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Fig. 41.2 MOMBASA DRAFT PHYSICAL DEVELOPMENT PLAN, 1971
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"Table 4.1.1 MOMBASA STRUCTURE PLAN (PLANNED POPULATION)

Planning area Planned population 1979
: Censusg
Horth  BAMBURI 90,000
NYALI 155,000 80,299
{245,000)
West CHANGAMWE ‘85,000
MIRITINI 75,000
MAZERAS 87,500
(247,500) 82,353
South  LIKONI 130,000
NGOMBENI 187,500
(317, 500) 40,148
Island ISLAND 180,000 138,312

TOTAL 950,000 341,148
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Zone from Total Estimated Popula-

Likoni, Traffic Present Presgent Time tion in Gravity
Kwale share Traffic Traific Distance 1979 Coeffi~

(%) Potent-~ Volume (min) cient
ial

Island North 10.83 609 35.5 51,536 45,3272
Island South 3.43 193 29,5 9,038 56,5629
Port/Industry 26.54 1,492 31.0 29,958 145,674
Town Centre 40,27 5,621 2,263 30.5 47,780 134,104
West Mainland  10.55 593 50.5 82,353  55.8934
North Mainland

and KL11f4i 8,38 471 136.5 511,285 52,2427

Total 100 5,621
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Table5.1.1 ESTIMATED POPULATION ON STUDY AREA FOR 1969, 1978 AND 2010

| Year 1969 1979 2010 Remarks
Division Town Centre
Island 116,420 138,321 180,000
Likoni Fast 4,368 9,165 57,500
Likoni West 7,895 16,836 70,000
Mtongwe 8,735 - 14,183 10,000
Likonl (South) . 20,998 40,184 137,500 Likoni
Changamwe (W. Mainland) 50,548 82,353 160,000 Changamwe &
‘ . Miritini
Kisaunl (N, Mainland) = 44,874 80,299 245,000 Nyali &
_ Bamburi
Mombasa 247,073 341,148 722,500
Kwale
Central Waa 6,161 9,049 30,000} Neombeni
Ngombeni. 9,406 13,380 150,000 &
Kwale
Hinterland Kilibole 11,884 16,794 70,000
Kilift . } Mazeras
Southern Rabai 14,652 20,987 17,500
Others - - - By trend
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TRAFFIC VOLUME (P.C.U)
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Fig. 6.1.3 TRAFFIC DEMAND OF LIKONI CROSSING (THROUGH TRAFFIC)
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Table 5.1.2 TRAFFIC GROWTH TREND RELATED LIKONI CROSSING

-Location Years Annual Growth Rates %
C. LG. | MG. H.G. B. Total
Aldf2 1970-77 3.8 8.8 10.3 3.9 10.8 4,1
1977-81 6.0 9.7 5.1 e e 5.5
Al4f5 1970--77 6.2 8.8 6.3 3.3 9.4 4.6
1977-81 4.2 8.4 5.5 Ve Ve 6.3
KBS 19681980 7.1 - - 6.6 - 6.5

@) EPRHERELBO M
RHBOMUE, ~-RCEOENKEEL Y ABNHURERTOREETS B,
-7 =T OESHERE Lo B |
BEOHHER AL, v = TOBERKEEH T 20T MINOM I, 1964
~19804EO 1 6 EMT LI % T LK.

5-6



A RRERRE ( BRBEERUE) | FEFH5 6 % 2)

B XEOMUE ;@#ﬁis%ﬂ
Brhbo2o0MUROMMEHER, B/A=14 LEHII S,
-y YR OMBRELEER L OBRE

R "t B OBEREELR I r=TR246ORERLALLLEBE, V2=
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a. BERER ( A8) LEESEIRLRE 5. 3 % 2)

b, 7=) —OXRBOMY | EFHMUIR6 5 % 1)
DEhoXBROMEED, BERAERLIVBWEZRFTC L4 5,
19834EXLO 5 y EHEO BRKBEECOMRURE, EXEs 4L FHIIhTwW

BHo MMM r =T HBORENMRN TS L L EF LB L, HPTEMBOR
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Moye Yo EHBOLBER, FR6~7 B CMUd LHETEL S,

Source: 1) A Feasibility Study Report on the Likoni Ferry Crossing, MOTC, March 1982

2) Kenya 1981, 1982 Year Book
3) Fifth Development Plan, 1983--1988
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Fig.5.1.4 FUTURE TRAFFIC FLOW IN 2010
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Table 5.1.4 ESTIMATED TRAFFIC VOLUMES BY VEHICLE TYPE, 1983 AND 2010

1983 2010
Traffic Potential Estimated Traffic
Counts of Refer- Ratio Volume
(Vehicles) Traffic " ence (P.C.U.) {Vehicles}
(P.C.U.)
Car & Taxi 1,14l 1,269 27.6% 7,855
Plek-up 481 535 37.0% 1.7 2,191
Land Rover 134 149 10. . 2,1 598
P.S.V, 227 253 17.5 [100%2 3.4 1,025
Matatu 129 508 35,2 7.3 2,078
Truck 396 1,102 16.3 1,856
Bus Ratio {4,639}
Bus . 61 1,793 31.9% 3.9 . 4,539
Heavy (9,078)
Goods
VYehicle . 3 12 3.5 285
, (996)
Total 2,572 5,621 100,0% 20,427
(28,460)
( ) =p.C.U,
52 THEERS

g, M52 10FE7e —KHoT. 1990, 2000 RV 201 04FEDF AN L
TiTok. BBV ¥ 23y btV -2, TEZA v rRDOWTHERL, @5 2 2URL A,
= Fh A0V v IEHFR., INTOEBOTREENRSEWREL ., £S5 2.1 TLRT,

Fig.5.2.1 TRAFFIC ASSIGNEMENT FLOW

Present Tralflo Present Trallie
Volurae {199) Vatume [19€3}
at Likoni Crossing in Mombasa |stand
Present Road
Nelwork
Tralble Assighment
by Distance (m)
Traffic Yelume teduce
at Each Link
Numbes Traffic Valume
) of except Likonl TraiTic
Assignment in Mombasa Istand
Assigned Traffic Growth Ratio
until the Time A4.1% pa. 1
% AddQ*D
! Reduge v
Speed of
Fach Link
Traflie Assigneenl
by Time Distance {sec,)

