approximately ten (10) passenger cars and it is free ol charge. At present,
therefore the boat is carrying about 1,000 V/D to and from the Kilifi creek.
There is only onc jetty.

(5) Water Supply Pipe Line

A water supply line which runs from the Killfl Ciub to the Mnarani Club is
located at the bottom 'of the sea.

{6) Adlrstrip

There is one airstrip which is located on the Mnamm side. This is used es-
pec1ally by tourists twice a day

3.4.4 Future Developmant Plan for Kilifi Township

The future landuse pian for Kiliti (Kilifi Town side) township was planned

by the Ministry of Urban Development and Housing Physical Planning
: Depdrtment Discussions with Phy-nm! Housing Departinent showed that

the study area has no other development plans along the Kilifi creek. The

future development plan for the Kilifi township is ;lIustmted i’ Fig, 3—=15.

On the other hand the future landuse of the Mnarani side has not been

planned and only a conceptional plan is available and this is also illustrated
~in Fig. 3—15,

~3.20



OMMERCIAL -

C

INSTITUTION

" INDUSTRIAL

KILIFI CREEK

Fig.3-15 FUTURE DEVELOPMENT PLAN OF KILIFt

~321 -






4. ALTERNATIVE ROUTE STUDY

4.1 BA.SIC CONSIDERATION OF ROUTE LOCATION

4.1.1 General

Based on the function of the project road and the environmental considera-
tions of the study area, the basic considerations for the route location are
set out as follows. '

a)

b).

c)
d)
€)

To take into consideration the technical aspect,
To take intd_conéideration the economic aspect.
To work for public benefit

To ensure safety

To preserve the good environment.

4.1.2 Control Point of Route Location

(H)

For studying the route location the following site conditions were con-
sidered:

Kilifi Township

a)

b)

d)

The centre business district (C.B.D.) is located in the centre of the Kilifi
township. This area is mainly composed of residential, commercial
stores and businesses which form the main community in the Kilifi town
centre. Taking this point into account, the route location should be
avoid passing through this area.

Electric Power Line

There are two {2) electric power lines of 132KV and 33KV respéctiveiy
which pass across the Kilifi Creek. As it is very difficult to remove these

two electric power lines, the route location should be such that it does

not interfere with these power lines.
Telephone and Telegram Commtmications Line

There is one telegraphic line which passes across the Kilifi Creek,
between the ferry operation line and the 33KV electric power line. Thls
telegraphic line is comparatively cas;e; to shift. Later when the bridge
construction is completed this line can be supported by the bridge.

Feri‘y

The ferry is one of the m(')st. jmportant means of transportation for vehi-
cles and passengers to and from the Northern/Southern part_s.of the

‘coastal area. The anchorage of the ferries is located at the upper-stream

of the existing ferry operating line. This 'anchorage area should also be
'avoided for the route location.

Water Supply Plpe Line

It is comparatively easy to remove the water supply pipe lme but it is
better for the route location to avoid passing through this area.
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) Adrstrip

There is a small airstrip for cessna at the southern part of Mnarani Club.
This is comparatively easy to remove,

4.1.3 Future Landuse

The future landuse plan of the Kilifi township has already been deseribed.
The route location should be avoid the disruption of the communities.
According to the development plan of the Kilifi township set by the Ministry
of Housing, the plan can be classified under three core or three communities.
The route location should not be disrupted the communitiés and therefore it
will have to pass along the boundaries of each of the communities.

4.1.4 Kilifi Creek Conditions

(1) Width of Kilifi Creek

The route location should be selected at the narrowest point of the Kilifi
creek. Generally speaking, the construction cost of a bridge is much higher
than that of the road earthworks. To minimize the construction cost, it is
better to select the narrowest point of the creek.

Depth of Kilifi Creek

The route can be selected at the shallowest depth of the Kilifi creek., To
‘minimize the construction cost of the bridge, a shallowest area is selected.

4.2 DESIGN CRITERIA FOR ROAD

(1) Geometric Design Standards

The geometric design standards were prepared by the Ministry of Works,
Road Department in January, 1979. The gEOmIetrié design standards of this
project road is derived from the above mentioned “Geometric Design of
Rural Roads”. The main design elements arc shown in Table 4—1.

Table 4-1 DESIGN ELEMENTS OF ROAD

No. Items ) Unit " Value : Remarks
1 Road class - Class — B
2 ;Des'ign speed. . | km/h 100 .
3 Terrain R " Flat
4 Pavement type — Bitumen
5 Lane width m 3.5
6 * Shoulder width m 2.5
7 Reserve width m 60
8 _Ceitral Reservation m 3.5 _
] Maximum Gradient % 3 Rolling 4%
10 Stopping sight distances m 140 " Minimum
I . Passing sight distances m 375 1+ — do —
12 Minimum radius m ) 600
13 Superelevation o ' 2.5
14 Vertical curve crest. m 5500
15

Vertical curve sug ‘ m 3500
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(2} Design Speed :

The adopted design speed for this p]Oje(,t is 100 km/h.. The speed is based
on the followmg considerations.

a) The project road is classified under class B road in Kenya.

b) .The running, speed of the existing traffic on the existing B—8 road at

© Kilifi is about 80 km/h to 90 km/h due to the flat nature of the terrain
around the area. Therefore the design speed is required to be higher than
this Tunning speed to ensure on undisturbed traffic flow.

¢) The function of the project road is that of providing mobility for long
distance trips which require that the road be designed to a higher design
speed. -

(3} Design Vehicles

‘For geometric design purposes, a semitrailer is adopted as the “‘design
vehicle” due to project road having the definition of a primary distributor
road. '

(4) Intersection Design Standards
At-grade intersection

The at-grade intersection design standards are adopted from “A Policy
on Design of Highways Arterial Streets™. '

(5} Pavement Design Standard

The pavement desigh standards are adoptetffft)m the toad design manual
which is prepared by MOTC in May, 1981.

43 PROPOSED ALTERNATEVE' ROUTES
4.3.1 Preparation of Proposed Aitematwe Routes

Taking into account the accurate reconnaissance survey, the basic c01151del—
ations of the route location, the site conditions, three alternative routes:
route A, route B and route C are proposed.

432 Description of Proposed Alternative Routes

(1) Alternative Route A

This route Als selet,ted at ‘[he shallowest depth ot the Klilﬂ creek which is
IOCdted at 450 m upstream from the 132KV electric power line and which
runs parallel to thls electric power line.

it mamly passes through an open field area and a residential area which is
located along the seashore. There is a ford which is located 300 meters oft-
shore. The depth of this ford is between two(2) and seven(7) meters.
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(2) Alternative Route B

Route B is selected at the narrowest section of the Kilifi creek - through
which the telephone and telegram communication line passes and which is
400 mefers downstream from the existing feny operating line. The width

at this point of this creek is between 330 and 350 meters, The approach
road on the Kilifi side passes through the open field which has cushewnut
trees etc. and the approach road on the Mnarani sidc passcs through the
‘residential area. - The route B should be avoid the 33KV electric power line,
which cannot be shifted due to economic cost but the telephone and tele-
gram communicﬁﬁon line, if cannot be avoided, can be sliifted._ The length
of the bridge is about 400 meters and the length of approach roads are about
3,770 meters (1,350 meters Kilifi side and 2,420 metérs on Mnarani side).
The total road length is about 4,170 meters.

(3) Alternative Route C

Route C is selected at a comparatlvely mnow and compardtwely shallow
area of the Kilifi creek. There is a ford which is located in front of the
Kilifi Club, the depth of which is between 2 and 7 meters. This area is 150
meters off-shore. The approach road on Kilifi side is so located as to avoid
the existing housing area but can not avoid the future housing plan which
was planned by the Ministry of HoUsiﬂg. On the other hand, the approach
road on the Mnarani side can be so located as to avoid .the a:rstrjp The
route passes through most of an open ; field which is being operated as a stock
farm. The length of the bridge is about 610 meters and the dpproach roads
are about 7,130 meters (2,720 méters on Kilifi side and 4,410 meters on
Mnarani side).

The three alternative routes, namely route A, route B and route C are iltustrated
in Fig. 4—1.

4.4 SCREENING OF ALTERN_ATIVE ROUTES
4.4.1  Comparison of Alternative Routes

~ Table 4—2 shows the companson of the characterlstlcs of the alternative
routes. :

4.4.2 Selection
From table 42 the.following evaluations are g'iven:
(1) From Economical Points of View
~ Route Bis the :mos.t. economical

Route A~ and Care 1.60 and 1.55 tlmes more expensive than route B
respectlvely : :

(2) From Technical Pom_ts of View

a) Route B has the bridge with the shortest total length, _
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b) Route B'bridge has the smallést number of foundations under water,

¢) Route B -has the most favourable homontfﬂ alignment and can be con-
nected to thf, existing road most emly

d) The construction of the apploflch roads of routes B and C will be easier
than route A because they run through a flat terrain. Route A requires
a great deal of exca\f”mon embankment &nd small scale bridges becamc
1t runs through a ralling telmm

e} Rout'e B has some problems in 1’elati0n to the existing facilities éuch'as:
i) the telephone lines which should be rémoved-

ity the airstrip Iocated on Mnarani Sldc which may be removed in case
a bridge type with h;gh tower is required (e.g. the suspension bridge,
the cable stayed bridge).

f) Route B is the most accessible from the cores of the township in the
future development plan. ~In case of route B, it is possible to use the
existing roads for the access roads. '

(3) From Emifomnental Points of View
a) Route A has little irffluence on the future development plan. Route B
is suitable for future development because it rims along the reserved
space for the national trunk road in the future devclopment plan. Route
C will have undemrab]c influence on the future dcvelopment of Kilifi
townshlps because it runs through the central’ part of the residential
- area in the future deveiopment plan of the Kilifi townshlp

b) 'Ti_le landscape_ of the creek will be changed by the appearance of the

bridge. The route C bridge that is located closest to the mouth of the

* creek is considered slightly superior to the others when viewed from the -

township. However the aesthetical imipact is considered to depend on
"the bridge type rather than the crossing point of the br'idge.

443 :C(_)'nclusion

Taking into account the economic, technical and environmental aspects,
the alternative route B is the most superior plan. With this, the alternative

route B is selected.

—4.5 -



Table 4--2 COMPARISON OF ALTERNATIVE

ROUTES

Item \“‘*‘“—ﬁﬂwmlm Route A Route B Route C
_ Width of creek ] 620 m 360 m 480 m
_Topo_g_raphical Width of Creek with water depth 165 m 130 m 150 m
condition of more-than 25 m _
Maximum water depth of the creek 3? m 36m N 37m
Terrain along the route Rolling Flat. ‘1 FLat

Geological E?ondition ]

Sand/Sandstone and Shale

: Total bridge length o 710 m 400 m 610 m
Characteristics [ crogssection width 125m | 125m 12.5m
Bn'dgeOf Surface area of bridge 8,875 m 5,000 m 7,625 m

‘Alignment Straight Straight Straight
) No. of foundation under water 7 2 s
Characteristics | Total length 4,250 m 3,770 m 730m
of | Width 16.0.m 16.0m " 16.0m
Approach roads Min, alignment N _ 800 m f‘hﬂ_ 1,000 m 600 m
Kilifi side ........ cut the residential arca with a few

Relations to housing

scattered houses

Mnarasi side ... cut the agricultural area and
residential area with a few

scattered houses

Adjustment for existing facilities

”No naed ‘I

Remove
telephone line

Mo need

Relations to futﬁ

re development plan

Kilifi side.........

