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. Appendix A TRAFFIC INDUCED BY NO WAITING FERRY

On the'feplacement of éxisting ferry by a fixed crossing traffic service
.withdut walting time will be reélized.

Due to.the increment of the serv1ce, some addltlonal traffic will be
1nduced Genexally the rate of induced traffic is given by the following

formula.

Dij

where Rij-: Induced traffic ratio between i and j zones
Dij :'Induced traffic ratio between i and j zoties
' in case of “Without Project™

Crig - (D 13)‘3

iD‘ij' 'Time distance betwaen i and J zones in case of "With
o 1Pr03ect

8 ' : Parameter
The ?arameter 8 is Caluculated by the regesSion-aﬁalysis using the trip

rate and time distance surveyed in the April 1983 as shown below.

Y=ALPHA*X"BETA ALPHA=.1737572 BETA=-.266

‘R2=.1484041 = F=.6970633 R=0.37
METER
1264667 |
. ~0.266
1017323 |
s we v=0,1738x
"{0?7" '_ S _
S 5.226667E-02 T
£ .
RN S -
e g ox
o0 T B 1 . | , Lo

ar. 9 43.62 7.3 33.06 114.78 136.5

TIME DISTANCE  x



The time distance with and without project are caluculeted as the weighted

avarege of time distance between 6 zonal pairs as shown in the following

Table.
Present Present: Zonal Perir -
Zones Traffic Time Time Dis-— Graviﬁy _ 7 Trip
From Pgtential _Distanqe tancg Pi x Pj  _$ate
Likoni, (ADT in (Min. With b [ BE
Kvale 1983) 1983) | Project | (PoPulation i, Fiys
- - Vs 1975, 1000) A
Tij Dij Dij ' P (PixPi)
Island’ North 609 33.1 12.7 |329x $2-17,108 |0.0356
Island South Co193 28,1 | . 10.7 [329x% 9= 2,961 ]0.0652
Port Industry 1,492 31,9 12.5 | 329% '30= 9,870 |0.1512
Town Center 2,263 27.9 7.5 329 48=15,792 |0.1433
West Mainland 593 34.5 4.5 | 329x 82=26,978 |0,02198
North Mainland 471 136.5 | 116.1 329x%511=168,119(0.00280
Weighted average | (5,621) 39.33 19.36 | -
Based on the above, the induced traffic ratio (Rij) is obtaiﬁed éé 20}82

as follow.

19.34

Rij = (=555

~0,266

-1 = 0,208




Appendix B INTERSECTION TRAFFTC ANALYSIS

Fig. B-1 TRAFFIC DEMAND ¥OR INTHRSECTION

Year 2000 (PCU/Day) Year 2010 (PCU/Day)
(1) Nyerere Ave‘ﬁMbaraki Road Intersection:

Mbarak
Road

5,003
7,176

N 159072;__Nyerere Ave. -

e g g .
(2) Nyerere Ave./Dedan Kimathi Ave. Intersection

Kimathi

~Dedam
Road

(3)  Lunga Lunga Road/Mtongwe Road Intersection

o O
| < 9
Mtongwe o Project Road _ o
Road é' . : :
50




(1)

Table B-2

Nyerere Ave./Mbaraki Road Intersection

INTERSECTION TRAFFIC ANALYSIS

Year 2000
Signal | Traffic Demand: V| Capacity: C Saturation Rate
Phase (Veh./hr) (Veh. /hr) v/C |
I 1,061 1,800 x.2 = 3,600 0,295 '
11 330 1,800 x 1 = 1,800 0.183
I1T 715 1,200 x 2 = 2,400 0.298
T =0.776 < 0.9
Year 2010
Signal| Traffic Demand: V| Capacity: C Saturation Rate -
Phase (Veh. /hr) (veh./hr) ) v/ci
I 1,586 1,800 x 2 = 3,600 0.441
II 474 1,800 x 2 = 3,600 0.132
IT1 1,405 1,200 x 3 = 3,600 0.390
L = 0.963 > 0.9

(2) HNyverere Ave./Dedan Kimathi Ave. intersection

Year 2000
Signal | Traffic Demand: V Capacity: C Saturatiﬁﬁ Rate
Phase - {Veh. /hr) (Veh. /hy) - v/C
T 1,445 1,800 x 2 = 3,600 0,401
1 75 1,200 x 1 = 1,200 0.063
111 93 1,800 x 1 = 1,800 0.053
Iy 575 1,200 x 2 = 2,400 0.240
L =0.76 < 0.9
Year 2010
Signal| Traffie Demand: V Capacity: C Saturation Rate
Phase (Veh. /) | (Veh. /hr) ' v/c
I 2,695 1,800 x 4 = 7,200 0.374 '
IT 192 1,200 x 2 = 2,400 | 5.080
11 192 1,800 x 2 = 3,600 T0.053
v 1,345 11,200 x 2 = 2,400 361560 '

L = 1,067 >0.,9




(3) Lunga Lunga Road/Mtongwe Road Intersection

ear 2000

Y
Signal | Traffic Demand: V | Capacity: C Saturation Rate
__?hase {(Veh./ht) (Veh. /hr) V/C
1
- *——1— N
1T 2312 + 94 = 306 | 1,800 x 0.615 0.276
= 1,107
11T 739 (1,200 x 1 = 1,200 0.61s,
1v 94% 31,200 x 1 = 1,200 0.078%*
L =0.89 < 0.9
Note: # Traffic is treéted by an additional lane.
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APPENDIX C WIND AND EARTHQUAKE

1. Wind

1) Avétage Monthly Wind Speed

The average monthly velocity of the wind is in ttie range of 4 v 5 -
m/sec.  The daily on-~shore wind prevails with a greater velocity in the

afterncon reaching 15 m/sec, averaging 8 v 10 m/sec as shown below:

Mombasa Town : Latitude  04° 03" §
- Loﬁgitude 39° 39' ¥
Aititude 52 feet (16 m)

“Average Wind Speed (Knots)

) i _ —1 .
~ Mouth ' 06:00 G.M.T, 12:00 G.M.T.

January il
February 10
March
April
May
June
July .
August
“September
October.
November

"December -

S EBWUU LWL W W s
WO WO WY oW o ®o

Year

Note: Kenya Standard Time = G.M.T. plus three hours.
' 2.237 Zoots
1 Knots = 0.447 wm/sec

The wind speed ig measured at 10 meters above ground level,

0

1 m/sec

)

'LTﬁe_Wind:diféééions is“ﬁainly'ffom'thé_east in Movember, Décémbef,
ijﬁﬁﬁéfy,ufébfﬁaiy'énd ﬁéféh; while the south wind blows mainly from
'April_ﬁhfbugh October.
2) Wind Gusts '

The following are the average for 3 seconds gust wind once in 25,

“50 and 100 years.
c-1



1)

Station Name Ras Serani at East End of Mombasa Is.
No. of Years of Record I 5(1967 v 71)
_ R s C
#Return Period (Years) 25 | 25.9 m/sec
" 50 28.1 m/sec
" 100 30.3 m/sec

The highest value was taken as the design value and the coefficient

for rhe structure height wds alsc considered.

Farthquake

Earthquake record and zone classification
Earthquake occurs in the study area based on "A Catalogué cf'Felt
Earthquakes in Kenya (1982 ~ 1969)" by Prof. I.S. Loupeklne of the

Geology Department of the University of Nalrobj

Mombasa locates in the zone of VI and 28 times earthquake in the

period of 1982 ~ 1969 as shown below:

Number of Earthquake

Maximum intensities cbsevved.

Zone iX | ovive | vis vi{ v | 1v | 11111

1892 - 1963 | 1% R 28 | 128 | 382 | Numerous

* The Subukia Valley a earthquake on 6th January 1928
*% The Suggta River earthquake in_1924
The local earthquake in Nairobi in 1933.

Toro earihquake with episentre in Uganda 1956.
The zone map is shown in Fig. C-1 and their effects are described
as follows:

Possible effects on buildings and other structures in the varlous

zones are as follows (1nformat10n extracted from the Mod1f ed

Mercalli Scale, pp. 12-13) in Prof, Loupeklne s report,

c-2



IX.

VIII.

VIT.

VI.

V.

- Damage cousiderable In specially designed structures;

well-designed frame structures thrown out of plumb; great.

in substantial buildings, with partial collapse. Buildings
shifted off foundapibns, Underground pipes brokem. (These
effects are believed to obtain only locally in Zone VIII-IX,

shoim in the seismic Zoning map).

Damage slight in specially designed structures;fconsiderable

in ordinary substantial buildigs with partial collapse'

great in poorly bu11t structures, Panel walls thrown out of
frame structures. Fall of chimneys, factory stacks, ‘columes,

mcnuments} walls. .

Damage negllglble in bu11d1ngs of good design and construction;

slight to moderate in well- built ordlnary structures; consider—

_able: in poorly built or badly d931gned structures., Some

chlmneys broken.

A few instances of fallem plaster or damaged chimneys.

Damage slight.

A few instance of cracked plaster.

Intesity V is taken as the threshold of damage and it is to be

noted that this is the lowest'intesity value assigned to Kenya.

The quifiéd Mercalli Scale of 1931 (Wobd and Neumann, 1931),

supplemented by Richter's version (1956) as shown in Table C-1.

c-3
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_Table C~1 MODIFIED MERCALLI SCALE

Seismic
Intensity

Inten31ty

Scal Modified Mercalli Scale (Wood and Neumann, 1931)

1. Not felt except by a very few under specially favour- (gal)
able circumstances. {Rossi-Forel scale) 0.5-1.0

I, Felt only by a few persons at rest, especially on
upper floors of buildings. Delicately suspended
objects may swing. o 1.0-2,1

IT1I. ‘'Felt quite noticeable indoors, especially on upper
floors at ‘buildings, but many people do not recog-
nize it as an earthquake. Standing motor-cars may
rock slightly. Vlbratlon like passing of truck.
- Duration estlmated : : 2.,1-5.0

1v. During the day felt ind001s by many, outdoors by
few. At night some awakened. Dishes, windous,
doors ‘disturbed; walls make creaking sound.
Sensation like heavy truck striking building. _
'Standlng motor-cars rock notlceably. 5.0-10.0

V. Felt by nearly everyone, many awakened Some-.
' Dishes, windows, etc., broken; a.few instance of
‘craked plaster; unstable objects overturned. Dis-
turbances of trees, poles and other tall objects
sometlmes noticed: Pendulum clocks may stop. _ 10.0-21.0

VI. Felt by all many frightened“and run ootdoors. Some
‘heavy’ furnlture moved; a few 1nstdnces of fallen
plaster or damaged chimneys. Damage slight. 20.0-44.0

- VIIL. Everybody runs outdoors Damage negligible in
buildings of good design and construction; - slight
to moderate in well-built ordinary structures;
some chimneys broken Noticed by persons driving

motor—cars.. 44 .0-94.0

VIII. Damage slight in specially designed structures; con-
' siderable in ordinary substantial buildings with
partial collapse; great in poorly built structures.
Panel walls thrown out of frame structures: Fall of
fchlmneys, factory stacks, colums, monuments, walls,
Heavy furniture overturned. Sand and mud ejected
in small amounts., Changes in well water, Persons
drlving motor-cars dasturbed - -94.0-202.0

- IX. Damage considerable in specially designed struc-
‘turers; well degigned frame structures- -throwyn out
of plumbj great in substantial buildings, with
partial collapse. Buildings shifted off foundations.