]

Lixoni Traflic
Yolume at
Fach Link

L.
i

Mombuasa Total
Tralfig Yolume at
Each Link
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WRENAESRD, 2 S B ELOHREBOTROFRK L>T, 2205 — =KD
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"Fig.5.22 LINK NETWORK D!AGRAM FOR TRAFFIC ASSIGNMENT
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Table 5.2.1 LINK CONDITIONS

TRk Rkt Rk AR MR AR NN R AR AR Rk Ak ke ok Ak ek bk b bk e

LINK NODE-PALR DISTANCE XIND LINK HOPE-PAIR DISTANCE XIND
(L} (6, }]

Rk hhk Rk kbR Rk kAR bRk Ak kd Rk h kR Ak kA NS Nk ki Ak ke

'

51 139-140 239

1 101=132 323 2 4
.2 102-13t 309 2 52 140=-141 23¢9 4

3 103~129 211 2 33 142-145 324 4

[ 104=724, 211 2 34 142-143 403 A

5 105-125 394 2 55 142-140 281 2

[ 106~127 124 2 34 142~152 352 2

7 107-122 183 2 37 151=152 140 2

3 108140 149 2 53 150~153 352 2

9 109=159 95 2 39 153-154 507 2
10 110=-133 © A5k 2 &0 1564~155 FAN [
11 111137 124 2 &1 146-153 2859 2
12 112-142 352 2 42 145-146 197 2
13 113=152 140 2 ] 144=145 2381 2
14 114=157 78 2 54 143144 356 4
15 115-147 112 2 45 Thé=148 205 2
14 116=119 2112 4 [-X-] 148-157 563 2
17 119~120 408 4 67 156=157 9835 2
1% t20=-121 474 & 48 154~154 140 4
1% 121=-122 225 4 49 149-154 633 4
20 122=-1213 774 3 70 148-149 577 2
21 124148 333 4 71 137-139 20546 2
22 124=-125 492 4 72 119-137 14620 2
23 1251246 422 T4 73 118=154 2112 4
24 126=127 149 4 74 117=-130 1490 4
25 127-149 507 A 73 136-158 124 2
24 128=129 4232 4 74 141-158 352 2
27 129-130 391 4 77 141-1462 309 2
23 170-131 532 2 78 124=147 346 4
29 131-132 1619 2 Ty 158=~144 282 4
3 120-132 433 2 80 T41-165 380 3
31 120~133 704 4 a 143-144 323 2
32 133134 140 4 g2 184-145 380 2
33 134=135 845 4 g3 145-146 338 2
34 139-141 352 2 84 166-147 225 2
35 139-142 - 383 2 85 167=-168 352 2
34 162~143 225 2 84 168-149 789 z
17 151-164 19 2 87 128=149 56 &
13 150=151 12 2 - B8 123-1463 183 4
37 149=150 633 2 ag 124-140 324 2
40 145=149 C 591 4 90 130-170 “07 2
41 138-143 281 4 ?1 135141 211 4
42 125-138 211 4 5 1hP-153 h44 4
A3 tit=-170 438 A 94 147-143 234 2
L1} 121=134 492 4 97 1h4=147 234 2
43 135-134 447 2

46 136~147 248 4

47 138~140 394 4

48 159=-140 211 L3

49 166=157 141 4

50 138=141 633 2

Valegley
Fig.5.2.3 QV CONDITIONS {FOR SIMULATION)
60 Kmfh
B5 Xm/hfe— mm e e e i O

A0 Km/ \ 4 LANES
35 Knfh——mm—er :

20kmfn ———k— e e e e e i

10 Km/hb—e S 2 LANES
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3500 T00Q 8000 18020 00400 #,C.U.
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Fig.6.24 FUTURE CROSSING TRAFFIC (PCU), 1990
(WITHOUT IMPROVEMENT OF EXISTING ROADS)
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Fig. 5.25 FUTURE CROSSING TRAFFIC (PCU), 2000
' (WITHOUT IMPORVEMENT 'OF EXISTING ROADS)
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Fig.5.26 FUTURE CROSSING TRAFFIC {PCy), 2016

(WITHOUT IMPROVEMENT OF EXISTING ROADS)
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Fig.5.27 FUTURE CROSSING TRAFFIC {PCU}, 1880

(WITH IMPROVEMENT OF EXISTING ROADS)
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Fig.5.2.8 FUTURE CROSSING TRAFFIC (PCU), 2000
(WITH IMPROVEMENT OF EXISTING ROADS)
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Fig.5.29 FUTURE CROSSING TRAFFIC (PCU), 2010

(WITH IMPROVEMENT OF EXISTING ROADS)
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Fig.5.210 TRAFFIC ASSIGNEMNT OF MOMBASA ISLAND, 1990
- (WITHOUT IMPROVEMENT OF EXISTING ROADS)
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Fig. 5.2.11

TRAFFIC ASSIGNEMNT ON MOMBASA ISLAND, 2000
{(WITHOUT IMPROVEMENT OF EXISTING ROADS)
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Fig.5.212 TRAFFIC ASSIGNMENT ON MOMBASA ISLAND, 2010
(WITHOUT IMPROVEMENT OF EXISTING ROADS)
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Table 6.2.1 TRAFFIC CAPACITY

Traffic Capacity (PCU/day)

Project Road
4 lane, 2 way 62,800
2 lane, 2 way 18,400

Existing Road _
4 lane, 2 way 31,400
2 lane, 2 way 12,500

Note: The capacity of existing roads is estimated by including
the influence of existing intersections.
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Tahie 6.2.2 GEOMETRIC DESIGN STANDARD