Mnarani side ....

cut the residential area planned

along the creek

cut the residential area planned

along the creek

Accessibility

Some problems

No problems . |[Some problems
Land acquisition 75,50 Ha 16,67 fa F2.78
Construction cost of bridge 388,478 243 440 353,123
Construction cost of approach rd 37,698 20,470 52690
Rough costs | Land acquisition cost 3,136 | 2,044 5262
(“000 KShs} - [gyb-total 429312 265954 [alo75
Engineering fee 64.397 39,893 61,661
Contingency 42,931 26,595 41,108
Total 536,460 332,442 513,844
(1.6) (1.0) (1.55)
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Fig, 4—1 LOCATION OF PROPOSED ALTERNATIVE HOUTES
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5 . ALTERNATIVE BRIDGE STUDY

5.1

INTRODUGCTION

As a first step, several bridge designs which arc regarded as féasible and -
suitable for the proposed route “B™ arc sclected. For cach of these alter-

native bridge designs, the skeleton and the major configuration of stroctures

arc determined, the conceptional work procedure established and the quan-

tity of the major construction mater ials as well as the construction cost are

computed. The study of these rough alternative budge designs is carried out

spemﬂcally based on the design criteria 1dent1fled in Chapter 7.

The evaluation among these bridge alternative designs is performed from

three basic perspectives, the etonomic, technical and crvironmental perspec-

tives.

52 ALTERNATIVE BRIDGE DESIGN

5.2.1

Bridge Length

Conéiderihg the profi!e of the topographic feature and subsurface condition,
the bridge length should be 420 meters. The starting point is the Station No,
22 + 35 M and the end point is the Station No. 26 + 55 M.

© B.2.2 Positioning of Piers

For the posmonmg of piers, four cases Wthh are 1llustrated in Fig. 51 are
considered, lhese aré based on the foilowmu considerations:

a) As the profile of the seabed shows, the central part of the approximate
200 meters width of the creek has a water depth of more than 25 meters.
The construction of the foundations of the bridge at a position of such a
great water depth will be comparatively difficult and expensive. In order
to ensure easier construction and a lower total construction cost of the
budge the number of piers at this depth should be minimized at not
more than two plCIS

b)Y Single-span and double-spans bndges are clnmmted because of their huge
supelstructures that would push up the construction costs enormously

c) The topoglaphlcal features is almost sylmmtncal as showu in the profile,
the piers should be placed in symmetry in order that the structural
mechanics of the superstructure may be balanced with the desirable
scenery.

Case (1) and case (2) are tfiple-spans bridge designs, while case (:3) and case

(4) are five-spans bridge designs. In general, an increase in the length of the

central span would cause an 'increase of the construction cost of the super-
structure. On the other hand the shallower the water at the piers for the
central span are positioned, the lower would be the construction cost for
these piers. The four alternatives of piers-positioning are specifically drawn
to display these two cost relationships.
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In case (1), the piers are located at the shallowest position among’ ‘the four
alternatives. In such a case, the landing stage may be used for constructing
the piers. In case (3) ‘and case (4), the piers for the flanking spans are so
located as near to the abutments. This would allow drywork for their con-
struction, '

5.2.3 Superstructurs Design

With reference to the four picrs-positioning alternatives; case (1) to case (4);
the length of the central span of the superstructures would accordingly vary
from 100 meters to 250 meters.

Bearing in mind the past concrete construction experiences, the present
technical construction level available, and the site conditions, the following
five types of structure designs are selected as possible design for this project.

(Steet Bridges)

a} Cable stayed steel girder
b) Steel truss )
¢) Steel girder (with orthotropic steel deck)

(Concrete Bridges)

d) Cable stayed concre'te'girder.
e) .Concrete girder {by free cantilevering-method)

" Other design alternatives such as the &rch-type and the suspens;onutype are
“eliminated basxcaliy for their high const;uctlon cost for this particular site,

The adaptdtlon of these five alternative structure designs to the vanatlon of
the central span length from 100 meters to 250 meters is. carefully con-
sudered In general, steel bndges are more feasible than concrete bridges for
relatively long span bridges. Further, for both the steel and concrete groups,
the girder type is more suitable for relatively short span bridges while the
able-btayed or truss-type are more suitable for long span bridges.

W1t11 tins reasoning, the proposition of these f ive structural design altérnatives
to suit the previously suggested four cases of piers-positioning alternatives is
shown in Table 5—1 below. Profiles of these five bridge alternatives namely, -
alternative (1) to alternative (5) are shown in Fig. 5-2.

Table 5—1 ALTERNATIVE SUPERSTRUCTURE TYPES

Pdsitioning’ of Piers | Main Span Length - Alternative Superstructure Types
Case (1) 250 m {1} Cable stayed steel girder
i (2) Steel truss .
Case (2) 210 m (3} Cable stayed concrete girder
Case (3) 170 m (4) Concrete girder with a hinge by free
: . . . cantilevering method
Case 4} - 100m (5) Concrete girder with three hinges by
. . free cantilevering method
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5.2.4 Substructure Design

The spread footing type is wpphed for the abutments md piers on shore.
This is done because it is found out that the coral limestone layer which
exists at-a relatively shallow depth from the ground surfacc is expected to
be a reliable bearing layer for a direct spread footing foundation.

For the foundations of piers under water, we examined many alternative
desngns wiuch may bc apphcable to the conditions at this <;1te These are
acteustlcs of these types of foun_datlon are dcscnbed in the_mtenm report
After examining the various types of foundations, the conclusion is that
the pile bent type is the most practical and the most economical foundation
type for this bridge.

The pile bent foundation has two alternative kinds which are distinguished
by their materials. One is where the pile is made of steel and the other made
of reinforced concrete. The steel pile has the advantages over the concréte
pile in terms of shorter construction period and reliability of the material.
It, however, has the disadvantages related to higher transportation costs of

. the material and less resistance to corrosion than the concrete pile. Exami-
nation of the construction costs for these two kinds of fou,m(lations'indicate
that the concrete pile is cheaper than the steel pile. For these reasons the
concrete pile which will be cast in bore holes by means of the reverse circu-
lation drill is recommended.

53 CHARACTERISTICS OF BRIDGE ALTERNATIVES

For the five bridge alternatives mentioned earlier, that is alternative (1) to
(3), the conceptional ‘construction’ work p1occdures are first established.
Folliowing this the skeleton of the structures, and the structural calculation
are worked ouf, togethcr with the major configurations of the bndges The
quantities of major materials and the construction costs are then duely
computed.

The result of this study will be outlined hereafter.

5.3.1 Major Construction Procedure
(1) Alternative (1) (Cable stayed steel girder)
. a) Supc.rstructure

i) Transportation of Fabncated steel ‘members that are unpmted from
abroad is made by deck barges from Mombasa, Unloading is done
near the site.

ii} Erection of steel members is made gradually by using cranc mounted
on glrdels

iii) Extension of superstructure is made gladualiy from both the two
abutments towards the center simultaneously.
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b) Su bstructure

i) The landing stage is used for construction.

ii) Installation of casing pipes into the creek’s bottom is made by using
crane mounted on the stage.

iit) Drilling inside the casing is made by using reverse cuculahon drill
from the landing stage.

iv) Casting of concrete is made by using cable crane to made cast-in-place
piles and piers.
(2) Alternative (2} (Steel truss)
a) Superstructure
i) Transportation of fabricated steel members that are imported from
abroad is made by road from Mombasa,
i} Erection of steel membcrs is made by crane mounted on upper cho1ds
iii) Extension of superstructure is made gradual]y from both the two
abutiments towards the center.
b) Substructure
As in Alternative (1)
(3) Alterntive (3) (Cable stayed concreie girder)
a) Superstructure
i) Transportation of fabricated cables that are imported from abroad is
made by road from Mombasa.
ii) Main towers are made by using tower cranes.

i) Erection of the first concrete block on the piers is made by using
crane mounted on barge and/or Slmple SEP.

iv) Extension. of supersiruciure js made symmetmcally by usmg wagon
together with cable joining from the two piers to the center.

b) Sub.s'tructure

i) Floating crane and s;mple SEP are used for the plle construction

ll) Ho:stmg and mstallahon of casing plpes are made by using floating
crane.

iii) Drilling inside the casing i§ made by using reverse circulation drill
mounted on simple SEP stabilized in creek.

iv) Casting of concrete is made by usihg cable crane to make cast-in-place
-piles and piers,

(4) Alfernative (4) (COncrete gifde_r by free cantilevering method)
Alternative (5) (Concrete girder by free cantilevering method)

a) Superstructure

i) Transportation of major equipment and materials that are imported
is made by road from Mombasa.
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ii} Erection of the first concrete block on the piers is made by using
crane mounted on floating barge andfor simple SEP.

iii) Extension of superstructure is made symmetrically by using wagon
from the two piers to the center.

b) Substructure

As in alternative (3).

5.3.2 Construction Material Quantities
The quantities of the major construction material for the bridge alternative

(1) to (5) are tabulated in Table 5—2 and 5-3.

5.3.3 Project Cost

The project cost for the bridge alternatives (D to (5)is tabulated in Table
5—4.
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Table 5—-4 PROJECT COST

~ (Unit 1,000 K Shs.)

_ Alternative (1)1 Alternative (2} - Alternative (3)| Alternative(4)| Alternative (5)
ftem Cable-Stayed Steel Truss Cable Stayed : | Concrete Gitder | Concrete Girder
Steel Girder Concrete Girder| With One Hinge|With Three Hinges
Bridge 296,889 282,292 282,655 283,877 274,697
Approach Road 24,239 24,239 24;239 24,239 24,239
Construction Cost 321,128 306,531 306,894 308,116 298,936
Engineering Fees 38,535 36,784 136,872 36,974 35,872
Land Acquisition 2,664 2,664 2,664 2,664 2,664
Compensation 450 450 450 450 450
Sub-Total 362,777 346,429 346,835 348 204 _337',922
Contingency 36278 34,643 34,684 34,820 33,792
Project Cost 399,055 381,072 381,519 383,024 371,714

Maintenance Cost 1,424 6,138 549 669 669

5.4 SUPPLEMENT TO BRIDGE ALTERNATIVES ANALYSIS

The following is a suppiementary study {o the bridge alternatives analysis as
described in the previous section. Specifically, this supplementary study
made a further examination on the construction costs of the cable-stayed
concrete girder bridge and the concrete girder bridge. '

54,1 Re-examination of Concrete Girder Bridge

This study is carried out to assess the fact that although the concrete girder -
proposed in Alternative (4) has a central span of 170 meters in iength, a 
similar kind of bridge with a 210 meters central span proposed as case (2)
in the pier-positioning study may have a lower cost compared to the alter-
native (4). The result of this investigation is shown in Table 5-5 and 5—6.
As shown in the tables, the 210 meters center span bridge has a 3% higher
construction cost over the original alternative (4) design, :

Table 5-5 COMPARISON OF BRIDGE CONSTRUCTION COST

(1,000 K.Shs.)