“Ground cracked conqiplouously. Underground pipes _
broken. - : o 202,0~432.0




Some well-built wooden structures destroyed; most
masonry and frame structuras destroyed with founda-
tions; ground badly cracked.  Rails bent.
landslides from viver-banks and steep slopes.
Shifted sand mud. Water splashed (slopped) over

banks,

Considerable

more than
432.,0

X1,

Few, if any, (masonly) eructures remain standlng
Bridges destroyed. Broad fissures in ground.- Under-
ground pipelines ruptured. Earth slumps.and land
slips in soft ground. Rails bent greatly.

XIT,

Damage total. Waves seen on ground surfdce,
Lines of sight and level distorted. Objects thrown
upward into air,.

2

Seismic design

Before proceeding'to'detailed design reéommendations; a table of

building usage and types set against earthquake zoning, and glvlng

recommendéd precautlons is get out by “Code of Practice for the

Deelgn and Construction of Bulldlngs and other Structures in

relatlon to Earthquakes” (printed by the Kenya Building Centres,

Nairobi, 1973).

Those are shown in Table (-2,

C-6
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Appendix D UNIT COST FOR BRIDGE CONSTRUCTTON

P.C MATIN BRIDGE
H=173.2M puasp-1

[ _ ' : Unit Gost (K.Shs.)
Work Item Sub-Item Class Unit
- ' : L.C F.C Total
Main Girder |Concrete ock = 350 |cu.u 930 _ 750 1,680
- kg/cm® o : '
Form = Steel SQ.M 68 232 300
Reinforce- |SD30 Ton 2,387 11,833 14,220
“a ment ' ' : ‘ _
o . . - .
g_ P.C Rod SBPR 95/120 |Ton | 7,386 57,114 { - 64,500
4 |P.C'Cable |SWPR  |Ton 12,883 97,117 110,000
% | Stayed Cable|(P.C Cable SWPR Ton | 16,150 122,550 ;. 138,700
3 : _ : : N
“ | Brection & | - - L.S | 5,532,000 {33,432,000 | 38,964,000
Equipment ' . : _
Tower ~|Concrete  lock = 350 cu.M| 930 750 1,680
. ' . : kg/cm? ' '
" Form Steel SQ.M 80 270 350
2 Reinforce- |SP30 Ton 2,387 | 11,833 14,220
P ment ' o
Erection & | - - .5 | 1,338,000 | 7,862,000 | 9,200,000
Equipment : ' '
‘Body & Foot- [Concrete ok = 300 - CU.M 960 690 1,650
ing ' kg/em? :
ock = 240 cu.M| 900 650 1,550
7 kg/em? :
g_ Form Steel’ SQ.M | 80 | 270 350
Eu] . . .
) Reinforce-
8 hent SD30 Ton 2,387 11,833 14,220
@) pile - Cast-in—PlaceR.C.D #3.0m L.M 13,800 | - 53,900 67,700
& | Foundation | Pile
5 - .
oo : : .
5 | Shoe . [refron 800x800x150 | No 14,000 56,000 70,000
™ X . : . .
W]
3 _
Roiler L Ton 12,377 - 95,923 108,300
Expansion | . {Demag LM | 37,900 [ 151,700 | 189,600
{Joint: o : . ' , ' '
Temporary & ' o qn.s | 22,709 128,686 151,395
Other Works : '




P.C MAIN BRIDGE

45 M, PHASE-T & II

H =
: 1
Unit Cost (K.Shs.)
Work item Sub-~Item Class Uait ——————
1.C F.C Total
= T P ] T
Main Girder |Concrete gek = 350 [CULM 930 750 1,680
kg/cm®
Form Steel 5Q.M 68 232 300
reinforce- |8D30 Ton 2,387 11,833 14,220
o ment '
| o
a1 © {P.C Rad SBPR 95/120 |Ton 7,386 57,114 64 ,500.
i : - ) )
3 | P.C Cable  |SWPR Ton 12,883 97,117 110,000
N
81 Stayed CablelP.C cable SWPR Ton 16,150 122,550 138,700
C\_‘ H
é | Brecrion & | - - 1r:s | 3,322,000 |18,824,000 | 22,146,000
Equipment | .
| Tower Concrete ack = 350 Cu.M 930 750 1,680
kg/cm?
’QJ; Form Steel SO.M 80 270 .. 350
& ReinforcementSD30 Ton 2,387 11,823 14,220
Erecetion & - - 1.5 ) 1,008,000 | 5,714,000 6,722,000
Equipment _ ' ' :
— — +— —
I?Ody & Foot~ Concrete gek = 300 CU.M 960 690 . 1;650.
ing kg/ cit S .
gck = 240 Cu.M 900 650 1,550
" _ ke/cm?
C: i
o Form Steel 5Q.M 80 270 350
Q . .
S fERelnforcauent SD30 Ton 2,387 11,833 14,220
] H
Pile iCost-in-PlacéR.C.D ¢3.0 ' :
| voondocion | File JOm jL.M. 13,800 53,900 67,700
3 .
81 choe rot _ . . L
g | efron No 14,000 . 56,000 70,000
o) : . . : s B
?3 Roller Ton 12,377 95,923 108,300
Expansion y e U
N L.M 37,900 151,700 189,600
Temporary & #Hm_*!—’i : AR AP
Other Works L.S (16,540,000 }93,731.000 {10,271,000

b-2




STEEL MAIN BRIDGE
H = 73.2M, PUASE-I

. o _ Unit Cost'(K.Shs.)
Work Item Class Unit -
i L.C F.C Total
Main Girder SS41, SM50Y - Ton 5,310 21,240 26,550
o HTB' (F107T) Ton 6,260 25,040 31,300
o
§. Shoe Roller Ton 12,377 95,923 108,300
e
E. Stayed Cable SWPR' Ton 16,150 122,500 138,700
¢ | S . ' : :
-5 | Expansion Joint | Demag L.M 37,900 151,700 189,600
18] .
Erection Equipment . L.S 5,922,000| 38,739,000 44,661,000
: | 8541, SM50Y _
y Tower & SM58 Ton 5,480 21,920 27,400 |
5 HIB (F10T) Ton 6,260 25,040 31,300
o o
Exection,Equipment | L.S 1,940,000| 12,687,000f 14,627,000
Concrete ock = 300 kg/em?| CU.M 960 690 1,650
R oek = 240 kg/em?| CUM 900 650 1,550
S | Form Steel SQ.M 80 270 350
g1 B _
,g-_Reinforcement 1.sp3o Ton 2,387 11,833 14,220
[42) o s :
Pile Foundation R.C.D & 3 m L.M 13,800 53,900 67,700
Wl
H | Temporary & Other .S
5. | Works )
[ -
5
©
4+
Q
H.

D-3




STEEL, MAIN BRIDGE
i1 = 55M, PHASE-T & IT

-
Unit Cost {K.Shs.)
Work Item Class Unit _ T T '
L.C F.C Total
Main Girder 8541, SMSO0Y Ton 6,000 24,000 30,000
o HTB (F10T) Yon 6,260 25,040 31,300
L .
o . - .
- 51 Shoe Roller Ton 12,377 95,923 108,300
jos | ’ -
[ : s o e
% | Staved Cable SWPR Ton 16,150 122,550 138,700
SR
¢ R .- :
E‘ Expansion Joint Demag LM 37,900 151,700 185%,600
Erection, Equipment L.S 5,910,000 | 29,135,000 35,045,000
SS41, SMS0Y - : T
Tower & SM_%S Ton 6,080 24,320 30,400
z HTB (F10T) Ton 6,260 25,040 31,300
1] . Coo
¥rection, Equipment L.S 1,862,000 | 9,296,000 11,158,000
. Concrete ock = 300 kg/em® | CU.M 960 '6..90 . i','650.
o ' : '
b ock = 240 kgfem® | CU.M. 900 650 1,550
0
g Form Steel SQ.M 80 270 350
0 : B ) "
_ﬁ Reinforcement Sp30 Ton 2,387 11,833 14_;220.
Pile Foundation R.C.Dd3m L..M 13,800 53,900/ 67.700
W
M Tenporary & Other
5 Works L.S
=
e
o]
)
Q
£_|

P-4,




STEEL MAIN BRIDGE

H = 457, PHASE-T & 1I

Unit Cost (K.Shs.)

Work Ttem Class Unit _
' L..C F.C Total
LV———— " R -
‘Main Girder 85841, sM50Y Ton 6,000 24,000 30,000
v HTB (F10T) Ton 6,260 25,040 31,300
o
§ Shoe Roller Ton 12,377 95,923 108,300
e _ | |
| Stayed Cable SWPR Ton 16,150 122,550 138,700
Q|- . ]
2| Expansion Joint Demag L.M 37,900 | - 151,700 189,600
Erection,Equipment || L.s | 6,639,000 28,406,000 35,045,000
- SS41, SM50Y - - -
y Tower & SM58 | Ton 6,080 24,320 30,400
5 HTB (F10T) Ton 6,260 25,040 31,300
Erection,Equipment L.S 2,107,000 9,051,000{ 11,158,000
Concrete ock = 300 kg/ewf | CUM 960 690 1,650
§ ock = 240 kg/cnf | CULM 900 650 1,550
E Form Steel SQ.M 80 270 350
fE) .
4 | Reinforcement 5030 Ton 2,387 11,833 14,220
[¥5) : .
Pile Foundation R.C.D 4 3 m L.M 13,800 53,800 67,700
¢ | Temporary & Other
= i 1..S8
& | Works
O_ :
»
fud
)
o
=




H o= 73.2 M, PHABE-L-

APPROACH BRIDGE

-
: Unit Cost (1_{-3515-) :
k It Sub~Item Class Unit F— S
Woy em u L.C F.C Total
L T T
R.C Hollow ; Conerete ock = 240 CU.M 300 65.0 o 1,550
kg/cm2
Form Steel sQ.M 80 270 350
Reinforce- SD 30 Ton 2,387 11,833 1{4,220
i ment
Post- ' Concrete cek = 350 [CUM 930 750 1,680
Tensionzd kg / caf .
L TEESSE L rom Steel SQM 75 245. 320
i - Reinforce~ | SD 30 Ton 2,387 11,833 14,220
ER iment _ :
@ . P.C Cable SWPR Ton 12,883 97,117 110,000
g ! i : . .
5 P.CRigid | Concrete | oek = 350 - {CUM 930 750 1,680
| Frame : kg/em?
i Form Steel SQ.M 68 232 300
|
g ! Reinfroce— | 8§D 30 {Ton 2,387 11,833 14,220
:;ment ) ) . ’
P.C Rod SBPR 95/120 | Ton 7,386 57,114 | 64,500
Erection & _ 1 : '
Equipment 1.§ [ 11,851,000 67,162,000 | 79,013,000
Body & Foot—%E Concrete Oek = 240 |CUM 900 650 1,550
ing ; kg/om?
| Form Steel SQ.M 80 - 270 350
‘Reinforce- | SD 30 Ton 2,387 11,833 14,220
rment ,
o | Pile ECage-in Place R.C.D ¢3.0 |[L.M 13,800 53,900 67,700
A | Foundation | Pile : A
o | 42.5 IL.M 11,800 46,200 58,000
: $2.0 |L.M 9,860 38,540 48,400
S | sh P s |
] e B.P Ton 3,250 13,001 16,251
Rubber R65 o 1,400 5,600 7,000
R45  |No 1,160 4,640 5,800
Expansion ) . : '
Joint Rubber L.M 2,840 11,360 - 14,200
Temporary & : : _ : ]
Other Works L.§ 20,079 | 113,778 133,857