Item Unit | Recommended Value
Terrain - Flat
Design Speed km/h 60
Min. R.,0.W Width m 40 (30)
Lane Width m 3.25
Shoulder Width: Outer m 1.25
+ Inner m 0,75 or 1,00
Median Width m 1.50 ~ 2,50
Crossfall of Carriageway % 2.5
Maximum Superelevation % 10
Minimum Radii m 200 (120}
Maximum Gradient:
General Section 4 5
Crossing bridge section * 4,3
Stopping Sight Distance m 75
Minimum Vertical Curve Length m 50
Minimum Horizontal Curve Length| m 100 or 700/6
Vertical Clearance of Roadway m 5.2

Note; lg ¢ shows intersection angle for horizontal curve,

2

R=120 m is used for a loop access at Phase—J of the project as the

absolute minimum vatue of 60 km/hr design speed,
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6. 2.3
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(1) T-LOADING (LIVE LOAD FOR SLABS AND FLOOR SYSTEMS)

' Welght of|Weight of|Width of] Width of] -=h8th of
: Gross Contact Area
Class of Loading {Weight| 2 Front | a Rear |a front |a Rear of a Wheel on
Bridge g re-g Wheel Wheel | Wheel | Wheel

. |W(Ton) 0.1 W(kg)| 0.4 W(kg)| by(em) | ba(om) the Road Sur-

: & . 8 1 2 face af(em)
lst T-20 20 2,000 8,000 12,5 50 20
2nd T-14 14 1,400 5,600 12.5 50 20

700 em CLEARANCE

276 am CLEARANCE

27%

i : o
A A2 A
= | R 1 — .,
700 I] 400 | [ 700 _I J 400 .l I 700 _I l 400 I I7on
1p0 3@ 10 200 100 200

Fig.6.2.3 T-LOADINGS
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Steel:

KS02-22 (1976) for steel bar for concrete reinforcement

BS-4461 | for steel bar for concrete reiﬁf’orcemen.t

JISG3112 for steel bar for céncrete reinforcement

JIS G310! for structural steel

TIS G3106 for structural steel

JISG3114 for structural steel

JIS G3444 for steel pile

JIS G3536 for steel wire and strand for prestressed concrete

JISG3109 for steel bar for prestressed concrete
Concrete

5k = 350 kg/em? for prestressed concrete

5K = 240 kp/em? for reinforcement concrete

where: 6% is the nominal design strength of concrete on 28 days,

Biavz )y~ OHFRENESs ¢k cdid, =7V HSORED2y 2 ) - ' HRBERLBECHREL
oo =T VHOWEGBIEE, 340~6 1 0K el b KE L 2T 00 ThaeDT, FAHLELT. B
LHOBEIREA Lo cOME., BN CRBREENL. RETH CLPEE L\
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Table 6.3.1 DESCRIPTION OF ALTERNATIVE CROSSINGS

Alternatives Type of struccure Description

Bl Bridge ~ Closest alignment to harhour
wouth connecting Mzimle wich
Likond &t the gouth of the
existing ferey

TL Conventional Type Tunnel  « Harrow channel width (420 o)

: - Ghannel depth {47 m)

B2 Bridge = Alignment crossing at the
edge of Mbavaki quay

T2 lmmersed Tube Tunnel & ~ Channel with (700 m})

Conventional Type Tunnel - Shallowest channel cvosaing
(=27 m)

B3 Bridge -~ Alignment crossing at Ras

Liwatoni and Ras Bofu
= Ghannal widch (760 m)

B4 Bridge = Alignment crossing the west
headland of Liwatoni creek
and Muesza creek

3 Immersed Tube Tunnel & - Channel wideh (1,160 m)

Conventional Type Tumnel ~ Channel depeh (-42 m)

8S Bridge = Alignmant ercssing at Ras
Kilindini

T4 Conventional Type Tunnel  ~ Channel width (625 m)

« Channel depth (<44 m)
1] Bridge = Alignment crossing ac Ras
Kikangoni
* = Channel, width (88¢ m)
Note: Bl-Bb6: Bridge Alternatives
T1-T4: Tuanel Alternatives
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Table 6.3.2 GENERAL EVALUATION OF ALTERNATIVES

Alternative
Item Routes Bl B2 B3 B4 B5 B6
1. Access to Porc/ Indirect access Semi-dirxect Direct Direct
Industrial Area access access access
2, Acecess to town Good access to Inconvenlent access to Bad
centre Inner Ring Road | island south
3. Cannection to Good Access to the North Possible
distributoy ' but in-
- North (New Nyali) direct
access
-~ West (Makupa-~ Good Acecess to the West
causeway)
~ South Good OK Bad
4. Relation to Good for | No spe~ Good for new Port (Dongo Kundu)
Development of housing | eial and industrial area
South Mainland develop- | meaning
ment due to
connet—
tion to
exlsting
road

Table 6.3.3 ACCESSIBILITY OF ALTERNATIVES

Access Point (from cdge

Alternativa . Poggible excess to
[
route f cm;:gin;; exlsting exiscing/Planned road
Conventional
Tunnal Hakande road Makupa causewny (ALOS)
Tl
T2 Around ¥ijikenda street, New Nyall Bridge (BB}
Just north of Mombasa
gtation
T3 Hakupa causeway Hakupa causeway (ALO09)
T4 Makupa causeway HMakupa causeway {A109)
Immersed
Tube Tunnel
T2 Mol Avenue Hoi Avenue, New lNyall
Bridge (88)
3 Around Mijikenda streect, Wew Nyaki Bridge (A8}
Just north of Mombasn
station
Bridge
Bl Kimathi Avenue Kimathi Ave., Inner Ring
Road, Mol Avenue, Hew
Hyall Hridge
B2 Tangana Read (Inner Ring Inner Ring Read, Moi Avae.,
Rend) Naw Myali
B3 Hotl Avenue Mol Ava,, Hew Hyali Bridge
B4 Hod, Avenue Mol Ave., New Nyali Bridge
BS Mol Ave,, (Necassary Mol Ave,, How Hyall Bridge
arrangement of port herth)
6 Makande Road (Recessary Makupa cAusaway

arrangement of port area
and danger due to pass oil
firm area)
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Table 6.3.5 COMPARISON OF ALTERNATIVE ROUTES OF THE PROPOSED TRUNK
ROAD ON MOMBASA ISLAND