"~ PC Girder

—-5.10—

Ttern PC Girder (Alt. 4)
Center Span 210m Center Span 170m
Superstructure 83,284 72,930
‘Substructure 71,039 74,749 -
Temporary Work 62,600 62,600 .
Overhead 75,923 73,598
Total 292,846 283,877



Table 5-6 CONSTRUCTION COST OF P.C GiRDEﬁ_ {2 = 210 m)

[terﬁ' Unit Quzmtitie.s - (KRS&S') (IOXglglilihS.)
%Tlpex‘st!uctklre:— : ke fem? .
Concrete ock =350 M? 8,000 1,250 10,000
Form M? 25,600 210 5,376
Reinforcement t _ 640 14,000 3,960
P.C. Rod t 735 48,000 35,280
Cable t - 110,000 -
Shoe t 17 45,000 765
Expansion Joint M _ 62.5 17,000 1,063
Erection Equipment Lump Sum 1 13,200
Timbering o 1 4,700
Pavement Cirriagoway M? T3570 110 393
Pedestrianway M3 1,680 110 185
Concrete M? 395 1,200 474
Handsail M 860 2,800 2,408
Guard Rail M - 400 -
Lighting No. 15 32.000 480
SUB-TOTAL (1) 83284
Substructure:— kefom? ) _
Concrete ock =240 M3 4,794 1,200 5,753
Form ' M? 2,260 210 475
Reinforcement i 384 14,000 5,376
Timber & Scaffolding M3 | 180 755
Excavation & Filling M 2,180 220 480
Cast-inPlace Pile M 1,940 30,000 58200
SUB-TOTAL @ ' 71,039
Temporary Works (3} Lump Sum 62,600
TOTAL (4) W +@2)+3) ' 216,923
Overhead (5) (4) % 35% - 75,923
GRAND TOTAL = | (4)+(5) 292,846
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54.2 Re-examination of Cable-stayed Concrete Girder Bridge

This brief study is carried out to gauge the difference in construction cost by
changing the len_'gth of the central span of the cabit_a-stayed concrete girder
bridge design.: An increasc in the length of thc central span while maintaining
the total bridge length constant generally increases the cost of superstructure.
Structurally explained, as the ratio of the length of the central span to the
flankirig span increases, the force which the _st_aycd cables have to sustain
incredses. As a result, the negative reaction which have to be-oppossd by
such devices as heavy counterweight also increases, However, there is a limit
to the value of the ratio of the central span length to the flanking span
length as determined by the structural theory. For a greater length of the
span beyond this limit, the total bridge length would have to be extended.

~ The cost of constructing the foundation for the main tower that amounts to
a comparatively large portion of the total construction cost will also varies as
the length of the central span increases. As the latter increases, the main
tower js shifted towards the land. This would mean a possible decrease in the
length and number of foundation piles for the tower. In addition, the con-
struction procedure for the foundation may varies, such as the use of float-
ing crane orfand SEP or landing stage according to the depth of water where
the foundation is located,

This brief supplementary study is carried out for the three alternatives
shown in Table 5-7.

Table 5—7 VARIATIONS OF ALTERNATIVE (3)

AlL ftem |- Span Length - Span Ratio
ALT.(3)-1 | 85m+250m + 8m =420m | (1:294:1)
ALT. (3)-2 95m + 280m + 95m =470m | (1:295:1)

520m | {1:3.20:1)

il

ALT.(3) 3 | 100m + 320m + 100m

The pi*of“ les of these thréc alternatives are shown in Fig 5-3.

The structural calculation, the computation for the quantities of major con-
strucnon materials and the preliminary cost estimates as before are done’ for'
these three variations of alternative (3) namely alternatl_ve (3)-~1,(3)-2, and
{3)—3). The result of this‘analysis is shown in Table 5—8 to 512, The result
shows the alternative (3)—!, with a central span of 250 meters in length,
being the most economical among the three. More detail analysis are:

a) The cost of the superqtructure increases almost linearly with increases
of the length of central span of the bridge. - :

b) The cost of subsiructure for alfernative (3)—1 is relatively smaller than
the other alternatives.

.c) The cost for the foundation of the main tower decreascs with the size of
the cenfral span in the order of alternative (3)--1, (3)--2 and (3)-3.

- 512 -
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However, the high substructure cost for alternative (3)-2, and (3)—3 may be

partly attributed to the cost of the heavy counter weight abutment which is
needed for their longer central span.

Table 5-8 COMPARISON OF BRIDGE CONSTRUCTION COST
" (CABLE STAYED CONCRETE GIRDER)

(Unit: 1,000 K.Shs.)

Yem Alt (31 | AlL.(3)-2 | At.(3)-3 | Al 3

. £=250m £=280m 2=320m 2=210m
Superstructure 89,760 §10,1 59 132,821 81,297
Substructure 45,917 55,535 59,784 65,477
Temporary work 60,000 59,300 57,000 62,600
Overhead 68,487 78,749 87,362 73,281
Total 264,164 303,739 336,967 282,655

Note: 2= length of the central span

5.4 -



Table 5-9 CONSTRUCTION COST OF CABLE STAYED CONCRETE GIRDER (2= 250 m) ALT. (3)—1

_ Ttem “Unit Quantity Uﬁ%‘:-) (129&&9;}15.)
Superstructure:— _ :
Concrete ack = gl | oW 4,680 1,250 5,850
ook = KA M 840 1,150 966
Form M 18,900 210 3,969
Reinforcement t 468 14,000 6,552
P.C. Rod t 280 48,000 13,440
Cable t 320 110,000 35200
Shoe t 6 45,000 270
Expansion Joint M 29 17,000 493
Erection Equipment Lump Sum 1 15,400
Timbering ' Lump Sum 1 3,000
Pavement - Carriageway - MZ. 3,570 110 393
Pedestrianway M? 1,680 110 185
Concrete M? 395 1,200 474
Handrail M 860 2,800 2,408
Guard Rail M -1,700 400 680
Lighting Each 15 32,000 480
 SUBTOTAL (1) ' 89,760
Substructure:—= =~ _ '
Concrete ack -—3“5%?‘50 M? 3750 1,250 4,638
ock = el M 3,320 1,200 3,984
Form M? 6,130 210 . 1,287
"~ Reinforcement t 630 14,000 8,820
‘Timber & Scaffolding M? 10,900 180 1962
Excavation & Filling M 1,936 220 426
Cast-in-Place Pile M 990 25,000 24,750
SUB-TOTAL (2) 45,917
t Temporary Works (3) _ Lump Sum _ 60,000
TOTAL (4) M+ +G) 195,677
Overhead (5) (4) x 35% 68,487
'GRAND TOTAL (@) +(5) 264,164
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Table 5-10 COMSTRUCTION COST OF CABLE STAYED CONC_R.ETE GIRDER (€= 280 m) ALT._ (3)--2

_ Item ' Unit Quantity : (KRi?g) ' (10£g§;§11s'.)’
| Superstructure:— ' : _ KSL _ 1,000 KSIL.
Concreto ] ook Kefom M? 5,050 1,250 6,313
| ock =556 | M? | 650  |. 1,150 748
Form M2 | 19660 210° 4,129
Reinforcement : t 505 14,000 | | 7070
P.C.Rod ' t 303 48,000 14,544
Cable o ¢ 435 110,000 47,850
Shoe : _. t ' 4 45,000 180
Expansion Joint _ M 14.5 17,000 o7
Erection Equipment ' _ LumpSum| 1 15,400
- Timbering : Lump S.um ' 1 9,400
~ Pavement Carriageway M | 3,995 _ 110 439
' Pedestrianway M? 1880 110 207
. _ Concrete M? a0 1,200 486
Handrail M 940 2800 | 2,632
Guard Rail M - 400 -
Lighting N Each 16 32,000 512
SUB-TOTAL (1) 110,157
Substructure:— . _
Concrete ock 5555001 M 4,813 1250 | 6,016
' O] ook =NEE™ w 7,000 1200 8,400
Form . o M? 8,155 . 210 o 1,713
Reinforcement - . t | 1,127 14,000 15,778
Timber & Scaffolding M3 13,179 © 180 2,372
Excavation & Filting M3 8,253 2200 ¢ 1816
Cast-in-Place Pile : Mo 972 20,000 19,440
SUB-TOTAL (2) - ' ' 55535
Temporary Works (3) : : Lump Sum o : ' 59;360 _
TOTAL (4) mE@Q+®»| . 224,992
Overhead (5) @+ 35% - | 78,747
GRAND TOTAL (4) +(5) : ' 303,739
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Table 511 CONSTRUCTION COST OF CABLE STAYED CONCRETE GIRDER (2= 320 m} ALT. {3)-3

Iiemn Unit Quantities . Eﬁ%{%) (IR%EE}{}ES') -
Superstructure:— _
" Conerete ock= KT | W 5,550 - 1,350 6,938
~ock = ‘5%{;"“2 M 750 1,150 863
Form | ome 21,060 210 4,423
Reinforcement 1t 555 14,000 7,770
P. C. Rod t 333 48,000 15,084
 Cable . B ¢ 600 110,000 66,000
“Shoe t g 45,000 180
Expansion Joint ' M 14.5 17000 | .- 247
Erection Equipment Lump Sum I 15,400
N Timbering 1 Lump Sum 1 _ 10,350
Pavement Carriageway M? 4,420 110 486
Pedestrianway M.2 1,872 - .110 206
Concrete M 405 1200 486
Handrail M 1,040 2,800 2912
Gu_ard Rail M - 400 -
Lighting Bach 18 32,000 576
SUB-TOTAL (1) 132,821
Substructure:— ) _
Concrete .Uck= %‘%%5 M3 5,500 1250 - 6,875
ock= S| M 2,000 1,200 9,600
Form : oM 9,320 210 1957
Reinforcement o ' t 1288 14,000 18,032
Timer & Scaffolding - M3 13,179 - 180 2,372
Excavation & Filling - : M3 13,400 220 12948°
Cast-in-Place Pile ' m 900 20,000 18,000
SUB-TOTAL(2) 59,784
‘ Temporéry_Works (3) Lump Sum 57,000
TOTAL (4) (DHDH3) 249 605
Overhead (5) (4) x 35% 87,356'2 '
GRAND TOTAL (4) +(5) 336,967
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Table 5--12 CONSTRUCTION COST OF CABLE STAYED'CONCRETE GIRDER (£=210m) ALT. (3}

_ Ttem , Unit * Quantity (I%glt‘g) (I(ﬁgiﬁ?‘g‘)
Superstructure:— _ ' '
Concrete ack = ag M 4,600 1,350 5,750
gck = KFfem’ M3 - 1,150 -
" Form - M? - 18,400 2100 3864
Reinforcement | t 470 14,000 6,580
P.C. Rod . ¢ 265 48,000 | 12,720
Cable . t 260 110,000 28,600
“Shoe t 6 45,000 270
Expansion Joint o M 29 17,000 493
- Erection Equipment Lump Sum 1 : 15,400
Timbering _ - Lump Sum | | 3,000
Pavement ‘Carriageway M? 3,570 110 393
Pedestrianway | M? 1,680 110 185
Concrete ‘M3 395 1,200 474
Hardrail ' M 860 2,800 2,408
Guard Rail M ~ 1,700 400 680
‘Lighting : Each 15 32,000 480
SUB-TOTAL (1) - 81,297
~ Substructure:— ' 7
Concrete ock :31';%?;1(;0- M3 — _ 1,250 L
N aek =o ™ 1 M3 7017 | 1200 | 8 420
Form - . M2 6,622 210 1,390
Reinforcement - ¢ 520 14,000 7,280
Timber & Scaffolding M3 7795 | 180 1,402
Excavation & Filling - o owe | 1,936 Co220 | 4gs
Castdn-Place Pile M. 1,552 30,000 | 46,560
SUB-TOTAL (2) . : 65,477
Temporary Worké ) Lump Sum 62,600
- TOTAL (4) - (DH2H(3) - ] 209,374.
Overhead (5) ' (4) x 35% . : 73,281
GRAND TOTAL (4) + (5) 282,655

~5.18 —



55 SCREENING OF ALTERNATIVES

551

Evaluation of Alternatives

(1) Economic Evaluation

(2)

All the alternatives hitherto éxamined seem to have no huge discrepancy
among them economically. Hdw_ever, the stéel bridges of alternative (1)
and (2) are economically inferior fo the alternatives of the concrete bridge
in terms of total coSting including_maintenance cost: Further, among the
variant ‘of atternative (3), namely alternative (3)—1 to (3)—3, two alter-
natives (3)-2 and (3)—3 should also be eliminated on the economic reason.

TFechnical Evaluation

The steel and concrete bridges have their respective technical merits and
demerits.

a)

b)

c)

d)

e)

For the steel bridges, a major portion of the structure has to be imported
from abroad. On the other hand, the concrete bridges can make use of
the availéble local materials, namely cement, aggregates, reinforcement
for their construction.