APPROACH BRIDGE

H=73.2M puasp-11
. _ Unit Cost (K.Shs.)
Work Item Stib~Item Class Unit
' L.C F.C Total
"_‘ ] .
R.C Hollow - jConcrete ‘oek = 240 - |CUM 200 650 1,550
kg /cnf
Form Steel SQ.M 80 270 350
Reinforcenent| SD 30 Ton 2,387 11,833 14,220
Post- Concrete ock = 350  |CU.M 930 750 1,680
o | Tensioned kg / ent '
= " .
51 T-Girder
o . . Form Steel 5Q.M 75 245 320

§ Reinforcement{ SD 30 Ton 2,387 11,833 14,220
;si’)- P.C Cable SWPR Ton 12,883 97,117 110,000
& | P.C Rigid |Concrete ock = 350 lcu.M 930 750 1,680

Frame  kg/cm? _ . '
Form Steel 5Q.M 68 232 300
Reinforcement] SO 30 Ton 2,387 11,833 14,220
P.C Rod SBPR 95/120 |Ton 7,386 57,114 64,500
Erection & 1.8 123,517,000 133,261,000 156,778,000 |
Equipment - :
Body & Foot~|Concrete gck = 240  {CU.M 900 650 1,550
ing = B kg/cm® _
Form | Steel Q. M 80 270 350
Reinforcement| SD 30 Ton 2,387 11,833 14,220
Pile Cast-in Place] R.C.D $3.0 |L.M 13,800 53,900 67,700
& | Foundation . Pile 42.5 |L.M 11,800 46,200 58,000
g 42.0  |L.M 9,860 38,540 48,400
15 .

E Shoe ~ B.P. . Ton 3,250 13,001 16,251
= . 3 o . .
2 Rubber R65 No 1,400 5,600 7,000

' ' R4S No 1,160 4,640 5,800
Expansion Rubber L.M 2,840 11,360 14,200
. 4 Joint -
: Temporary & 0 D
_ Othet Works L.5 136,626,000 £07,551,000 P44,177,000

D7




APPROACH BRinGE
n o= 458, PHASE-I

Unit Cost (K.Shs.)
Work Item Sub-Item Class linit , T
L.C F.C Total

I R S S— — ]

: { R.C Hollow IConcrete ock = 240' ) cu.M 900 650 1.,550
; kg/em

Torm Steel 15Q.M 80 270 350

‘Reinforcement]SD 30 Ton 2,387 11,833 14,220

. Post- Concvete | ock = 350 |cU.M 930 750 1,680

; ‘genf‘fioned ‘ kg /cu” ' '

o GREET e Steel 5Q.M 75 24,5 320
R i 3 L
2 | ‘Reinforcement;SD 30 Ton 2,387 11,833 14,220,
e 'P.C Cable  |SHER Ton 12,883 97,117-] 110,000
i ' .
g;_l P.C Rigid Concrete gck = 350 Cu.M - - -
3 Frame xg/em”

] From Steel SQ.M - - -~

Reinforcement|SD 30 Ton - - -

; P.C Rod SBPR 95/120  lton - - -
Erection & . ] ‘ .
Equipment .S | 1,646,000 9,328,000:-10,974,099
Body & Fool- iGoncrete ock = 240 CU.M 900 650 | l.,550
ing 4 kg /om? _

iForm Steel SQ.M 80 270 350
Reinforcement|SD 30 Ton 2,387 11,833 14,220
_ | _
Pile Cast-in-Place R.C.D ¢3.0m iL.M - - -
Foundation Pile .
v : $2.5  |L.M - - -
n .
B $2.0 LM - - -
Lj) ) : . Lo
’E Shoe © B.P Ton 3,250 13,001 16,251
-  ubbe 1 . o
2 ubber R75 No 1,480 5,920 7,400
R65 No 1,400 5,600 7,000 |
R55 No 1,280 5,120 6,400
R4S No 1,160 4,640 5,800 {

Expansion ' A ke
Joint L.M 2,840 11,360 - 14,200
Temporary & _ _ - T o
Other Works .8 | 7,425,000 42,074,000 |49,499,000
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APPROACH BRIDGE

H = 45" PHASE-TI

T _ Unit Cost (K.Shs.)
Work Item Sub-Item Class Unit
L.C F.C Total
] .
R.C Hollow [Concrete gck = 240 cu.M 300 650 1,550
kg/cm?
Form Steel SQ.M 30 270 350
iReinforce~ SDh 30 Ton 2,387 11,833 14,220
ment :
Post- Concrete ock =-350 CU.M 930 750 1,680
Tensioned kg/em? :
: I-Girder Form Steel 5Q.M 75 245 320
§ Reinforce-~ | S 30 Ton 2,387 11,833 14,220
a ment SWPR |
§ , P.C Cabie. : Ton’ 17,883 97,117 110,000
51 P.C Rigid Concrete ock = 350  {CU.M 930 750 1,680
“| Frame _ kg/cm?
Form _ Steel 5Q.M 68 232 1,300
Reinforce- sb 30 Ton 2,387 11,833 14,220
ment SBPR 95/120 |
P.C Rod ' Ton 7,386 57,114 64,500
Erection & L.s | 1,925,000 {10,907,000 | 12,832,000
Equipment .
Body & Feot- |Concrete gck = 240 CU.M 900 650 1,550
ing kg/cm®
Form Steel SQ.M 80 270 350
Reinforcemeny SD 30 Ton 2,387 11,833 14,220
. Pile Case—in-Placg R.C.D #3.0m [L.M 13,800 53,900 67,700
i | Foundation . Pile $2.5 .M 11,800 46,200 58,000
5] ' _ .
g 2.0 .M 9,860 38,540 48,000
J :
33
&1 shoe B.P Fon 3,250 13,001 16,251
8 _
@ Rubber R7S No 1,480 5,920 7,400
' R65 No 1,400 5,600 7,000
R55 No 1,280 5,120 6,400
R4S No 1,160 4,640 5,800
Expansion L. M 2,840 11,360 14,200
1+ Jeint .
Temporary & .S (13,233,000 174,989,000 |88,222,000
‘Other Works







Appendix E

QUANTITY FOR BRIDCE CONSTRUCTION

P.C MAIN BRIDGE
H = 73,2M, PHASE-T -

Item’ Sub-Ttem Class Unit Quantities
. Phase~1
Main Girder Concrete  |ock = 350 kg/em? | CU.M| 16,335
Form Steel SQ.M 61,511

® Reinforcement|SD30 Ton 1,960

0. _ .

4 o o

o P.C Rod SBPR 95/120 Ton 338

5 :

{ : .

o P.C Cable  |SWPR Ton 218

3 .

js ¥

]

" |Stayed Cable P.C Cable SWPR Ton 1,345
Erection & Equipment - - .8 1
Tower Concrete ock = 350 kg/cm2 CUM 9,168

u Form Steel SQ.M 8,220

[ .

3 .

et Reinforcement|SN30 Ton 642
Erection & Equipment - - L.S 1

* |Body and Footing Concrete ock = 300 kg/em? | CULM| 22,115

- ‘Footing ock = 240 kg/em? | CU.M 13,208

=3 e

g .

ot Form Steel SQ.M 20,475

g1 Reinforcement|$D30 Ton 3,578

o .

B ipile Cast-in-Place] . . . :

et - .C. . L.M 2,960

5" Foundation Pile R.C.D 4 3.0m ?

o

B

! u

2 | Shoe Tefron 800 x 800 x 150 |No 8

H ¢ .

H .

5 Roller 16 No Ton 30

| Expansion Joint Demag L.M 48




P.C MAIN BRIDGE
H = 45, PHASE-T & II

: Quantities
Ttem Sub--Item Class Unit] o age-T8T
Main Girder Concrete oek = 350 kg/ond [ CU.M 11,286
Form Steel 50.M 39,743
" Reinforcement| SD30 Ton 1,354
3 .
=
o P.C Rod SBPR 95/120 Ton 225
5
Sl
P P.C Cable SWPR Ton 151
a}
o,
3
(25}
Stayed Cable P.C Cable SWPR Ton 966
Erection & Equipment - - L.S :1
Towey Concrete aek = 350 kg/t:'m2 Cu.M 5,'5_58,
1 . ) c
2 Form Steel s50.M 6,380 .
5
£ .
Reinforcement] SD30 Ton 389
Erection & Equipment - - L.S 1
BRody & Footing Concrete gek = 300 kg/em® ' 'CU.;M . ..7,5=08
ock = 240 kg/cm® |CU.M 5,552
£
o o :
L; - From Steel SQ0.M 9,846
[4
o) .
§ Reinforcement| SD30 Ton 1,280
e . ) Cast-in-Place L
» | Pile Foundation Pile EHRCD S 3.0 m L.M 1,920
®
=
[
ER]
81 s
i Shoe Tefron 800 = 800 x 150 [WNo 8
[{H] .
g Roller 12N0$ Ton 23.2
Expansion Joint Demag L M 22

E~2




STEEL MAIN BRIDGE'

_ - H=73.2M
rﬁwﬂ_ . : ' Quantity
' . : —-1  Remarks
Work Item . Sub~Ttem Class Unit|  prage-1 Phase—11
. ; Steel Plate . _
Main Girder . & Shape S§841, SM50Y . [Ton | 8,221
HTB F10T Ton 393 -
q} . .
Y | shoe . Roller Ton 109 -
3
&
@ |Stayed Cable. |P.C Cable SWPR Ton 788 -
&
el |
o |Expansion _ _
Joint Demag ] L.M 48
Ere?thn ] L.S 1 _
Equ1p@ent -
N Steel Plate | SS41, SM50Y : _
Tower & Shape & SM58 Ton 2,962
Y HTB F10t Ton 153 -
2 .
E_‘ .
I‘Ererlztlonl & L. ] -
Equipment
?ody & Hoot- Concrete dck = 300 CU.M 17,830 -
ing K kg/cm2
] Sck = 240 - ' -
S kg/cn? (CO-H 5,792
o
g - |
3 Form Steel 3Q.M 17,068 -
;'Li
la »
@ , Reinforce~ Sp30 Ton 2,577 _
; ment
3 .
2 [Pile - © [Cast-in-Place ' -
; . M R
% Foundation Pile - R.C.D 4 3.0m L 1,920
=
73]