Alternative Route

Check Item A B C D
1. Traffic
1} TFormatlon of Trunk Road Difficult (due Posaible, but Possible Possible, but pro—

network (connection with
Malindi extension)

2) Interchange

to the exist~
ence of rail-
way facilities,
warehouses and
factories in
the industrial
area).

required rear-
rangement of
rail sidings
for rail frei-
ght.

blem in control of
traffic at a june-
tion of existing
road with ramps
(5-1eg at grade
intersection),

(1) Spacing 0.7,1.02,1.57 0.7,0.76,1.42 0.7,0,76,1.37 0.7,0,76,1.34
km km km km
(2} 1Installation of IC rdmps Impossible to provide ramps of interchange with
Inner Road, but two IC's can be provided
(3) Control of traffic Difficult on Favourable tra- Same as B Same as B
to/from frontage roads ramps of Innerx fflc service for
Ring Road IC Inner Rimg Read
with sidings with provision
of rall freight of frontage road
(4) Improvement to exist- Better traffic - Better traffie Same as B Same as B
ing traffic flow service in the gervice on the but improve-
industrial area whole island ment reguired
— Division by the for the inter-
exiatence of section of
Mombasa Station Kenyatta Ave.
can be connected with Makande
by Trunk Road Road
2, Environment
Length of affected
residential area 2,900 m 3,410 m 4,760 m 4,530 m
{total of both sides)
3. Construction problem
{in urbanized/industrial Not much difference among the four alternatives
area)
b, Construction Quantity
and cost.
(1) Length of Roads 5.65 km 4.89 km 4.76 km 4,30 km
(2} Bridge and viaduct 3.38 km 939.0 2.9 km 807.7 3.9 km 1,083.5 3.7 km 1,027.9
(3} Frontage road
and Access road . 4.9 km  54.9 4.8 km  53.7 3.2 km 35.8 7.6 km 85.2
(4} Land Acquisition 6
compensation cost 83.3 - 101.,0 201.6 191.
(5) Total (Mill Shs) 1,077.1 960, 5 1,321.0 1,304.7
Hote! Above estimates are based on cost estimates in Progress Report I,
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Table 6.3.6 PHYSICAL FEATURES OF INTERCHANGE AND RELATED STREETS BY
TUNNEL AND BRIDGE

Alternative _ Tunnel Gradient (T2) . Bridge
Alternative (B1l)
Item 3% 5% 4,3%
Interchange

-~ Dedan Kimathi Underground Underground On the ground
- Inner Ring Road Underground On the ground On the ground
~ Mol Avenue Underground On the ground On the ground

Major street
length related to L = 7,80 m L = 1,150 m Nona
underground I,C, '

1) THEOR#M
MECTHBLLU TORMETRM - o
P AAR(T, )
B ii] B :[ s 3 3
it i e 35
brAaBiEE:®e 34 ( 2HMAE, 2x25mOFHE T HFRITO HEE
L)
BER(B, )
£ &
N x B #:a3280n
F 7o —FER:830m
it 4 B RETEMEWOR T 2 H M4 HAR ( Pl ) Wi

CIHAUST DT

PEDCSTRIAN

Fig.6.3.4 CROSS-SECTION OF CONVENTIONAL TUNNEL
(FOR 2-LANE CHANNEL SECTION)
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ZEMb Lo

Table 6.3.7 COST COMPARISON OF TUNNEL (T2) AND BRIDGE (B1)

Alternative Tunnel Alternative Bridge Alternative
(12) (B1)
Item KFA 5% 4.3%
1. Construction 3,720 3,050 1,412
Costs (M.S.) :
- Main Span/ 1,179 1,179 776
Crossing
- Approach 1,801 1,188 595
Structure
- Facilities 740 683 39
2. Land Acquisition 129 78 69
& Compensation
Cost
3. Operation/ 37 32 5

Maintenance
Cost (M.S./Year)

5) b~ OB
(0 FrArOfEd LR

P oA A TRAOEHRIE, TREHICIDANRORETLL, EMRFEHTHE
OFROEE, hBEEMERL, AKREHCEIHBB~OHETRIRICT S 2D

w, #6638 RTHEMOMHRLRET LLEXRD L,

ChLOMRE, BEEYARREBERIAREE bE v, 6 3 610 KEEF

e bhBBEONMEEDOT v 2kiRL %o

2 b vArOEREE

brAalg, s shoflik iy LTEMA IS O TR, 2EER
0—%&L1ﬂﬁéﬂ%N%f®%ob7$»&Mﬁ®%ﬁtL&mﬁbmu,
MTFrRT 0 2 HBEMATARTS 5,
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Tahle 6.3.8 TUNNEL ANCILLARY FACILITIES

Anciliary
Facilities

Purpoae

(¢ 8]

(2

(3}

(L)

(5}

(6)

(7

(8)

(9)

Ventilation Sy:em

Lighting system

Signal and Signs

For f£ighting and alatm.
system

Television gystem
Laudspeaker syastem
Emergency telephone
system

Sump drainage system

Power distribution
B"\f stem

(10} Control system

For health, safety and comforc of
pedestrian, ingpector and workerv
in the tunnel as well as maintain-
ing the clear dight of drivers

For safety drive in the tunnel and
its entrance section

For traffic control in case of
ineident and normal inscruction
(warning)

To sense auromatically s fire and
transmit it to the control room,
Fire hydrants and extinguishers

To winotor the traffic Flow at the
antrance section and in tunnel

To guide drivers in gafe in casa
of incident .