The steel bridges require a large sum of maintenance cost for regularly
repainting the surfaces of the steel members. -

In this 1'e'sp_ect, the truss bridge which has a large surfacc area would
requires a bipger cost of repainting than the cablesstayed steel bridge.
The coricrete bridges. are less burdensome on maintenance. The steel
cables employed in-the cableistayed concrete girder bridge are inserted
in the tubes with their inner gaps grouted with mortar and hence are
well protected {rom any corrosion by the elemeiits.

Since the steel bridges are prefabricated and brought in from abroad
while the concrete bridges need- to be constructed on sité_, the latter
would need z longer work term, however, provide more and longer
employment for the local construction industry.

Further evaluation of each type of bridge is as follows:

The steel truss and concrete girder bridge with cantilever constriiction
are p__bpular, Tequiring no hig'h technology in design and construction. On
the other hand, the cable-stayed concrete girder bridge and the cable-
stayed girder bridge composed of many compliéated structures, réquiring
comparatively higher technology in design and construc'tion.r Meoreover,
verification of aerodynamic stability for these bridges is essential.

The pier-positioning case (3) and (4) both have their pier foundation
located at position with water depth of more than 30 meters. This
would therefore requires higher construction technique. Case (2) has
its pier foundation at water of 28 meters deep while Case (1) has its
pier-foundation located at very shallow water, 16 meters in depth. The
latter would require no more than simple construction technique. In
fact, it can be constructed using the landing stage.

~5.19 -



5.5.2 Selection

The many analysis contained in this feasibility study points to the high
feasibility of the cable-stayed concrete girder bridge with a central span

of

a)

b)

c)

250 meters in Iength i.e. alternative (3)--1, Further reasonings are:

With_out any specific ec_onomic merits, the altcrnative (4) and (5) with
their ‘pier-foundations at water of great depth should be preferably
avoided.

Firstly, the construction workability: of foundations- at the deep water
as in bridge alternafive (4) and (5) seems to be inferior to that of foun-
dations at the shallower water. That is, the reliability of workmanship
and easiness to overcome some trouble which may be encountered dur-
ing the construction should be less expected as the depth of water
increases.

During the _bo_rb-hole tests along the proposed route, the two logs sunk to
investigate the scabed conditions were compelled to be bored at a posi-
tion with water less than 15 meters in depth because of the limited
capability of the contractor: Since al_térnativé (4) and (5) have their piers
located very far from  these bore-holes, any unexpected'inferiority in

_seabed bearing conditions would pose great construction difficulties and

raise its construction cost.”

Secondly, the extra long outstanding piles of foundation at these deep
waters might have to be enlarged if the horizontal forces i.e. seismic -
force, wind force and brake force assumed in the actual future design are
greater than these used in this study. This enlargement of piles founda-
tion would definitely add to the construction cost.

For a long center span as 'p'rop'os'ed in‘tl_le"p‘ier~p_0'siti0ning case (1) and
- (2), the cable-stayed concrete girder bridge is more economical than the

concrete girder bridge, In fact, the construction cost for alternative
(3)—1 is the minimum as shown in the alternative analysis.

This alternative (3)—1 has a wide underclearance, with ample rooms for
the passige of ships both recreational and commercial. Moreover, the
profile of his alternatlvc is also compatlble to the surroundmg natural
features.

~5.20 -



6 . PRELIMINARY ROAD ENGINEERING
6.1 GENERAL : |

The three alternative routes namely route A, route B and route C have been
analysed and thénce alternative route B is selected. In this section, a more
detailed study of route B’s horizontal and vertical alignment, its intersection
with the existing road and the pavement design is carried out. Based on the
design criteria, ‘the result of the various field surveys that include sounding
survey, topographic survey "an.cl subsurface investigation and sufficient re-
connaissance survey, the breiiminai‘y road engineering is carried out to the
scales shown on Table 61 below: '

Table 6--1 SCALE USED IN DESIGN

 ltems - Scalé i Remarks
Plan | 1:500 | Survey Map
Road “Profile 1 H=1:500 o
Design | - V=1 :200 Survey Map
"Cross-Section 1:200 Survey Map
Typical Cross-Section ] 1:100 -
Intersection Design B 1:500 Survey Map

The drawings of the preliminary road eng-ine.ering are compiled in the Pre-
liminary Engineering Plans.

6.2 ALIGNMENT

The horizontal alignment is planned on the basis of the alternative route B
alignment. -

The starﬁng point and the ending point of the proposed road are the statidn'
No. 0+0.00 and station No. 41+16,770 respectively and the total proposed
road length is 4,116 meters.

6.2.1 Horizontal Alignn‘ient

The location procedures of the alignment are as follows:

a) The alignment of the proposed route is located using a mosaic map thh
1:4000 scale.

b) The alignment examined depends on the results of the conducted sound-
ing survey. '

¢) The alighment is re-located on the basis of the mosaic m’ép with scale
1:2500.

d) On the iriroje-_c‘t si.tc, the arfaugembnt between the alignment on the map
" and actual site is carried out by highway engineer and the final alignment
is arrived.

— 8,1 ~



e) Plain table survey is carried o'u't'alo'ng' the final a'Iignment. .

Main considerations for the route location are as follows and the final align-
ment is illustrated in Fig. 6—1: : :

a) Part “A” in Fig. 6—1, this area will be expected to develop into a resi-
dential area in the future. Therefore the alipnment should if possible
avoid passing tinough it.

by Part “B” in Flg 6—1, thls area is also expected to develop into a resi-
dential area but from the viewpoint of the electric power line and Kilifi
creek condition for the bridge, the al1gnment cannot be avoid passing
through it.

¢) Part “C” in Fig. 6--1,-this area is classified as the existing residential
area. The alighment is decided taking into account the conditions at the
Kilifi creek such as the depth and width of the creek, preservation of the
éilvirbnm611t and non-disruption of the community.

d)' On the Kilifi side, there exists a development plan prepared by the
Ministry of Urban Development and Housing Physical Planning Depart-
ment. The proposed bridge site for this project corresponds with the
bridge site shown in the development plan and for this reason, the
alignment is decided on the basis of this development plan,

6.2.2 Vertical Alignment

1)

@

Basic Consideration

The follomng main aspects are conmdered in this project when dermng the
vertical alignment.

a) Existing ground fevel,

b) Navigation clearance, and
¢} Depth of the bridge structure (mam glrder)

Case Study

With the above basic concerns, two cascs, namely case “A” and case “B”
as shown in Fig. 6—2 are considered.

a) Case “A”

Case “A” prdposeé a bridge with a crest at the centre and its sides follow- -
ing as closely aspossible to the existing ground level,

b) Case “B”

Case “B” proposes a_bridge with a fixed gradient all along its length.
Therefore, high embankments are requiréd on both sides of the bridge.

The ma'in reasons for adopting Case “A” in this project are as follows:

a) Case “A’ is obviously more economical (,ostwme than Case “B” because
its construction: involves a ]ower abutment struetures and embankment _
than Case “B”.

6.2



3)

b) Generally spcaking, the centre of a Iqug span bfidge appears to be bent
and this appearance is often not agreable to the eye. To overcome this
problem,. a crest is introduced at _the centre of the bridge in Case “A”.

Longitudinal Grade

. The decision on the Idn_git'udinal grade to be used is made on the basis of

such considerations as the vertical alignment, condition of the cxisting
ground level, the aesthetics of the bridge and economic aspects.

—6.3—
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6.3 CROSS-SECTION

6.3.1

Basic Considerations .

(1)

(2)

(3

(4)

(5)

Basic Standards Used:

- The standard cross-section is determined on the basic of the guidelines as

given.in the “Road De:sign' Manual — Par(=1 (Geometric Design of Rural
Roads)”, with some elements modified. :

Number of Lanes.

It is e'xpec'ted that the future traffic volume on the K_ilifi bl'idge will swell to
7,831 (p.c.u.) V/D in the year 2010. Howevei, the calculated traffic capacity
of a two(2) lane road lies between 10,000 (p.c.u.j V/D and 15,000 (p.c.u.)

V/D while that of a four (4) lane road lies between 40,000 (p.c.u) V/D and
150,000 (p.c.u.) V/D. With such understandings as the expected future traffic

volume, the future land use and devclopment plans a two {2) lane road is
recommended for this project.

Lane Width

The lane width is d'ete_rmined' on the basis of the composition of traffic, the
function of the road and the future traffic vo_iume. The results of the traffic

counting survey shown that the medium trucks, the heavy trucks and the

buses, together accounted for approximately 38.6 per cent of the total

traffic. This percentage is very high when compared to vehicle composition

of traffic on other roads and as such a wider lane width is recommended.

The *“Road Design Ma_nttal” has established lane widths of 3.00 meters,

3.25 meters and 3.50 meters. The above factots necessitate a lane width of
3.5 meters (Type 11) for this project.

Shoulder Type

The function of a shoulder is as described'in: the “Road Design Manual™
prepared by the Ministry of Works, In general, there are two different types
of shoulders, hard and soft. Most’ of the roads in Kenya have soft shoulders. -
The road inventory survey, indicates that B—8 route in Kilifi has also soft
shoulder. The. traffic lanes and the shoulders of these roads are at different
levels due to the wearing of the latter by heavy rains and other reasons. Such

‘a situation is very dangerous for the road users. For this reason, hard shoul-

ders are recommended

Shoulder Width

The project road passes'through'tlle urban area of Kilifi town. ' The shoulder
width should therefore be determined bearmg in mind the parking problems
and emergency stops. Taking the width of a’ passenger car is between 1.7 m
and 1.9 m. As the necessary lateral elearance a 2.50 m shoulder width is
adopted.
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(6)

(N

(®)

I’edestuan Way

The maxnnum daily mlmber of pedestrians crossing from. Kllifl to Mnarani
and vice versa are 235 persons and 342 persons respectively. The average
pedestrians for 12 hours are 134 persons and 202 persons respectively.

The sstablishment of a pedesman way be required in the urban areas of
Kilifi and Mnarani. Taking into consideration the width of a person, the
horizontal clearance for the hanged: baggages of the persons and mixed
transportation, i.e. persons and bicycles, a 2.0 meter width for the pedest-
rian way on both sides are established.

Embankiment Slope

The slope of the embankment is determined on the basis of the height of
the embankment. With reference to the Road Design Manual of the Ministry
of Transport and Communications (M.O.T.C.), the embankment slope is
decided.

The height of the embankments of the road is less than 3 meters and for this
reason, an embankment slope of 1:2.0 is adopted.

Road Reserves (Right of Way Width)

A road reserve width of 60 meters is adopted due to the folIowmg
reasons: )

a) The MOTC’s design manual, requires a road reserve width of 40 m or
60 m.

b) At this point, the percentage of land acquisition costs within the pro-
ject cost is very low, so the desirable road reserve width is manageable.

¢} To preserve the good environment along the Kilifi creek.

6 3.2 Typical Cross-seciion

(1)

2)

Road Cross-section

Thie determination of the road cross-section is based on the consideration of
the Tuture landuse and results of the reconnaissance survey. The cross-section
so determined is shown in Fig. 6-3. Cross-section type A and type B and
adopted to the urban and suburban area respectively.

Bridge Crosssection

According to the standard cross-section type BR-2 given. in the *Road

' DeSign Manual”, the carriageway width is 7.5 meters (¥0.25 m + 7.0 m +

*0.25 m) (*is the width of the shoulder) but an 8.50 meter wide carriageway

-'brldge due'to the following reasons:

a) Per cuntage of heavy, truq_ks is _ingh
b) A high running speed is expected on the Kilifi bridge.

