CHAPTER 7

FORMULATION OF
ROAD DEVELOPMENT MASTER PLAN




7.1

FORMULATION OF ROAD DEVELOPMENT MASTER PLAN

Proposal for Future Road Development Plan

The future road development plan has been formulated taking into consideration such
factors as the future traffic pattern, present road condition, future urban land use plan,
and the expected improvement to be brought about with the introduction of each
development scheme. The timing of implementation of individual development

scheres {short term or long term) has been determined.
The basic road development objectives set up for the master plan are as follows:

To Enhance Road User Benefit

- improvement of bottleneck points in urban traffic
- enhancement of capacities of linehaul
- diversion of traffic from the city centre

To Enhance Road Safety and Roadside Environment

- enhancement of road safety
- protection of roadside environment

The road development concept with the above targets has been prepared as shown in

Table 7.1, where probable measures to attain the targets are being proposed.

The road development master plan prepared in this context is presented in Fig. 7.1
and Table 7.2
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7.2

7.2.1

7.2.2

Future Road Traffic on Proposed Road Network
Engineering Consideration

As the base for the future traffic simulation, preliminary road engineering design was
carried out as described below:

(1) Number of Traffic Lanes

The traffic lanes of the present road network in the Study area were investigated
by the Study Team through the road inventory survey and the results are
presented in Chapter 4.

The required number of traffic lanes for each road development plan was
studied and determined for the year 2015 taking into consideration prospect of
future traffic volume. As the result, it was found the existing lane numbers for
each of the proposed roads could accommodate increasing number of traffic on
the following condition:

- Such new road links as inner ring road and North, South bypasses are
realized by the year 2015, The capacities of these new road links have to
be greater than 5,600 pcu/hr.

- Carriageway widths of all the existing trunk roads have to be widened up

to be 3.5 m and more.
(2) Typical Cross-section

Two prototypes cross-section were proposed taking into account location of

roads including landuse pattern of the nearby arza.
Two prototypes of cross-section applied here are shown in Fig. 7.2.
Methodology of Future Road Traffic Estimate

Improved road links have been represenied in the traffic model by increasing their
capacities by 25%, except where widening is proposed, in which case a greater
increase in capacity was assumed. Because junctions were not modelled explicitly, at
junction improvement sites all links joined to the junction were allocated 25% more
capacity. These principles were applied to both the 2005 and 2015 networks. A 25%
increase generally ensures that capacity reaches the MOWTC specified level, which is
taken to be the achievable capacity for a well designed road operated efficiently.



Typical Cross Section

Fig. 7.2 Typical Cross Section
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7.2.3

For traffic assignments, the technique used was the same as that used for the base
year 1997. However, assumed increases in per capita income are consistent with
increased values of time. This was represented by reducing the distance weighting in
the generalised cost function.

The assignment for year 2003 is reported in Appendix 7 (a). The remainder of this
description refers to the network and assignment for the master plan year 2015. The
network for 2015 includes an urban ring road around central Kampala in order to

reduce congestion and allow the city to develop.

Several alignments are under consideration and the one tested includes a new single
carriageway road south of Kibuye roundabout, thereby giving relief to the Kibuye
and clock tower roundabouts. The ring also includes existing roads improved to dual
carriageway standard with improved junctions where necessary. In anti-clockwise
progression, starting from the Nsambya police training school, the ring road tested is
as follows :

- dual carriageway standard along Press House Road, Access Road, Kitante
Road, Mulago Hill Road, Makerere Hill Road, Balintuma Road and continuing
southwards across Rubaga Road up to the Kabusa Road/Nabunya Road
junction. Such roads were modelled as having a capacity of 2800 pcus/hr in
each direction.

- single carriageway standard, crossing Masaka Road near the curient Stensera
Road/Nabunya Road junction, looping round to cross Entebbe Road, then
heading north-east across Gaba Road to join the dual carriageway road at the
start of Press House Road. Such roads were modelied as having a capacity of
1250 peus/hr in each direction.

The 2015 network includes the Furopean Union’s proposed northern by-pass. The
southern route would not be compatible with the southern half of the ring road as
tested, and a smaller ring, with the southern portion lying to the north of Kibuye
junction and relieving only clock tower roundabout, would be substituted if the EU

were to select the southem by-pass route.
Future Traffic on Proposed Road Network

The result of traffic assignment on the proposed road network in 2015 is shown in
Fig. 7.3 and Table 7.3, from which the following could be pointed out:



7.4

The inclusion of the European Union's northern by-pass helps our master
development plan to work well. With its inclusion, average vehicular speeds are
similar to those in the base year. Without it speeds are 20% lower than in the base
year. Both the figure and the table demonstrate that the flows are in harmony with the
proposed capacity. The proposed ring road is well used but only over a short section
(Access Road just south of Jinja Road) is the flow in excess of capacity. Traffic on
Jinja Road to the west of the start of the by-pass is of a similar level to that in the base
year. Flows forecast for the main east west route, Jinja Road - Entebba Road -
Queens way - Masaka Road are generally within capacity, although the portion of
Jinja Road between Port Bell Road and Kitante Road will require more capacity then
is indicated in Table 7.3. Inside the proposed ring road, the roads showing large
increases over the base year flows are either in the vicinity of the reconstructed Katwe
Lubiri circular road or are feeders to the ring road.

The flows indicated in Fig. 7.3 and in Table 7.3 are in waits of pcus/hour. Elsewhere

in this report, average daily traffic (ADT) is displayed. ADT in vehicles is computed
as 12.76 times pcus/hour.