For dtiver's emergeney call or
any trouble occurced

To discharge incoming vainwater,
leaking water and Elrewater

To make effective use of the
tunnel facilities as above

On collaction of data and informa-
tion suitable countermcasures made
to the relevant sections of tunnel
as well as to nearby community
authoricien

Fig. 6.3.6 COUNTERMEASURES AND PROCESS IN CASE OF FIRE

Occurence
of fire

E— L

. ¥
Veahicle Daetector j Emaergency call by telephone Automatic Fire
H snd push button senser
L e —— ]
M q— TR A S A Piu —— 1
K ] 3
Informatlon Reception
In Control Room

Reconflrmatlon of

Fira (ITV)

¥

¥ ¥

Instruction to
Driver

Trafflo Inforamtion to pollce
cantrol and Fira Flghting Sectlon

'

|
L
[ 4

Vantllatlon [
of smoke

Fire Fighting —I [ Refuge and Rascue

y

Tunnal Inspection
and temporary
treatment

Open to trafflo 1

L
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Table 63,10 HIGH CLEARANCE IN THE WORILD

Comple~] Clearance Waterlevel |Mainspan
Bridge Name Hation . tion Reglon River, etc. +{m) Dadum length {m}
George Washington U,5.4, 1931 New York Rudaon River 65 H..H.W.L. 10;37
San Francisco QOakland Bay " 1936 -San Francisco| San Francisco Bay 64 MoL.L.W.L, 704
Golden Gate " 1937 " " 65 H.HM L, 1280
Bronx Whicestone " 1939 New York East River 46 " 101
Tagoma Narrows " 1949 Tacoma 57 M.L.H. L, 853
Mackinac Stralts " 1957 Hackinac Michigan River 52 " 1158
Halt Whitman " " pPhiladelphia Delaware River 42 MR L 610
Waka~do JAPAN 1962 | Kita=Kyushu Dokai-Bay 40 H.W.0,8,T, 367
Verranzane Nasross U.5.4, 1964 New York Hudgon River 63 ML HLML L. 1298
Forth Road u,.K, " Edinbrough Forth River 4% H.W.0,8,T. 14006
Severn " 1966 Bristol Severn River 37 H. WL 985
Salazar PORTUGAL 1966 Lisbon, Tagus River 70 MW Ly 1013
Kanmon JAPAN 1972 | Xita-Kyushu ’ Kanmon Straie b1 M,H.0.8,T. 712

Table 6.3.11 STANDARD DIMENSIONS OF VESSELS

Tonnage Lenpth (m) Beam (m) Depth {m) Praft {m)
N 10,000 160 20,6 12,3 8,2
XY 15,000 181 23,1 13.9 8.8
a g 20,000 197 25.1 15,1 9.2
& 30,000 223 28.2 17,0 10.0
50,000 252 32,5 19,4 10,7
10,000 144 19.4 11,2 8.2
2 15,000 162 21,7 12.7 9,1
& 20,000 177 23.4 13.8 10,0
& 30,000 199 26.1 15.7 11.0
4 40,000 217 20,3 17.2 11.9
3 50,000 232 30,0 18,4 12,7
[ 60,000 245 31,3 19.4 13.4
® 70,000 257 32.6 20,3 14.0
10,000 139 19.0 9.9 8.1
15,000 157 217 11.3 9.0
N 20,000 171 21.8 12.4 9.8
I 10,000 194 27.2 14.1 10.9
kS 40,000 211 29,9 15.4 11,7
o 50,000 226 2.1 1.5 12.5
e 70,000 250 15.9 18,4 13.6
106,000 274 33.0 19,2 14.6
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‘Table 6.3.12 LARGEST CLASS SHIPS IN THE WORLD

. . Tonnage Length © Beam Depth Draft High from
Vessel Type Name {xon) ) (m) (mY (=) D!(ar:t)
§.5, Norway 69,400 “31s 3.7 10,5
Passenger ships
GQueen Elizabeth TI &1,100 294 32.0 10.0 53.8
World Gala 287,000 338 54,6 21.9 54,0
Bulk carriers
Sefko Marw 248,000 326 52,6 20,5 66,1
RO/RO ships Barber Toba- . " 37,000 229 32.2 20,2 10,8 48,1
Full Containers Liverpool Bay 47,300 290 32.3 24,6 11,0 52,7
Seawiss Glant 279,000 458 60,8 2h. b
011 Tankers
Hisael Maru 239,000 79 62.0 36.0 8.2
Areraft Carriers 89,500 kLK 40.5 10,9
Juan Sebastian de 3,750 107 11.1

$alling ships

FEleano

3) & AV EOHIR
(1) EED AR A
AT EE, B OERZIA, TAXBRIZIDODERROALTL BB O,
a—SathtEk FWEREhTWadhd, ABRKAO NS 7 b, 830X LKk

Hhe FIZHME,

1983461 Alic7 A ) amEREEL AR 1 3.7 micly

KLk, BRMOBEIG, ) rFi—= BOAQHRRCAMLTWE RO IE R
250 mICHIRI N Tni, ABRTHEVWADEHEMITHATE LD, BOEETO
kIO B 10 g PBRBETHD, —FHRTEE T B,

bbbz v BOMHEPRA BN T 5 LUTORY T 5,
BB e 1L00074~bF(300m)
MBS K BB+ 4574 —b{(137m)

MM AE : 250m
B0l R 521 8y b ORI
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(2) HEMEREAR
1981 FOWEBHMETIC LA L, HNBBHERE, MTORIEL ,Tna,

B ok 4 — = & S—x¥ : 16
& = Tt 3,044m
b A 184m
Mz b 10m
B A —si— 1 ez 2
R L34m
arFF =R - N — 2l 1
® X 230m
+ A bt — xSt~ 2
& & 316m
T4 e 3
V4 nBEE 6000 b/ V4m
4) WB ORI
(1) RESREMTE

HARUVEROHEYWE TR 6. 3.1 3IUFRT,

Table 6.3.13 PORT TRAFFIC
Unit: 1,000 DW ton

Year 1980 2000
Import & Export ‘
Dry bulk 1,231 3,710
Ligquid bulk 4,066 860
Others cargo ‘ 2,215 6,355
Total 7,512 10,923

Source: Annual Bulletin of Port Statistics 1981

1M0$®mﬂﬁm\mmazeﬁraoﬁoﬁ%@ﬁ%%m;@ﬁkbfﬁ
MERAETNCHE Y, HEEDRIEZ LIRS T EA00, S oHE0bIE, 1980
EO S FEREMT 5RAH»TH b,

