Samuel Kankhomba(1152) 23 2 30 130 1560 0.6 1.60 099 4000 0.0 130.00} 1600 0.00] 1040 1.04
8.6 Av. Emilia Dausse(1138) 221 22 30 130 15.60 0.6] 1.60 0.9 40.00! 0.0 130.00] 16.00 0.00] 1040 1.04
8.7 Av. de Maguiguana(1130) > 4q 2 4_d 30 130 15.60 0.6]] 1.60 0.9 40.00 0.0 130.00] 16.00 0.00 1040 1.04
8.8 Av. Filipe Samuel Magaia(1183) 17 1.7 30 130 15.60 0.6] 1.60 0.99 4000 0.0 130.00] 16.00 0.00] 1040 1.04
[ 8.9 Av- Fiiendrich Engels(1009) 15 10d = 30 130 15.60 0.61] 1.60 0.99 4000 0.0 130.00] 16.00 0.00] 1040 1.04
9. Rehabilitation of District 2 Area Roads n
9.1 Rua 2282/2265 2.3 2.39 , 18 .65 0.00] 0.00f 0.00 0.00
9.2 Rua 2275 201 201 None None .65 0.00| 0.00} 0.00 0.0
9.3 Ruade Xipamaning(2291) 11 113 None None .65 0.00 0.00 0.00 0.0
9.4 Rua dos Imaos Roby(2289) 139 139 % 4 0 169 0.00 0.00 0.00 0.0
9.5 Rua 2315/2313 11 11 None None 1.69 0.00 0.00 0.00 __0.00
9.6 Rua 2309/2324 0.6 064 None None 1.6! 0.00] 0.00f 0.00 0.00
7 AV. Gas EStancias( 2000) 1074 107 3 14 1.6 0.00] 0.00} 0.00 0.00
|10- Rehabilitation of District 3 Area Roads 0.
10.1 Rua da Goa(3027) 07 074 1 2 1.6 0.00} 0.00} 0.00 0.00
10.2 Rua da Lixera(3030) 07 07 1 5 1.6: 0.00} 0.00} 0.00 0.00
10.3 Av. Milagre Mbote(3001) 1.0 1.04 None None 1.6 0.00 0.00 0.00 0.00
10.4 Av. da Malhangalene(3259) 1.8 1.84 6 None None 1.6 0.00 0.00 0.00 0.00
10.5 Rua 1 de Maio(3374) 1.5 1.5 5 15 1.6 0.00 0.00 0.00 0.00
10.6 Rua 3306 057 054 None None 1.61 0.00 0.00) 0.00 0.00
10.7 Rua 3523 0 0 None None 1.61 0.00] 0.00] 0.00 0.00
10.8 Rua 3576 1 ?ﬂ 1 ?ﬂ None None 1.6 0.00] 0.00f 0.00 0.00
56.18 0.00 15.46 2059 2013 0.00 * Bold& Italic Numbers are shown as the existing pavement thickness which are adopted by pavement design. .
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Table 18.7.3 (3) Pavement Design for New Construction

Pavement Deﬁign for New Construction Proposed Pavement Thickness Surface Base Subbase
) Reconstruction SN required SN
GroupNo Length (km) | Maintenance Overlay flzenfogas;ucc;i; from Subbase | New Construction Cl*asﬂuaigr:;cilzn ?;:;rface Base (mm) (S:‘ltr):)ase 0.4 0.14 0.11
course
1. Construction of Missing Link on Av. J. Nyrere 4 80| A8 S6 1.82 70.00] 100.00] 150.000 28.00] 14.00 16.50 2.30
. Stabilised
Pavement Design for New Construction Proposed Pavement Thickness Surface | Sandmat Base
v Reconstruction SNrequired - N
GroupNo Length (km) | Maintenance Overlay flzenfogas;ucc;i; from Subbase | New Construction C;asssutl;ig(::t‘:ilin glooncc;e((emm) (S’;a]nn.tli)mat :2?:' I(Ir?'er:) 0.4 0 0.20
course

7. Rehabilitation of Port Area Roads 0.00
7.1 Rue Consigglieri Pedroso(1022) 0.45] 0.4 1.72] 80.00] 30.00] 100.00] 32.00 0.00]  20.00 2.05
7.2 Rue Joaguim L apa(1020) 0.25] 0.25 1.72] 80.00] 30.00] 100.00] 32.00 0.00]  20.00§ 2.05
7.3 Rue do Bagamayo(1016) 0.45] 0.4 S6 1.72| 80.00] 30.00] 100.00 32.00| 0.00] 20.00 2.05
7.4 Rue de Timor L este(1014) 0.251 0.2 1.72] 80.00] 30.00] 100.00 32.00 0.00] _20.00 2.05
7.5 Av. Martires de Inhaminga(1006) 0.45) 0 1.72| 80.00] 30.00] 100.00] 32.00| 0.00] 20.00 2.05
7.6 Other 6 roads 1.68) 02 14 1.72] 80.00] 30.00] 100.00 32.00 0.00] _20.00 2.05

9. Rehabilitation of District 2 Area Roads 0.00|
9.1 Rua 2282/2265 236! 23 165 80.00] 30.00] 100.00] 32.00 0.00] _20.00 2.05
9.2 Rua 2275 201 201 1.65] 80.00] 30.00] 100.00] 32.00] 0.00]  20.00] _ 2.05
9.3 Ruade Xipamanine(2291) 113 11 6 165 80.00] 30.00] 100.00] 32.00 0.00] _ 20.00 2.05
9.4 Rua dos | maos Roby(2289) 1.30) 1.30) 1.65] 80.00] 30.00] 100.00] 32.00 0.00]  20.004 2.05
9.5 Rua 2315/2313 11 11 165 80.00] 30.00f 100.00 32.00 0.00] 20.00 2.05
9.6 Rua 2309/2324 0.68) 0.6 1.65| 80.00] 30.00] 100.00] 32.00 0.00]  20.004 2.05
9.7 Av. das Estancias(2000) 1.07 1.07 1.65 80.00] 30.00] 100.00] 32.00f 0.00]  20.00 2.05

10. Rehabilitation of District 3 Area Roads 0.00|
10.1 Rua da Goa(3027) 0.76} 0.7 1.61] 80.00] 30.00] 100.00] 32.00 0.00] 20.00 2.05
10.2 Rua da Lixera(3030) 0.79 07 161] 80.00] 30.00] 100.00] 32.00 0.00]  20.004 2.05
10.3 Av. Milagre Mbote(3001) 1.98 1.9 1.61) 80.00] 30.00] 100.00] 32.00 0.00]  20.00 2.05)
10.4 Av. da Malhangalene(3259) 186 1.8 S6 1.61] 80.00] 30.00] 100.00] 32.00} 0.00] 20.00 2.05
10.5 Rua 1 de Maio(3374) 1.50 1.50) 1.61] 80.00] 30.00] 100.00] 32.00] 0.00]  20.00] _ 2.05
10.6 Rua 3306 0.5 05 1.61f 80.00] 30.00] 100.00[ 32.00 0.00]  20.00§ 2.05
10.7 Rua 3523 0.95] 0.95 1.61) 80.00] 30.00] 100.00] 32.00 0.00] _ 20.00 2.05)
0.8 Rua 3576 110 11 161 80.00] _30.00] 100.00] _32.00] _ 0.00] _20.0 2.05

27.43 0.00 1.65 1.88 0.00 23.90
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ROAD DEVELOPMENT OF THE CITY OF MAPUTO
FINAL REPORT SUMMARY JICA STUDY TEAM

18.8 ROAD FACILITIESDESIGN
1) Pedestrian Crossing

- Pedestrian crossings will be introduced at intersections with trunk roads and near public
facilities (such as schools, churches and hospitals, etc.).
- Humps and appropriate road sgnswill be introduced to dow down the traffic.

2) Bus Facilities Design
(1) General Requirement

- Bus stops should be scaled for 2-3 buses at junctions of trunk bus routes.

- 3.0m of bus stop width should be secured. Meantime 3.0m of carriageway width should
aso be secured basically.

- At least one bus shelter with signboard should be established at each bus stops, it should
have bench, information boards showing timetable, route map etc.

- Car parking should be prohibited around bus stops in length of 30m from bus stops.

(2) Implementation Programme

Improvement of bus stops carried out with Road Development Project, Traffic Management
Project and Public Trangportation Project are listed as shown in the Table 18.8.1.

3) Lighting and Other Road Facilities

- Lighting facilities should be introduced at signalled intersections, channelized
intersections and pedestrian crossings to ensure safe travelling & night.

- Chatter-bars will be installed aong the centre line at those sections without lighting to
ensure safe travelling & night.
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Table 18.8.1 Bus Stop List
Type
. Bus .
No. Road Name Project category . Bus Bay |Roadside| Total
Terminal
T1 |Av. Julius Nyerere Road Development 5
Public Transportation 1
Traffic Management 3 9
T2 Av. Vladimir Lenine Public Transportation 9
(Excluded) 3 12
T3 Av. Acordos do Lusaka Road Improvement 4
Public Transportation 4
T4 |Av. Guerra Popular Road Development 2
Traffic Management 1
(Excluded) 1 4
T5 |Av. da Angola Road Improvement 5 5
19 Av. Marien Ngouabi Road Development 5 5
T10 JAv.da FPLM Public Transportation 5 5
- Av. 25 de Setembro Traffic Management 2
(Excluded) 3 5
Av. 24 de Julho Traffic Management 4
(Excluded) 5 9
Av. Edward Mondlane Traffic Management 4
(Excluded) 5 9
Av. Mao Tse Tung Traffic Management
(Excluded) 3 3
C2/C32]|Av. da Malhangalene(1357/3259) Road Rehabilitation 3 3
C16_|Av. Martires de Inhaminga(1006) Public Transportation 1 1
C21 |Rua 2282/2265 Road Rehabilitation 3 3
C22 |Rua 2275 Road Rehabilitation 1 1
C23 |Rua de Xipamanine(2291) Road Rehabilitation 1 1
C24 |Rua dos Imaos Roby(2289) Road Rehabilitation 3 3
C25 |Rua 2315/2313 Road Rehabilitation 2 2
C26 |Rua 2309/2324 Road Rehabilitation 1 1

4) Road Signsand Markings

- Road signs shown below should be established.