E-3



STREL, MATN BRIDGE
B = 558, pHASE-T & 1T

S Quantity o
- IR Remarks
Work ILtem Sub-Item Class Unit Phase~T Phase-I1
S
Steel Plate ' : o
Maio Girder | S;ape $$41, SM50Y |Ton 6,754 6,754
HTB F10T Ton 300 300
[ .
5 | Shoe Roller Ton 85 .85
o
o _
% | Stayed Cable {P.C Cable SWPR Ton 465 - 463
b
8
0 hx?ansion Demag L.M 99 29
Joint .
Erection & L.S 1 1
Equipment )
Steel Plate | $841, SM30Y
, 2,4 2,432 -
Tower & Shape & SM58 Ton ,432 3
§ HTB F10T Ton 125. 125
(o]
[ .
‘| Erection & ' :
Equipment L.S i 1
Body & Foot- ock = 300 -
ing Concrete Kg/ cn? CU.M 8,428 8,428
o gek = 240
O N i
3 ke /on CU.M 4,12.8 4,128
L]
'g : :
2 Form Steel SQ.M{ 12,238 12,238
= .
2 Reid :f S
inforce-
,45’ meat SD30 Ton 1,303 1,303
5!
3 |Pile Cast-in-Place
E Foundation Pile R.C.D ¢ 3.0mL.M ZI’QAO. 11440'
3
w

A




STEEL}pAIN BRIDGE

H = 45", PUASE~1 & II

e omment S

Quantity
iy _ Remarks
Work Item Sub-Item Class .Unit Phase~I Phase-T1
- |Steel Plate : :
4 & ( + R
Main Girder & Shape 8841, SM50Y |Ton 6,754 6,754
HTB F10T Ton 300 300
gl -
7 | Shoe ‘|Roller Ton 35 85
3!
3 _
3 _ ' _ :
@ Stayed Cable [p,C Cable SWPR Ton 465. 465
8
w |Expansion 9
Joing Demag L.M 22 22
Erection & L.s 1 1
Eguipment
Steel Plate | 8841, SM50Y
Tower & Shape - & SM58 Ton 2,432. 2,432
3 HTB F10T Ton 125 125
oo '
! .
Ere?tlon & L.S 1 1
Equipment
O ST ; ' _
8 {Body & Foot= o rete ack =300 deym! 6,792 6,792
< ling kg/cem
g Ock 240
3 Cee s : 4,128 2
o kg/cm’ CU.M N 4,128
1 e Form Steel 5Q.M 8,566 8,566
3 o
E |Reinforce~ '
15 eintoree= 1 sp3o ron | 1,098 1,098
P -ment
9 . .
9 Pile Cast-in-Place} - S '
Foundat ion Pile R.C.D #3.0m [L.M 1,440 1,440

E~3




APPROACH BRIDGE

a = 73.2 M, PHASE-T&II
e o Quantiﬁy L
: ] Remarks
Work item Sub-Item Class Unit Phase-1 Phase~1T
et —— '_'J—— 7
X gck = 240 '
R.C Hollow Concrete kg/cm® Cu.M l,9§3 9,790
Form Steel 5Q.M 4,446 22,173
Reinforce— 5D 30 Ton 363 1,811
ment . :
Post-Tention jConcrete pek = 350 ,lcu.m 3,415 5,572
T-Girder kg/em :
Form Steel sqQ.Mf 19,911 31,969

g Reinforce~ Sp 30 Ton 188 653

& ment

<)

¥ P.C Cable SWPR Ton 171 294

34

o

- agck = 350

Q P.C Rigid Councrete kg /cm? |CU-H 13,397 21,592

3 ; Frame :

« Form Steel SQ.M| 41,776 69,720
Reinforce- “SD 30 Ton 1,600 2,579
ment
P.C Rod SRPR 957120 |Ton 1,123 1,693

Main Body Concrete aek = i40 2 |CU. My 20,821 41,?06
g/om :
Form Steel SqQ.M| 29,298 56,436
Reinforce~ SD 30 }
ment Ton 1,818 3,192
Pile Cast-in-Placd
Foundation Pile - R.C.D 43.0 min.M 910 210

% $2.5  |L.M 560 1,330

4}

é $2.6  [L.M 420 1,140

4 ; .

3]

g.

¢ [Shoe B.P Ton 25. 28.5
Rubber R65E Mo 156 324

R45E Mo 276 852
Expansion ' '
Joint Rubber L. 488 1,166




APPROACH BRIDGE
H = 451 PHAST-T & 11

Quantity
k Iten Sub-Tt : : - Remarks
wox " " en Class Unit Phase-1 Phase-~-11
_ﬁ-—T — -
R.C lollow Concrete ock = 240 2 |CUM 3,946 5,394
kg/cm :
Form Steel SQ.M 8,938 12,217
Reinforce~ S 30
ment Ton 730 998
Post-Tension ] . )
T-Cirder Concrete oek = 350 CuU.M 4,962 5,135
2
¥ Form Steel B/ Io0 wl 28 881 29,297
Iy .
9 Reinforce- SD 30 '
:g Ment Ton 561 6006
1] .
5 P.C Cable SWPR Ton 242 268
o . : .
ju N . : -
¢ |P.C Rigid Concrete ack iS? , {cu.M - 2,500
Frame g/cm
Form Stell 5Q.M - 8,733
Reinforce~ sD 30 Ton _ 999
ment :
P.C Rod SBPR 95/120 |Ton - 168
Main Body Concrete ock = §40 - {cu.M| 10,753 14,131
: . g/cm :
Foru Steel 5G.M| 10,254 15,401
Reinforce- | SD 30 Ton 749 1,020
ment
Pile Cast-in-Placs .
Foundation -Pile R.C.D ¢3.0m " |L.M 0 280
$2.5 L.M 0 0
; -
2 $2.6 |L.M 0 140
7]
3
1 {shoe B.p Ton 8.6 2.
w
al
A Rubber R75¢t No 60 g0
R65t No 168 240
R55¢t Mo 0 24
R&5E No 156 372
' Expansion._ ' D
_Jbint Rubber .M 330 605

E-7







Appendix ¥

(1) P.C MATN BRIDGE CASE

BRIDGE CONSTRUCTION COST

{(Unit: 1,000 K;Shs.)

' (2) - STEEL MATN BRIDGE CASE

.Naviéation. Approach Bridge Main Bridge Total Cost
Clearance & Phase | . o F.C L.C . F.C L.C F.C
Phase:T 116,425| 465,699 | 172,275| 689,101 | 288,700|1,163,800
73,2 11 212,373| 849,490 - | - 212,373| 849,490 |
Sub-Total | 328,798(1,315,189 | 172,275 689,101 | 501,073|2,004,290
Total 1,643,987 861,376 2,505,363
Phase~I 55,568| 222,276 | 113,380| 453,521 | 168,949| 675,796
55t e, 81,658] 326,630 | 113,380 453,521 | 195,038| 780,151
Sub-Total | 137,226 548,906 | 226,760| 907,042 | 363,987 1,455,947
Total 686,132 1,133,802 1,819,934
Phase-T 34,107| 136,424 | 110,271 441,083 | 144,377| 577,508
45" _IT 55,980{ 223,922 [ 110,271( 441,083 | 166,251| 665,005
 |sub-Total | 90,087] 360,346 | 220,542| 882,166 | 310,628]1,242,513
Total 450,433 . 1,102,708 1,553,141

(Unit: 1,000 K.Shs.)

Navigatidﬁ _ :Approééh Bridge Main Bridge Total Cost
| Clearance & Phase L.C."| = F.C. | L.C. F.C. L.C. F.C.
_Phase-I 116,425 | 465,699 | 179,252 717,008 | 295,677|1,182,707
o woopre] 212,373 849,480 | o - - | 212,373] 849,490
P32m g b-Total | 328,798|1,315,189 | 179,252 717,008 | 508,050|2,032,197
‘Total 1,643,987 896,260 - 2,540,247
Phase-T | . 55,568| 22,276 | 138,634| 554,536| 194,202| 776,812
SR noorr | 81,658| 326,630 | 138,634| 554,536 220,292| 881,166
12°™ | sub-Total | 137,226 548,906 | 277,268|1,109,072 | 414,494]1,657,978
Total - - 686,132 1 1,386,300 2,072,472
‘Phase-I | 34,107 | 136,424 | 136,909| 547,637} 171,016| 684,061
| ss,9801 223,922 | 136,909| 547,637 192,889| 771,559
fom ¢ Sub  tal | 90,087 [ 360,346 | 273,8181,095,274 | 363,905|1,455,620
Total . 450,433 1,369,092 1,819,525
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P.C MAIN BRIDGE

H = 73.2M , PHASE-I

cany

Class

Unit [~

T

Construction Cost (1,000 K,Shs.)

Work ltem Sub-Iltem L.C F.,C Total
gck = 350 , .

Main Girder |Concrete ke /onf 15,192 12,251 27,443

| Form Steel 4,182 14,271 18,433

E ! Reinforce- | gpag 4;678 23,193 27,871

§ : Vment . .

< P.C. Rod SBPR 95/120 2,496 19,305 21,801

§ | P.C Cable SWPR 2,808 21,172 | - 23,980

5§gszayed Cable |P.C Cable SWPR 21,722 164,830 186,552
Erection & 5,532 | 33,432 38,964
Equipment : _ ]

= 30U j
Tower Concrete aek ke/cn? 8,526 6,876 _15f402 |

5 Form Steel 658 2,219 2,877

2 : .

[} Reinforce~ : :

& ot $D30 1,532 7,597 9,179
Erection & 1,338 7,862 9,200
Equipment
Substructure ;Concrete ock = 300:2 - 21 231 15,259 36,490

kg/em ST _ _

Y gck = 240

z kg /em? 11,887 8,585 20,472

u . - :

5 From Steel 1,638 5,528 7,166

E¥] " : . . ) .

0 Reinforce- .

§ nent $D30 - 8,541 42,338 50,879
Poundation |iiace Bile | R-C.D ¢3.0m 40,848 | 159,544 200,392 -
Shoe Tefron 800x800x150 112 | 448 560

| Roller 371 2,878 3,249
Expansion _ C

,§ Joint Demagg__ﬂﬁ B 1,819 7,282 9,101

+ |Temporary & . R o

© lother Works 22,709 | 128,686 | 151,395
Total 172,275 | 689,101 | 861,376

-2




P.C
H

MAIN BRIDGE
= 55 , PHASE~I & IT

s it

Constructlon Cost (1,000 K.Shs.)