2) A0
1980GFIC HMBRUKEREEBMIE, ATPHS 7H#AML A, £6 3.1 4
WABRO~WERRARTFEORMY 1A XOBABETL Ko
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Table 6.3.14 ARRIVING SHIP SIZES
(Unit : DW. ton)

Arrival

Past Past Expected ible

Ship most biggest ships Pgﬁips
Type of frequent ships {1990)
ship ships '
Gzaigal cargo 10, 000 20,000 20, 000 50,000
Container ship 20,000 40,000 50,000
RO/RO ships’ 15,000 40,000 40,000
Bulk carriers 15,000 40,000 40,000
0il tankers 20,000 50,000 50,000 65,000
Passenger ships - 67,000
5) =R +EA

(6 3. 8 ICIMMDBEEAN v 2 w2 1 BAOHEY* T LA EECHYA5DWN
TnbHR, ICABBROBIEKN 252 bhhid~X 1 EI 2D B T LA
Thh,

MW & Bo@
o 9O o O o o
b W R | T T T
&ﬂﬁﬁ .

N

.

.

..

MAST HEIGHT {M) ABOVE
WATER LEVEL

e
[=]

1 L L
o] 10000 20000 30000 40000 &0000
{cha}

Fig.6.3.8 RELATION BETWEEN GROSS TONNAGE AND- HEIGHT OF SHIP MASTS

—R w2 P EAE, F6 31 5IKRTEOICER, BH, KMHROIETE
TBH, EHA <A BIEAET S C L EET S5,
Table 6,3.156 HEIGHT OF SHIP

Ship Type Name of ghip DWT Total Heipht
from Draft (m)

Warships 89,600 70

Pagsenger ship (Queen Elizabeth II 67,000 53.8
Cambera 45,000 v 57
_ Caronia 38,000 '59
Cargoe ship Mining ship 50,000 42
20,000 38
RO/RO ship Barder Toba 32,000 48
Container ship Liverpool Bay 47,000 43
" Tanker Tokyo 95,000 47
Sansui 62,000 46
Borgila 52,000 40

6-34



6) KEMB IV 75 20RE

EBEEO AW, 3202 Y752 (H=732m 55mREU 45n) £IRETF
— g -HEINT, EREIMT EICHRE L %,

IY)T S5 AT, KT v, 0 OEFEETE Y, poRTRBRON
MOETOZ2 VT3 v A2 HRETAEATD A, 6 5 nid, v AvOoEMREF
Hioz V7 5v2ELT, Xasnid, BMBROIrDO2 VT 5 2ELTEL

7) SEBE DT 2 |

ARBEOMBEME, Me 3.9 kRFERT ok MssonoELFEOEMELTEL
bhTwad, ERECFAC22EMELTBHNOELEBER v v E2RICAR
BTENTEL, MR 7703, B2V 75y A LTBRLT InLHEINS,
REMmEME, 631 6RTLIKAMBAEEZS R TH D,

THLWREPED 2 V7 7 v 2 OB, BiToskt, BEcispois RURK
EIBROLTEHVERRKAND BEN DD, Ch bOBRE T, #l4 B icfHaET
AY0TH Y, TOROHKER, BHC 24, RICZhbt1mEHET S LR
6.3.1 6 L L hFAMEEZRZ VT 5 v 20RHHMNHBEIN B,

Lateral clearance, 330M
. .
4.30%

-

Navigation Clearance |
73.2, 55,45M

5t

A ———

TN o6 BHWL
(AR HIN) Dat
158 AGRIAY CRRC DRt
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Tabie 6,3.16 TIDE IN KILINDINI HARBOUR

Tide on Admiral Chare|Sea Level by Practical
Datum Survey of clearance
Variation Kenya Datum [ H = 55 | H = 45
Highest Tide 3.7 4,0 | + 4,10 + 2,26 55.77 | 45.77
|Mean High Tide 2.0 4,0 | + 3.47 + 1.63 56.37 | 46,37}
Mean Sea Level
(Survey of Kenya Datun} - + 1.84 0 58,03 | 48.03
(Mean Low Tide 0.07% 1.8 | + 0,97 -~ 1.57 59,60 | 49,607
Admiralty Chaxt Datum - 0 - 1.84 59,87 | 49.87 -
Lowest Tide -0,1n 40,2 ~ 0.03 - 1.87 59,90 | 49.90

Source: TIDE TARLES FOR EAST AFRICAN PORTS, KENYA PORTS AUTHORITY
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Tabte 6.3.17 FUTURE DISTRIBUTION PATTERN OF PROJECT ROAD TRAFFIC
(Unit: Percentage)

Year

Pattern 1983 1990 2000 2010
I. Without Improvement | Mbaraki Road
of Existing Road 75 30 KK 25
Network

Nyerere Ave.
25 50 67 75

II, ¥ith Improvement
of Arch. Makarios | Mbaraki Road
Road {4-lanes), - - - a5
Fly-over bhehind Nyetere Ave.
Mombasa Station - - - 15
and Inner Ring : !
Road (4-lanes)
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Table 6.3.19 COMPARISON OF ALTERNATIVE ACCESS

{NAVIGATION CLEARANCE H =855m]

Ale,

Item

Alt.-A

Alt,-D

1) Traffic Service

Vehicle Running
Distance

Pedestrian Walking
Distance

Traffic Desire

Partial traffic service
with detour

Short distance in both
directions, : 855 m to
Mbaraki Road/Dedan
Kimathl Intersection

Short distance in both
directions : 1,010 m to
the above intersection

Access to major traffic
direction

Full traffic service

Long distance 1n both
directions, : 1,624 m
to Mbaraki Road/Dedan
Kimathi Intersection

Long distance in both
directions : 1,730 m
to the above inter-
section

Access to both traffic
directions

2) Traffic Congestion in
year 2000

Congestion in Nyerere
Ave,

Congestion at Mbaraki
Road/Dedan Kimachi
intersection

3) Environ and Landuse
Initial stage

Final stage

Resldents, school

Residents, Industry
(plan)