® \Wamning 9gns
® Regulatory Sgns
® COther

- Road markings shown below should be established.

Lane marking (solid line)
Lane marking (dotted line)
Direction arrow

Stop line

Channdlization zebra
Pedestrian crossing zebra
Roadside parking strip
Roadside drip

Speed hump zebra
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18.9 RELOCATION AND PROTECTION OF PUBILIC UTILITIES
1) Relocation of Public Utilities

The existing utilities were investigated by the study team referring to the available data
obtained from the authorities and agencies concerned. All utilities to be affected by the
construction of the proposed roads must be relocated and replaced or protected, it is shown in
asgparated volume entitled “ Drawing” .

Normally, the authorities or agencies concerned are responsible for the relocation and
replacement at their own cost.

2) Compensation of Public Properties

Compensation of public properties will be necessary by widening of the following roads.
® Av. Marien Ngouabi / Av. Guerra Popular

® Av.V.Leine

® Didlrict 2 and 3 Area Roads

® |ndustrid and Commercia Area Roads/Port Area Roads/Didtrict 1 Area Roads
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CHAPTER 19: CONSTRUCTION PLAN AND COST ESTIMATE
191 CONDITIONSAFFECTING THE CONSTRUCTION SITES

1) Social Conditions

- Holidays : Sunday (52 days), National holidays (7 days), Religious holidays (Christmas,
Eadter : 21 days)
- Working Hours : 8 hours per day, 48 hours per week

2) Weather Conditions

Table 19.1.1 Efficiency of construction worksduring rain season

Jan Feb Mar Apr-Oct Nov Dec Efficiency
Earthwork 50-60% | 50-60% | 60-70% 100% 50% 50%
Pavement work 50-60% | 50-60% | 60-70% 100% 50% 50% 20%
Drainage work 100% 100% 100% 100% 100%* 100%*
Structural work 100% 100% 100% 100% 100% 100%
*: Structural works under the groundwater level is should be stopped in November and December

due to groundwater.

3) Labour Force

- Labours engaging in the project are assumed to the labour sent by local contractor.
- Except foreman or skilled worker, some of these staffs may be from foreign countries
such as South Africa etc.

4) Construction Materials

Cement
- Cement is assumed to be supplied by loca supplier.

Ready-Mixed Concrete

- Ready-mixed concrete is assumed to be supplied by the local contractor’s batching
plant located in Matola, 30km from the centre of Maputo city.

Crushed Stone
- Crushed Stone for concrete and road works is assumed to be supplied from the local
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contractor’s crushing plant located in Boane, 47km from the centre of Maputo city

Sand

- Sand for concrete is assumed to be supplied from the local contractor’s crushing plant
located in Boane, 47km from the centre of Maputo city.

Filling and Sub-grade Materids
- Filling and Sub-grade Materials is assumed to be supplied from the borrow pit aong
ENA4 tall road, 30km from the centre of Maputo city.

Pre-cast Concrete Products

- Concrete products imported from South Africa, Swaziland etc. are available in
Mozambique.

- Thefollowing pre-cast concrete products are available in Mozambique.
- Kerb stone
- L-shaped side ditch
- LU
- Catch pit
- Soaking pit
- Pipe culvert

Asphdt (bituminous materids)
- Asphalt mixture is assumed to be supplied by the local contractor’'s mixing plant
located in Matola, 30km from the center of Maputo city.
- Bituminous materids are imported from South Africa

Sted (reinforcement and sted materias)
- Reinforcement and other structural steel material is assumed to be imported from South
Africa

5) Congtruction Machinery and Plant

- Thefollowing machinery and plant are available in Mozambique.
- Bulldozer
- Motor grader
- Whed |oader
- Vibration roller
- Macadam roller
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- Tireroller

- Dump truck

- Truck crane

- Vibro- hammer
- Back hoe

- Generator

- Compressor

- Concrete plant
- Concrete pump car
- Asphdt plant

- Asphdt finisher

6) Local Contractors

- Government-Owned Companies : Not investigated
- Private Companies:

CMC Co,, Ltd.

CETA Co,, Ltd.

(Murray & Roberts Co., Ltd)

7) Access of Construction Materialsand Machinery to the Site

- Construction materials and machineries are delivered from suppliers warehouse and
local contractor’s yard to the site through trunk roads.

8) Relocation of public Utilities

- Normally the authorities or agencies concerned are responsible for the relocation and
replacement of eectric facilities, telephone cables, water mains a their own cost.

9) Traffic Management During the Construction

- Diversion roads should be properly provided with gppropriate traffic Sgns and guides.

- Also, night work should be considered to minimize the traffic congestion during the
construction of proposed roads in the centre of the city.

- Widening of the existing roads sometimes requires relocation of existing bus bays and
bus stops, temporary facilities should be provided during the congtruction.
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192 CONDITIONSFOR COST ESTIMATE

1

2)

3)

4)

5

6)

7)

8)

9)

Project cost consists of the following items:
Congtruction cost
- Congtruction
- House compensation and house relocation
- Structure strengthening
- Conaultant fee
- Contingency for price escaation and physica change
- Adminigtration cost of Mozambican Government

All congtruction work will be executed by private contractors.

The unit cost of each cost component was determined based on the economic conditions
in 20010f Mozambique.

The structure strengthening is consists of the training and guidance of the new road
maintenance system, the procurements of training and maintenance equipments and the
congtruction of training room. This cogt is uniformly estimated at 0.56 million USS.

The consultant fee consists of detailed engineering design and construction supervision
and has been estimated at 8 % of construction cost. Tendering will be required at the
time of tender and it is estimated that this will be equivalent to 2% of construction cost.
Therefore the consultant fee will be estimated at 10 % of construction codt.

House compensation and rdocation utilities costs were determined by the EIA survey.

Contingency for price escalation and physical change is estimated at 10 % of construction
cost.

Administration Cost of Mozambique Government is estimated at 1 % of construction
cost.

Currency
Exchange Rate: 1 US$ = 22,000 Mts.= 125.00 Yen, 1 Mts. = 0.00568 Y en (July 2001)

10) Taxationisuniformly 17 % to merchandise as VAT in Mozambique.
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11) Maintenance cost is classified into the routine maintenance cost and the periodic
maintenance cost. The routine maintenance cost is estimated at annua 1.5 % of
construction cost. And the periodic maintenance cost is estimated at 10 % every ten
years after completion of construction work.

12) Foreign and Local Currency Portions for Congtruction Materids are as shown below.

Table 19.2.1 Foreign and Local Currency Portionsfor Construction Materials

Currency Portion
ltems -
Foreign Local
a. | Concrete produced by batches plant including material 0% 100%
b. | All equipment and plants for road construction 0% 100%
c. | Asphalt (Bituminous, coat, etc) for pavement material 0% 100%
including production costs by plants
d. | Reinforcing bar (deformed steel bar Do 10 32 mm) 0% 100%
e. | Raw materials such as sand, aggregate, rock, and 0% 100%
embankment material are locally available.
f. | Concrete products such as pipes, piles 0% 100%
g. | Form work (timber, steel including manufacturing) 0% 100%
h. | Frame support/ scaffolding work 0% 100%
i. | Labour (including expatriate expert labour) 3% 97%
j. | Fuel (gasoline, diesel) 0% 100%

13) Standard of Productivity
Standard of productivity is given from “Standard Productivity for Construction Works, 2001,
Minigtry of Land, Infrastructure and Transport, Japari’.

19.3 UNIT RATES
1) Unit Pricesof Materials, Labour and Equipment
The unit prices of labour forces, materials and equipments are estimated through hearing to

the relevant road development authorities and local contractors in Mozambique, on the basis
of the smilar road or bridge project executed in and around Maputo aty.
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2) Unit Costsfor Magjor Working Items

The unit cost for major working items, calculated for each working items, are estimated based
on the preliminary construction schedule and method, natural and social conditions,
avalability of locd materids and equipment, |abour force etc.

194  WORK QUANTITIES

The work quantities are calculated on the basis of the preliminary engineering design
described in the Chapter 18.

195 ESTIMATED CONSTRUCTION COSTS

The summary of the construction cost for major working items are as shown in the Table
19.5.1.
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Table 19.5.1 Construction Cost (1)
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Table 19.5.1 Construction Cost (2)
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19.6 HOUSE / BUILDING COMPENSATION COST, UTILITIES RELOCATION
COST AND OTHER COSTS

1) House/ building compensation cost

- House / building compensation cost was estimated based on the unit cost obtained
through environmental survey.

® Didrict 2: 1,500US$
® Didrict 3: 1.700US$

® Exiging Alignment of Av. Julius Nyerere : 2,000US$H

House compensation cost(USD
o st | ey | W=14m_|eRe>ed

9. Rehabilitation of District 2 Area Roads 324,000 79,500
9.1 Rua 2282/2265 6 8,10,14 147,000 25,500
9.2 Rua 2275 6 8,10,12,14 123,000 34,500
9.3 Rua de Xipamanine(2291) 6 10,12 24,000 3,000
9.4 Rua dos Imaos Roby(2289) 12m (street type) | 12m (street type) 0 0
9.5 Rua 2315/2313 6 10,14 18,000 7,500
9.6 Rua 2309/2324 6 14 12,000 9,000
9.7 Av. das Estancias(2000) 12m (street type) | 12m (street type) 0 0
10. Rehabilitation of District 3 Area Roads 319,600 57,800
10.1 Rua da Goa(3027) 5 10 13,600 1,700
10.2 Rua da Lixera(3030) 7 10 39,100 0j
10.3 Av. Milagre Mbote(3001) 8 8,10 107,100 5,100
10.4 Av. da Malhangalene(3259) 6 8,10,12 119,000 22,100
10.5 Rua 1 de Maio(3374) 6 8 40,800 28,900
10.6 Rua 3306 14 14 0] 0]
10.7 Rua 3523 14 14 0] 0]
10.8 Rua 3576 14 14 0] 0]
Construction of Missing Link on Av. Julius Nyerere(On Line) 502,000
Construction of Missing Link on Av. Julius Nyerere(Off Line) 528,000
Construction of Bus Terminal(Combatentes) 138,000

2) Utilitiesrelocation cost

- Utilities relocation cost was estimated based on the unit cost obtained through hearing

to loca contractors.