Unit

Total

. Sub-~Item Class :
Work Ttem - | L.C F.C Total
Main Girder | Comcrete ock =k2?gm2 10,495 8,465 18,960
. Form Steel 2,703 9,220 11,923
@ Reinforce-
E ment SD30 3,232 16,022 19,254
o i .
2 P.C Rod SBPR 95/120 1,662 12,851 14,513
H
)]
5 P.C Cable SWPR 1,945. 14,665 16,610
[o N
:j .
0 | Stayed Cabld SWPR 15,601 118,383 133,984
Erebcion.& .
| quipment 3,368 20,351 23,719
Tower Concrete ock = 350 5,168 4,169 9,337
; kg/cm
From Steel 510 1,723 2,233
M : :
1) x .
2 Reinforce- | gpqg 929 4,603 5,532
= ment
Erection & 1,050 6,150 7,200
Equipment
: ock = 300
. - : , 2
o Substructure | Concrete kg/cm? 9,700 6,972 16,67
0 :
5 gek = 240
§ ka/en? 4,997 3,609 8,606
o Form Steel 1,120 3,778 4,898
in ER
Eo] .
D Reinforce- SD30 3,836 19,016 22,852
ment .
Foundation gﬁggglgglé R.C.D $3.0m 26,496 103, 488 129,984
Shoe Tefron 800x800x150 112 4438 560
Roller 287 2,226 2,513
w |Expansion |
% Joint Demag 834 3,337 4,171
O | _ —
Temporary &
SEhay Hooke: }7,007 96,373 113,380
- SR
113380 453,521 566,901
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% o= 43", PHASE-T & L1 |

e ——— ; Construction gost (1,000 K'Shs'ﬁ
- anm I 8yb-Izewm Class nit }— ~
Work Item i ST 8¢ L.C F.C Total
L ack = 350 | o
! Main Girvder Conerete . e kg/cm 2 10,495 8,465 18,960
‘ ' Form Steel 2,703 - 9,220 11,923
; | | Beinforce— ap30 3,232 16,022 . 19,254
2 S ment
2! {P.C Rod SBPR 95/120 1,662 12,851 | 14,513
oo |
o !
s 'P.C Cable |SWPR 1,945 14,665 16,610
g : _ .
g S
& ' Stayed Cable|SWPR 15,601 118,383 133,984
?Sgiigizgtﬁ | . 3,322 18,824 | 22,146
- j - T T
i Tower i Concrete gck = 350 2 5,169 4,168 9,337
. : | Form . .|Steel 510 1,723 2,233
o ; :
z Reinforce-
(o] !
b | nont SD30 928 4,603 5,531
Erecti & ’
E;;(;pmggt L 1,008 3,714 6,722
— B - ! '
_ [substruceure |concrete ock = ig?cmz 7,207 5,181 | 17,388
[ )
= ock = 240
§ kg/cm? 4,_997 E 3,§09 .8,606
i(; %Form Steel 788 2.,658 3,446
S ‘Reinforce~ L
& %menl SD30 3,055 15,147 18,202
. . Cast-in- : . :
Foundation iplace Pile R.C.D #3.0m 26,496 103,488 L29,984%|
Shae Tefron 800%800%150 o112 | 448 560
‘Roller 287 2,226 2,513
Expansion -
5 1 Joint Demag 834 3,337 4,171
<Q
|Temporary & - L
Orher Works 16,540 93,731} 110,271
. —— - . . .
Total 110,271 .| 441,083 | 551,354




STEEL, MATN BRIDGE
H = 73.2M  puase-1

—

Unit

Construction Cost (1,000 K.Shs.)

Work Item . Sub-~Item. Class
: : L.C F.C Total
Main Girder | Steel SS41, SM50Y 43,654 174,614 | 218,268
HTB FIOT 2,460 9,841 12,301
9 | Shoe Roller 1,349 10,456 11,805
& | Stayed Cable| P.C Cable | SWPR 12,726 96,570 109,296
§ - . )
“ | Expansion Demag 1,819 7,282 9,101
Joint . .
5,922 38,739 44,661
Tower Steel plate zsgigssMSOY 16,232 64,927 81,159
. & Shape '
@ 958 3,831 4,789
¢ o  HTB FIOT
Ere?tiqn”& _ 1,940 12,687 14,627
Equipment ) _
Body & Concrete sck = 300 17,117 12,303 29,420
Footing ' kg/cm® ' '
8 ock = 240 5,213 3,765 8,978
I kg/cm2 -
O R T .
g Form Steel 1,365 4,609 5,974
a
3 Reinforce-
& ment SD30 6,151 30,494 36,645
Foundation | ofacn Pile | R-C.D ¢3m 26,496 | - 103,488 | 129,984
9 Temporary & 35,850 143,402 179,252
g Other Works
Toral 179,252 717,008 | 896,260




_STEE], MAIN BRIDGE
= 55

, PRASE-T & 11

ey

] . : LEonstruction Cost (1,000 K.Shs.)
Work Ilem Sub~Item Class Unit LC PG Total
— — [ N :
Main Girder | Steel 5541, SM50Y 40,524 162,090 202,620

b HTB FIOT 1,878 7,512 9,390

S | Shoe | Roller 1,052 8,154 g,206

Mo ! : :

£ ! Stayed P.C Cable | SWPR 7,510 56,986 64,496

g i Cable ' -

2 | Expansion Demag 834 3,337 4,171
Joint o _ _
Exection 5,910 29,135 35,045
Equipment
Tower Steel Plate 254§§83M50Y 14,787 59,146 73,933

Y] & Shape S . - :

2 HTB FIOT 783 3,130 3,913

3 |
Erection & '

Equipment 1,862 9,296 11_ s 158_
] = P

Body & Conerete | 06k = 300 8,091 5,815 13,906

Footing kg/em? i 3, : ,?

o geck = 240

H kg/em? 3,715 2,683 6,398

1)

9 Form Steel 979 3,304 4,283

5 | - |

8 Reinforce~ :

a ment SD30 3,110 15,6419 18,529
. . Cast~in- ' o
Foundation place pile R.C.D 43.0m 19,872 77,616 9 7,488

H

o Temporary &

w Other Works 27,727 116,907 138,634
Total ' _ '

138,634 554,536 693,170
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STEEL MAIN BRIDGE

H = 45M, PHASE~T & IX

 fotal

I
: Construetion Cost (1,000 K.Shs.)
Work Item Sub-Item Class Unit -
L.C F.C Total
T ]
Main Girder | Steel 8541, SM50Y 40,524 162,096 202,620
HTR FIOT 1,878 7,512 9,390

a

h .

31 Shoe Roller 1,052 8,154 9,206

[#)

ja -

k1 stayed P.C Cable | SWPR 7,510 56,986 64,496

J0 Cable

[ 3 .

2 expansion - :

31 Joint Demag 834 3,337 4,171
Erection 6,639 28, 406 35,045
Equipment '

541, SM50Y 14,787 59,146 73,933
Tower Steel & SMS8 > > s

ol

Q .

3 HTB FIOT 783 3,130 3,913

8 _

Erection & 2,107 9,051 11,158
Equipment

Bodyu&_ Concrete ock = 300 , 6,520 4,687 11,207
Footing kg/fem

@ gck = 240

; g/ em” 3,715 2,683 6,398

v _

g Form Steel 685 7,313 2,998

3

1))

L .

3 Reinforce- | onay 2,621 12,993 15,614

ment _
G Cast—in- .
Foundation place Ppile R.C.D ¢3.0m 19,872 77,616 97,488

b 'Temﬁorary &

& | other Works 27,382 109,527 136,909

o)
136,909 547,637 684,546




APPROACH BRIDGE

H = 73.2”, PHASE-L

— .

Unit

Construction Cost (1,000 K,Shs.)

Hork Ltem Sub-Item Class L.C F.C Totél
k = 240 .
R.C Hollow | Concrete oc kg;cﬂ@ 1,767 1,276 3,043
Form Steel 356 1,200 1,556
Reinforce= | g3 867 4,295 5,162
ment
Post- gek = 350 : _ :
Tensioned Concrete xg/em’ 3,176 2,561 ?, ?37
o | IGiTder Form Steel 1,494 4,878 6,372
B i :
Sf Reinforce- $D30 926 4,591 5.917
) ment ‘ .
ES I : i
& P.C Cable SWPR 2,203 16,60/ 18,810
20P.C Rigid | Concrete gek = 350 12,459 10,048 22,507
{ kg/cem :
| Frame :
| { Form i Steel 2,841 9,692 12,533
i 5 * - . -
i ' Red -
; [ Relnforce= | gnqg 3,819 18,933 22,752
! ment .
_P.C Rod SBPR 95/120 8,295 64,139 72,436
Erection & ' .
Equipment | 11,851 67,162 79,013
Substructure | Concrete ﬁit(}ck = 240 » 18,739 13,534 32,273
kg/cm
o Form . Steel 2,344 7,910 10,254
o . ! ST
Reinforce-
g ment | 530 ; 4,346 21,512 25,852
5 _
17 ‘ ; Cast-in-place . . '
5 |Foundation 7l TR R.C.D ¢3.0m 12,558 49,049 61,607
w2 y
g $2.5 6,608 25,872 32,480
i $2.0 4,141 16,187 1 . 20,328
Shoe B.P 89 332 414
Rubber R65 218 874 1a.0§2 :
” R4S 320 1,281 1,601
NI . o .
o JExpnasion . _ o
S ljoing  [Rubber 1,386 © 5,544 6,930
remporary & | N . : . T C
other Works 20,079 113,778 | 133,857
Total 116,475 465,699 582,124




APPROACH BRIDGE

H o= 73.24 puasp-tr -
' | . : Coustruction Cost (1,000 K.Shs.)
fork Iltem Sab-Itein Class Unit R
L.C F.C Lﬁ Total
]
R.C Hollow Corcrete ock ;giiﬁﬂ 3,811 6,364 15,175
Form Steel 1,774 5,987 7,761
Reinforce- ' .
ment - | 8Db30 4,323 21,429 25,752
Post- ' ' ock = 350 :
v .
Tensioned | COneTete ki) om? 5,182 4,179 9,361
g | T-Girder From Steel 2,398 7,832 10,230
é Reinforce— )
2 ment SD30 1,559 7,727 9,286
_g P.C Cable SWPR 3,788 28,552 32,340
3| T o o7
51 . Gek = 350 )
@ (P,C Rigid Concrete kg/cm2 20,081 16,194 36,275
Frame )
Form Steel 4,741 16,175 20,916
Reinforce-~ | ¢pq9 6,156 30,517 36,673
ment _ _ _ _
P.C Rod SBPR 95/120 12,505 96,694 109,199
Erection & 156,778 156,778
| Equipment
Substructure | Concrete Uck = 2402 37,535 27,109 64,644
kglcm
v Form Steel 4,515 15,238 19,753
& ‘ .
i Reinforce— | gop3g 7,619 37,771 45,390
& . ment . . o :
2 | Foundation _Cgiizu*?lace R.C.D ¢3.0m 12,558 49,049 61,607
& 42.5 15,694 61,446 77,190
$2.0 11,240 43,936 55,176
Shoe. 1B.P 93 370 463
Rubber R65t 454 1,814 2,268
ol ' R4St 989 3,953 4,942
N= N U . : . '
E Lg?an51on ‘Rollers: 3,311 13,246 16,557
Joint )
',Temporary &
Other Works 244,177
Total 212,373 849,490 11,061,863