Seiection of High Priority Projects

(1) Methodology

Determination of pricrity projects were done applying a scoring method. The
criteria introduced for the determination are as the follow™:

items of Evalualion Score
i. Engineering View Point (60)
1.1 - Deterioration Level of Pavement (15
- Totally Destroyed 15
- Very Bad 15
- Bad 15
- (Good 10
- Fair 5
1.2 Traffic Volume 30
- ADT > 20,000 30
- 20,000 > ADT > 10,000 25
- 10,000 > ADT > 5,000 20
- 5,000 > ADT > 1,000 15
- 1,000 > ADT > 100 10
- ADT < 100 S
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Table 7.3 Results of the 2015 Assignment
Site Reference |Site Description Assigned |Assigned |Percentage [Nominal Flow to
Flow Flow increase  lcapacity |[capacity
in 1997 in 2015 ratio
{Pcus/hr) |(Pcus/hr) {Pcus/he)
Ring road
Press House Road 1520 4751 213% 5600 085
P10 Access Road 2768 65146 122% 5600 1.10
Kitante Road 2634 5188 97% 5600 0.93
C14 Kitante Road 2000 4750 138% 5600 0.85
C21 Kitante Road 1388 4258 207% 5600 0.76
P2 Mutago Hill Road 2327 5318 129% 5600 0.85
Makerere Hill Road 2188 5878 169% 5600 1.05
C18 Makerere Hill Road 1112 3120 i81% 5600 0.56
Makerere Hill Road 1204 5300 340% 5600 0.95
Balintuma Road 502 4205 738% 5600 0.75
Balintuma Road 338 3672 986% 5600 066
Noarth of Natate Road 3477 5600 0.62
South of Natate Road 35654 5600 083
Mabunya Road 467 3298 606% 5600 0.59
Nabunya Road 2454 2500 0.98
Masaka Road to Entebbe Road 1439 2500 0.58
Entebbe Road to Makindye Road 1439 2500 0.58
Makindye Road to Gaba Road 1146 2500 0.46
Gaba Road to Press House Road 2041 2500 0.82
Jinja Road - Entebbe Road - Queensway - Masaka Road
C1 Jinja Road 1822 1668 -8% 3000 0.56
C25 Jinja Road 2687 4498 67% 3700 1.22
Ci1 Jinja Road 3374 4608 37% 3700 1.25
P% Jinja Road 2350 2510 T% 3700 0.68
P7 Entebbe Road 1897 2604 30% 2800 0.93
P16 Entebbe Road 3865 4714 22% 4000 1.18
c9 Queensway 2065 2365 15% 3000 0.79
p22 Masaka Road 1007 1704 69% 3000 0.57
Cc4 Masaka Road 810 1350 67% 3000 0.45
Inside the Ring Road
c10 Katwe Road 1454 3456 138% 3500 0.09
C13 Kampala Road 3292 3557 8% 4000 D.89
Ct5 Bombo Road 2484 3348 35% 4000 0.84
C16 Hoima Road 839 2054 145% 2500 0.82
PS5 Namirembe Road 1723 1498 -13% 2000 0.75
P& South Streat 1868 211 13% 2000 1.06
Pi3 Kibuli Road 1192 1467 23% 2500 0.59
P14 Nsambya Road 1672 24214 45% 2500 0.97
P15 Kibuli Road 1621 2020 25% 2000 1.01
P17 Mengo Hill Road 1478 2617 7% 2800 0.93
P18 Katwe Lubir Ring Road 221 830 276% 2800 0.30
P19 Katwe Lubiri Ring Road 149 961 545% 2800 0.34
P20 Makindye Road 816 2148 163% 2800 077
P21 Entebbe Road 1923 3094 61% 3000 1.03
P23 Kaiwe Lubirt Ring Road 6 95 1500% 2800 0.03
P24 Rubaga Road 673 1516 125% 1280 1.18
P25 Natete Road 12658 1865 47% 1600 1.17
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(2)

1.3 Detenioration Level of Drainage (15)

- Flood area 15
- Area without drainage 15
- Area with partially malfunctioning drainage/Area 10
with poor drainage
- Other than the above 5
2. Socio-economic Yiew Points 20)
2.1 Function of Road (10)
- Inter Regional Arterial 10
- Regional Arterial Road 5
- City/town Road 5
- Feeder/Access Road 0
2.2 Land Use Pattern (10)
- Commercial/industry/densely populated Area 10
- Residential Area 5
- Less Developed Area 0
3. Satisfaction of Basic Human Need (10)
- Large impact on low income group 10
- Medium impact on low income group 5
- Less impact on low income group 0
4. Development Policy of MOWTC (10)
- Highest priority 10
- High priority 5
- Others 0
Total 100

*  The criteria of the scoring method introduced here are not universal ones and are subject 1o

change with the type and content of projects to be evaluated.

Results of scoring based on the above are presented in Table 7.4.
Selected High Priority Projects

High priority projects were selected on the basis of the sizes of the scores
obtained. these projects include:

Improvement of Bottlenecks
- Junction
¢« Port Bell Junction

» linja Rd. Roundabout
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Kibuya Roundabout

*  Natete Roundabout

Wandegeya Roundabout
*  Makerere Roundabout

- Flood Area

= Hoima Read (0.4 km: Lubigi Channel Crossing Part)

Natete Road (A) (0.2 kmi: Lubaga Area)

Natete Road (B) (0.2 kmi: Lunguja Area)

Gaba Road (0.5 km: Kalungu Channel Crossing Part)

Reinforcement of Linehaul

» (aba Road (4.1 km)

Matete Road (3.8 km)

Port Bell Road (4.8 km)
+ Hoima Road (8.5 km)
« Gayaza Road (4.6 km)

Location of the above high-priority projects are shown in Fig. 7.4.
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Table 7.4