JN JN
On-ine Off-line Trunk Indus/Commer | _Port Dist.1 Dist.2 Dist.3
Unit price Length Cost | Length Cost | Length  Cost Length Cost |Length Cost | Length Cost |Length Cost |Length Cost
wsom| M @sD)| m) sp)| m) wsp) | m wsp)f m sD)| m wsp)| m wsp)| m) usp)
Electricity Line (Overhead)33ky 20 0 0 9 0 [ 0 0 0 0 0 0
Electricity Line (Overhead)22kv 11 0 0 (o 0 0 0 0 0 0 0 0
Electricity Line (Overhead)11kv 10| 1,200| 12,000 2,600 | 26,000 3,100 31,000 0 0] 0 0 0 0 2,150 21,500 2,180 21,800
Electricity Line (L ko 28| 0| 0 0 0 0] 0 0 0 0 0| 0
Electricity Line (Underground)22kv. 28 0l O] 3100| 86,800 0 [ 0 0 0 0 0 0
Electricity Line (Underground)11ky. 15 0 0 9 0 () 0 0 0 0 0 0
Telephone Line (Overhead) 9 0| 1,800 15,840 0f 0 0 0 0 0 0 2540| 22,352 2,190| 19,272
Telephone Line (Underground) 36 0 0 0f 0 0| 0 0 0 0 0 0
Water Main D>300 150 0| 0 0) 0 0 0 0 0 0 0| 0
Water Main D<300 75 0| 0 0 0 Y 0 0 0 0 5,030 377,250f 1,230| 92,250
Total (USD) 12,000 41,840 117,800 0 0 0 421,102 133,322
G.Popular 1,300 13,000
M.Ngouabi 1,800 18,000
Total 3,100 31,000
B-55
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3) Other costs

- Enginesring cost : 10% of the congtruction cost

- Contingency cost : 10% of the construction cost consisting 5% of physical and 5%
of price contingencies

- Adminigrationcos  : Total 1% of the construction cost during preparation and
implementation

19.7 SUMMARY OF THE PROJECT COSTS
The project cost including construction cost, compensation cost for houses and buildings,
physical contingency and price contingency as well as the engineering costs etc., is shown in

the Table 19.7.1.

Table 19.7.1 Summary of the Project Cost

Unit:mil.US$
Project Road *
Phase Length (km) Grand Total
C/C H/C
(1) Construction Cost
- Av. J. Nyerere 5.6 5.05 | (11.60) 0.53 (0.50)
- Av. V. Lenine 0.13 - 0.00 -
- Av. A. Lusaka 2.8 1.76 < 0.00 «
- Av. Angola 3.7 2.05 - 0.00 -
- Av. M. Ngouabi 2.6 1.43 - 0.12 ~
- Industrial/ Commercial Area 6.0 2.29 - 0.00 -
- Port Area 3.9 1.53 - 0.00 -
- District 1 Roads 8.7 3.61 - 0.00 -
- District 2 Roads 10.2 3.62 - 0.50 -
- District 3 Roads 9.5 4.28 ~ 0.18 ~
|- Traffic Management Facilities 2.80 < 0.00 <
- Bus Stops and terminals 0.56 < 0.14 «
Sub Total (a) 29.12 (35.67) 1.47 (1.44)
(2) Structural Strengthening Cost 0.56 (0.56)
Sub Total (b) 0.56 (0.56)
Total Construction Cost (a)+(b) 29.68 (36.23) 1.47 (1.44)
(3) Consultant Fee (DD/SV=10% of Construction Cost 2.91 (3.57)
(4) Contingency for Price Escalation 201 (3.57)
and Physical Change (10% of Construction Cost) ) )
(5) Administration Cost of Mozambique 0.29 (0.36)
Government (1% of Construction Cost) ) )
Sub Total (6) = (3) +(4) +(5) 5.82 (7.13) 0.29 (0.36)
Total (1) +(2) +(6) 35.50 (43.36) 1.76 (1.80)
* . C/IC: Construction Cost ( ) = Julius Nyerere Plan 4

H/C: House Compensation including Relocation of Utilities
Exchange Rate 1 US$ = 22,000 Mts = 125.00 (July 2001),
orlMt= 0.00568

198 MAINTENANCE COST

- Annud routine maintenance cost : 1.5% of the construction cos,
- Periodic maintenance cost : 10% of the construction cost
(it will be cost 10 years after opening of the project roads)
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CHAPTER 20 : ENVIRONMENTAL IMPACT ASSESSMENT
20.1 GENERAL
The objectives of the EIA are;
® To identify exiging environmenta Stuationsin the project area
® To edimate and evaluate possible environmenta impacts of the proposed project
® To condder countermeasure to mitigate negative impacts of the project
Asda' scooping” result of the initial environmental examination (IEE), the items required for
EIA are as shown in the Table 20.1.1. In addition, following items will be in consideration
for environmenta impact assessment.
-Geomorphology, Geology and Soils -Solid waste
-Hood hazard -Hedth, Safety and Well being
-Water resources
20.2 SITE CONDITIONS
Site conditions are summarized as shown in the Table 20.2.1.

20.3 ENVIRONMENTAL IMPACT ESTIMATION AND ASSESSMENT

The summary of the potential impacts and their significance with and without mitigations are
shownin the Table 20.3.1.

The most of the impacts are short term and the benefits are long term.

204 RECOMMENDATION OF MITIGATION MEASURES

Summaries of the mitigation measures concerning the possible environmental impacts during
the project implementation and responsible body considered are presented in Table 20.4.1.

ORIENTAL CONSULTANTS CO., LTD
JAPAN ENGINEERING CONSULTANTS CO., LTD
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Table 20.2.1 Outline of environment along the proposed roads/projects

. : . : Phys Natur : .
F/IS Project Sodal and Economical Environment yscalland atural Public Nuisance
Environment
1.Construction of Missing Link More and more houses have been built in the Swarmps of coestal plsin arelocated here Heavy dugt is flung up when motor vehides

on Av. Julius Nyerere

coadtd plain, and some of dementary school
aredso located here.

Richin the greenery of trees.

run on the road where the surface is not
paved.

2.Redoration of Av. Juluis
Nyerere

Many resdences are locaed here

Richin the greenery of trees.

The eroson damages are very significant due
to the heavy rain. Av. Juluis Nyerere wre CUL.

3.Improvement of AV.Vladimir

Many resdences aswell as commercid

Thetrafic volume of thisroad is generdly

Roads

0 .
-C% Lenine fecilities (market) are located here. Poor inthe gr y of trees heavy, resulting in severe traffic congestion.
4.Rehabilitation and Improvement . . Treesarelined dong the road and culturd
X m
5 of AV. Acordos de Lusskaand fal\:i/llf:iqgsrsrselocae(jasthVSI & commerdal property of Edatud’ samoramachd” Thetraffic volume of these roads are
| Av. Guerra Popular (Samoramechd satuelarelocated here. | generaly heavy, therefore, it cannot be said
5.Rehailitation and Improvement . . . - . |that the current situation of air and sound
of AV. Angolaand RiaS. Manyfac_ioneaﬂoomnﬂod fadlitesas | Opendrainage cand isingdled dongthis ervironments of the areaare favorable
well asresidences arelocated here. road.
Caord/Largo de Deta
6.Rehabilitation and Improvement| Many resdences aswell ascommercid . Heavy dugt isflung up when moator vehides
of AV. Marien Ngouehi fadlities are located here. Many treesarelined dong the road. run on the road where the surface is damaged.
o, [oaaon of e | ery s cere s 108 | some s aepieldongres | Sl ety g nreeares
8¢ P i i and accordingly dugt is flung up when motor
= & |2Renabilitation of Port Area Manyfa_ctone.s_apdwarehousesaswdlz.as Treesaellneddqngtheroajaﬂmarw_ of vehicles pass over the roads It worsensthe
o Roads commqad faulltleﬁgrelocaed here. Railway|the cultura properties arelocated in this amospheric environment of the roadside area
dationisasolocated inthe area aen
g 1.Rehabilitation of District 1 Areg|
< |Roads Due to the surface of roads are badly
© % 2 Rehabilitation of Didrict 2 Ared] i . Trees are planted from place to place dong | damaged as well as unpavement, heavy dud is
_§§ Roeds Many res arelocated in these arees roads and around houses. flung up when motor vehicles run on the
‘g:z 3 Rehatiilitation of District 3 Ares) roads.

Rehahilitation and Improvement of Bus
Termind

Many residences and one market are located
here.