- 6.7 -



Cross-Saction Type “A” | m

3,60 2.50

’ ) . S 2.50% I ’
20 o e 7

o . “2p

WSS P ZIZ‘SK\‘_ “\/,7 W[ N ;—ﬁ
P: ~— R.O.W 60,00 m -

m
14.00

Cross-Section Type “B”
1.00 12/00 1.90

250 3.50 | 3.50 2.50

) 260% 2.40%
o ;
-\'.‘l'

.‘eo
!
R.O.W 60.00 m

12.50

Cross-Section Type “C* _
L 00 8.50 2.00

' I 075 3.50| 3.50 0i75

[l I 2.80% 2501

Location of Type

Te: MOMBASA

TO: MALIND

).

TYPE B TYPE A TYPEG| - . TYPE A

Fig.6—3 CROSS-SECTION TYPE

68—



6.4 PAVEMENT DESIGN

6.4.1

6.4.2

6.4.3

6.4.4

The pavement materials and pavement design is carricd out on the basis of
the “Road Design Manual (Materials and Pavement Design for New Road)”
which was prepared by M.O.T.C. ' '

Traffic Class

The cumulative number of the standard axles is cstimatéd at 20.3 million
on the basis of the projected future traffic volume, According to the classifi-
cation, the traffic in this'study can be classified as class T2 but on account of
thé project }ife and maintenance a class T1 has been adopted.

Climate

The mean annual rainfall around the Kilifi area is between 1,100 mm and
1,200 mum and according to the classification the area may be considered
wet,

Subgrade -

The soil in the study area is classified on the basis of the results of the
material survey including soil testing of the embankment mateial. The de-
tailed matérial survey is described in the soil technical report. According to
the result of the material survey, the S3 soil class is'adopted for tilis'stud}'.

Pavement Structure

The pavement structure consists of the surfacing base course and sub base
course.

(1) Surfacing

There are¢ several types of surfacing but in practice, two types of the asphalt
concrete pavements namely type I and type II are the most suitable and
cover virtually all the need of this country. Asphalt concrete type [ in this
study is adopted on the requirement of the road design manual prepared by
M.OTC.

(2) Base Course

Considering the future traffic volume, the cumulative number of standard
axles and the condition of the subgrade, the dense bitumen macadam
method is recommended.

{3} Sttb;hﬁse Course

With the knowledge of the soil 'conditiohs of the project site, fl_,iture traffic
volume and the cumulative number of standard axles, a graded crushed
stone type of sub-base course is recommended.
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6.5
6.5.1

(4) Pavement Struutur(,

On_ the basis of the recommended pavement materials and in accordance
with the requirements of the M.O.T.C.’s Road Design Manual, the measurec-

- ment of each course of the pavement is determined, as shown in Fig. 64

with a Standard Pavement Structure Type 12, $-3 and T—1 for the Sub-
base coursc, base course and surfacing respectively.

77/////// (Surfacing) ’7//////////////1
C:%:> e C)CjEE?C)‘CDQ)E%;C3<:>{:)

% Qg SO0 OC)QC:]

C)(Base Course) Dense Bitument Macadam
QQD @QO@O
Q QDO
ODO%D%QQDDSDD

O {Sub-Base Course} Graded Crushed Stone

150mm |50mm

47 5mm

8
O
Of
0
O

Fig. 64 MEASUREMENT OF PAVEMENT STRUCTURE

INTERSECTION DESIGN

" Basic Considerations

The project road is to serve dual functions that is an arterial for both the
short distance trips made by the inhabitants within the study area and the
long distance trips. The intersection design should therefore considered the
traffic flows, traffic accidents and accessibility of the inhabitants. The basic .

- guidelines for the intersection design are as follows.

a) To conform to the existing road network
by To avoid interupting the traffic flow

¢) “To decrease the traffic accidents

"d) To ensure a good accessibili'ty for the inhabitants

e) To conform to the existing ground condition

6.5.2 Type of Intersection

Tlle_{yp_é of intersection réquired depends much on the class of the existing
road with which the project road intersects. As shown in Table 6—2, if the
project road intersects with a local road, for example, gradeseparated inter-
section -design is not necessary. The reconnaissance survey reveals that the
intersected existing roads are but local roads. This finding hence leads to
the adoption of at-grade intersection design. '

~6.10 —



Table 62 TYPE OF INTERSECTION

Intersection of Project Road fre-— gﬂﬁ;ﬂf .imerssfg‘:‘tiﬁg; d Seg;fa(it?on ‘Remarks
to Prima'r.y' Distributor X N X O
to District Distributor % O X
to Local and Access Road O X X

O — to establish intersections

Note:
X - not to establish inteysections
6.5.3 intersection Interval

For the determination of intersection interval, factors such as stopping dis-
tance, (Iesagn speed, deceleration distance, reaction time distance need to be
mrefully wclghed In a case where the design speed is 100 km/h, a reaction
time of 10 sec. with a deceleration speed of 0.2 g, an intersection interval
of 475 m is generally said to be sufficient, As this project is likened to
the above case, intersections arc planned at an interval of 500 m.

6.5.4 Description of !ntersectlon

Having considered all the’ necessqu factors, and intersection interval, de31gn
‘for each intersection is detcrmmed The location and the. conceptlonai traffic
flow pattern of each intersections are lllustr'ited in Fig. 6--5.

a)

b)

da)

“A” and “E” Intersections

The projéct road is connected to the existing B--8 road at points “A”
and “E” by a T-type atgrade intersection.

“B’* Intersection

Intersection “B” has five (5) legs.. Ih a S5-egs intersection, it is very
difficult to control the traffic flow, as the intersection has been original-
ly planned to be a 4—1egs.ihterscbt_i'on. There are two existing roads across
the prbposed route along the “B” intersection. To prepare the {wo inter-
section at the each txisting'lodds may be occured interrupted traffic

- flow on the proposed road. So, “B” intersection is connected to the one

existing road. The connection between the existing road and the other
existing road is planned by frontage road that is constructed parallel
in the proposed road.

“C” Intersection _
“C* intersection is planned as a normal 4 legs intersection,
*D* Intersection

The difference in level bétwee_n the proposed road and the existing road
is about 3.0 meters, (‘onveniently this intersection may be planncd as
a grade separated intersection. However, having concerns for the service
of the Kilifi township, at-grade intersection in this area is much pre-
ferred.
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- Therefore, the intersection is shifted about 100 meters to the north
from the originally planned location.

6.6 RESTING AREAS

The study arca is endowed with a good environment with flush greenery,
and a great view of the sea. Some resting areas are deemed appropriate and
would be an invaluable asset.

The resting areas are pldnned at the Kilifi side on both road side consider-
ing the environmental aspects. The general drawing of the resting areas are
illustrated in the Preliminary Engincering Plans.
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7. PRELIMINARY BRIDGE DESIGN

7.1 INTRODUCTION

In this chapter, a more detaited study is qarrie(l out on the des'ign of a cable
stayed bridge with the central span of 250 m and a total length of 420 m
which is proposed as the result of the alternative bridge study. In accordance
with the latter study, the foundation for the abutments at both end of the
bridge is of the direct spread foundation design, but for the main towers the
reinforced - concrete pile foundation is emploved. These foundations piles
are made of cast-in-place concrete that fills the holes bored by the reverse
circulation method.

7.2 POSITIONING OF PIERS AND ABUTMENTS
7.2.1 Positioning of Piers

Considering the results of the topographic survey and the subsurface investi-
‘gation, some adjustments on the positioning of the piers and abutments are
made The following factors are considered,;

a) The ple1s shall be so located that the depths of water at both piers w111
take nearly equal valucs.

b.') The .piers shall be so located as to avoid the steep slope of the seabed,

¢) In the seabed beneath the surface layer of a loose silty sand layer there
exists a dense silty sand layer which is expected to bear foundations.
There are no spemﬁc geological faults at which the p051t10mng of foun-
dations should avoid.

The position of piers in this study is as follows,

‘Mnarani side ' Station No. 23 + 24
Kilifi side .. Station No. 25+ 74 m

. The pier on Mnarani side is located on a generous slope of about 10 degree,
however, the pier on Kilifi side is located inevitably on a comparatively
steep slope of about 35 degree. The profile and subsurface condition of the
seabed around the piers are shown in Fig. 7—1.

7.2.2 Positioning of Abutments
The poSition of abutments is determined following the below considerations,

a) The abutments shali be so located that the height of the abutments
would take less than 12 m aud the height of the embankments would
take less than-10.m.

b) _The abutments shall be so Iocated as to av01d the slope at the water edge
which is covered w;th aweathered !aym

¢). The abutments shall be so located as to make the superstructure sym-
metric.

The position of abutments in this study‘is as foIlowS.

Mnaraniside Station No. 22 + 39 m
Kilifi side ‘ Statlon No. 26+ 59m

The profile and the subsurface condition of seabed around the abutments

are shown in Fig. 7-2.
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73 SUPERSTRUCTURE DESIGN
7.3.1 Design Criteria

The study of the superstructure which will be carried out hereafter is in
accordance with the following design criteria.

() Dimension

a) Design of bridge _:. Cabie stayed prestressed corncrete
_ girder '
b) Length of bridge 1 420m
: _ _ (St. No. 22439 m ~ St. No. 26+59 m)
¢} Length of spans : 85m+250m+85m
d) Width of bridge (Refer to Fig. 7-4)
Total width : 12.5m
Width of carriageway : 85m
Width of sidewalk D 2%x20m .
e) Horizo?nffal road alignment . Straight
" f)  Angle of bridge : : Rectangular (90°)
g) Heaa'cléérance '
Carriageway ' . 5.25 m above the top of the road
' surface :
Sidewalk : 2.50 m above the top of the road
' surface

Fig. 7-4 WIDTH OF BRIDGE (Unit: m)

(2) Design Loads
a} De_ad i_oad

The unitw'eig‘hts as given in Table 7-1 are used in computing the dead
foad. However, any actual weight shall be used if it is known,
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Tabie 7--1 - UNIT WEIGHTS OF MATERIALS
Material Unit weight
Steel, Cas.t steel a-nd .Forged steel 7850 kg/m?
Cast iron ' 7250
Alminum atloys 2800
Reinforced concrete and Prestressed concrete 2500
Plain concrete 2350
Cement mortar 2150
Timber 800
Crushed Stone (Under Sidewalk) 1960
Asphalt pavement 2300

b) Live load

The live load shall consist of the. moving load of trucks (the T-loadings
and the L-loadings), and the sidewalk loading.

“The design loading for the main bridge and other structures shall be in

accordance with the “Specifications for Highway Bridges” by the Japan
Road Association to carry TL-20 Loading. A simple comparison of this
TL-20 Loading with HA and HB Loading in B.S. is carried in Appendix.

Live load for slabs and floor systems

Slabs and floor systems shall be designed for the foflowmg live loads:

:i) On the carriageway, the T—loadmgs shown in Table 7—-2 and Fig. 7--5

shall ‘be placed. In the longitudinal direction of a bridge, generally
only one T-loading shall be placed, and_'in' the transverse direction,
_arbitary number of T-loadings shall be placed so as to produce the
maximum stress in the member to be designed.

Tabie 7—2 T-LOADINGS

Class of . Gross Weight of a We.ig'l.'\t ofa | Weight of a | Weight of a Length of contact
bridge Loading weight front wheel | rear whecl | front wheel | rear wheel ?lrl?rgg gsa”f};gleo“ .
Wton) 0.1W(kg) | 0.4W (kp) b, {cm) b, (cm) a (cm)
Ist T-20 20 2,000 8,000 125 50 20

?OOcm clearance

|

275cm elearance

I

1

\
i}

uu‘ )_] !
"'ék‘ : 175

100 400 L. 200

o0 AW—04 W3

- u¥

jl'ﬂ -0.1% jc’: E :‘:‘:
ﬁ[ —d 04w il i =]
sl i T

Fig. 7-6  T-LOADINGS
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trapsverse direction

ii) On sidewalks, an uniform live load of 500 kilograms per square meter
of sidewalk area shall be applied.