Selection of High Priority Project

{tems and Criteria of Scaring

Classification Project Component 1-1. Degree of Pavement Delerioration 1-2. Traific Volume 1-3, Drainage Condition | 2-1. Road Classification | 2-2. Latd use | 3. Basic Human Needs |4, G:)J\-'g:r:(rl::ni High Priority
P51 Value Present Traffic | Future Traffic Present Classification Facility Prinrity Total Roads Remarks
1.0<PS1<1,3] 1.3<P51<2.0{2.0<P51<3.5|3.5<P§1<4.0 4.0<PSL5.0]  Score (ADT) in 2015{ADT} Score Condition Score Score Score Score Score Score Selected
Improvement of Junction | B-1_|PortBelljel. B o D 077 o 10 38,000 67,600 . £l D 5 . 1 B | Bus Route 18 10 85 R e
Holtleneck B2 |linjaRdrdur, _ A o ____Qm? o do L0} 118,400| 30 s T 10 18 | BusRoute [ 0 U O . o o
3| Clock Tower scb. ) _ O | 5 | srew|  maoof | veodea | 10 | Tk [ w0 | 10 fpskome| w0 [ w0 | s
B4 |Kibwardst 4 _ [ RN IR S N . 8 Trunk _ 19 | BusRowe| 10 | 18 | % | O_ e
5 |Natetordbt, S R S S i L3 16,100 906001 30 5 | Pdmary 4§ W ] BusRoue} 10 | @ | 85 Q I e -
oo g 1L 1 LO e sl sl s | e | seeonany | s | e fmerene| w0 | ow e | O .
B-7 {Makercre rdbit. O 10 20,5110 50,100 kL] 10 Secondary 5 10 Bus Route 111} 10 85 O
Flood Arca| B-§ [SememsRd.  f 4 | @& | | s SR Il B Flooded 15 | Sceowdary L8 5 L JUU (. SR N ST e
B9 (HoimaR4 S SRS DU S oAzl 11200 25} Fooded ;o 15 Tk ) M | 10 BusRowte| M1 18 LI O ,,,,, e
B0 fombord b || je2 s Canamo| _isswl a5 | wooded | 45 | primay | 8 [ 5 yBwRae] w0 4 a0 s b R
s pgeraey |l j ) e s | map g0 30§ Fooded | w0 |tk 1w | s | BusRowe] 50 | 10 w L e o
B2 i rd ) | S oz | s | o  ospoo| 30 | Feoded | o | Tk f 30 p s |BuRowe| 10 t0 | s ] R
_B-13 |Gaba Rd. SR DR . 0.5 o o IS o) aga0) 30 Fleoded 15 Primary 5. 5 |BusRoue f 10 LR L O o
Bl NawieRA(A) 0.2 o S S . Jneboy 20 | Fleaded | 15 f  Primary 5 1. W [BusRewey 10 | 10 85 O S S
B-15 |Nateté Rd. (B) 2 15 8,500 7,600 20 Flooded 15 Primary 5 10 Bus Route 19 10 85 O
Reintorce of Line haul | Regional | Rl |GabaRd. I I o | to_ a0 | ool m2see] 30 | vooded | A5 | _Prmecy | 5 | 5 |BuRowe| 10 o | s } O | .
R2_|NateteRd, __ S R K RN S BN N Cwnawl o asgeol e b b a0 | ey foos | 10 (BusRae| 10} 10 0 RS e
(R ({SemepaRd. 4 LN U U R [ P I N SRS 1Y A5 p Secodary § o 5| 5 | .5 )0 8 e .
R KimRe )27 SO N = SO I S I tsounf  aranl a0 b ) 10} Secondury | S s oo fs o fe e S
RS jPostBellRd. - 2r oz 1n |1 Ts0op o 18eto) 25 oI | Py 48 1 | DusRowe| 10 10 86 N I
R _jlinja-Ksmpala-Bombo Rt | ) N LS IO S (R N IR, IR L) B — o5 1 Primary 5. 30| BusRowel| 10 | 0 8 SN e
_R7_|Boiikivo-KiscayiRd. | T A I LU SR P I 15 o o o s s | e
RS [Mussjjo-AtanbwaRd. ) |oes AU SRR - | Newai} 15 | veeter |0 |5 |schooizene & | s | e _
RO iMwanga Rd. SO " U ISR IR S L PN e | Notuciliy}  §5 | = Feeder 9 _ | 5. S O N DU S o 1 e
R-10 ;Mengo-Kisenvi Rd. 0.7 15 16 Feeder 0 5 0 5 35
Inter- | RA1 MassaRd. b4 0 12 20 4 2 4 2260m 01601 30 o b Tk 40 10 b M0 BusRowe)  f0 gW0_p_ T H
regional | RAZ jlowwaRe. ) R o |33 B DU SN (N /! 25,6000 3 I Trams )10 110 BusRewe | 10 |88 ,,,Q,,, - ]
R-13 |Bombo Rd. . N IR NN L (P 6| wsaoe]  sogo) 3¢ | NoFacly) 15 | Primary 5 5 __ | BusReute] 10 IR LIS B . S I S
R4 lGoyazard,  F oy ] ass oA 157000 d3s0um 30 oy s Priey 4S5 I BusRoute { 10 LU . O S
RS dmjaRd S D B 30 19 |8 . eouo| o sesaof 30 L Jo_ | Truok 10 .8 __ |BusRoute] 10 LA S . SN RV, e
R-16 |Entebbe Rd. 1.0 2.0 12 24,100 38,900 ki 15 Truak 10 ] Bus Route 10 0 87
Strenpthening of Circular | N1 |fmerRingRd. | IR - S spo0p  83o00p 39 .10 Secondary [ 5 | 85 | BusRoute| 80 4 51 72| __ B
Read Network N2 |Katwelobivi®igRd. {38 _f | 4 15 1,700 12800 25 N s e 18 I T
N-3 |Middle Ring Rd. ] Comnzilied
Access | N4 weRd, | o4 b 16 B 19 17,5000 42408 Rl O - Secondary 5 W ! BusRoute | 19 ___ 1o 80 : L o o
15 |Motebi R, oa | S 15 | NoFacitiy [ 15 Feeder o foos | e M s e | e
N6 |Lubiriring-Queensway } | 03 | I . 15 - _.} No Facitity 15 . Feeder 9 LT A SN N S S S B I R _
N-7 | Lubiri ting-Masaka Rd. 0.2 15 Mo Facilily 15 Feeder 0 5 0 5 40
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PART B: FEASIBILITY STUDY

CHAPTER 8

INTRODUCTION




8.1

8.2

INTRODUCTION

General

As the result of the Master Plan Study (Part A of the Stﬁdy), high priority projects to

be implemented in the short term plan were selected.

The high priority projects selected in the Master Plan Study consists of two (2) types

of projects; namely, (A) Improvement of bottleneck points in urban traffic and (B)

Improvement of road sections as the linehaul of the urban traffic as described below:

A.

Bottleneck Point Improvement Plan.

Natete Junction Improvement

Makerere Junction Improverment

Kibuye Junction Improvement

Port Bell /Jinja Road Junction Improvement
Wandegeya Junction Improvement

Jinja Road Junction Improvement

Road Section Improvement

Natete Road Improvement {including two (2} raising works of carriage

ways at low areas).