The congestion of bustermind
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Ref. AFFECTED ACTIVITY NATURE OF IMPACT/BENEFIT § CRITERIA SIGNIFICANCE
ENVIRONMENT z =
% P < c c
slzlslz| 8 =8| ¢
2 lz|E|8| 5|28 =5
z1§l3lala|sel|5e
20.4.1 Resettlement of Residents

Resettlement of residents | The social impacts of removal and N HIH| M H H M

within the Chamanculo, resettlement of residents |located

Xipamanine, Aeroporto and Jalongside the target roads within these

Maxaguene residential districts.

districts due to road

widening

2042 Air Pollution

Construction activities Dust generated N M LM M M L

Raising speed of vehicle dugExhaust gas caused by vehicle traffic P M| HI|M M M M/H

to improvement of roads

Restoration of original JNY |Formation of roadside buffer belt -NO,; 0.015 0.019ppm  0.08 ppm

(WHO 24 hr. Avg.
-CO; 0.524 0.569ppm 10 ppm
(Japan 24 hr. Av \

H = High, M = Medium, L = Light (refer to Appendix 20.1 for definitions for severity, duration, probability and spatial extent)

1) JN = Av. Julius Nyerere
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Ref. AFFECTED ACTIVITY NATURE OF IMPACT/BENEFIT | > CRITERIA SIGNIFICANCE
ENVIRONMENT @
o
B |o|z|8|2s| 25| B
z |[§l3lzlgslSE|l SE
20.4.3 Noise
Construction activities Noise generated by construction N M|l LM M M L
activities and diversion of traffic to
accommodate construction
Improved road conditions  |Noise generated by improved road P [M/L]| H| M M M/L M/H
following construction conditions following construction. DaytimeL , . 60.1 64.5 65dB
Restoration of JN Formation of roadside buffer belt Nighttime;L Acq 519 574 60dB
(Japanese standard)
20.4.4 Vibration
Construction activities Vibration generated by construction N M|l LM M M L
activities and diversion of traffic to
accommodate construction
Improved road conditions  |Vibration generated by improved road P [M/L| H| M M M/L M/H
following construction conditions following construction.
Daytime;LAeq 38.8 47.2 70dB
Restoration of JN Formation of roadside buffer belt Nighttime;L Acq 33.3 427 65dB
(Japanese standard)
20.4.5 Geomor phology, Geology and Soils
Construction of New The impact of construction activitieson] N M| M| M L M M
Section on JN the soils of the low-lying coastal areas
and swampsin the Costa de Sol
District
Restoration of original JN | The impact on soil erosion p H]H]H L M H

Upgrading of target roads
and construction of
stormwater drains

The impact of upgrading and repair of
trunk, collector and area roads which
are currently in existence, on the
underlying geology and soils

Not significant since roads are currently already

existing

Sourcing of road building
material

The impact of quarrying road building
material on geomorphology, geology
and soils

This does not form part of the scope of works.

KIVIWNNS LIdOdHY TVNIA

WVHL AdNLS VoIr
OLNdVN AO ALID HHI A0 INFNWdOTAAAd AVOY



dLT°0D SINVITNSNOD TVINAIIO

dlT 02 SINVITINSNOD ONINAANIONA NVIVI

19-49

Ref. AFFECTED ACTIVITY NATURE OF IMPACT/BENEFIT g CRITERIA SIGNIFICANCE
ENVIRONMENT g _ §
o c | = & 5 5
2 Z“ o o) 5 = =
Ble|E|5|5|E8|c8
= 1813lelag|SEISE
20.4.6 Flood Hazard
Construction of New The impact of flood hazard due to P H|H]H H H H
Section on JN and stormwater
restoration of original JN
Upgrading of target roads
and construction of
stormwater drains
20.4.7 Water Resour ces
Construction of New The impact of construction activitieson| N M| M|[M M H M/H
Section on JN. the natural surface water flow and
quality within the Low-lying coastal
areas and Mangroves.
Upgrading of target roads | The impact of stormwater drains on P H|H]H M H H
and construction of surface water quality.
stormwater drains The impact of stormwater drains on No Impact anticipated other than possible slight
groundwater levels. lowering of water table due to effective drainage
of surface water
20.4.8 Protected or ecologically sensitive zones

Swamps

Construction of New
Section on JN.

The impact of road constructiononthe| N M| L |[M L H/M M
ecological functioning of the Swamps

in the Costa de Sol District: Direct

impact of construction.

The impact of road constructiononthe| N H|H]|M H H M

ecological functioning of the Swamps
in the Costa de Sol District: Indirect
impact of introducing new settlements
to area.
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Ref.| AFFECTED ACTIVITY NATURE OF IMPACT/BENEFIT | > CRITERIA SIGNIFICANCE
ENVIRONMENT D =
& ~| &
s 25|53 |58 =
= 1§l3lalglse|lSE
20.4.9 Urban Environmental Quality
(1) |Aesthetics (Streef The upgrading, The impact of resurfacing and No impact anticipated as trees will not be
trees) improvement of target roads |upgrading target roads on street trees  |removed.
within the Central Districts
The widening of theroads | The impact of road widening on street | N M| M|[M L M H
Av. GP? and Av MN?® trees
2 |SolidWaste Construction activities The impact of solid waste and N ML |[M L M M
hazardous waste generated during
construction on the environment
20.4.10 Social and Cultural Environments
(1) [Socia and cultural [Upgrade of collector roads |Impact on Public Transport P HlL|H M H
environment:Provi |within the Chamanculo, Impact on waste col |l ection services =) HILIMI ™M H
sion of services | Xipamanine, Aeroporto and [maact on supply and maintenance of P M|lL|IM]| M M
and accessto Maxaguene residential services
facilities districts Impact on access to markets, hospitals, | P H | L | H[ M H
schools and other facilities
Construction of New section |Impact on access to markets, hospitals, | P MIL|[M] M M
of JN and restoration of schools and other facilities
original JN
Upgrade of target roads Impact on access to markets, hospitals, | P M]JH|H M M
within Central District schools and other facilities

2) GP=Av. Guerra Popular
3) MN= Av. Marien Ngouabi
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Ref.| AFFECTED ACTIVITY NATURE OF IMPACT/BENEFIT _g CRITERIA SIGNIFICANCE
ENVIRONMENT D -
2 5
D o ‘a's’ c c
z|12|8|3 53 2
Z|313|s|B|SE|SE
(2) |Health, Safety and|Upgrade of collector roads |Ilmpact on pedestrian and motorist P H|H|H M H
Well Being within the Chamanculo, safety
Xipamanine, Aeroporto and |Impact on Residents health by PIH|[H|[H]| M H
Maxaquene residential improving access to waste collection
districts trucks and provision of effective
drainage.
Widening of. GPand MN  |Impact on pedestrian and motorist P H|H|H L H
safety
Construction activities The impact of construction activitieson] N |M/L{ L |M/L| L M/L L
motorist and pedestrian safety.
(3) |Cultural Upgrading, improvement [ The impact of road reconstruction and |No impact anticipated other than short term

Environment

and resurfacing of roads
within the Central District

repair activities on cultural properties.

inconvenience during construction and long-term

benefits of improved access to these sites
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Ref. AFFECTED ACTIVITY NATURE OF IMPACT/BENEFIT | = CRITERIA SIGNIFICANCE
ENVIRONMENT z
) Z c c
2 |z2|8|3 52 2
g lo 8|82 28| <8
oy s|loe|g8|l=s]| =5
z |§|131al6EISEISE |
20.4.11 Economic environment
() [Forma commercial|Upgrading of roads within | The short term impacts of construction | N M| L|[M L M L
activities the Chamanculo, activities on businesses located along
Xipamanine, Aeroporto and [target roads.
Maxaquene districts The long term impacts on the P HIH|H]| M H
businesses of improved road surfaces
Upgrading of roads within | The short term impacts of construction] N [M/L| L | M L M/L L
the Central District activities on businesses located along
target roads.
The long term impacts on the P|IM]|H|H M M H
businesses of improved road surfaces
Construction of the new JN | The impact on improved accessto Av P M| H| M M M
section and restoration of  [Marginal from the Polana-Canico
original JN district
(2 |Marketsand Construction of the new JN |Short term impact on the Praca dos N M| L[| M L M L
informal section, Upgrading of roads |Combaterites market, and markets
commercial within Minkadjuine and located along roads Rua dos Irmaos
activities aeroporto districts Roby and Rua 2.522 (Aeroporto B
District)
Long term impact on the Praca dos P M| H| M M M H
Combaterites market, and markets
located along roads Rua dos Irmaos
Roby and Rua 2.522 (Aeroporto B
District)
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Ref.| AFFECTED ACTIVITY NATURE OF IMPACT/BENEFIT | > CRITERIA SIGNIFICANCE
ENVIRONMENT 7 §
Qo > —
Slz|s|2|2 =5 g
€ |5 |8|8|2|28| 8
g g 5|| 8 |25 | 2=
z alg |l &1z =€
(3) |Informal individual |Upgrading of roads within | The short term impacts of construction| P | M [ L | M L M H
traders (ie tomatoe, |the Chamancul o, activities on vendors located along
cashew nut etc Xipamanine, Aeroporto and |target roads.

vendors)

Maxaquene districts

The long term impacts of improved
road surfaces and access on the
businesses.

No significant impact since most of the trade
comes from surrounding residents, athough
conditions for selling would be improved by the

addition of asidewalk.
(4) [Industrial activities|Upgrade of target roads The impact of road upgrades on light P [M/L| H| M L M/L
and heavy industries located along
(5) [Employment Employment of Unskilled | Theimpact of employment on social P M| L|[M M M H
opportunities labour upliftment and increase spending
power
(6) [Maputo economic |Upgrade of all target roads | Theimpact of road upgradeson general|f P H|H|H H H

growth

according to 2020 plan

economic growth in Maputo.
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Table 20.4.1 Summary of Mitigation Measures on Environmental Impact and Responsible Body

AFFECTED ACTIVITY NATURE OF E MITIGATION MEASURES Responsible Body
ENVIRONMENT IMPACT/BENEFIT L
o —
g g |2 |5
< c = @
D o) 3 |=
= s |5 |§
O 10 10
20.5.1 Resettlement of Residents
Resettlement of residents| The social impacts of removal and [N |-To establish arule on compensation o -- --

within the Chamanculo,
Xipamanine, Aeroporto

resettlement of residents located
alongside the target roads within

for resettlement by the government.
-To explore alternative options to

and Maxaquene these digtricts. resettlement
res dentla_l d's_m dsaue -To undertake a complete inventory o --
to road widening and assessment of each affected
property
-To undertake an investigation for a o -- --
suitable alternative location for
displaced families
20.5.2 Air Pollution
Congtruction activities |Dust generated N |-To provide awater sprinkling system - - o
at the construction site
Raising speed of vehicle |Exhaust gas caused by vehicle P |-To establish National standard o -- --
due to improvement of  |traffic regarding air quality, emission of
roads vehicle exhaust gas quantity and
quality
-To introduce an obligatory car o -- --
inspection system
-To improve traffic flow o -- --
o ; High concerned, ; Light concerned, --; No concerned
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AFFECTED ACTIVITY NATURE OF § MITIGATION MEASURES Responsible Body
ENVIRONMENT IMPACT/BENEFIT 3
: 5
z s |3 |=
s |5 |5
Q O O
2053 Naise
Congtruction activities  |Noise generated by construction [N [-Construction activitiesto belimitedto| - - @
activitiesand diversion of traffic to normal working hours only
accommodate construction
Improved road Noise generated by improvedroad [P |-To introduce obligatory systems for °© - -
conditions following conditions following construction. equipping muffler devices with
construction adequate quality controlled by a
technical standard and a muted horn
with a national standard on every
vehicle.
-Conversion of land use from ° - -
residential to commercia in urban area
20.5.4 Vibration
Congtruction activities  |Vibration generated by construction|N  [-Construction activitiesto belimitedto| - - @
activitiesand diversion of traffic to normal working hours only
accommodate construction
Improved road Vibration generated by improved |P  |-To manage the maintenance of road ° - -
conditions following road conditionsfollowing pavement
construction construction.
20.5.5 Geomor phology, Geology and Soils
Construction of New The impact of construction N  [-All topsoil and subsoil removed during| -- - ©