Live load for main girders

The main girders shall be designed for the foilowmg live loads:

i) On the carriageway, the L-loadings, consist of the line load, P, and
the uniform load, p, defined as “main loads” in Table 7—3, shafl be
placed on the area up to 5.5 meters in width of the roadway, while
P/2 and p/2, defined as “sub-loads” in Table 7--3, shall be placed
on the remaining area of the roadway, as illustrated in Fig. 76,
so as to produce the maximum stress in the member to be designed.

Table 7-3 L-LOADINGS

Classof | . Main loads (up to 5.5 meters in'width) | Sub-loads
bridge Loading | Lineload [ Uniform load, p (kg/m?)
' Pk < ’ : .
Ckefim) 1280 L>80 50% of main
It L20 5000 350 | 430-p [loods
but not less
than 300
where, L = span leng.th.in ineters
line load, P )
unitorm 10ad, p @ @ _. .. & _
| P i
HHHIHHHHH i Hpﬁl i
a N // // line load
gy § \ . p
® \ \ M /2 . p/2
& ////// //ﬂ uniforn load

transverse direction

———n

longitudinal direction

" Fig.7-6  L-LOADINGS
ii) On sidewalks, a uniform live load given in Table 7—4 shall be applied.

Table 7-4 UNIFORM LOAD FOR SIDEWALKS

N '_"Spah_len:g'th, L(m) "

L< 80

80 <L <130

L>130

 Uniform loads (kg/m?)

350

430-L

300
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¢) Impact

Live load stresses shall be increased for impact effects, but irﬁpact shatl
not be applied to the sidewalk loadings.

The impact fraction for the prestressed concrete bridge shall be deter-
mined by the following formulae.

, - 20

For T-Loading, I=%57T1
' 10

For L-Loading, L=557T

where, . 1= Impact fraction :
L= Loaded length for the member under consideration

d) Longltud;nal lo1d

A longitudinal load of 70 ¢t resuitmg flom tractlon or braking of vehicles
shall -be applied at the roqd suiface and parallel to the delecuon of the
carriageway.

e} Wind load

The wind load shall be a horizontally moving load which impacts most
severely on the structure: The design wird gust speed which causes the
wind load shall be 30 m/fsec. The ground is described in Appendix 1.

£y Effect of temperature

The range of the cffective br1dge temperature shall be +5°C and the
effective temperature difference within the superstructures shall be 5°C.
The co-efficient of lmear expansion of concrete is taken to be 10x107%
and that of stayed cables 12x1078

Note 1) The values of the range of effective bridge temperature and
the temperature difference are determined in accordance
with the specific_ations for Highway Bridge by Japan Road
Associatien using the data recorded at three stations in Malindi,
Kilifi and Mombasa More detail is described in Appendlx 1.

g) Effect of earthquake

| Little earthquake is expected in thlS region, and the effect of edrthquake
on this bridge _delsgn is small_. Therefore, in this study, the verification on
the effect of earthquake is omitted,

(3) Material and Allowablé Stress

a) Cenc_re_t_e {For the main girder and tower) .

Nominal design strength " ock= 350 kg/cm?
Aliowable compressive stréngth ‘oca= 125 Kgfem?
Modulus of elasticity - Ec=3.25 x 10% kg/cm?
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b) Reinforcement

Table 7-5 REINFORCEMENT

- Allowable

e D oeiia | Modulus of | Similar
Standard | . Yield Point Elasticity Tensile Stress Standard
JISG3112 | >30kg/mm? | 2.1 x 10°kg/om?| 1,800kgfem?| BS 4461
5D30 cold worked
high yield
) Prestressing bar
Table 7-6 PRESTRESSING BAR
- . . o T Modulus of Allowabl L .
._.Stgnti.grd Yield Point | Tensile Strength | Ié)la;ltil::?t; - Tensii“;t reess* Similar Standard
JIS G3109 ' s . g DU
SBPD 95,110 > 95 kgfmm®| >110 kg/mm?® | 2.0x 10%kgfcm? 66.0 kg/mm?|  BS 4486
- Prestressing Bars
JISG3109 . 2] - 2 | 6 2| ' 2| BS 4486
SBPR 95/120 >95 kgfinm?| >1 20 kg/min? 20 X 1.0. kefem 71.2 kgfmm Prestressing Bars

* for permanent design loads

d) Cable
Table 7-7 CABLE
' o Nominal size Tensile Bearing
S_tandard Slgn of Strand Strength Stress *
JIS G3536 SWPR 7A Com;iig]’;r-lwires >>165 kgfmm?® | >140 kg/mm?

* The stress for 0.2% permanent elongation

7.3.2. Skeleton

(1) Cable Arrangeﬁlent '

a) Multi-cable design

A mu!ti&able dééign for the cable stayed concrete girder is selected.

Tilel'm'ﬁ_]ti?ca.b_lc design _has many cables which are stretched between
the tower and main girder and are arranged with relatively small inter-
mediate supporting points. This design is recommendable for such a
bridge that has a 1'elatively long span and must be constructed by canti-
levering method. .

The reasons are as follows.

Firstly, after the compietion of bridge construction, because the main
girder is sustained by many cables; the bending moment that acts on
the main girder is very small. '
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b)

. (.:)_

On the other hand, during the constr'uction‘stagc, the main girder is

cantilevered and sustained by cables stretched from the tower, and the
length of cantilevered girder outside the supported point is very short,
Thus the bending moment of the main girder during the construction

- is.smaller than that after the completion,

Because of the small size of bending moment, the main girder can be
very shallow in depth and accordingly can have very small dead weight,

Secondly, because the main girder is sustained by many cables with
different lengths and oscillation frequencies, the oscillation character-

- istic and the aerodynamic stability of the structure are remarkably

improved,

Harp-shaped pattern

Usually, there are two manness to conneét the cables to the_'tower, one
is to connect the cables concentrating them at the top of the tower,
and the other is to connect them aiong'the upper portion of the tower
at suitable intervals.

The former is usually called the radlatmg pattern and the latter is called
the harp-shaped pattern. -

In 'this study, the harp-shaped pattern is. selected on the basis of the
following reasons,

Firstly, in the case of the radiating pattern, the concentrated cables at
the top of the 'tower make the detail of the anchoraged complicated.

Secondly, in the case of the 1adlat1ng pattem all the cables must be
connected after the completlon of the tower. In the case of the harp-
shaped pattern, because the tower can be constructed simultaneously
with main girder, the efficiency of the work is superior to that of the
radiating pattern. '

Intervals of cables

Usually, the intervals of points which the cables are -connected on the
girder are so determined that the length between the points of connec-
tion has equal or doubling length of the block constructed in each shift
of the cantilever carriage. In this study, the length of a block constlucted
at each shift of the cantilever carriage is assumed to be 5.0 m, and the

“connecting points are placed at intervals of 10 m. . The connecting points

of cables to the top of the tower is placed at intervals of 4.0 m. This is
determined to be as short as possible keeping the space for anchorages.
The number of cables stletched toward the central span and the flank-
ing span is eleven ea_f.h

Cable planes

Generally, there are two kinds of cable plane arrangement in the cable
stayed girder bridge, single plane and double planes,

In this study, the single plane-arrangement is eleminated on the basis of
the following reasons,

- 7.10 —



(2)

(3)

. Firstly, the cable stayed girder bridge having: the cables at'a'éingle plane
is inferior to that of the double planes in terms of aerodynamic stability.

Secondly, in the cable stayed girder bridge having the cables at a single
plane, the plane of cables is located at the center of the carriageway and
this divides the carriageway into two,

This would spoil the profitable employment of the 1oad space in such a
relatively narrow bridge as this design.

in the cable stayed girder bridge having double planes, there are two "
ways of positioning the cable planes. (Refer to Fig. 7—7) One is to have
the cabie planes located at the far edges of the sidewalk and the other is
to locate them between the sidewalk and the carriageway. The former is
adopted in this study becausc the latter has the following demerits.

Cable Cable

Case (A)
(adopted)

Cable Cable - '
! !‘[li @ - Case (B)
\ K

Fig. 7-7 POSITIONING OF CABLE PLANES

Firstiy, the narrow room between cables would put a visual pressure
upon the dirvers. '

Secondly, to protect the cables from any car’ collision and walkers’
mischief, a guardrail and a handrail would be necessary, and accord-
ingly a wider bridge floor is required. This increases the bridge cost.

Tower Height

Generally, a cable works more efficiently if the angle between the cable
and the main girder is placed at a wider angle, However, the cables placed at
wider angles are always not cost -savers, because of the longer cables and
higher towers.

Some llterature concerning this matter show that from ‘the econonnc v1ew
point the ratio the height of the tower to the length of the central span
should be taken as 1:4. Tn other words the top cable of forestay should be
placed nearly at an angle of 25° to the main girder.

In this study, the height of tower above the road surface is determined to be
60.75 m. The ratio of the height of the tower to the central span is 1:4.1

and the angle of top cable in the central span is placed at 27°,

Mechanical Configuration

Fig. 7--8' shows the various mechanical configurations which are usually
employed. '

~7.11 -
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These are classified into three groups, i.e. A, B and C from thé__;\."iew poin!_: :
of the connection between the tower and the main girder. Further, each
group except group A is devided into two fmm the view point of the con-
tinuity of the main glrdel

n group A, the tower wh_ich stand's hp.o_n the f_dtinda_tion -and ‘the main
girder are monolithically built- and rigidly connected. In group B and C,
the tower which stands up on the foundation is separated from the main
girder, o :

In this study, the mechamca! conﬁgurahon of group A is adopted on the
basis of the following reasons.

~ Firstly, this mechanical configuration needs no bearing shoes which must
sustain the large quantity of reaction and accordingly saves the bridge
construction cost. :

Secondly, during the -early stage of construction of the main girder, it is
cantilevered out toward the central span and the flanking span simulta-
neously, balancing each other. In this stage of con'stluution the fact that the
main girder-is being connected rigidly with the tower makes the construction
easy, safe and economical.’

As the main girder is connected rlgldly with the tower in-this design, a hinge
is required at the centre of the central span to release the expansion and
shrinkage caused by the temperature change,

This hingé brakes the continuity of the main girder, reduces the comforta-
bility of a running car and slightly decreases the rigidity of the main girder.

On the other hand, in this design; the scale of movement of bearings on
abutments caused by the running cars and temperature change is very
little. This makes the device against the uplift reaction at abutments simple.

7.3.3 Design_o_‘f Cables -
(1) Kind of Cable
Hithe'rto, mén_y-kinds of cable, i.e. tocked coil rope, spiral wire and parallel

wire haveé been used for cable stayed bridges with various kinds of protec-
tion 1gamst corrosion.

Each kind of cable has its merlts and demerlts evaluated frorn its st:cngth
durability and construction workability.

In this de51gn splral wire strand is adopted considering that the kind of
cable used must be a popular one and it must be protected completely

' 'agamst corrosion. Each strand has a diameter of 5. 2 mm and is composed
of seven wires each with a diameter of 3 mm. Each cabie is in turn composed
of 19 to 37 strands.

~713 -



10%4.0=40.0 |

Unit: Meter

i0x675=675

Fig. 7—9 DESIGN TENSILE STRENG_TH AND
CROSS-SECTION OF STAYED CABLE

~7.14 —

10 x 10.0=100.0 .7.5
B5.0 125.0
ki
Cable '{  Desi Number | Allowable | Cable Design | Number |Allowable
Tensile o Tensile ' Tensile, of Tensile
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(2) Propertioning of Section

The sections of cables, i.e. the number of straﬁ_:ds for ‘each cable, and the
respective design strength and working force are shownin Fig. 7-9.