(Gaba Road Improvement (including one (1) raising work of carriage way

at low areas)
Port Bell Road Improvement
Gayaza Road Improvement

Hoima Road Improvement (including one (1) raising wotk of carriage

way at low area)

Purpese of the Feasibility Study

The purpose of the feasibility study in the Part B of the Study is to investigate the

technical and economic viability's of the selected projects. All the findings during the



study and issues and problems relating to the study are presented in Chapter 8§ and
afterwards as Part B: Feasibility Study for High Priority Projects.

Project Descriptions for the Feasibility Study
Project descriptions for the Feasibility Study are as follows:
(Bottleneck Junction Improvement)

- Natete Junction Improvement

To convert the existing roundabout to a signal controlled one with enlarged
traffic capacity and safety measures.

- Makerere Junction Improvement

To increase the traffic capacity of the junction via improvement of the existing
roundabount with the provision of safety measures.

- Kibuye Junction Improvement

To increase the traffic capacity of the junction via improvement of the existing
roundabout with the provision of safety measures.

- Port Bell /Jinja Road Junction Improvement

To convert the existing junction to a signal controlled one with enlarged capacity
and improved safety measures.

- Wandegeya Junction Improvement

To convert the existing rotary junction to a signal controlled one with enlarged
traffic capacity and iniproved safety measures.

- Jinja Road Junction Improvement

To increase the traffic capacity of the junction via improvement of the existing
roundabout and improved safety measures.

(Road Section Improvement)
- Matete Road Improvement (L. = 3.8 Km})

Overlay of surface pavement on road section of 3.8 Km and uniform widening

of carriage way to 7.0m, reconstruction of shoulder, side ditch and sidewalk,
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and raising of carriage way at two (2} sections of the road. Total length of the
section of raising is 0.4 Km.

Gaba Road Improvement (L. = 9.1 Km)

Overlay of surface pavement on road section of 9.1 Km, and widening of
carriage way to 7.0m. Improvement of shoulder, side ditch and side walk.
Raising of carriage way at one section, with length of 0.5 Km.

Port Beli Road Improvement (L. = 4.8 Km)

QOverlay of surface pavement on road section of 4.8 Km, and widening of

carriage way to 7.0 m, reconstruction of shoulder, side ditch and side walk.
Gayaza Road Improvement (L = 4.6 Km)

Overlay of surface pavement on road section of 4.6 Km. Widening of carriage
way to 7.0 m. Improvement of shoulder, side ditch and side walk.

Hoima Road Improvement (L = 8.5 Km)

Overlay of surface pavement on road section of 8.5 Km. Widening of carriage
way to 7.0 m. Improvement of shoulder, side ditch and side walk. Raising of

carriage way at one section, with length of 0.4 Km.
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9.2

9.2.1

9.2.2

DESIGN STANDARD

General

In this chapter, the basic engineering aspects including design standards and typical
cross sections to be applied for the proposed roads have been studied. The design
was carried out in consideration of the present right-of-way for the identified roads

and junctions.
Design Standards
Functional Classification of the Captioned Roads

The functional classification of each project road has been studied referring to the
“Road Design Standards” prepared by MOWTC, November 1994 and consultation
with the Road Department of MOWTC. All proposed roads can be classified into the

categories shown in Table 9.1.

MOWTC is responsible {or six (6) of the primary radial roads (Bombo Road, Gayaza
Road, Eniebbe Road, Port Bell Road, Gaba Road, Hoima Road) in the city. Natete
road is under the administration of KCC but at present it is functioning as an
alternative route for Masaka Road. Therefore, it could be classified as a primary road

m terms of its function.

Table 9.1 Road Classification of Captioned Roads

Road Name Road Classification
Natete Road Primary Road (Principal Arterial Sjé@in)
(Gaba Road - ditto -
Port Bell Road - ditto -
Gayaza Road - diito - - )
Hoima Road - diito -

Design Speed

Design speed is a fundamental factor for road design and is directly related to the
geometric elements of the road including, carriageway width, horizonial and vertical
alignment, and so on. As the relevant roads are mainly located in the urban area, it 13

recommended te reduce their design speed for safety reasons.

The design speeds to be applied for each proposed road has been determined

considering of the road classification, traffic volume, terrain condition and land use



pattern along the roads referring to such standards as MOWTC’s Road Design
Manual, Japanese Road Design Standards and the British Road Standards as shown
in Table 9.2.

Table 9.2 Proposed Design Speeds

Proposed Road | Classification Terrain Land use Proposed
by MOWTC Condition Pattern Design Speed

Natete Road Primary Road {Rolling/level [Urban 60-40 km/hr

Gaba Road Primary Road |Rolling/Level [Urban 60-40 km/hr

Suburban  {60-40 km/hr
Port Bell Road  [Primary Rd Rolling/Level {Suburban |60-40 km/hr

Gayaza Road  |Primary Road |Rolling/Level |Urban 60-40 km/hr
Suburban  [80-40 kmy/hr
Hoima Road Primary Road [Rolling/Level [Urban 60-40 kim/hr

Suburban  {80-40 km/hr

Design Standards

The design standards have been determined based on the MOWTC Road Design
Manual considering present speed levels, land-use patiern along the road,

characteristics of traffic movement and anticipated future traffic demands.

The main design elements such as the number of lanes, carriageway width, type and
dimension of shoulder/verge, sidewalk, bicycle lane, bus lane, and so on were
determined as explained below:

(1) Camageway

The carriageway width has been determined on the basis of traffic
characteristics, traffic volume and their speed and the right-of-way situation.
Since each of the captioned roads is expected to function as a trunk road catering
for heavy traffic, the lane width has been determined at 3.5 m in principle. '

(2) Shoulder

Shoulder is proposed to be located along the whole carriageway and its width
was proposed to be 2.0 m in principle, referring to the MOWTC Road Design
Manual. However, ihe width of shoulder between carriageway and raised
sidewalk in urban areas is proposed to be 0.5 m.
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Sidewalk

The sidewalk is proposed to be provided along the whole section with a width
of 2.0 m in principle. Wider sidewalks are necessary where there are many
pedestrians and/or where under-ground utilities are being provided. The
combined usage of sidewalks by bicycles and pedestrians is recommended to

reduce construction costs.
Vertical Clearance

According to the MOWTC Road Design Manual, typical maximum truck heights
are 4.2 m. The vertical clearance from the top of the pavement shall be greater
or equal to 4.2 m considering the local condition of traffic including additional
loading on the top of trucks or buses. With this consideration, it is reasonable

to adopt a vertical clearance of 5.0m.