Section on JN

activities on the soils of the low-
lying coastal areas and mangrove
swamps in the Cogta de Sol District

construction activities should be
stockpiled in such a manner asto
maintain itsviability and protected
against erosion.
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AFFECTED

ACTIVITY

NATURE OF

MITIGATION MEASURES

o Responsible Body
ENVIRONMENT IMPACT/BENEFIT =
. :
2 2 |5 |z
s E (& |3
g z |83 |&
< g |[& |&
O O O
20.5.6 Flood Hazard
Construction of New The impact of flood hazard due to P |-Todesign and construct new drainage - o o
Section on JN stormwater systems which have enough capacity
Upgrading of target
roads and construction of
stormwater drains
20.5.7 Water Resour ces
Construction of New The impact of construction N |-To take precautions to ensure that - o
Section on JN. activities on the natural surface nei ghbouring residences are not
water flow and quality within the impacted by stormwater runoff from
Low-lying coastal areas and the road during construction
Mangroves. -To alow for the unimpeded flow of - @ -
tidal and seasonal waters within the
swamps
20.5.8 Protected or ecologically sensitive zones
Swamps Construction of New Theimpact of road constructionon | N |-To limit every activity within thisregion| -- o o
Section on JN. the ecological functioning of the assmall an area as possible
swamps in the Costa de Sol -To design adrainage system which is - o -
District: Direct impact of allowed for unimpeded flow of tidal and
construction. seasonal waters within the swamps
-To make afinancial provision for the o - -
remediation of sensitive areas damaged
during construction
The impact on the ecological N |-To control strictly inflow of new o - -
functioning of the swampsin the settlements to this area
District: Indirect impact of
introducing new settlements to area
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AFFECTED ACTIVITY NATURE OF _g MITIGATION MEASURES Responsible Body
ENVIRONMENT IMPACT/BENEFIT §
Qo —
2 5 |2 |5
Io = = 5
g 5 |3 |=
= s |5 |5
0] O O
20.5.9 Urban Environmental Quality
(1) Aesthetics The upgrading, The impact of resurfacing and -All trees not directly affected by - o -
(Street trees) improvement of target  [upgrading target roads on street construction activities, should neverthel ess
roads within the Central |trees be protected against accidental damage.
Districts
The widening of the The impact of road widening on N |-Toacquire permitsfor all treeswhich | © - -
roads Av. GPand Av.  [street trees will be removed during construction
MN activities
-To make financial provision for the o -
replacement of all trees removed during
construction
(2) Solid Waste  |Construction activities | Theimpact of solid waste and N |-Todisposeof dl solid waste produced| -- - 1o
hazardous waste generated during during construction at the municipal
construction on the environment landfill site north of Maputo
20.5.10 Social and Cultural Environments
(1) Socia and Upgrade of collector Impact on Public Transport P |-Allowance to be made for formal bus - ° --
cultural roads within the stops on collector roads.
environment: Chamanculo, Impact on waste collection services| P |-To devise awaste collection strategy for | © -- --
Provision of Xipamanine, Aeroporto areas currently not serviced by the
services and access|and Maxaguene municipal trucks
o facilities residential districts B o o

Impact on supply and maintenance
of services

P |-Toidentify the location of pipelines and
cables supplying services to the area prior

Impact on access to markets,
hospital's, schools and other

P [toinitiating construction activitiesin
order to minimise the chance of

Construction of New
section of INand
restoration of original
JN

Impact on access to markets,
hospitals, schools and other
facilities

p |interference

Upgrade of target roads
within Central District

Impact on access to markets,
hospitals, schools and other

facilities
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AFFECTED ACTIVITY NATURE OF ; MITIGATION MEASURES Responsible Body
ENVIRONMENT IMPACT/BENEFIT E
= O
5 MENE
pd o) 3 |&
s |5 |5
Q 10 1Q
(2) Heslth, Safety |Upgrade of collector Impact on pedestrian and motorist P |-Safe pedestrian crossing points to be -- o --
and Well Being roads within the safety provided opposite school, markets,
Chamanculo, Impact on Residents health by P |churches, bus terminals etc
Xipamanine, Aeroporto [improving accessto waste
and Maxaguene collection trucks and provision of
residentia districts effective drainage.
Widening of GP and MN |Impact on pedestrian and motorist P
safety
Congtruction activities | Theimpact of construction N [-A safety officer to be appointed at o - o
activities on motorist and pedestrian each construction site.
safety. -Effective traffic control and o - | o
monitoring to be provided at
construction sites and along detours.
(3)Cultura Upgrading, improvement| The impact of road reconstruction | -To maintain accessto cultural sites during o - o
Environment and resurfacing of roads [and repair activities on cultural construction
within the Central properties. -To make provision for adequate parking in o | - | -
District close vicinity to cultural sites
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AFFECTED ACTIVITY NATURE OF E MITIGATION MEASURES Responsible Body
ENVIRONMENT IMPACT/BENEFIT L
s _
2 o [z |z
oy c |= |=
pd o 3 |=
s |5 |5
) @) ®)
20.5.11 Economic environment
(1)Formal Upgrading of roads The short term impacts of N |-Torestrict to disruption of accessto - - o
commercial within the Chamanculo, |construction activities on businesses| businesses during road resurfacing
activities Xipamanine, Aeroporto |located along target roads. activities as a short period as possible
and Maxaguene districts
Upgrading of roads The short term impacts of N |-Torestrict to disruption of accessto - - o
within the Central construction activities on businesses businesses during road resurfacing
District located along target roads. activities as a short period as possible
(2Marketsand  |Construction of the new [Short term impact on the Pracados [ N [-To provide an aternativelocationfor al | o -- --
informal JIN section, Upgrading of |Combaterites market, and markets markets displaced by the road
commercia roads within located along roads Rua dos Irmaos upgrading/construction activities
activities Minkadjuine and Roby and Rua 2.522 (Aeroporto B

aeroporto districts

District)
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AFFECTED ACTIVITY NATURE OF E MITIGATION MEASURES Responsible Body
ENVIRONMENT IMPACT/BENEFIT a
$ b
3 2 15 |z
g c |z |&
z o 3 |s
> c (=
(@] O (@]
() (©) O
(3)Informal Upgrading of roads The short term impacts of P [-To make allowance on sidewalks and o -- --
individual traders |within the Chamanculo, |construction activities on vendors pavements to accommodate informal
(ietomatoe, Xipamanine, Aeroporto |located along target roads. vendors
cashew nut etc and Maxaquene districts
vendors)
[(4)Industria Upgrade of target roads |The impact of road upgrades on P |-To restrict disruption of accessto - - ©
activities light and heavy industries |ocated businesses during road resurfacing
along target roads activities to as short a period as
possible
|(5) Employment Employment of The impact of employment of sociall P |-Labour intensive means of construction | o -- o
opportunities Unskilled labour upliftment and increase spending should be applied.
power -Unskilled labour should be sourced from| o | -- | o©
the district in which the construction is
being undertaken.
(6)Maputo Upgrade of all target The impact of road upgrades on P [-A policy of using local suppliers of o - -
economic growth |roads according to 2020 |general economic growthin goods and services should be applied
environment plan Maputo. where ever possible.
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ROAD DEVELOPMENT OF THE CITY OF MAPUTO
FINAL REPORT SUMMARY JICA STUDY TEAM

205 CONCLUSIONS

In summary, the environmental impact assessment shows that the impact of the project on the
roadside environment and the surrounding areas will be less than the alowable level for the
assessed items and it will be possible to maintain the quality of the environment at an
appropriate levdl.

To mitigate the negative impacts and maximise the benefits, possible measures to deal with all
of the environmental issues in the future are recommended to ensure that the city of Maputo
will be with the favourable urban environment being crested.

The followings summarise the results of the assessment and recommendation on main 5
items

1) Resettlement of residents

- Resettlement should be approached with transparency and equality, upholding the
rights of theindividua as entrenched in the country’ s condtitution.

- There should be necessity to establish a rule on compensation for resettlement by the
government.

- Alternative options to resettlement should be explored before a fina decision to
proceed with expropriation and relocation is effected.

- A complete inventory and assessment of each affected property be undertaken prior to
establishing the cost of compensation.

- An investigation for a suitable alternative location for displaced families should be
undertaken. This should fulfil the requirements of the affected parties, within reason, —
such as access to places of work, markets, public transport, medical facilities, schools
and provison of services such aswater, eectricity, sawage and telecommunicetions.

2) Air pollution
- Egablishing an air pollution control law.
- Establishing a national standard regarding air quality, emission of vehicle exhausts gas
quantity and qudity.
- Introducing periodic and obligatory car ingpection system.
- Build up apublic traffic system, and converting car use to public traffic use.

3) Noiseand Vibration
- In Mozambique, it is necessary to establish regulations for controlling noise and
vibration in the principle cities induding Maputo.
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- Introduction of obligatory systems for equipping muffler devices with adequate quality
controlled by a technical standard and a muted horn with a national standard on every
vehicle will be principa measures for mitigating road noise.

- Conversion of land use from residential to commercia in urban area will aso be
effective.

- The management for maintenance of road pavement that keep the surface of roads in
smooth will be principal measures for mitigation vibration.

4) Flood hazard
- To accelerate improvement of the rainwater drainage system and to conduct proper
maintenance regularly.

5) Ecological sensitive zones

- Sdlecting other aterndtive route that is not located the coastdl plain.