Park

Residents, TIndustry
{plan)

4) Adoptability of Higher
Navigation clearance
(h=73.2m

Access point falls be-
yond the intersection
of Nyerere Ave,/-
Dedan Kimathi Ave. and
problems in traffic
distribution and in ex-
pansion of Nyerere Ave,

Bigger loop access
can be adopted

5} Construction

Existing road
Initial stage

Final stage

Intersection

Expansion of Nyerere

Ave. and lane arrangement

Expansion of Mbaraki |

Expansion of Mpvaraki

Road and lane arrangement Road and lane

Nyerere Ave, /Dedan
Kimathi Ave.

arrangement

Nyerere Ave./Mbaraki
Road

6) Bridge Cost
{STA 0 " Access point)
Initial Stage
Tinal Stage

430
373.2

582,7
406.8

Total (Mil, Shs)

"1,003.2(567.0)

989.5(643.2)

Figures in the brackets show the cost dis-

counted by 10 percent.
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Table 6,3.20 COMPARISON BETWEEN FOOTINGS ON —SHORE AND IN THE SEA
{1n the case of P,C Cable-Stayed Bridge)

T Footing on-shore Footing in the Sea
810 830
— - ! 1 - )
Coaes g _rws_] 75 150 0 150 73
; e e | ) .38 A
Side View , E H | ! ‘ i
! v
—_ \\ - --r [—=--
' ' | { I )
PR S LA ~—‘—'-|m v e
-y — T Y e
P s ae— | B3.0nll] 11
Losc of 455 million K.Shs 411 million K.5hs
Supurstructuce
Coyt of ;
Subycructure 243 " 319
Jocal TO0 ” 310
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Table 6,3,21 SUSPENSION BRIDGE

Bridge Name Nation Miizgiian Completion
Humber U.X, 1410 m 1981
Verrazano Narrows U.S.4A, 1298 1964
Golden Gate U.S.A, 1280 1937
Machinac Straits U,S.A. 1158 1957
Minami Bigan Seto Japan 1100 Under construction
Bosporus Turkey 1074 1973
George Waghington U.S.A, 1067 15931
Salazar Fortugal 1013 1967
Forth Road U.K, 1006 1964
Kita Bisan Seto Japan 990 Under construction
Severn U.K, 938 1966
Shimotsud Seto Japan 920 Under construction
Oh~Naruto Japan 876 Under construction
New Tacoma Marrows U.5,A. 770 ' 1949
Tn-no-shima Japan 770 1983
Kam—mon Japan 712 1973
Orinoco Venezuera 712 1967
San Francisco Oakland Bay U.8,A. 704 1936
Bronx Vhitestone U.S5.A, 701 1939
Frontenac Canada 668 1970
Delaware Memorial U.S,A. 655 1951
2nd Delaware Memorial U.5.A 655 1968
Walt Whitman T.5.A 610 1957
Tancarville France 608 1959
Little Belt Denmark 600 1970
Chesapeake Bay ' : o
Ambassador U.8.A, 564 1929
Throgs Neck U.S.A, 549 1961
Benjamin Franklin U.S.A, 533 1926
Skjomen Norway 525 1971
Metadi, Zalre 520 1983
Emmerich West Germany 500 1966
Newport U.3.A. 488 1969
Chesapeake Bay U.8.A. 488 1952
Williamsburg U.8.4A. 488 1902
Brooklyn U.5.4A. 486 1883
Hirado Japan 460 1977
Vincent Thomas U.5.A 457 1963
Manhattan U.8.4A 448 1909
Nan-hail Korea 404 1973
Waka-do Japan 367 1962

6-53



1000000

ASETEOD = 179000

wwoae T T waraon < avaase.

_J Ty 1 $Dﬂmlﬂ&ii£§- ]

|
2000 89000 1500 pAGO 2000

Fig.6.3.18 SUSPENSION BRIDGE

UEXOEMRX TR LY TH D, BEHERNLELTH, BHTIEE N,

CERKFENEEADT v AV y VEEC, SMMENTH, TOHRBLKE
(AR D, BEa 2 b EEL (KRS N,

-MEETH Y, BREEHE LW THI2ERRLETS S,

bR LWL C, ¥ ARBLTHEHMIE, THWEE 5,
- MBI RA CHARELRE R L% v,

6-54



B} FyrF4vaA—t TR |
Fy¥T 4 VvA- b7 AR, ABCRWTHROBRKBLE LTOLE@E D »
Twb, HAODEBRFELELTI Y2 3hhb30E, £63.220L50THhb,
EHZ100~5007 TRFNICHERLBEL TN 5,

Table 6.3.22 LONGEST CANTILEVER TRUSS BRIDGES IN THE WORLD
Main -

Bridge Name Nation span length Completion
Quebec Canada 549 M 1917
Forth U.K. 521 1890
Minato Japan 510 .1974
Delaware River U.5.4. 501 1972
Greater New Orleans U.S.A, 480 1958
Howrah India 457 1943
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Table 6.3.23 LONGEST STEEL ARCH BRIDGES IN THE WORLD

Bridge Name Nation T:itg‘t;p?;) Completion
New River U.S.A, 518 1976
Bayonne U.8.A. 504 1931
Sydney Harbour Australia 503 1932
Premont U.5.4. 383 1573
Port Mann Canada 366 1964
Thatcher Panama 344 1962
Trio~Rivieres Canada 335 1967
Zdakov Czechoslovakia 330 1967
Runcorn-Hidnes U.K, 330 1961
Birchenough Rhodesia 329 1935
Glen Canyon U.5.A, }13 1959
Lewliston~Queenston  U,S,A. 305 1962
Hell Gate t.8.4, 298 1816
Oh-Mishima Japan 297 1979
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Table 6.3.24 LONGEST CABLE STAYED BRIDGES IN THE WORLD

Bridge Name Na?ion Miiﬁ;iign Completion
Yokohama-bay Japan 460" Under construction
Second Hooghly India 457 1977
Chaophya river Thailand 450 Under construction
Iguro—jima Japan 420 Under construction
Hitsuishi-jima Japan 420 Under construction
Meikoh~nishi Japan 405 Under construction
Saint Wazaire France 504 1975
Rande Spain 400 Under construction