Standard Cross-sections

The Road Design Manual by MOWTC has been prepared for the designing of roads

in the nation in general and it gives no specification on road designing in urban areas.

The standard cross-sections to be applied for the proposed roads was prepared by the

Study Team by referring to Japanese Road Design Standards and British Road
Standards.

The width of the carriageway depends largely upon the type of traffic, traffic volume

and speed thereon. A standard cross-section to be applied for each project road has

been proposed as below:

1)

2)

3)

4)

A sidewalk shall be provided at least along one side of the road.

Project roads shall have a single carriageway of two lanes with verges,
.l o = o

sidewalks, and cycle lanes.
The minimum width of a traffic lane should be 3.5 m excluding shoulders.

Large open drainage channels with minimum size (upper width: 2.5 m, height:
1.0 m, lower width: 0.5 m) shall be provided for the purpose of easy
maintenance.

A utility space below the sidewalks should be provided during the stage of
design.



6)  Trees shall be planted along the verge between the carriageway and sidewalks/

bicycle lanes so as to reduce traffic accidents involving pedestrians and to
protect the roadside environment,

Road cross-sections proposed by the Study Team consists of two prototypes: namely,
a)  urban street type with mounted sidewaiks/cycle-lanes, and

b)  rural road type with broad shoulders and sidewalk/cycle lanes as shown in

Fig. 9.1.
Type A
N0 1603 300 3500 2 3500 S00 1050 3000
Sheukler T Shoulic
l Flower fied
l Keab Stane
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— H =
} [EII! zo
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W00 4500 2000 %00 L 3500 2000 3500 00
(25603 Shauller | Shoulder 12500}
509 | 300
|
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2500 A306) B0 2000 3500
—— -

N\Open Channel

Figure 9.1 Typical Cross Section

Application of them depends upon the land-use pattern nearby the roads, function of
the roads and right-of-way condition.



9.4

9.4.1

Right of Way
Basic Concept for Right of Way

The right-of-way is one of the most important factors for road construction and
maintenance of road safety. The Road Design Manual by MOWTC defines the
criteria of right-of-way as follows:

Class of Road Right of Way
Bitumen 1 40 m
- ditto - 1 30m
- ditto - 11 25m
Gravel A 30m
- ditto - B 25m
- (litto - C I3m

Most of the roads in Kampala City were designed and constructed before the official
notice of the Road Design Manual. Thercfore, existing right-of-ways for the roads in
Kampala City are not conforming to the standard.

With this background the Study Team has established a concept for right-of-way
design as follows:

1)  The right-of-way for the proposed roads shall be designed in accordance with
the MOWTC’s standard wherever it is applicable.

2)  The road design shall be carried out within the given existing right-of-way as
much as possible to minimize the additional land/house acquisitions and

compensation for them.
Junctions
The policies of junction design have been set up as below:
- Existing junction type would be maintained as much as possible.

- Capacity analysis of each of the junctions should be carried out using computer
software for junction traffic analysis such as OSCADY 3 andfor ARCADY3,

which are infernationally authorized junction traffic analysis models.

- Bicycle traffic should be separately handled from motorized traffic.



If any roundabout junction can not accommodate increased future traffic, it is
recommended that it be changed into a signalized junction with optimum size

and operation methods,
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10.

10.1

10.2

10.2.1

10.2.2

ENGINEERING SURVEY AND ANALYSIS

General

The engineering survey was performed to obtain engineering data and information to

be used for the preliminary design of the project roads.
The survey consisted of the following:

1)  Geological investigation, including subsoil investigations at the bottleneck
portions on the proposed roads crossing swamps.

2)  Materials investigation, including the subsoil and pavement structure on the

proposed roads as well as the investigation of borrow pit areas and quarry sites.
3)  Hydrological study and analysis.
4)  Topographic survey at intersections and low road sections.
Geological Investigation
General

The geological investigation was conducted to obtain the basic data for the
determination of the foundation works for the crossing culverts and of embankments
in swamps, and for the determination of foundation works at the existing piped beam
bridge site.

The survey included bore holes using drilling machines, in-situ tests, sampling and
laboratory tests at low road sections in swamps and at the existing pipe beam bridge
site. All the detailed results obtained throughout the above investigation including the
laboratory tests are presented in the Appendix.

Geological Characteristics

A glance at the geological setting of Greater Kampala shows that granitoid gneissies
and granites including the Precambrian basement complex are the predominant rock
type of the area. There are also Quaternary to recent swampland deposits, such as
altuvial and coastline sands, silty clays and gravels, generally covered by papyrus
swamps.

Thick laterite duricrust to sandy clays, passing through murram, granite sands and
lateritic sandy clays characterize the local natural soil. Lateritic gravel occurs on the
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10.2.3

higher ridge crests and slopes and scattered massive outcrops of granite belonging to

the basement complex emerge among the sediments. Fig 10.1 is a Geological Map in
the Kampala area.

Soil Investigation

(1

(2)

Investigation Procedure

The bore holes for the boring test were drilled at each selected site on Hoima
Road, Natete Road, Queens Way and Gaba Road. The drilling depths were
6.0m at the site on Hoima Road and 10m at the other 3 sites. The locations of
the investigation sites are shown in Fig. 10.2.

Standard Penetration Tests (SPT) were carried out at one-metre depth intervals
in each borehole. Two (2) undisturbed samples were also extracted in each
borehole.

The samples were tested in accordance with British Standards. The types of the
tests carried out are as follows:

- Grain Size Analysis

- Specific Gravity Test

- Natural Moisture Content (%) Test

- Atterberg Limits (L.L (%), P.L. (%), P.I (%)) Test
- Share Strength Test

Investigation Results

The layers in boreholes were found to be predominantly of clay type, with silty-

sandy mixtures of CH class in terms of the unified soil classification system.