- Any activity within this region should be limited to as small an area as possible.

- There should be necessity to design a drainage system which is allowed for unimpeded
flow of tidal and seasona waters within the swamps.

- Financial provision should be made for the remediation of sensitive areas damaged
during congruction

- Inflow of new settlements to this region should be limited drictly.
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CHAPTER 21: IMPLEMENTATION PLAN
21.1 EXECUTING AGENCY

The Directorate of Roads and Bridges, the Municipal Council of Maputo is the government
agency responsible for the execution of the implementation of the Project. And National
Roads Administration is also the executing agency for supporting the Municipal Council of
Maputo.

21.2 SELECTION OF THE BEST ALTERNATIVE ROUTE OF AV.JULIUS
NYERERE

Before setting implementation schedule of the projects, the first critical question that should
be solved is the selection of the best route of Av. J. Nyerere. Since it is expected to play an
important role of the road network of Maputo, draft economic analysisis primarily conducted
on the two alternative routes of Av. J. Nyerere, and then the road network with the best
dternative route of Av. J. Nyerere shall be the find set of the F/S projects.

The two alternative routes of Av. J. Nyerere have been thoroughly described in the chapter
(18), thus here is just presenting the costs and benefits accrued from the two alternatives with
different routes of Av. J. Nyerere as shown in Table 21.2.1.

It is obvious that the Off-Line is the better alternative route, because the initial cost is cheaper
than On-line.  Although NPV of Off-Line is less than On-line, IRR and B/C is much better
than Off-Line. Furthermore the construction of On-Line is very difficult for drainage work
and slope protection against heavy rain such as February 2000. Therefore the favorite route
of themisang link of Av. J. Nyerere should sdlect Off-Line.

Table 21.2.1 Comparison of Two Alternative Routes (Year: 2021)

_ Construction
Alternatives Cost for JN. Total Cost IRR B/C NPV
) 5.05 mil. 355 mil. 54.6 mil.
IN. Off-Line 29.8% 2.97
usb usb usD
) 15.8 mil. 484 mil. 63.6 mil.
JN. On-Line 27.4% 2.70
usb usD usb

Source: JICA study team
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21.3 PROJECT PACKAGING

Based on the proposed drainage systems for each storm water basin, each component of the
Feasibility Study Projects has been combined into the following Packages. Location of the
projects are shown in the Figure 21.3.1.

Package A: Road and Public Transportation Projects in Polana-Canico area
(totd length=19.6km)
Package B: Road, Public Trangportation and Traffic Management Projectsin
Maxagquene, Mahangalene, Mahalala, Urbanizacao, Munhuana, Xipamanine,
Chamanculo and Centrd area
(totd length=16.5km)
Package C: Road and Public Transportation Projectsin Altmae, Central,
Polana- Cimento, Coop and Sommerschield area
(tota length=18.6km)
Package D : for Structure Strengthening of Road Maintenance Organization

21.4 CONSTRUCTION PERIOD OF EACH PROJECT PACKAGING
The congtruction period for each project package was estimated as follows.

® PackageA: 2years

® PackageB: 1.5years

® PackageC: 1year

® PackageD: 2years

215 PREPARATORY WORKS

The period of required preparatory works, consisting of the land acquisition the house
compensation, the relocation utilities and the Engineering services, is esimated 1.5 years.

21.6 IMPLEMENTATION SCHEDULE

The recommerded overall implementation schedule for each project was set up as shown in
the Figure 21.6.1.

217 INVESTMENT PROGRAMME

The investment program of the project, consisting proposed road, traffic management, public
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transportation and structural strengthening, has been made on the basis of the implementation
schedule, as shown inthe Table 21.7.1.

.\\
\\
\ il
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\\ %

. A: District 3 Area Roads

-
A

: Av. J. Nyerere

\
| “
\
| EF T ;
LRI
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/Larao de Deta u
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L e P
B: Guerr a Popular Ih o
7 N : Al G =T a;T = ni- | B: Av.Marien Ngouabi
\ A et
- oyl H s C: District 1
\ > Area Road
\ NG
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C: Industrial & Commercial C: Port Area
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Figure 21.3.1 Project Packaging
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Project Road | High Priority Projectsto beimplemented in the Short-term Plan
Package No.| Proposed Facilitiesto be | mplemented Length lst.year 2nd.year 3rd.Year 4th.Year 5th.year
(km) 2002 2003 2004 2005 2006 2007
Prenarator Land Acquisition, House Compensation,
e 2 |Relocation of Utilities, Engineering -
Works :
Services
Package A ROEﬂ and PUb!IC transportation Projects 19.6 _
in Polana-Canico area
Road, Public Transportation and
Traffic Management Projectsin Altmae, _
Package B Central, Polana-Cimento, Coop and 165
Sommerschield area
Road and Public transportation Projectsin
Package C Altomae and Polana-Cimento area 18.6 _
Package D Structure Strengthening of L _

Road Maintenance Organization

Figure 21.6.1 Proposed Implementation Schedule of High Priority Project
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Table21.7.1 Tentative Investment Programme of High Priority Projects

Unit:mil.US$
Project 1 st. year 2nd. Year 3rd. year Ath. Year 5th. Year
Road Grand Total
Phase Length 2002 2003 2004 2005 2006
(km) c/iIC| HC | cic | HCc | cc | Hc | cic | HIC | cic | HIC | cIC | HIC
(1) Construction Cost
- Package A 17.1 000| 038]| 000| 038 898| 000| 224| 000 000| 000| 11.22| 0.75
- Package B 16.5 000| 000| 000| 031 000| 031| 396| 000| 594| 000| 99| 062
- Package C 18.6 000| 014| 800| o000| 000| 000| 000| 000| 000| 0OO| 800| 014
Sub Total (8 000| 051| 800| 069| 898| 031| 620 000| 594| 000| 29.12| 151
(2) Structural Strengthening Cost 0.00 ---| 0.00 --| 028 —| o028 ---|  0.00 -] 056
Sub Total (f 0.00 ---| 0.00 --| 028 —| o028 ---|  0.00 -] 056
Total Construction Cost (@+({)] o000| o051|] 800| 069| 926| 031]| 648 000| 594| 000| 29.68| 151
(3) Consultant Fee (pp/sv=10% of Construction Costy | 0.20 --| 113 --| 079 —| o048 --| 032 —| 291
E g; %;é‘%ﬁ?:{% ;cr::’{] @Tétgz%&;?;:%é‘r&%m 0.00 : 12 0.80 : 0—(;- 0.90 : O-; 0.62 : 03 0.59 : 03 2901 : 29
Government (19 of Construction Cos) s s B e B e
Sub Total (6) =(3)+(4)+(5] 020| 012| 193| 006| 169| 006| 110| 003| 091| 003| 582| 029
Total M+@)+@ 02| 063] 992| 074| 1094| 037| 758| 003| 685| 003| 3550 1.80

C/C: Construction Cost

Exchange Rate 1 US$ = 22,000 Mts =

125.00 (July 2001), or 1 Mts =

H/C: House Compensation including relocation of utilities

0.00568
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CHAPTER 22 : PROJECT EVALUATION

221 GENERAL

Project evaluation is comprehensively conducted with economic cost-benefit analysis,
non-economic evaluation with other benefits, and financial anaysis of the project
implementation

222 ECONOMIC ANALYSIS

The benefit is calculated from a saving of VOC (Vehicle Operating Cost) including passenger
time cost, which is applied from a VOC model based on HDM currently used in Mozambique.
Benefits are caculated on full projects as awhole program and each individua project.

Economic analysis is conducted with streams of discounted benefit and costs with which the
project lifeis assumed at 20 years and discounted rate is set as 12%.

Economic analysis results of the whole projects are al favorable as B/C=2.7, NPV=41.5
million USD, and IRR= 27.9%.

For economic analysis of each project, virtually al of projects are feasible from economic
point of view, since B/C none of the projectsis less than 1 (or IRR=12%). Especialy, projects
of trunk roads such as Av. Lusaka and Av. Julius Nyerere are highly effective compared with
collector roads.

Sengtivity analysis has shown that the economic viability of the projects is robust.

22.3 NON-ECONOMIC EVALUATION

In order to evaluate effects of the projects in a more comprehensive manner, benefits which
are not quantified in the economic term are examined. The non-economic benefits mentioned
are transport benefit for low-income people, accessibility improvement, job creation effect,
flood protection, and air pollution reduction.

Transport benefit for lowincome people focuses on bus transport, since a bus is the main
mode of transport for low-income population The passenger time saving of the bus transport
is calculated for each project and it indicates that not only trunk road projects but also area
road projects have competitive importance for bus passenger time saving, therefore for
low-income population.

Accessibility improvement effect is estimated by calculating the size of population inhabiting
around the project roads. The results show that area road projects such as District 2 Road
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project have more benefited population, therefore the area road projects are important in terms
of a direct impact on people. The improvement of accessibility by the projects is addressed
also by describing the expansion of the accessible area of hospitals, police stations and fire
stations.

Job creation effect of project implementation is mentioned as positive impacts on people in
Maputo, since the joblessness is the main factor of the poverty clinging to people’s life. It is
estimated that the project implementation will bring about 443 thousands jobs which include
254 thousands jobs for unskilled labour that would be much more related to low -income

people.

Flood protection effect is expected by the project implementation since project roads facilitate
the drainage systems. The drainage system prevents flood-related damages such as destruction
of houses, obstruction of commercial business, etc. It is, however, difficult to quantify such
effects. Besides, the flood obstructs the smooth traffic flow by reducing the traffic capacity of
the roads. It is estimated that around 9 thousands USD worth of VOC would be saved by the

drainage sysem in arany day.

Road development is expected to reduce the emission level from vehicle operation by
optimize the vehicle speed. It is estimated that the implementation of the road projects will
save emissions at 325 ton of carbon oxides, 19 ton of nitrogen oxides, and 174 ton of carbon
dioxides in a year of 2010. Since the reduction of CO2 is a global agenda for every country,
the road development is meaningful not only as a domestic transport issue, but also for a
globd issue.