F-9




APPROACH BRIDGE
g = 558, PHASE-I

(et ey

T . - | Construction Cost (1,000 K.S8hs,)
Work ltem Sub~Item Class Unit L r.C Total
RN R S— :
ock = 240 . §
R.C Hollow | Concrete ¢ K/ en? 2,728 1,970 4,698
Form Steel 549 1,853 2,407
Reinforce= | opag 1,339 6,638 7,977
| ment .
: t Ock = 350 -
{ Post i ¢ 39 2,736 6,129
| Tensicned { Conerete kg/cm? 3,393 . ’
| T-Girder Form Steel 1,587 5,184 6,771
| Reioforce~ 4 gnqy 1,005 h,982 5,987
Z | P.C Cable | SWPR 2,358 17,772 20,130
2l p.crigid | Concrete ock = 350 © 4,195 3,383 7,578
R kg/om S ;
i Frame E ]
Form Steel 1,038 3,542 4,580
Reinforce— | gpqg 1,287 6,378 7,665
ment 3 .
7 ?.C Rod SBPR 95/120 2,393 18,505 20,898
Erection & . : _
Equipment 4,040 22,899 26,939
Substructure | Coucrete oek = 240 10,389 7,504 17,893
9 kg/cm? > L) ISAie:
o Form Steel 1,088 3,671 4,759
£ Reinforce~ R .
g ment 5D30 2,767 13,714 16,481
21 o Cast-inplacé '
9 | Foundation Pile E.C.D 43.0m g | 0 o Q
$2.5 3,304 12,936 16,240
$2.0 4,141 16,187 20,328
Shoe B.P 51 203 254
Rubber R7S5 0 G ' 0"
> R6S 269 1,075 1,364
Ko .
5 R>5 0 0 0
' R45 223 891 - | 1,114
. Ekpansion ._ . T
Joint H“”bber 1,124 4,499 5,623
‘femporary & ' L H R
Other Works '10,808_ 61,246 - .72§054
Total 55,568 | 222,276 | 277,844
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APPROACH BRIDGE
B = 55, PHASE-II

e
_ _ _ : Construction Cost (1,000 K.Shs.)
Work Item ~ Sub~Item Class Unit
L.C F.C Total
i R _ :
o . Ock = 240
R.C Hollow Concrete kg /om? 4,557 3,291 7,848
Form Steel 917 3,095 4,013
- Reinforce-
ment Sp30 2,237 11,087 13,324
Post-- . k = 350
Tens_ionad Concrete gce kgicmz 4,361 3,518 7,879
21 T-Girder - : _
3 Form Steel 2,000 6,535 8,535
o .
o Reinforce-.
: et SD30 1,344 6,662 8,006
o o
o} P.C Cable SWPR 3,169 23,891 27,060
30 - '
N N . . =
| p.C Rigid | concrete ock = 3502 5,610 &,524 10,134
Yrame _ B/em
TForm Steel 1,405 4,793 6,198
Reinforce- :
ment 5D30 1,718 8,520 10,238
| P.C Rod SBPR 95/120 3,125 24,159 27,284
Erection & . ' :
Equipment 3,922 22,228 26,150
Substructure | Concrete ock = 249, 18,719 13,518 32,237
g/cm
g Form Steel 1,943 6,554 8,496
5 :
o P _ . .
0 Reinforce SD30 3,750 18,590 22,340
H ment
prll B Cast-inplace '
1] .
< | Poundation | Pile R.C.D ¢3.0m 0 0 -0
& : $2.5 2,478 9,702 12,180
$2.0 8,282 12,374 40,656
Shoe B.P 31 125 156
| Rubber R75 89 355 44k
' R65 420 1,680 2,100
: R55% 31 123 154
"
o R4S 557 2,227 2,784
O | Expansion '
'Uﬂiﬂf | 2,;?5 8,497 10,622
Temporary & - : .
OtherfWorks | _1?,917.. 101,533 119,450
Total 81,658 326,630 408,288
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APPROAGH BRIDGE

B = 45, PHASE-I

e

‘ Construcﬁion Cost (1,000 K.Shs.)
. - Class Unit ' '
Work Item Sub~Item ass L.C ¥.C Total
_____,_‘7__,,__‘,..,“___,;4.'———)—'—*“—'
Ock = 240 ‘ e
R.C Hellow | Concrete ek g/ om 3,551 2,565 6,116
Form Steel 715 2,413 3,128
Reinforce- Sp30 1,743 8,638 10,381
i ment .
| Post- gck = 350 A .
; > 3,722 8,336
' Tensioned Concrete kg/cn12 4,614 . ,3
g T pom Steel 2,166 7,076 9,242
§ i Reinforce- <530 1;339 6,638 7’977
Moy ment
5 I BE.C Cable SWPR 3,118 23,502 . 26,620
. ; Col
3o Do ock = 350 '
m - .
- P.C Rigid Concrete kg/cm2 0 0 0
Frame !
Form £ Steel 0 0 0
t
| Reinforce- | gp3p
| ment ! 0 0 0
| p.c. Rod | SBPFR 95/120 0 0 0
Erection & ! o
Equipment i N 10,574
@ Substructureé Concrete ock :g‘;igz 9,678 6,989 16,667
=) { : :
§ Form Steel 820 Z,769 3,589
5 Reinforce- ' ' '
a ment SD30 , 1,788 8,863 10,651
A l
Shoe | B.P : 28 112 140
| Rubber R75. ; 89 355 444
R6S 235 941 1,176
f RS5 0 0 0
5 R4S 181 724 905 |
"~ | Expansion '
Joint Rubber 937 3,749 4,686
IR S
Temporary & . . o T
Other Works 7,425 52,074 49,499
Total 34,107 J 136,424 | 170,531

- F-12




APPROACH BRIDGE
H = 45M PHASE-TI

-
: : ' Construction Cost (1,000 K.Shs.)
Work Item Sub~Item Class Unit
L.C F.C Total
._..——T—_*
R.C Hollow | Concrete ock ;giigz 4,855 3,506 8,361
Form Steel 977 3,299 4,276
Reinforce- :
ot SD30 2,383 11,809 14,192
Post- Gek = 350 '
Tens{oned Concrete * kg/en® 4,776 3,851 8,627
o | T-Girder , '
5 Form Steel 2,197 7,178 9,375
u Reinforce-
=3 . s
E ment SD30 1,446 7,171 8,617
0]
b P.C Cable SWPR 3,453 26,027 29,480
[ 9
- =
@ | p.C Rigid | Concrete ek = 350, 2,325 1,875 4,200
: kg/em ! * !
Frame .-
Form Steel 594 2,026 2,620
Reinforce— 0 :
ment SD3 714 3,538 4,252
P.C Rod SBPR 95/120 1,241 9,595 10,836
Ere?t1on & 12,832
Equipment
]
| substructure | Concrete Gk = 240, 12,700 9,172 71,872
@ kg/cm .
g Form Steel ' 1,232 4,158 5,390
g .
f Reinforce-
8 - SP30 2,434 12,070 14,504
el Cast-inplace
. | Foundation Pile R.C.D 63.0m 3,864 15,092 18,956
$2.5 0 0 0
$2.0 1,360 5,396 6,756
Shoe B.p 8 33 41
Rubber R75 133 533 666
R65 336 1,344 1,680
% R55 31 123 154
% R4S 432 1,726 2,158
o .
|Expansion Rubber 1,718 6,873 8,591
Joint
|Temporary & 13,233 74,989 88,222
Other Works i i ’
Total 55,980 223,922 279,902
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Appendix G CONSTRUCTION COST FOR ADDITIONAL
FERRY TERMINAL

General

Existing Likeoni ferry terminal should be expanded according to the
ferry traffic demand forecast given in Chapter 5. The construction
cost is estimated for the base case (without project) of economic

evaluation’

New berth is planned at the eastern 31de of existing Hbarakl berth
and &t the western side of L1kon1 berth considering ex1st1ng facili-

ties and slope length of access roads.

Coét Estimation:

Quantities for work items are calculated using 1:5,000 topographic
maps. The unit costs estimated in Chapter 8 are used for the cost

estimation. The construction cost is estimated in Table G-1.

G-1



Table G-1

CONSTRUCTION COST FOR
ADDITIONAL FERRY BERTH
—— E .| Unit Cost ‘ Cost
Work Iteahﬁﬁ”‘“ﬁnmﬁ_m_ - | Unit (Shs.} Quantity {x 1,000 Shs.)
Excavation & Disposal M3 66 | 16,800 1,108.8
L~ ] ] ) T
Apron Work M3 1,500 1,600 2,400.0
Concrete Pavement M2 300 4,200 1,260.0
, i _ ]
Asphalt Pavement
Subgrade preparation M2 25 °3,010 75.3
Sub-base M_s ' “240 567 136_.1
Base M3 475 452 214.7
Asphalt pave. t=50 Ton 680 346 235.3
Asphalt pave. t=30 Ton 410 95 39.0
Guardrail Mol 40D 540 1216.0
Tollgate %o | 30,000 o 60.0
Lighting Post No 16,000 25 400.0
- : ——
Concrete Curb M 58 490 28.4
Concrete Curb & Gutter M 100 490 49,.0
Catch Basin No 2,300 s 11,5
. S — _ '
Pipem% 400 M 585 490 286.7
Others -
(Land Aquisition, Cbntingency) L.S - - 1,079.2
. N B )
Total 7,600.0




Appendix H CONSTRUCTION SCHEDULE
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APPENDIX I ADDITIONAL STUDY FOR
TMMERSED TUBE TUNNEL (T2)

General

The major objectives of this appendix are to check the cost of the inmersed
tube tunnel (T2-Route) estimated in the Phase-I study and to review rhe

concept by using the same planning conditions as that of the bridge scheme.

The cost (4-lanes and 2~lanes), pedestrian passage, etc are associated
in this review. The conventional tunnel (Tp~Route) was removed from the
alternatives due to disadvantages of cost, constructability (seoil

conditions), traffic service to the\island; etc as described in paragraph

6.3.3 of Chapter 6.

Review of Immersed Tube Tunnel (T,)
Planning conditions
(1) Alignment

In general, an immersed tube tunnel should be placed in the area where.

‘the channel depth is less than 40m, and the tidal current ve1001ty is

less than 1.0 v 1.5 m/sec based on constructlon considerations.

The immersed tube tunnel should be located in a straght line or flat
curvature. A minimﬁm radius of curvature of 400m is applied for the

approach tunnel alignment.

Tunﬁel'gradient is an important design factor as it relates to the
traffic Safety and construction efficiency as described in 6.3.3.0f

chaptef 6 and Progress Report-I.

In this review a limited length of 6% gradient is also applied for the
tunnel entrance section based on the "Road Design Manual', Part-I,
Geometric Design of Rural Roads, MOTC. The case of a 3% gradient was

studied in Progress Report—I.

_(2) Roadway and Pedestrian Clearance

The vertlcal clearance of the roadway adopted in the Phase I study was
4.7m above the raad surface. This must be increased to 5.2m to conform

to the crlteria established for the brldge scheme. The lateral cleagance

_is the same w1dth as that of the Phase-I Report as shown in Fig, I-1. The



footpath is the same as 2,0x2.5m (width and vertical clearance) as that of

bridge scheme and should be separated from the carriageway.

Fig. T-1 ROADWAY CLEARANCE

5,200

750 7,000

{3) Future Traffic Demand

In Phase-I the ventilation was based on 20,000 PCU in 2,010. This must
be revised in accordance with the traffic forecast described in Chapter

3.
{4) Soils Condition

The soils condition of the immersed tube tunmel (T ) can be assumed
from the borehole data obtained from the survey 1n this study and

past surveys as described in Chapter 7.
The data can be summarized as follows -

~ On land area the coral layer exists with a thickness of 1071 5m
from the ground surface.

~ Under the seabed there is a soft soil lajer with the thickness of
23m, and beneath this layer generélly the dense sahd.ﬁith cofél

fragments can be found with an N-value of 15m70.down to 30m.below

the seabed.

(5) MNavigarion Requirements

KPA requested that the navigable width was to be 1,100 feet (335m) and
the depth 45 feet (13.72m) from the lowest low watéf 1éve1.