(3) Anchorage

For the anchorage of cables the_ Fré_yssihet anchor which is one of the more
popular anchorages is applied. (R_gfer to Fig. 7--10})

Each 'cable cémposed of ':m'any strands is anchorcd with a steel socket.

The tower sockets of forestay cables and backstay cables at the same level
would take a pltch of 60 ¢m horizontally. :

4) Protection Against Corrosion

Each cable is inserted in a casing tube. The gap between the cable and the
tube is grouted with mortar, Usually the casing tube is made of steel or
alminum or polyethylene. This bridge is _planned' employing the polyethy-
lene tube, because it is easy to handle and it has a high resistant character-
istic agamst the corrosion itself. The thickness of the tubes is 5.5 mm. The
diameters of tubes arc varied as the diameters of cables inserted vary. (N=19
» ¢ 114mm, N=27 > ¢ 140mm, N =37 > ¢ 165mm)

Fig. 7-11 shows the typical cross-section of the cable.

Cement mortar '

Strand

Fig. 7-11 CROSS-SECTION OF CABLE

734 Design of Main Girder
(1) Conflguratlon
The cross-sectional conﬁgurat;on of the main g!rder is shown in Fig, 7-—12
As shown in the figure, the main girder has a mono-box configuration and

the web of the box form an-angle of 27° with the vertical (pitch 1:2) is due
consideration of the aerodynamlc stablhty

The depth of the maingirder is 2.40my except a protion near the tower
where the maingirder hdS a greater depth of 3. 70 m to sustain the greater
bending moment. -

—7.16 -



(2)

The top deck of the box which must carry the weight of the running cars
directly has a thickness of 35 cm and is prestréssed with P.C. rods transversly.

The web has a tluckness of 30 cm except a portlon near the tower wherc, it
has a greater thlckness of 60 cm. S

The bottom ﬂange has a thickness of 20 cm except a portion near the tower
where it has a greater thickness of 90 crn.

The room inside the box of the flanking span is filled with a lean mixture of
concrete as a counterweight.

Proportioning of Section

The bending moment of the main girder is shown in Fig. 7—13. The working
stresses and corresponding allowable stresses of the principal points of the
main girder are shown in Table 7—8. As the table shows, in most of the
sections the working stresses are stightly smaller than the allowable stress
and accordingly the proportioning of main girder is reasonable.

=717 -
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735 Design of Tower

(1) Conﬁguration

The tower is made of reinforced coner ete and the conflguratlon is shown in
Fig. 7-14.

The tower has two pillars corresponding to the cables of double p]anes.
The bottom part of the pillar is connected directly with the footing on the
foundation piles.

Two pillars are connected with thick beam which supports the main girder
and- strut against such horizontal thrust as wind force, and make up a rigid
frame.

The pillar has a square section of 2.0 m x 2.0 m at the top. This dimension
follows the space required for anchoring the cables. However, the pillar has
a greater square section of 4.0 m x 4.0 m-at the base tapering gradually to
sustain the greater bending moment and axial force.

At the corners o.f the square of each pillar smail flanges are made to hide
the sockets of the cables. '

(2) Proportioning of Section

. Table 79 shows the design fdrces acting on the cross-section B— Band C—C

of each pitlar, and the working Stlesses The arrangement of rcmforcement in
each cross-section is illustrated in Fig. 7—15.

As Table 7-9 shows the workmg stresses of the reinforcements are very small
compared with the allowable siress. This is because the reinforcements are

'so arranged in order to cover the minimuni value which the cross-sectional
“area of the member demands in avoiding any crackings due to shrmkage

of drymg concrete

- According to ‘items. in the “Specifications for Highway Bridges” by the

Japan Road Association, the minimum cross-sectional area of reinforcements
for the'concrete pil]ar is 0.8% of the cross-sectional area.

The proportloned cross-sectional area of remforcement in sectlon B—B and

C—Care 0. 96% and 0.93% respcctlvely

Tabie 7-9 DESIG_N FORCE AND WORKING STRESS OF TOWER

' o Working Stress
Sectlon Design Force Working Stress | Allowable Stress

Axial Force 3230t Concrete 68 kgfem? 125 kgfem?

B—B - — :
pending 1.792tm | Reinforcement | 102 1,800
Axial Force 4.130¢ Concrete 56 125 *

¢-C - _ ._
ﬁ?n(i;gt 3453 tm Reinforcement 56 " 1,800

-17.21 -
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7.4 SUBSTRUCTURE DESIGN
7.4.1 Design Criteria
(1} Substructure Type
Abutment (Wall-Type Aﬁutment) + (Spread Footing Foundation)

Tower  (Cast-In-Place Pile Foundation)
(2) Materials and Allowable Stress

) a) - Concrete

For Abutment and Pier

Design Strength : ock = 240 kgfem?
Allowable Compressive Unit Stress oca = 80kg/cm?
Young’s Modulus Ec=2.7 x 10° kg/cm?
For Cast-In-Place Pile :

Design Strength ock = 300 kgfcm?
Allowable Compressive Unit Stress gca = 80 kgfem?
Young’s Modulus Ec=3.0x 10° kgfcm?

b) Reinforcement
Same t0 as the standard used in the superstructure.

However, allowable tensile stress of reinforcements which are used for
underground or underwater structure shall be 1,600 kg/em? .

(3) Allowable Bearing Capacity of Foundations

a) Foundation of abutment

Allowable Bearing Capacity of Soil
Qa = 40 t/m?

Allowable Friction Force at Bottom of Footing

Fa =.—.}]— -V oou

where, Fa: Allowable Friction Force
n : Safety Factor= 1.5
u - Friction Factor= 0.6 _ .
V : Vertical Force Working at the Bottom of Footing
b} Cast-In-Place foundation
Allowable bearing capacity per pile can be represented in the .foliowing
form;
1 .
Ra="5~ Ru

2
Ru=a-¢-2¢ +Eﬁ—qd

—7.24 -~
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where, Ra: A_llowab_le bearing capacity of a pile
Ru: Ultimate bearing capacity of a pile

ra i
T n : Safety factor .

#n 1 Circular constant

¢ : Diameter of pile

¢ - : Penetrated depth of pile into the layer

¢ o Average skin friction per unit area of the surface of a pile
qd : Ultimate bearmg stress of the soil at the bottom of a pile

According to the Speczflcatlons for Higllwdy Brldges by Japan Road
Association, the valuc of n, ¢ and qd are given as follows;
=3 -
15 t/m* (Sandy soil)
300 t/m? (Sandysoil)

It

¢
qd

 7.42 Design of Abutments

As known from the results of the geotechnical investigation, on either land
side, the stiff coral lime stone which is expected to be the bedrock is en-
countered within 3 m to 5 m deep-below the ground surface.

The foundation of the abutment shall be the spread Tooting type that is
to rest on this coral lime stone layer.

The height of the abutment and th_e breadth of footfng are’ 10 m and 6 m.
These dimensions are the same on both Mnarani side and Kilifi side.

The outline of the abutment is illustrated in Fig. 7-16. -

A negative force of 25t to 429 t works from the superstructure to the
abutment. In order to use the abutment as a counter weight, the main girder
of superstructure is anchored to the abutment by twenty P.C. — strands.

The stability is chécked in the foilow.ing three cases;

Case (1) No workmg force from superstructure (Undel constructlon)
Case (2) Maximum vertical force from superstructure
Case (3) - Minimum vertical force from superstructure

Table 7—10 shows 't.he resuits of ca[culéti{)n for the stability‘ of abutment,

7.4.3 Design of Tower Foundation

(1) Diameter of Pile

The design diameter of piles shall be 2.0 m from the following reason;

The diameter generally used in the cast-in-place pile by the reverse circu-
lation drilling method is 1.0 m to 2.0 m, In the case where the diameterof
the pile is over 2.0 m, the construction cost rises radically because a special
drilling machine is needed,

—7.25 ~



(2)

(3)

(4)

For diameter of 1.0 to 2.0 m, the result of comparison indicates that the
diameter of 2.0 m is the most economical. '

Penetration Depth

" As known from the results of the geotechnical investigation, the stiff silty
sand is encountered within 2 m to 4 m below. the seabed. Although almost

of this silty sand layer is very hard and compact layer N-Value of over 60,
relatively loose layer with N-Value of approximately 25 to 40 is encountered
in25mto32m deep below MSL. At these points, the pile shall penetrate
through this loose layer to a 35 m depth below MSL.

Fig. 717 shows the relation between the soil condition and penetration
of piles. As described later, the piles are arranged in three rows in the direc-
tion of span and in"5 m distance between each pile center. At both piers on
Mnarani side and Xilifi side, the minimum penetration depth below the sea-
bed is 25 m and the maximum projecting length over the sea-bed to the
bottom of footing is 8 m.

Allowable Bearing Force per Pile
Based on the formula indicated in “Design criteria (3)—b)":

Ru = 7.¢.2.¢ +1’—ﬁ2—2qd

H

3.14x2.0x(25.0x 15.00+ % x3.14 x 2.0*> x 300.0

N 3,299 t o
Ra = % x 3,299 = 1,100t

Arrangement and Stability of Piles

Fig'. 7-18 sho.ws the arrangement of piles, and Table 7-11a se.'nse of stébi—

ity of piles.

Number of piles needed for one pier is cighteen (18). These are arranged in
three rows in the direction of span, each having six piles.

The distance between the center of cach f)i'le is.kept_ at 5 m which is 2.5

times of_flle diameter of piles to avoid the decrease of efficiency for the
bearing force per pile. :

—7.26 —



H<?108 U3 0% 281 961 ury ghs - 180% YEST'T 1 6Tp- - £
H<1£99 R T ury oz . 180% 14591 152~ z
H <1589 243 Op 1 90L w1 zsl 180p I ATAR - 1
sumoog s58iig ELENTN :
Ul . A
Jo wojlog e Sunzeg Sugreag N H ”m.HEoEEm”m:m 95E)
20103 UONOILY - | ’ Sumsiio 3 ‘ " Wwoly 9210, Suipeoy
SIqemOTY - SlqEMCTY UBIoM UT00,f JO WORO0g 18 8010, SUD[IOM  [ROTIOA
LNIWLNEY 40 ALITIGVLS HO4 NOLLYINDTYD 40 LINSIH  0L—L9deL
ANIWLNSY  gi—z 61y
00’ OO CT 00T ooﬂ 00079 00T
. | .
. _ N
\r ﬂ i
. i
: i
=
7 o 2
© 2995 T[00E 2007 e Cla
. ud T
[ r rIT . o)) (=]
> 00§ ‘=Y 8 3
g 10400V g S
ST RIS S no
\_‘ H ./ " ..6
/ | \ t [en]
lllll v ] e . <
T — 7 e L2
| . 0087T 00S
Q0L T 000°¢ 005 ¢ 0007¢ 00t’T

- 7.27 —



$371d 40 NOILVYHiISN3d n_Zd._. NOILLIONOS T0S Li—2e By

728 —

£E

TSP TR o . _ . ouﬁmg
x,w g o .
CREH ) I — E o
. x ..‘x “ .. ” ....‘. K
- — - x
£°¢ 10°S x... — L \\\Hy 0°g 1707S
pueg |¥ - : m . \\\ x puvg
.%Hﬂmm L ] [~ : x .@.ﬂm ,ﬁ
o Cx : _
— — — X P | M gy ——
: " m o
% i < r
s317d : K . .AI\\..... o & T
. b ik
N P = IN\V ek %
7 Wz il . ARCA D NS ] “ik — A
o Z ! asrea]) P ] + 7 o . Y Em@ o
s ; EENEEREN = iy =L _
bl : - X..W\ .nll....l.lh H /m \\.x,\m
(1 - TN _
- 0T0C 0L 0¥ 05 02 . . S~
o STEAN 09 DEOF0E GOt ]
g | SNEA-N
RN | N _ Ry
5 L\\\ & 4 r——
R o Sol <.
\\ﬁ,\
_ ﬂ P T el = \

/ 00 & TISK . \

gunoog jo wotog - . FUTI004 JO WoI10g




Front View . Side View

49 42 . 49

Bull G N

3.5 1.0

4.5

i 5x5.0=250 ' 12 ) 50| 50 |2
u 29.0 14.0
Plan-.
— . 29.0
2.0 25.0 2.0
e oDy N &
PP -D—b
DD D DD 3
]
P—0—0O Oo—pP— S
N s WP N N
O— OO P =
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Table 7311 STABILITY OF PILES

A% . 16,700t

Working Fores o i

. M 6,700 t.m
Max. Working Force per Pile 1,018+ (38)=1,056 1
Min. Working Force 818+ (38)= 8561
Allowable Bearing Stress of Soil 1,100 {
Horizontal Displacement at Top of Pile 1.6 mm -
Vertical Disp]acement at Top of Pile 10.3 mm

Note:  (38) indicates the weight of pile itself.