The SPT N-values range between 5 and 50 save for the top of the BH, where
the SPT N-value is 2. Especially, the layer 3 or 4m below the top of the bore

holes, except the bore hole BH,, is very stiff with an SPT N-value in excess of
14.

The maximum size of the particles of the samples was found to be 0.6 mm and
the portion passing BS sieve 0.065 mm for most of the samples was more than
50%. The PIranged between 20% to 49%.
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10.3

10.3.1.

10.3.2.

(3) Evaluation of Foundation

At the locations of BH, BH, and BH,, a spread foundation or short end bearing
pile is to be considered for the major structures. There seems to be no problem

with the embankment foundation,

At the location of BH,, there is no problem with embankment foundations.
Should a major structure be proposed, it will be necessary to carry out a more
detailed investigation at the stage of detailed design,

Material Investigation

General

The material investigation aims to grasp the characleristics required for the designing

of project roads.

The survey consisted of the following items:

Test Pits and site CBR tests at 47 sites selected on the proposed roads.
Collection of a sample from each test pit of 32 sites to identify existing
pavement structure and subgrade intensity.

Site checking at 5 borrow pits; collection of two samples from each borrow pit
for embankment material.

Site checking and collection of 2 samples at a quarry for base materials.

Laboratory tests on the basis of British Standards, on samples collected from
bore holes, test pits, borrow pits and a quarry.

Investigation for Existing Pavement Structure and Base Materials

(D

Investigation Procedure

The test pits were dug to a size of 1.0 m width, 1.0 m length and 1.0 m depth
at 45 selected points along the proposed roads and at each point of Kibuye
Roundabout and Jinja Roundabout. The locations of the test pits are shown in
Fig. 10.2. Ateach test pit, the pavement layer thicknesses were recorded and
the soil profiles were observed. At the same time, Dynamic Cone Penetration
(DCP) tests, model A2465 manufactured by Leonard Farmell & Co., Lid.,
England, were conducted to measure the site CBR. The site CBR tests were
carried out for subgrade at 30 points on proposed roads and for base course,
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(2)

subbase and subgrade at 15 points on 5 high priority roads. The methodology
adopted was that being recommended by the Overseas Unit of the UK Transport
Research Laboratory. At each point three tests were executed which made the
total number of testing points 135,

Two disturbed samples were taken from 32 test pits.

For the samples, the laboratory tests were conducted on the basis of BS1377.
The types of the test adopted were as follows:

- Grain size analysis

- Specific gravity

- Natural Moisture Content

- Atterberg Limit (LL (%), PL (%), P1(%))
Investigation Results

The existing pavement is generally composed of a lime stabilized gravel base of
minimum thickness 100 mm with a double bituminous surface treatment as a
wearing course. However, base course in a section of Bombo Road is made of
crushed stone base material. Jinja road uses asphalt concrete for the wearing
course. The asphalt concrete was 300 mm to 400 mm deep for road sections
and was up to 500 mm at Jinja Road Roundabout.

The average thickness of the base and subbase were 186 mm and 180 mm, and
the in-situ CBR of the base and subbase were 98% and 58% respectively. The
m-situ CBR of the base was rather low.

The site CBR values of the subgrade are significantly below 2% at Gayaza Road
No. | and at Bombo Road No. 1, 3 ~ 8% on Port Bell Road and Hoima Road
No. 1 and 5% at Jinja Road No. 1 respectively. The CBR value of the
remaining road sections are more than 7%, indicating snitability as subgrade
material.

The base material and subbase material consist of lime stabilized gravel and
natural gravel respectively.

The subgrade material mainly consists of sandy-silty clay of intermediate
plasticity. Clay-silts and clayer sands were only encountered occasionally.
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Most of samples were classified into CI group. Occasionally, some samples
were classified into SM, CL and CH class.

10.3.3 Investigation for Embankment Material and Aggregates

(1)

Investigation Procedure

The following borrow pits and a quarry site are available for the execution of the

project.

Borrow Pit (1)
Borrow Pit (2)
Bormrow Pit (3)
Borrow Pit {4)
Borrow Pit (5)

Quarry (1}

Mbuya, Nakawa-along Port Bell Road
Katale, Mayanja-along Eniebbe Road
Mutundwe, Rubaga-along Masaka Road
Nansana, Nansana-along Hoima Road
Kikaya, Kawempe-along Gayaza Road
Kiwatu, Makindye East-along Gaba Road

The locations of these sites are shown in Fig. 10.3. Visual inspection of these

sites was carried out to determine their condition, location, distance of

transportation, potentiality, and so on.

Two samples were taken at each site for the laboratory test. The samples were

tested in accordance with BS 1377. The types of the test undertaken are as

follows:

- Grain Size Analysis

- Specific Gravity Test

- Natural Moisture Content Test

- Atterberg Limit (LL (%), PL (%), P1 (%)) Test

- CBR (OMC (%), MDD (/m’)) Test

- Modified CBR (4 days soaked (%)) Test

A supplemental visual survey was carried out at the following borrow pits and

quarries in conjunction with Hoima Road, Gayaza Road, and Natete Road

development projects.
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Borrow Pit (6) Lubya, Rubaga-along Hoima Road
Borrow Pit (7) Kiteeze, Kiteeze-along Gayaza Road
Quarry (2) Jinja, Kawenpe-along Bombo Road

The location of these sites are shown in Fig. 10.3.
Investigation Results
The results of the survey are described below:

- Borrow pit (2) is far from the project roads. It is expected that the
transportation costs would be too high.

- At borrow pit (3) and borrow (5) it is difficult to take materials as they are
{ocated in the vicinity of an inhabited area.

- As borrow pit (3) is located on the side of Gayaza Road, it is convenient
for taking materials, however its deposit is limited.

- Potential quarries were found to be located nearby Quarry (1).

‘The materials from the borrow pits were gravels with sandy-clay mixtures,
classified into GC, indicating suitability as embankment material. The PI and
modified CBR-value of the materials varied between 22% and 28%, and
between 20% and 31% respectively.

The crushed stone aggregates from the quarry possess a good quality and
strength which meet the specification for road construction work. There are
also three other quarries in and around Kampala that produce aggregates with a

similar quality. The detailed results of the laboratory test are give in Appendix
10.3.