(6) Required Tunnel Cross Section

The tunnel €ross section comprlses the space of the carriageway,
inspection corrldor ventilation duct and footpath Floatatlon for

towing is another dEblf’ﬁ con«;lderauon for immersed tube elements,

The designed cross sections arve shown in Fig. 1-2,



Fig. I-Z TUNNEL, CROSS SECTION
SINGLE STAGE CONSTRUCTION
IMMERSED TUBF SECTION

o - 32100 o o
i 10 000 __ 50 4000500 10000 500
2250‘( 2250
// __J,kg,
P e = \ TR < i
ENTI K 9 R [eS—— ) frenm
LATION || CARRIAGE- |} L-, i : 1HLaTio o oi
| WAy a | CARRIAGEWAY | oi ®
; S ! | Q2w
i ' i = !
I ///§ A umaTy L =
N T T N SN AN

SHIELD SECTION

4,700
5,200

(500

I

!
f
l

VENTI& 10N

UTILITY

25.0m

CUT and COVER SECTION

p =
8
~ o 2l ~
VENTILATIO / . VENTILATION
' S —— m—————— e S

|7 cammiagewav gl - Y1 [ CARRIAGEWAY ‘\, g
: R CL!MB!NG “1 HUTIaTY | -
N LANE _ | i | B

I A |

h: R b e

o 28000 : ]




STAQED”CONSTRUCTION

IMMERSED TUBE SECTION

22,300 _ ,
800 4,850 500 10,000 5?0 4,850 30d
7 I
! g !
(=]
- 14 ——e
el T
o FOOTPATH
[a) . . Of O
[+ — . - QfF W0
5 pr——— R =
Wi o
5 ﬁ Al uTiLTy _
~— LT - e 7 gﬁ
CUT and COVER SECTION
=3 -1
VENTILATI v/ ' unld VENT!HAT!ON
r_,,.....w»..,__..._.'.‘_"t‘:___._._\ e
| CARRIAGEWAY W urlidey 8 C CARRIAGEWAY "f 3
| YCLIMBING & | - ! ' | 2
l LANE t - : h -
1 & - : g ' I
L. 1 :
ﬁﬁﬁﬁﬁﬁ AT B § W ;
-y ) ! \H' ****** :} -
I . L - —
17,500 14,300
P e P | I -

(7} Earth Cover

The earth cover above the immersed tube tunnel is determined according

to the potential dawage caused by a ship's anchor.

Cbserving the sizes of the anchors of the-World 1argest éhips a Zm

cover is the minimum requirement to avoid damége.to the tunnel.

2) Construction Aspects

(1) Work Flow Chart

The work for the immersed tube tunpel is lavgely divided”info two;

on shore and off shore work a8 shown in Fig, TI--3.

T~4



Fig. I-3 WORK FLOW CHART
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(2) Tunnel Element

The element lengths of the immersed tube are decided by the width of
the néﬁigétion passage and the difficulty in shifting the channel,

The longest element lengths manufactured were 120 - 130m. In general,
the construction of an immersed tube tunnel should be divided into
least number of elements. This contributes to cost reduction and a

shorter construction period.

Consideriﬁg the channel width and the depth and the channel navigation,
a width.of 200m can be maintained fof”onéwway operation of 20,000 ton
ships. This can_be'considered to be the minimuﬁ width under the current
.po;t.oﬁerations; In this study, the_elément length of the immersed

tube is therefore proposed to be 120m.
(3)"Do¢k Yard
.'The constru¢tion'cost and period of the immersed tube tunnel are

dominaﬁéd by the location and scale of drydock, The drydock must

have a rigging yard with enough space for element fabrication.

L-5



It is desireable to use an existing drydock located close to the
construction site. After investigation of the port area, it is not
possible to use Mbaraki Repairing Dock, because the depth (6m) is not
enough to float the fabricated element. Therefore a néw.dock must

be constructed in Mueza Creek.

(4) Trench Dredging

The dredging cost is normally very small in the total coﬁstruction
cost. However, where water is deep as in this project, costs of

trench excavation including both shores will be a large sum.

The trench slope varies with the nature of soil and is decided to be
1 : 2 because of the existing soft so61l condition. A bucket dredger

is used for the drédging work.,

A soil dump site should be near the comstruction site. The site is -
proposed to be the same location as was used for the dredging project

by the U.S5.4A. in January 1983.

(5) Element Towing, Submerging, Setting and Joining

The elements manufactured in the drydock are towed by tug boats to

the site.

The sinking and setting work is the most important émongst the

various works of the submerged tunnel construction.

The element is usually made so as to float with a small free-board
of 10 to 40 cm, and then towed to the site. At.the worksite: the
ballast for sinking is added to the element.

For joining the elements, it is desirable to adopt the water pressure

joining method using rubber gaskets,

For the selection of a work ship, some exaﬁplés used in the past
have been a placing barge, heavy life ship, fixed scaffoldlng and
self elevating platform (SEP) work ship. Among these with a current
velocity of 2 - 3 Knots the SEP work shlp has mest merits in the
reliability of constructlon, short construction period and the least -

obgtructlon to ship operations in the channel :as shown in Fig, I-4.
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Fig. I-4 FELEMENT SETTING AND SINKING
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To form a flat-finished ground surface after dredging, gravel laying
and mortar filling is used between the element and the bottom of the

trench.

3) Construction of Approach Tunnel
The on-shore tunnel section (from the vertical shaft of the immersed

‘tube tunnel to the ground surface) is constructed by two methods:

shield and cpen cut and cover sections.

The open-cut and cover method is applied for the section where the
depth is less than 25m, For a depth of more than 25m the shield

method is usually used for economic and technical reasons,

The shield methed is the most suitable method under-thg soil
conditions (silty sand and dense sand) and ground water. The safety
and ﬁractiqal-depth of shield method is determined within the range
6f 1.0v1.5 times of shield diameter to avoid upheaval of the existing

‘ground .

The depth of the tunnel is also controled by the existence of the
hard coral as a lower limit and the need to be lower than an upper
limit which is goVerhed by the need to weilght balance the air pressuse
'ih the shield. |
iThe excavation of the open-cut and cover éection-adjaoent to the
shield.section is also another important aspect to determine the

"extent of the shield section.

Under these conditions the change-over between shield and open~cut

and covér.éection is determined as the depth of 25m below the ground.
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The gradient of shield section is generally less than 2m, but 3% is
the limit of shield construction.

The shield section is separately constructed for twin and parallel
2 - lane tunnel. The minimum distance of 2 D (twice'of shield
diameter) should be maintained for the safety excavation,

The cut and cover section is used between the shield section and
at-grade section. This section is planned by considening the up
lift by water and the existing developed situation on the ground.

The location of the tunnel portal is decided as being at a depth of

10m below ground giving economic and structural advantages.

From this description, each tumnel section is determined as shown in

Fig. 1-2
Tunpel Alipgnment and Access Study
{1} Tunnel Location

uction of the immersed tube tunnel is limited by the water
Toute,selected in phase-I study is .confirmed as the

tecation amongst the alternative routes in the harbour.

T will voenmect Lumga Lunga Road on the Likoni side and NYerere'Ave.

¢ Yakarios Road on the island side.

1 eodamia
«; =megional Development Fffects

In *he Litond = . ' . 3
=Howne Lironi area the tunnel route  must be evaluated from the.

development effect of the region,

Refering to the past study, two strategic development areas in the
south Mainland were proposed; Dongo Kundu area (including Mtongwe)

and coastal belt along the Indlan Ocean,

Comparing w1th the bridge route there are no 51gn1f1cant dlfferlng
development effects to these areas because the d1stance from the
Dongo Kundu area to both routes. is around 6 km and the route is

almost down the middle of the coastal belt.

{3) Road Access

In Likoni area the tumne] road uses the existlng rlght of-way of -

Lunga Lunga Road. 'The existing road section mus t therefore be

i-8
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relocated at the access and portal of the cut and cover section.

On the island the access should be planned from the traffic distri-
bution and the future extension towards the trunk road. An approach
distance of 1.2 km is needed from the edge of Mbaraki berth to the

at~grade section,

Yor access to Nyerere Ave, this reaches beyond the intersection of
Nyerere Ave. and Dedan Kimathi Road., and causes the same problem
of traffic distribution as the bridge case of 73.2m clearance.

Therefore the tunnel access should be aligned towards Mbaraki Road.

The traffic connection by simple interchanges with Tangana Road and
Moi Ave. is another subject of the tunnel alignment. In the plan
the access alignment is to have sufficlent distance to Tangana

Road so as to provide a fly-over on Tangana Road im the future.

From this access plan, the extension towards the future trunk road

can be assured as the same level as that of the bridge alternatives.

Fig. I-5 shows the tunnel plan and profile as the result of the

study,

Fooﬁpath Plan
(1) Pedestrian Service

A totél of 36,925 persons per day are served by the Likoni Ferry
based ‘on the traffic survey conducted in Apgil, 1983. Only 7,641
persons are.pedestrians without any vehicle mode. In future a

maximum 570 persons per one direction is estimated to walk in the

tunnel as described in Progress Report-I.
A pedestrian footpath is provided only for the immersed tube tunnel

section and space should be separate from the carriageway. At the

ventilation shaft elevators serve pedesirians to and from the ground

level.

(2) Some Problems

The tunnel, even with a length of less than 1,000m, is unsafe for
pedestrians. It is a long and dark tube even when provided with

lighting, and no refuge space can be provided for incidents.

In the case of crime, it is quite difficult te organize rescue and

I-9
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~will take time. Garbage and raw sewage are other problems for tunnel

footpaths and this is difficult to clean,

TFo miﬁimizé these risks police patrols and elevator operators are
indispensable,

Anciliary Facilities

(1) General

4 tunnel is a sensitive structure and requires care in its routine

_operation since it 1s an.enclosed space unlike an ordinary road. .

© Special ccnsiderations'must be given to traffic safety and comfort.

To ensure routine operations mény kinds of anciliary facilities such

‘as the ventilation system, lighting, disaster prevention facilities,
. drainage system and so forth, must be provided,

These -facilities are designed by using detailed data relating to the

traffic volume and fixed. condltions such as the length, cross-section

and gradlent of the tunnel

(2) Ventilation System

A ventilation system 1s provided in the tunnel to dilute carbor-

monox1de and stioke dlscharged by vehlcles.

The criteria establlshes dilution levels 80 as not to injure the

health of the tunnel user {CO concentration of less than 150 PPM
based on PIARC recommendation) and for trans parency of smoke (40v-

50% fransparency per 100m distance) .

Thg ventllatlon ducts (each for exhaust arid in-— take) are estimated as

7u? for 1mmersed_tube section and 15m’ for approach tummel section,

A total 4 ventilation towers are mecessary at the ends of immersed

tube section and tunnel portals.

(3 Lightiﬁg System

The lumlnance adopted for ordlnary ‘automobile tunnels in Japan is

2 3cd/m 3q.,-wh11e the lumlnance for Urban tunnels is about 8cd/m

sq.,__

The standamd grade of Sed/m sq.s (65 lux at every light on the

.'carriageway) under PIARC (Permanent International Assoc1atlon of

Road Congress) recommendation should be adopted for the tumel,

I-11



The entrance section of the tunnel should be illuminated at a higher
tevel of 58 to 35cd/m sq., for some 200m section at the tunnel
entrance Lo alleviate the illuminance difference between the inside

and outside of the tunnel, theteby ensuring traffic Safety.

With regard to the selection of the type of lamp, fluqresgent lamps
are used to relieve the yellow of the sodium lamps, which are used as

well. The latter provides better visibility and is more economical.