:
= Dame Paint U.S.A. 396 Under construction
m Luling U.5.,4, 372 Under construction
%Tj Flehe West Germany 367 1978
q;ﬁ Yamato~-gawa Japan 355 1982
% Aji-gawa Japan 350 Under construction
a Neuenkamp West Germany 350 1971
Brazo Largo Argentine 340 1972
West Gate Australia 336
Zarata Argentine 330 1976
Kohl Brand West Germany 325 1975
Knic West Germany 320 1969
Erskine U.K, 305 1971
Severin West Germany 302 1969
Bratislava Czechoslovakia 303 1972
é Bridge Name Nation Miig;iﬁan Completion
g _
M Barrios de Luna Spain 440 1983
E\ Saint Johnes U.5.A, 396 Under construction
ﬁ ot Pasadas Encarnacion Argentine 330 Under construction
A:m Brotonne France 320 1977
§ Pagco~Kennewick U,S.A. 299 1578
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Table 6.3,26 COMPARISON OF ALTERNATIVE STRUCTURAL SYSTEMS FOR MAIN BRIDGE

fuspension Bridge

Superstructure and Tower

Anchotage

Foundation of Tower
Approach Bridge

667 million ¥.she
421

43
2

I = 3,453 pillien X,5hs
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The ceat breakdowns for the suspension and cable-stayed bridge are as followat

Cable-Seayed Bridze

Superatructura and Tower

Bridge Type Suppension Bridga Cantilever Truss Bridge Axch Bridge Cabla-8tayad Bridge
'y ! had uad . - v - T
configu~ Side view 2#:# w% mtmwﬁ
ration outline “E R T~ {:—r=!, :
Structure Lype Carapary Complex Parabolic Linear
Exiaring example of equal or lavgest span of aexsisting .
targe span in the world Rimerour few ™l Similar strocturas S04 m few
Principal material of Steel for main girdevs, Sreal gteel Steel or F,C, for main girder
superatructured ) steel or R.C, for tovara and gteel or R,C. for tower
Specific fea- Because of great horizontal | .Only vertical veactions Becausa of great horizontal Only vertical resction exist,
tures of reaction of the cables, it exiat : reaction at the support of
atructural becomes uncconomic n case ’ the arch, {t becomes un- Such resctions ave large,
syatem of wesk Eoundation ground econemic fn case Of weak )
vhers heavy anchorage foundation ground where heavy
structure 1a- raquived, foundatian is required at
such pupport,
Deflection Grent Small Small Relatively large
Seabllity under | Requires careful deaign Requires carsful design con-
wind load conslderation o problen Ho problem aideration
Sgructural Effeet of tempe~ In significant Ho influence Influenced Influenced
features ratura change
::::ﬁ:l Statically indeterminate Statically dacermi nate Stetically indetexminate Sratically indeterminate
Effect of dif-
ferential sattle-|  Almosr unaffected Unaffeated Affacted Relatively affected
menkt of gupport
Interfacing with
horizontal curve Ho problem Difficult pifficult o problem
in side span
Tachnical Ingtallation of cables and Boing atarically datermine { Employing alsnt -~ stay con~ Réquires comstruetion know-
agpect construction of anchorages sble in structure, during atyuetion wathod with how and high work precision,
requira sophisticated con~ conatruction by applying, temporary shaging, its con- and ia difficult to consbrust.
atruction knowhows, high cantilevars construction struction, demands work pre-
pracisfon of work and ie method, is relative less cislon, and involve wind re-
therafore difficult to denanding in work praci~ siatant atability problem
conatyuct sion, and io compavatively | during congtruction, %a ve-
Rach of di€£ieulr to construct, latively difficult to copat-
construction ruct
Construction shar
period Tang Shortest Relatively long Relatively t
Availabilicy of Mostly unavailable for stael
material in Mostly unavailable -Hostly unavailable Moatly unavailable atructurs but avallable for
domestic market P.C. and R,C, structurs
Construetion
cost (Million 821 /14
Eaonomieal Shilling) 433 1054
fantures
Relacively low cosgt of Highaat coat of paincing High coet of painting Relatively low cost of paint-
Maint painting maintenance smaintenmece maintenance ing maintenance in the case
enanca of atesl structvrs and almoat
maincanance free in the casa
of P,C, structura
Travelling Comparatively less satis- Comparatively less satis
quality of factory factory due to exlotepce of
o bridge surface expanglon joint and visual Caod Gopd'
ther disconfort from thae anvelop-
conaidera~ ing trurs mambara
tion
Replacement of
atael Relatively gmall in the case
fmal) Lavge Latge of mteel struerure, very small
for P.C. structure
- Thete are many example Conatruction ie relatively |Hot recommendable due to lack | There are a fev examples but
- Conatruction parfod {s edgy, but nat racormendable |of examples precednec, cechnically adoptable
Overall long due te csble work due to the highasc mainte- R d a
¥a nance coat, lack of smooth ecornendable due ta the
Evaluatian [ Nor recomendable due to drivability and aesthetical constraction and maintenanca
bigheat coat, varsions. cost.
Hote 1, Conatruction cost is the gross estimation of an ssaumed steel bridge sttucture of 1,000 @ langth incluadve of a main bridge span
Chapter 8 is referred to this cost.
2.

852 vid1lion K.5he

Foundation of Towar 61 "
Approach Bridge 101 "
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Fig. 6.4.1 TRAFFIC FLOW ON MOMBASA ISLAND: 19980 WITHOUT

IMPROVEMENT PLAN TO EXISTING ROADS
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Fig.6.4.2 TRAFFIC FLOW ON MOMBASA ISLAND : 2000 WITHOUT
IMPROVEMENT PLAN TO EXISTING ROADS -
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Fig. 6.4.3 TRAFFIC FLOW ON MOMBASA ISLAND : 2010 WITHOUT
IMPROVEMENT PLAN TO EXISTING ROADS
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