224 FINANCIAL ANALYSS

In the M/P study, financial capability of the MCM has been estimated at around 1.8 million
USD for road-related budget. For more realistic estimation, it is reconfirmed that the MCM is
able to prepare around 0.5 million USD of annua budget exclusively for the project
implementation.

Cost requirement of the project implementation is estimated in a stream by years, and the total
cost is estimated to be 38 million USD. Since the cost is unlikely to be covered by the limited
MCM'’s budget, the study expects international grants to support the main component of costs
such as construction cost, engineering cost, etc, while the MCM will share some of
respongbility in adminigtration cog, routine maintenance cost, and value added tax payment.
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Even though the main part of the costs are expected to be covered by the international grant, it
is the MCM to pay around total of 4 million USD for costs required for the MCM. It is
obvious that the limited project budget (0.5 million USD) of the MCM can not cover around 1
million USD of the annual cost requirement. The study addresses the fuel tax revenue, none of
which is used for Maputo in spite of fuel tax paid by drivers in Maputo, to be an additional
source of funding.

Risks for the project implementation are considered in terms of finance. A series of risk
minimizing measures are recommended. First of all, a financial management unit is
recommended to be established and an able personnel should be appointed as an exclusive
manager for the unit in order to facilitate all means to conduct following measures, such as to
scrutinize the available budget of the MCM for the project, to hold meetings with ANE for
fuel tax refund, to establish connections with international donors, to establish connections
with related departments of the national government, to consider other source of funding such
as urban development tax, and to consider rescheduling of the implementation plan in case of
asubgtantiad lack of finance.
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CHAPTER 23: MANAGEMENT SYSTEM AND OPERATIONS
231 GENERAL

In the field of the road maintenance and repair, the MCM should establish a new road
maintenance policy introducing a privatisation in order to accelerate the effective and the
efficient daily, routine and periodic maintenance of the road as well as maximization of the
national resources.

The one of the components of this project includes the structural strengthening of the
following fields in order to meet the required functions of the new DRB of the MCM for to
introduce the privatisation to the road maintenance.

23.2 INTRODUCTION OF NEW ROAD DEPARTMENT

a) Exigting Problem of the | mplementation Agency
The road maintenance by the DRB has not done as well because of lack of staffs, availability
of the maintenance equipments and the maintenance budget.

b) Proposed Organization of New Road Department

The new road department should be established as soon as possible to due to introduce a
privatisation to accelerate the effective and the efficient daily, routine and periodic
maintenance of the road as well as maximization of the national resources.

The proposed new road department is shown as follows.

b)-1 Introduction of Planning Section

- Stock of Road Inventory Dataand utilization of Road Inventory Data

- Egablishment and Review of Previous Road Development Plan

- Egablishment and Review of Road Maintenance Programme

- Regulation with the Municipa Directorate of Construction and Urbanization

b)-2 Introduction of Design Section

- Preparation of Design Standard

- Evauation of Road Desgn

- Regulaion with the Agencies of the Public Utilities

b)-3 Introduction of Procurement Section
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- Preparation of Standard Congtruction Unit Prices for each work items
- Preparation of Standard Specification and Contract Documents

- Preparation of Short List of Contractors and Consultants

- Procurement of construction services

- Ingpection of the construction service

- Evdudion of the construction services

b)-4 Introduction of M anagement Section
- Budget Allocation

- Adminigration

- Reguldion of the other municipd

b)-5 Introduction of Emergency M aintenance Section
- Maintenance Patrol

- Emergency maintenance

- Maintenance of equipments

¢) Introduction of New Financial Support
The MCM should consider to introduce the sources of funding such as fuel tax refund, urban
tax charge, parking charge, etc due to establish a sustainable road maintenance system.

23.3 STRUCTURE STRENGTHEN OF THE NEW ROAD DEPARTMENT

.The required structural strengthening of the fields for the new road department is shown as
follows.

- Traning of operation for upgrading deta on road maintenance and planning

- Training of theory and practical operation on road maintenance

- Traning of adminidrative and supervise Saff for maintenance works

- Traning of mechanics and operators and technical gaffs

The measures for structure strengthen of the new road department are shown as follows.
1) Construction of the Training Room
There is enough space to construct the proposed training room that need the space about

200m?2 at the property of the existing DRB.

2) Dispatch of the Expert for the Road Maintenance
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In consideration of the scarcity of adequate inland trainers, some experts would be invited to
the DRB.

Required experts for the Road Maintenance

- Method of establishment of Road Development Programme

- Method of establishment of Road Maintenance Programme

- Method of Traffic Forecast

- Method of Financid Andyds

3) Ingtallation of the Maintenance and Training Equipments
The road maintenance equipments and management equipments should be instaled for an
efficient road maintenance management.

4) On the Job Training for road maintenance

The capability of the evaluation for a rehabilitation done by the private enterprises should be
strengthen to manage the road maintenance efficiency.

Training of the actual maintenance should be implemented by on the job training by the
contractor.

5) Technical Support by ANE
ANE should give support to the new road department for strengthening of the road
maintenance capability.
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CHAPTER 24 : CONCLUSION AND RECOMMENDATIONS

24.1 CONCLUSION

The feasibility study proved that project roads of Package A, B and C are technicaly,
economically and environmentally feasible having a high economic internal rate of return of
38.6 %, 20.5 % and 23.0 % with a average respectively.

Therefore the projects should be realized within the earliest possible time, in the following
priority order taking into consideration the functions of the involved roads, especialy early
linking of the missing link of Av. J. Nyerere on trunk road is important and is necessary to
increase the surround economic, to reduce the traffic congestion of other trunk road. However
it is necessary to arrange house compensations, relocation of utilities and so on. Therefore the
priority order of the project road should be considered through al factors.

Priority Proposed Roads

1 st (Package C) - Rehabilitation of pavement and drainage on Indugtrial and
Commercid Area Roads (L = 6.03 km)
- Rehahilitation of pavement and drainage on Port Area Roads (L =
3.9km)
- Rehabilitation of pavement and drainage on Didtrict 1 Arearoads
(total length = 8.7 km)
- Improvement of Bus Bays and Bus termind (23 numbers)

2nd. (Package A) - New congruction of the Bypass misang link of Av. J. Nyerere (L
=5.6 km)
- Improvement of Av. V. Lenine

- Improvement of Av. A. Lusska (L = 2.8 km)
- Condruction of the Bustermind at the Combatentes Plaza

- Rehabilitation of pavement and drainage on Didtrict 3 Area Roads
(tota length = 9.5 km)
3rd. (PackageB) - Widening of Av. G. Popular (L = 0.7 km)

- Improvement of Av. Angola (L = 3.1 km) and S. Cabrd/Largo de
Deta (L = 0.6 km)
- Improvement and widening of Av. M. Ngouabi (L = 1.9 km)

- Rehabilitation of pavement and drainage on Digtrict 2 Area Roads
(total length = 8.7 km)
- Improvement of Intersections in the CBD (14 intersections)
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Table 24.1.1 shows the summary of the project feature for the above roads.

It is noted the following major benefits and effects are expected to accrue from the
implementation of the Projects.

1) Improvement of Traffic Congestion on the Trunk Roads Networ k

Due to the high rate of the city's expansion as well as the recent remarkable increase of traffic
demand accompanying the economic recovery in Mapuo area, the traffic flow on the city
roads has greatly increased and caused serious traffic congestion on the trunk roads which
have insufficient traffic capacity due to having only 2 lanes for the unsuitable road structure
and the deterioration of pavement surfaces.

The Widening of Av. Marien Ngouabi and Av. Guerra Popular from 2 to 4 lanes and the
improvement of Av. Angola and Av. Acordos Lusaka will solve chronic traffic congestion on
the roads in the city. Accordingly, it will improve not only economic and social activities but
dso the daly life of the peoplein the city.

2) Improved PRSP through Rehabilitation of Local Area Roads

Arearoads in District 2 and District 3 are almost unpaved and narrow road. Therefore most of
local area roads are impossible to pass smoothly due to lack of drainage system in rainy
season. Such road environment is caused to delay the development and economic growth of
community area.

In order to create a better environment and to enhance economical effect in the existing
Community Area as well as create good access to public community facilities in the
community area, local arearoads should be rehabilitated for improving PRSP.