{4) Ssignals and Signs

Signals are installed at the entrances and the inside of the tunnel
to control traffic and te stop vehicles immediately should an accident
occur in the tunnel. In addition, various warning signs are installed

for traffic control,

(5) Fire Fighting and Alarm Syétéms

An automatic alarm system, which detects fires, is connected to the
control room. Fire hydrants and fire extinguishers are included in
the tumnel alarm system. '

(6) Sump Drainage System

A sump drainage system is required at four or five sump pits in the
tunnel and discharges incoming rainwater, water seepage and wash
water. ' '

(7) Power bistribution System

Power distribution system is necessary to make effective use of the

tunnel facilities such as ventilation, lighting, drainage SyStem, ete,
The system comprises substations, emergency generators and no-break
gystems. . o . . |

(8) Television System

A closed circuif television system is installed at the tinnel -
entrances and in the tunnel, TIn order to monitor the flew of the
traffic the interval between cameras in the tunnel is around 200m.

(9)  Emergency Telephone System

Emergency telephones. are installed at some 200m interﬁalsrin the

I-12



tunnel to enable drivers to make emergancy calls when an accident or

trouble occurs in the tunnel.

(10) Loﬁdspeaker'System

A loudspeaker system is provided to pass messages to drivers and for

announcements when an incident oecurs in the tunnel.

(11) Elevator

For the pedestrian crossing, elevators are installed at the ventilation
shaft. A total of 10 elevators are provided including 2 spares of

both ends of the immersed tube tunnel.

(12) Contral System

Thé_foregding facilities and the traffic flow are monitered and
controlled effectively through"unilateral or mutual communication by

the centralized supervisory and operation control system in the

control room.

N Enviroﬁmental_?roblems

: Totai féur veﬁtilation shafts are required at the tunmel portal and
 -adjacent to the harboﬁr channel. Concéntrated exhaust gases from the
. vénﬁilation towers will be spread over the area. This is an effect
..which_cannot be ignored upon the resort and residential areas.
Espeéially the towers at the tunnel portal which strongly affect

the surrounding residential area,

During and after construction of the on-shore tunnel sections,
-séttlement at ground level will occur due to soil looseness and
‘cavitation caused by the tunnel excavation., This is another problem

which accompanies tummel construction,
3. Cost Estimation and Construction Schedule

1) Review of Cost
| Severaliprojeété:are undef construction or at the planning stage in
thé-Spufh—East Asia (Siﬁgapore, Hongkong, Taiwan, etc.) and Japan,

Those estimates were reviewed and compared with the project,
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The cost of immersed tube tunnel is made based on the data and
estimate carried out in this and the other projects.
preliminary design is made as shown in Fig. I-5 and quantities for

every work items. are calucatated.

7) Comparison of tunnel gradient

For the tunnel entrance section the tunnel gradients of 3%, 4.3% and
6% are compared for the1r cost based on "Road Design. Manual Part I,

Geometric Design fo Rural Roads" MOTC.

The flatter gradients of 3% and 4.3% do not need a cllmblng lane,

but the 6% gradient needs a cllmbing lane,

As a vesult 6% is the cheapest among them and adopted for the

preliminary design as shown in Table I-1.

Table I~1 COMPARISON OF TUNNEL GRADIENT

i=3% i=4,3% i=6%
Length (m) 1,556 1,086 779

Number of Lanes 4 - Lanes 4 — Lanes | & - Lanes +
: : 1 Climbing Lane

Construction

Cost (M.Shs) .?32 510 | o 399

Note. Single Stage Construction.

3} Project Cost

The land acquisition and compensation cost are estimated based on
the same data used in this project. . The operation and'maintenance

cost are estimated basd on the actual - Operdtlon of ‘tunnel facilities

as described before,

Those costs estimated are summarized in Table 1-2.



Table T-2 OUTLINE OF TUNNEL SECTIONS AND

CONSTRUCTION COST

Single Stage

Stage Construction

_ Construction | Phase-I1 | Phase~II}| Total
1. Lengths (m) | 3,069 3,069 | 3,069 | 3,069
Immersad Tube Tunnel 960 960 960 960
* Shield Tunnel 1,330 1,330 | 1,330 7} 1,330
Cut and Cover Tunnel 779 1 779 | 779 | 779
2. Constxuctidn'Cost_(M.Shs) _ _
Inmérsed Tube Tunnel ' 1,495 1,047 | 1,047 | 2,094
Shield Tunnel 975 488 488 975
Cut and Cover Tunnmel 399 274 257 531 |
Ventilation Tower 135 80 67 147
Facilities 575 363 296 659
~ Sub Total 3,579 2,252 | 2,155 | 4,406
3. Land Acquisition Cost ' e
n _ (M.5hs) | 57 57 0 . 57
4. Total Cost (M.Shs) 3,636 2,309 | 2,155 | 4,463
5. :Opérétiqﬁ_ahd Mainténaﬁcé . 5 B 6
Costs (M.Shs) ' 16 10.5 2 !

The .project cost is estimatéd]in_Table I-3 baéed on the Table I-4,

Table I-3 PROJECT COST CONSTRUCTED IN
SINGLE STAGE CONSTRUCTION,

(Unit: 1,000 EK.Shs.)

L.C F.C Total
1) Construction Cost 715,800 2,863,200 3,579,000
2) Engineering Fee, 10%| 71,580 286,320 357,900
2 Lééd.Aééu?siti°“.& 57,000 - 57,000
Compensat;ong o
4)  Sub-Total 844,380 3,1&9{520 3,993,900
5) Contingency, 0% _54,438: 314,952 399,390
6) Total | 928,818 | 3,464,472 | 4,393,290




Table I-4 PROJECT COST IN STAGED CONSTRUCTION

(Unit: 1,000 K.Shs.)

Phase~I : Phase~11

L.C “F.C | Total L.C F.C ‘Total -
Construction 450,400{1,801,600 2,252,000 431,000 1,724,000[2,155,000
Cost : b S
Engineering 45,040 180,160| 225,200| 43,100 172,400f . 215,500
Fee, 10% . _ :
Land 57,000 - 57,000 - - -
Acquisition _ _ ) BT S
Sub-Total 552,44011,981,760{2,534,200 474,100 1,896,400 2,370,500
Contingency, 55,2441 198,176 253,420| 47,410 189,640 :237,050
10% o
Total 607,684 2,179,936 2,787,620(521,510 2,086,040-2,607}550

The project cost by . staged constructlon is estlmated to be atound 23%

higher than that constructed in a slngle stage.-

4) Construction Schedule

The implementation schedule is “also planned for two cases, construc-
tion in single phase and by staged construction as shown in Flg. I-6

and I-7.

The construction period is estimated as five and half years for both
cases, but a further five years is needed for Phase II as shown in

Fig. I-8 and 1-9,

The immersed tube tunnel is evaluated in: chapte1 10 u31ng thése costs
and implementation schedule.
Fig. I-6  IMPLEMENTATION SCHEDULE BY
SINGLE PHASE CONSTRUCTION -

Phase Phase-1 b - Phase-II

Item ‘4 085 - e 92
Loan Negatiation ' '

Detailed Desagn

Land Acquisition
Construction &

supervisian ] . .

Loan Negatiation

Land Acquisition

Construction §&
Supervision

I-16



Fig., 1-7 IMPLEMENTATION SCHEDULE BY
STAGED CONSTRUCTION

“Phase Phase-I fhase-T11

Iten : $4 '8 90 92| es 97 2000 200

Loan Hegatiation
Detailed Design
Land Acquisition ' ﬁ

Construction &
Supervision

Loan Megatiation

Construction &
Supervision

Fig. I~8 - CONSTRUCTION SCHEDULE
BY SINGLE STAGE CONSTRUCTION

Year | 3 |.2 3 4 5 | s

Work Ttem ———

Preparatory Work -
Construction of Dry Dock
Fabrication of Tunnel Elements

Trench Dredging c¢n Site

Rigging Work for Elements L
Submé'rgi'ﬁg & Setting of Elements L
Mortar Injection- . _ :
packfilling

Ventilation Shaft ' L

Approach Tunnel Work m
Facilities Installation :

£-17



Fig. I-9 CONSTRUCTION SCHEDULE
BY STAGED CONSTRUCTION

Phage-L

L ”°Em;_:3m
Preparatory Work

Construction of Dry Dock
Fabrication of Tunnel Elements
Trench Dredging on Site _
Rigging Work for Elements
Submerging &-Setting of Elemeats
Mortar Injection

Backfilling

Ventilation Shaft

Approach Tunnel Work

Facilities Installation

Phase-~I1

e ; ) )

Uork ltem ——J_&LLl 2 3 4 5 6
Preparatory Work )

Construction of Dry Dock )
Fabrication of Tunnel Elements + )
Trench Dredging om Site L . .
Rigging Work fbﬁ Elements _ P
Submerging & Setﬁing of El‘emencrs ———

Hotor [ajection . d
Backfilling . ' ' '

Ventilation Shaft ) ’ #

Approach Tunnel Work : '
Facllities Installation )

T-18



4, Hong Kong Cross Horbour Tunnel

1) Planning and Construction Condltions

1-19

(1) Tundel Length
~ Immersed tube tumnel : 1,604m o _
(Averagé element length : 15 x 106.9m/unit)
- Cut & cover tunnel = : 253.6m
© = Louver section + 300m
. Total Length s 2,157.6m
' (2) Number of lanes
-~ 2 duél lanes except the cut & cover and louver section, which’
has.a climbing lane. '
i Carriageway {dual) lane width : 6.7m-
.~ Traffic headroom : 4.88m
" (3) Gradient v 0,435v6,25%
(4) Channel Requirment
~ Depth : -12.2m P.D
~ Channel width 400m
(5) Tide _ -
=~ Max. current : 3 Knots (Approz. 1.5m/sec)
- Variation - : Spring, Approx. 2.5m
(6)”'Traffic Volume
- Traffic cépaéity : 80;000'veh./day _
- ?edestfian-” : Not considered but tramsported
R by existing ferry
(7) - Sub-soil conditions
Marine depoéit (Soft silt and fine sand) partially clay and
boulders, | . '
(8) Dock yérd.mn site with fabricating yard of elements.



2)

(3} Dredging & Dumping Site
Dredged for the maximum depth of 28m using Lima 2,400 B (Cap.
2,6%5.5m3) and dumping 10015km off-shore from the site.

(10) Sinking : Two storied twin screed/lay barge
(11) Mound t 60cm thickness of crushed stone

(12) Back Filling

Sand for the sides of element and erushed stone (20%50kg/stone)

on the top with thickness of Zm.

Construction Cost Estimation

The tunnel was opened in Oct. 1972, and the cdnSEructibh cost was
estimated using an escalation rate. This however is dlfficult due
to the 0il crisis which occured 1n-between, therefore the estlmate is

made using the conditions deseribed above and current prlces of material

1nvolved as showm below:

Construction Cost

Ttem _ (Million Shs.)
immersed Tube Section | 2,190
Cut & Cover Section (includlng 437

Louver SeCLlon)
Ventilation Tower & Facilifies 568

Total : 3,195

The land acquisition/compensation cost, engineerlng/superv1slon fee -

and contingency are not included in the above estimate.

The major differences between Likoni Tunnel (T ) and H K Cross Harbour

Tunnel are the length and cross section of the Lunnel

120
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