The Study Team judged that the materials from the supplementary sites
mvestigated are usable for road constraction work.

The availability of the 7 borrow pits and the 2 quarries is evaluated as shown in

Table 10.1 in terms of potential deposit, hauling distance, and quality of
material.
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10.4

10.4.1

10.4.2

Table 10.1 Availability of Borrow Pits and Quarries

Site Potential Hauling Distance Quality
Deposit

Borrow Pit (1) | Large Vicinity of Port Bell Road Good
Borrow Pit (2) {Large Far from the project roads Good
Borrow Pit (3) { Sufficient | Vicinity of Masaka Road Excellent
Borrow Pit (4) | Limitable Vicinity of Hoima Road Good
Borrow Pit (5) | Medium Vicinity of Gayaza Road Good
Borrow Pit (6) | Sufficient | Near to Hoima Road Good
Borrow Pit (7) | Sufficient | Far form the project area Good
Quarry (1) Sufficient | Far from the project roads Excellent
Quarry (2) Sufficient | Near to Bombo Road Good

Hydrological Survey
(General

The hydrological survey was carried out to obtain the hydro-meteorological
conditions of the area.

The rainfall data at Kampala Sewerage Station and the water level of Lake Victoria at
Entebbe Station were collected from the Meteorological Department and Water
Resources Department respectively. The site observations of floodmarks,
interviewing of local inhabitants in the vicinity were carried out to identify the course
and direction of flood water flow, the location of the flooded area, the cause of
inundation during flooding, and to identify the size of road crossing culverts to be
adopted.

The return period assumed for the hydraulic calculation is 25 years for the major

structures such as culverts and 10 years for all other works.

Flood Drainage System

Kampala city is located on a series of hills which have steep slopes in the range of 10-
25% and are separated by valleys with varying gradient.

The north-western area of Kampala drains into the Lubigi Swamp through branch
channels in the valleys. The Lubigi swamp crosses six main roads and the whole
catchment area is about 61.5 sq.km,

Hills along Masaka road drain into the Nalukolongo Channel which connects to the
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Lubigi swamp. The total area of the swamp is about 6 sq.km. The basin area of the
Kansanga Swamp including Makindye hill and Kongi hill in the southern part of
Kampala is about 9.1 sq.km. Some small channels, which start from Naguru hill,
Ntinda hill and Banda hill on the northern side of Jinja Road, cross Jinja Road and
drain into swamp area.

More than 95% of the central urban area drains its water into the Nakivubo Channel,
which starts at the junction of Makerere Road and Bombo Road to the north-west of
the city, runs roughly southward to the Clock Tower roundabout, then turns
eastwards to drain into Lake Victoria nearby Port Bell. The whole catchmeni area is
about 30 sq. km. The drainage system and the boundary of each caichment area are
shown in Figure 10.4 and the catchment areas are shown in Appendix 10.4.5.

During the rainy season, flooding often occurs on the project roads due to poor
maintenance of drainage, channel and water courses in swamp areas, and insufficient
capacity of drainage facilities. The flooding areas are shown in Fig 10.5.

The flooding problems of the area are categorized into the following three (3) types of
problems:

Type 1

This type of problem occurs when flood water overflows on the roads with excess
water heads which increases the size of the flooded upstream area, due fo insufficient
capacity of road crossing culveris. This type of problem occurs on the roads crossing
Lubigi swamp, its tributary and Kansanga swamp. The Study Team considers an

enlargement of the size of culverts and raising of road levels to be effective measures.

Type2

This type of problem comes from the thick growth of vegetation such as papyrus at
the neck portion of the swamp, which contributes to the elevation of the water level of
the upstream swamp area during the rainy season. This type of problem occurs along
some portions of Jinja Road in the vicinity of Main Training Centre where a flood
depth of 20 em to 50 cm sometimes prevents cars and light vehicles passing through
the area during the rainy season. To solve this problem, it is necessary to dredge the
neck portion of the swarmnp to maintain the water courses.

10- 11
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10.4.3

Type3l

This type of the problems occurs due to the lack of drainage capacity of the Nakivubo
Channel. The flooding depth of 0.5 m - 1.0 m leads to serious disruption of traffic at
the Clock Tower roundabout, access roads to Clock Tower and roads along the

industrial area. KCC has a plan of rehabilitation for the Nakivubo Channel with EU
funds.

Hydrology

(1

2)

Review of Rainfall Data and Probable Rainfall Analysis

The rainfall data from 1974 to 1996 was obtained from the Meteorological
Department. According to this data, annual mean rainfall during the past 22
years is miore than 1,100 mm.

Frequency analysis was performed applying Hazen, Gumbel and Pearson III
methods based on the maximum Daily Rainfall shown in Appendix 10.10.
These are shown in Appendix 10.4.4. After the comparison of the results by
three methods, the Gumbel method was applied for frequency analysis in the
study as shown below:

- Return Period (Year) 10 20 25 50 100
- Daily Rainfall (mm) 73.6 81.0 83.4 9C.6 97.8

Water Level in Lake Victoria

As most of the flood water from the catchment area drains into Lake Victoria,
analysis “}as focused on the water levels of the lake. Recorded levels of the
iake in history vary between 1,133.17 m in February 1923 and 1,136.28 m in
June 1964. According to the data during the last 23 years at Entebbe Station
obtained by Water Resources Department, the lake levels remain constant

throughout the year with a low level during October - April and a maximura in
May.

The result of a frequency analysis is summarized as follows:

- Return Period (Year) 10 20 25 50 100
- Daily Water Level (m) 113589 1136.23 113634  1136.57 1136.99

10- 14
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(4)

Design Return Period

According to the road design manual in Uganda, the minimum flood return

period for road design is described as below:

Bridee and associated Structure:

Major Bridge 25 to 50 years
Minor Bridge 20 to 25 years
Culverts: |

Major Structure 25 years
Minor Structure 10 years

Based on the above criteria, the design return period to be adopted for this study
was determined as follows:

Culvert 20 to 23 years

Roadside Structure 10 years

Peak Flood Discharge

Method of Analysis

Peak flood discharge (Q) is estimated by applying following Rational Formula.
Q=0.2778CrA

Where, Q Peak flood discharge (m3/s)
C: Run-off coefficient
% Rainfall intensity (mm/hr)
A Catchment area (km?)