ORIENTAL CONSULTANTS CO., LTD
JAPAN ENGINEERING CONSULTANTS CO., LTD



ROAD DEVELOPMENT OF THE CITY OF MAPUTO

FINAL REPORT SUMMARY JICA STUDY TEAM
Table 2411 Summary of Project Feature
Design [arriageway Shoulder! | Sidewalk | Utility | Median | Total | Drainage
Project Road Speed Width Parking Width Spare Sixip Width Type House
Width (Lane Widih| compensation
(am?h) {m) (m) (m) {m) (m) (m)
|87 1. Hyerere &0 3.25 1.25 4.00 2.00 - 22740) W required
E E A, V. Lenine 50 3.50 0.50 2.00 2.00 - 16 L required
"|av & Lusaka a0 3.00 2.00 4.00 1.00 2.00 28 LV None
Rua da Goa 40 3.00 - 1.50 0.50 - 10 LU required
i % |Fua daLivera 40 3.00 - 1.50 0.50 - 10 LU required
F | B |av Milagre Mbote a0 | o0 : 1.50 0.50 : g~10 | LU required
& | E |Av. daMathangalens 40 | 3.0(5.0) ) 1.50 0.50 ) 8~12 | LUATU | required
‘:‘G Rual de Maio 40 3.00 - 2.00 1.00 - 14 Vi required
& |Rua3is 40 3.00 - 2.00 1.00 - 14 ViU required
B |Ruazsa 40 3.00 - 2.00 1.00 - 14 ViU required
Rua 3576 40 3.00 - 2.00 1.00 - 14 ViU required
& [Av. G Popular 50 3.00 0.50 3.50 - - 20 L required
E A, Angola 50 3.50 2.50 4.00 - 20 L Mone
..E Rua 3. CabrallLargo de Deta 50 3.50 2.50 4.00 - 20 L MNone
2 |Av. Marien Naouabi(4 lane) 50 3.00 0.50 3.50 - 20 L required
m 2 50 3.50 2.50 4.00 - - 20 L Mone
B |, |Rua2l222265 40 3.0(5.0) - 2.00 0.5~1.0 - g~14 | LISVIT | required
'?; E Rua 2275 40 3.00 - 2.00 1.00 - 14 Vil required
= E Rua de ipamanine 40 3.00 - 1.50 0.5~1.0 - 10~ 14 | LUAIUT | required
r?z Fua dos Imaos Roby 40 3.00 1.50 1.50 - 12 Vil required
g Rua 2315/2313 40 3.00 - 1.5~20|05~1.0 - 10~ 14 | LUAIUT | required
§ Rua 2309/2324 40 3.00 - 2.00 1.00 - 14 Vil required
&v. das Estancias 40 3.00 - 1.50 0.50 - 12 ViU required
A, T Michel 40 3.00 1.00 4.00 - 16 L Mone
= Av. F de Magalhaes 40 3.00 3.00 4.00 - 20 L Mone
E A, Z, Magathaela 40 3.00 3.00 4.00 - 20 L MNone
% [Av. M. Siad Barre 40 3.00 2.00 3.00 - 16 L Mone
(3 v, Romao Fernandes 40 3.00 1.00 4.00 o 14 L Maone
™ |Rue 1229 40 3.00 3.00 3.00 - 16 L Mone
Av. &g Estancias 40 3.00 1.00 3.00 = 12 L Mone
Fue Consiggliesi Pedroso 30 3.00 1.00 2.50 5 13 L Maone
'§ Rue Joaquim Lapa 30 3.00 1.00 3.00 - 14 L MNone
I3 E Fue do Bagamaya 30 3.00 0.0a 3.0 - 12 L Mone
gn E Rue de Timor Leste 30 3.00 1.50 2.00 - 13 L: MNone
'§ 2 |Av. Martires de Inhaminga 30 3.00 4.00 2.50 - 19 L Mone
= Other f roads 30 3.00 0.00 2.00 - 10 L MNone
Av. Milargre Mabote 40 3.00 1.50 3.50 - 14 L MNone
w A daMalhangalene 40 3.00 1.0a 2.00 - 12 L MNone
E A, Para O Pattnar 40 3.00 1.00 2.00 - 12 L Mone
E Ay, Kaweme Nlaumah 40 3.00 1.00 2.00 - 12 10 Mone
E Av. Paulo Bamuei Kankhomba 40 3.00 1.00 .00 - 20 L Maone
g Av, Emilia Daugse 40 3.00 1.00 6.00 - 20 i Maone
& |Av. de Maguiguans 40 3.00 1.00 6.00 - 20 L Mone
v, Filipe Samuel Magaia 40 3.00 3.00 4.00 - 20 L MNone
v, Friendrich Engels 40 3.00 1.00 2.00 - - 12 L MNone

V. Open ditch type, L: L-shaped type, LU: L-shaped iid and U-shaped type, U: U-shaped typ
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3) Improvement of Intersectionsin the CBD

In order to increase the traffic capacity on intersection in CBD, some intersections of the
trunk roads should be improved to keep the smooth traffic flow. The following measures
should be established to the mgjor intersections.

4)

<Egablishment of Right-turn Lane>

The right-turn lane should be constructed to the mgjor intersections on Av. Mao Tue
Tung, Av. Eduardo Mondlane, Av. 24 de Julho and Av. 25 de Setembro for Av. J.
Nyerere, R. dos Lusiadas, Av. Vladimir Lenine, Av. Karl Marx, Av. Guera Popular and
Av. daZambia.

<Improvement of Traffic Sgnas>

Signal pattern timing should be adequately adjusted according to the traffic movement.
Furthermore, traffic signals should be established to the un-signaled intersections where
the bus routes cross with the trunk roads.

Improvement of Public Trangport Services

Based on the future traffic estimation, future demand of bus traffic would grow rapidly. In
order to enhance the future bus traffic efficiency, the development concepts are as follows.

5

<Completion of public transport services>
In order to open the public transport services to un-served area, branch bus routes on
collector roads and local area, which should be improved.

<Smoothly bus operation>
In order to operate smoothly buses, it needs to adopt bus lanes on the dual carriageway
road such as Av. Eduardo Mondlane.

<Completion of bus information>
In order to use easily buses for passengers, bus information system should be improved

and information board should be ingtalled at bus stops.

Improvement of Bus Baysand Bus Terminals

Bus stopping on carriageway causes traffic congestion problem at Bus Stops due to shortage
of proper bus bay space of the main carriageway. Therefore, construction of properly sized
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Bus Stop with bus bays and shelters should be needed.

Existing problem at bus terminals are caused by lack of proper spaces for buses, taxis and
trucks, and market activities. Therefore, existing bus terminals should be equipped with
proper stopping and moving spaces for buses, taxis, trucks and market spaces.

6) Improvement of Roadsides Environment

The population and the traffic volume are steadily increasing every year in Maputo city.
Therefore, in order to reduce the aggravation of environment caused by traffic congestion, the
implementation of the high priority project will bring many beneficial effects on
socio-economic, natura environment and socia environment as described below.

- Egablishment arule of Resettlement
The new construction of the missing link of Av. J. Nyerere and the widening of Av. M.
Ngouabi and Av. G. popular will certainly require the resettlement of houses.
It is concluded that the mitigation measures should include appropriate house
compensation for resettlement, securing places for persons to move to, and to settle
various problems associated with the resettlement.

- Prevention of Air pollution
Unless the existing road conditions and road network are improved, the air pollution
will become much worse due to an increase of the traffic condition.
It is concluded that the air pollution can be reduce to the level of a national standard,
since the unpaved roads and the traffic congestion will improve and reduce

repectively.

- Prevention of Noise and Vibration
Unless the existing road surface conditions are improved, the noise and vibration to the
houses aong the roads will become much worse due to the traffic volume increase.
It is concluded that the noise and the vibration will be reduce to the level of a national
standard, since the deteriorated road surfaces will improve.

- Prevention of Flood Hazard
Overflow of water on the roads including flooded water has been observed in many
places due to damaged roads and insufficient drainage condition.
It is concluded that the drainage system will be eliminated by improvemert of the
project implementation
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24.2 RECOMMENDATIONS

In order to materialize the projects, the Study team recommends that MCM takes the
following actions.

1) Financial Measure Required

According to the cash flow analysis for the projects in Chapter 22, the financial situation of
the MCM is not wealthy enough. In order to conduct surely the projects, the MCM should
consder the following financia resources:

- To ensure the MCM own budgets and the return of the fuel tax during projects
activities,

- To ensure the foreign budget for the periodic and routine maintenance, and

- To edtablish the Road Fund account in the MCM.

2) Allocation of Local Budget for House Compensation

It is recommended to allocate the necessary amount of local funds for house compensation
and utilities relocation which might be necessary for implementation if the Projects. House
compensation and utilities relocation should be conducted according to the project

implementation schedule asfollows

Year Schedule of H/C and U/L

1 <. year (2002) House compensation on missing link of Av. J Nyerere and District 3 local
area roads and Utilities relocation of on Av. J. Nyerere and Bus Stops and
Terminds

2 nd. year (2003)  House compensation on missing link of Av. J. Nyerere, Av. M. Ngouabi,
Av. G. Populae, District 2 and 3 local area roads and Utilities relocation
of Av. J. Nyerere, Digtrict 2 and 3 local arearoads

3rd. year (2004)  House compensation on Av. M. Ngouabi, Av. G. Popular and District 2

locd arearoads and Utilities rdlocation of District 2 loca area roads

ORIENTAL CONSULTANTS CO., LTD
JAPAN ENGINEERING CONSULTANTS CO., LTD



ROAD DEVELOPMENT OF THE CITY OF MAPUTO
FINAL REPORT SUMMARY JICA STUDY TEAM

Furthermore, it is recommended that the land required for the road development should be
controlled by the MCM until the actua development takes place.

3) Forming a Suitable Resettlement Plan

Resettlement of the residents and workers along the project roads will be required before the
implementation of the projects is started. In order to prevent social, economic and
environmental impacts of the resettlement on the residents in advance, it is recommended that
asuitable resettlement plan should be established paying due attention to the following items:

- Funding the resettlement compensation,

- Securing places to move the persons to be resettled,

- Ensuring the living Standards in the places to move into, and

- Holding discussions with the residents to be resettled to reach amutua consent.

4)  Improvement of Storm Drainage System

The flooding damage of existing Av. JNyerere was amost caused by the defectiveness
of drainage system in February 2000. Because the type of drainage was the pipe
culvert and the lack of maintenance against accumulated sand and solid waste. From
such viewpoints, the following measure should be conducted.

(1) Recommendable Road Drainage System

Road drainage systems of project roads should be consdered the following methods.

- U-shaped drain with cover, which can remove for cleaning inside the drainage and can
load directly vehicles, should be used in urbanized area and local arearoad in narrow
ROW. Its width is narrow and easy to cover with concrete lid shaped flat type or L
type. Pre-cast concrete type will be more preferable for repair.

- V-shaped open drain is made from concrete or stone pitching. The former should be
used to trunk roads in sub-urban area. And the latter should be used to trunk roads
and local arearoads.

- K or L-shaped drain is made from concrete blocks or stabilized soil. The former
should be used local area roads for temporary construction. The latter should be
used to loca arearoads in narrow ROW.

(2) Routine Maintenance of Roadside Drainage by MCM and Resident People
Routine / periodic maintenance of drainage facilities, consisting cleaning, repair and
reconstruction of drainage facilities, should be conducted by the new road department
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of MCM.

In addition, easy maintenance such as cleaning, dredging, prevention of garbage
dumping etc., should be done by the resident people. Therefore, enlightenment of
such action should be initiated by district offices in cooperation with the new road
department of MCM.

(3) Improvement of Area Drainage System by MCM
Project for improvement / restoration of local area drainage system should be conducted
by relevant department of MCM. Such improvement project should be proceeded in
parald with the progress of the road development projects.

5) Establishment of DRB Maintenance System

In order to function effectively the DRB by the implementation of the high priority project,
the Study Team recommends to the MCM to establish the following new road department.

- Planning Section

- Design Section

- Procurement Section

- Management Section

- Emergency Maintenance Section
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