Run off coefficient (c) is given by landuse pattern as shown below:

Land Use Rainfall coefficient
Lawns 0.15 (0.05 ~ 0.25)
Single storeyed housing areas 0.40 (0.30 ~ 0.50)
Apartment dwelling areas 0.60 (0.50 ~ 0.70)
Industry 0.70 (0.50 ~ 0.90)
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Business 0.75 (0.50 ~ 0.95)
Undeveloped area (vegetation) 0.10 (0.02 ~ 0.21)
Swamp areas 1.00 (in rainy season}
{Source: MOWTC Road Design Manual)

The major landuse of hills in Kampala city is for residential purpose, and flood
water from the area is drained into swamp areas. The swamps are usually filled
with flood waler in the rainy season and then the rain water directly flows
downstream (C = 1.00). On the other hand, thick growth of vegetation such as
papyrus in the swamps absorbs run-off during rainfall (C = 0.10). Therefore,
in the study, the run-off coefficient is assumed to be at 0.50 as an average for
whole catchinent area.

On the other hand, rainfall intensity is estimated by landuse pattern applying the
following formula:

r = R24/24 (24/)2/3

Where, r: Rainfall intensity (mm/hr)
R24: Probabie daily rainfall (mm)
t: Concentration time {(hr)

In the above, lime of concentration (t) is given by following formula:
t = L/W (sec)
Where,
W == 20 (H/L)0-6 (m/sec)
W: Flood run-off velocity

L: Length of the catchment along the rain water course
from the outlet to the most distant ridge (m)

H: Difference in elevation between the catchment outlet
and the most distant ridge (m)

Flood Discharge

Flood discharge at each point in catchment areas was calculated applying the
"Rational” formula is shown in the Appendix 10.16,
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(3) Hydraulic Structure of Culverts

Hydraulic structure of culverts by project road was determined as below:

1)

Culverts on High Priority Proposed Road

Hoima Road

Proposed Design Discharge (Q)

Q = 53.15 m3/sec (Refer Appendix 10.16)
Capacity of Existing Culvert

1.20 m X 1.20 m x 3 vents (= 12.96 m3/sec)
Shortage of Design Discharge (Qs)

Qs =53.15 m - 12.96 m = 40.19 m3/sec
Required of Size of Additional Culvert

Required flow area was determined to be 13.4 m? as below, assuming
flow velocity of 3.0 m/sec:

Required flow area = 40.21 m3/3.0 m/sec = 13.4 m?

From the above, it is concluded that 4 of the additional culveris, with
dimension of 2.25 m by 1.5 m, can accommodate the surplus of

discharge as shown below:

225mx 1.5mx4=135m2(>13.4m?)

Natete Road (1)

Proposed Design Discharge (Q)
Q = 1.48 m3/s (Refer Appendix 10.16)
Capacity of Existing Culvert (¢ = 600 nmun)

3.14 % 0.302 m x 3.5 my/sec = 0.99 m3/sec

i0- 17



Hoima Road
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Figure 10.6

Cross Section of Bottle-neck Portion on High Prority Proposed Road
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Gayaza Road
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- Shortage of Design Discharge (Qs)
Qs = 1.48 m3/sec - 0.99 m3/sec = 0.49 m3/sec
- Required Size of Additional Culverts
Required flow area: 0.49 m3/sec + 3.5 m/sec = 0.14 m?

The above would be accommodated with an additional corrugated pipe
with 0.3 m radius as shown below:

3.14 x 032 m = 0.28 m?2 (>0.14 m2)

Natete Road (2)

Proposed Design Discharge (Q)
Q =10.97 m3/s (Refer Appendix 10.16)
- Capacity of Existing Culvert (g = -800 mn)
3.14 x 0.402 m x 3.5 m/sec = 1.76 m3/sec
- Shortage of Design Discharge (Qs)
Qs = 10.97 m?¥/sec - 1.76 m3/sec =9.21 m3/sec
- Regquired Size of Additional Culverts
Required flow area: 9.21 m3/sec + 3.5 m/sec = 2.62 m?
Box culvert required is: 2.2m x 1.2m x 1 vent
2.2m % 1.2 m=2.64 m?2 (>2.63 m?)
Gaba Road
- Proposed Design Discharge (Q)
Q =27.27 m3/s (Refer Appendix 10.16)
- Capacity of Existing Culvert (#6600 mm x 2 vents, 3 nos)

3.14 % 0302 m x 2 x 3 vent X 3 m/sec = 5.09 m3/sec
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10.5

10.5.1

10.5.2

- Shortage of Design Discharge (Qs)
Qs = 27.27 m3/sec - 5.09 m3/sec = 22.18 m3/sec
- Required Size of Additional Culvert.
Required flow area: 22.18 m3/sec/3.0 m/sec = 7.39m?2
Box culvert required is: 1.80 m x 1.50 x 3 vents = 8.1 m? (>7.39 m?)
2)  Culvert on Other Proposed Roads

The result of calculation and the recommended size of additional culvert
for other proposed roads are shown in Table 10.2.

Topographical Survey
General

The objective of this survey was to prepare a topographical map to be used for the
preliminary design of intersections and road section passing in low areas. The survey
was carried out at seven intersections and at four points applying a Total Survey
System consisting of Auto Survey and Auto Cad.

For a Total Survey System, two new control stations, each composed of a 1.5 m long

300 mm mild steel pin driven into 30 square cm by 1.0 m deep concrete, were set up
at each intersection.

The National Control System in Universal Transverse Marcator Zone 36 was
transferred from the nearest GPS stations to the newly set up station by using the
Modemn Sokkia Set 2C Total Station. From the new stations, detailed information on

the intersection automatically recorded into the Autocad program using a reflector.
The locations of the topographical survey and benchmarks are shown in Fig. 10.8.
Preparation of the Topographic Map

The topographic maps are prepared with a proper scale for designing each intersection
and low road section . The topographic maps include the location of the new
benchmarks established on the roadside for each intersection and low road sections.
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THE FEASIBILITY STUDY OF IMPROVEMENY OF .

TRUNK ROAD AT KAMPALA URBAN INTERFACE SECTION Intersection
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