A

v
M H
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7.5 EXECUTION SCHEME

751

General

The construction procedure and construction method are illustrated in Fig.
7—19 and Fig, 7-20. '

The construction procedure can be divided into 4 stages, that is stage 1 to
stage 4.

a) .Stage 1

This involves primarily the preparation of working equipment and the
construction of temporary structures,

b) Stage 2

This stage covers the construction of abutments and tower piers..

¢) Stage 3

‘The main girders, the main tower and the cables are constructed in this
stage. '

However, parts of the main girder namely, those near the abutments
and the midspan cannot be constructed by the cantilever carriage at this
stage.

The main construction equipment such as the tower crane and the canti-
lever carriage are removed at the end of this stage.

d)' Stage 4

The last stage consists of connecting the central section and the end
section of the main girder, the adjustinent of the stress in the cable.
The main work of the construction would be completed. All equipment
and temporary structures are finally removed.

7.5.2 Temporary Work

(1) Facility for Concrete Work

The essential facility for concrete work is to be located on Mnarani side

‘considering the case of transporting the necessary coustruction equipment

from Mombasa.

A batcher plant, a simple crusher, a sieving machine are to be established on
the site. -

The batcher plant would have a capacity of'50 m?® per hour, determined by
taking an average of 50 ¢m depth of the footing concrete a day.

Unsalinate water fof' the concrete work is to be _taken from a well which is
established in stage 1. The water tank would have a capacity of about
100 m3. '
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‘able Crane
—wBar ewl.andin ta @___7Mf Stage 1
...____,____m"',’/
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' A ii} Pier Supporting E Stage 2
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Stage 3
: -~.- B : A\ e Stage 4
2...._ o Seaffolding Wﬁg | |
-.-u..u"i,%g — .
Scaffolding < Scaffolding

Fig, 7—-20 CONSTRUCTION METHOD
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The aggregate for the concrete can be transported from the following two

areas:
a) Coarse aggregate : Chasimba Rock Quarry
b)Y Fine aggregate : Tiboni Sand and Sabaki River Sand

(2) Cable Crane.

The cable crane is to be established for the purpose ‘of transferring the con-
struction material such as concrete, reinforcement scaffolding and P.C.
bar, '

A cable crane with a length of about 500 m and a height of about 50 m and
a capacity of § ton would be established. .

(3} Temporary Landing Stage
The temporary landing stages are essential for the construction of the piers.

The iandmg stage would have a length of 70 m on \rlnaram side and 48 m on
thfl side,

H-shaped steel with a size of 400 x 400 mm is used for the supporting col-
ums. The girder for the platform would be made with prefabricated steel
deck,

A pile length of 5 m under the seabed is requiféd taking into account the
load of the truck crai'_xe (60 ton).

The typical cross-section of the Ianding stage is illustrated is the Drawing.

The supporting pile for the landing stage would be constructed by vibration
hammer where the water is relatively shallow. While of the water is relatively
deep, it would be constructed by the vibration hammer too aftér the holes
for the pile are excavated by auger machme

7.5.3 Construction of Tower

(1) Piles for Foundations

Rotary type boring equipment is used for the construction of the founda-
tion piles. In the wateér, the piles are protected from water by the 2.2 m
diameter steel casing pipe.

The casing pipe is driven ‘by the vibro-hammer to a depth of 2~ 3 m below
the seabed. A guide jacket which is fixed to _t'hé supporting piles of the .
landing stage is ‘established to reduce any horizontal shake during the con-
struction of the casing pipe.

Bentnite water would be used for the protection of the boring hole.

The pile must be constructed at over 25 m under the seabed which is com-
posed of a hard layer of compact sand with N value of over 60.

—~7.34 -
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The excavation speed for the construction of the pile is estimated at about
0.5 ~ 0.6 m per hour. Subsequently, the working hours for the boring of
one pile is estimated at about 48 hours.

The concrete work for the piles of the Mnarani side would be carried out by
concrete backets mounted on trucks running on the landing stage. On the
otherhand, the Kilifi side would be carried out by a combination of cable
crane and grand hopper mounted on the barge. A 15 m® per hour working
capacity is required. A conceptional working plan for the construction of
the piles is illustrated in Fig. 7—21.

(2) Footing

The bottom scaffolding for the footing is hunged from the temporary lat-
ticed gi‘r_ders which are connected to the top of the piles that have already
being established.

The pre-cast concrete plates are used as the scaffolding for the lateral faces
of the footing.

A conceptional wdrking plan for the construction of the footing is illustrated
in Fig. 7-22. :

o 1
Iy /'!

s g Bottom Form
( (

\Ii—350x350 H-150x150
' | T —f- ,Bottom Form

Iili!l}lll.

Hl

=TI

]

NI I TTATT

=

T TETITETET

T1 11l

Cast-In-Place Piles

Fig. 7-22 BOTTOM SCAFFOLDING FOR FOOTING

754 Construction of Superstructure
(1) Main Girder |
After the construction of the tower legs, the first block of the main girder
is built. '
A comparatively largé cantilever carriage (350 t capacity, block length of
5 m) is employed for the construction of the main girder.
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(2)

As the cable interval on the main girder is about 10 m wide following the
construction of the two (2) blocks, the cahle is stretched and connected.

The main tower is extended upward gradually stage by stage so is the main
girder.

A conceptional working plan for the main girder and the cantilever carriage
are illustrated in F_ig. 7-23 and Fig. 724 respectively.
e

ER' Climbing Form

B
Cantilever o % y
Carrage - ™~ N Cantilever Carrage g=
- Q
‘L, / N o
5 . N
om [5m [Sm Sm|5m [5m
Center
Section .
Completed ' Completed
Work ) Work

Fig. 7-23 CONCEPTIONAL WORKING PLAN OF
* MAIN GIRDER

. Two cantilever carriage equtpment are erected on both the tower of Kilifi

and Mnarani sides. The main towers and main girders are constructed simul-
taneously :

L!ftmg and the ass‘.embhng of the cantilever carrmges are carried out with
climbing tower crane which is located on the footing of the pier.

The assembling of the cantilever car:‘iage structure needs a period of 15 days.

The concréte volume placéd.by the cable and tower crane with every shift
of the cantilever carriage is about 40 m*.

The time needed for the coiicrete pi:acing by fhe cantilever carriage and the
stretching of the cable are 10 and 5 days ‘respectively. It follows that the
cycle time of the block between the cables'i‘;QS days.

The concrete for the end sections of the main girder, Lach with a length of
2.25 m near the abutment and a central section, 6.5 m long at the mldspan
is placed and supported with suspended scaffolding without a cantilever
carriage. ' '

Main Tower

The construction of a high structure such as the main tower for the cable
stayed bridge, the slip form method or climbing form method are generally

- 7.37 —
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: ' I Jack
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Fig. 7—24 ° CONCEPTIONAL PLAN OF CANTILEVER CARRIAGE
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(3)

recommended on account of their economic merit and safety,

In the..slip' form me'tll_édi'the'forlh s_lides continuously, while in the climb-

ing form method it shifts in stages each with a length of a block (2 ~ 4 m).

The'c]imbing_'form is adopted in this project.

The main. tow‘ef consists o‘f number 18 blocks each with a length of 3.5 m.
The concrete volume of .a block is about 50 m? and the construction petiod
of a block is 10 days.

Cab]e

The order of the construction of the cables is as follows:

a)

b)

c) E

_ posmon

d)

..B)

g)

h)

The sockets for anchoring the cables are installed first, on the tower and
the main girder.

Polyethylenc tubes for covering the cable:, are welded on th\, bridge
ﬂoor at the required length

ach of these polyethy]ene tube is lifted subsequently to its desued

A strand is inserted i 1n the tube, and stretched toward the lowex end by a

“ winch to minimize its sag

All the remamder strands are inserted mto the tube from the tower side
by using the pushing machine. '

The cable is tensioned in a prescribed force and anchored,

After the construction of all the members of the bridge including the
filling of the gaps of the main girder, the tensile forces of all the cables |
are adjusted.

The gap between the strands and the tube is grouted with cement mortar,

739~
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8 . ESTIMATION OF PROJECT COST

8.1

GEMNERAL

The project cost is calculated on the basis of the same frameworks as in the
Interim Report which was conducted in Aug. 1983. (Feacibility study on
Kilifi Bridge Construction Project; Interim Report).

The project cost presented in this report is expressed in July, 1983 prices,
and price contingencies such as domestic infiation, inflation in countries
of likely foreign suppliers, sectoral price trends and project impact on local
prices are not considered.

8.1.1 Cost Estimation Method

The cost estimation process is shown in Fig. 8--1.

8.1.2 Conditions

a) The prOJect cost is presenied in Kenya Shillings (K.Shs.)

b) The project cost estimate is carried out based on Ist J uly 1983 prices.

c) 'Thc exchange rate of the US dollar is 13.06 K.Shs, at this pomt.

d) The"project cost is divided into foreign currency and local currency.

¢) All imported construction cquiprﬁent and materials are duty free.

8.1.3 Basic Cost

The basic cost consists of:

a) The cost of labour

b) The equipment and material for construction

"¢) Other necessary items.

8.1.4 Construction Cost

The components of the construction cost are as follows:

a) Basic cost
b) Overhead cost

¢) Profit of contractor

- d) ‘Tax.

8.15 Foreign Currency

The components‘ Of the foreign currency are as follows:

a) Costs of 1mported eqmpment and materials such as steel products and
others (CIF prlce) '

b) A portion of the material cost for cement asphalt and fuel.

c) A portion of labour cost,
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FLOW OF COST ESTIMATION PROCESS
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d) A portion of the de_taile_d engineering and supervision service fees.

e) A portion of the overhead, profit and contingency.

8.16 i.ocal Currency
The components of the local currency are as follows:
a) Purchase Cost of domestic products such as crushed stone, sand paint
etc.
b) Transport cost in Kenya.
¢} A portion of the material cost for cement, asphalt and fuel.
d} A portion of labour cost. _
¢) A portion of the detailed engineering and supervision service fees.
f) A portion of the overhead, profit and contingency.
g} Cost of land acquisition and coi‘npensation.
) Tax. 7 .

8.2 UNIT COST ANALYSIS

The unit cost analysis is studied for the main construction work items on
the basis of the Analysis of Contract Rates, 1980 and the other related
data. However, unit cost for items such as bored cast-in-place poncréte pile,
erection “of superstructure and others, are individually decided by each
particular estimation with reference to comparable domestlc and foreign
constructions.

The basic guidelines for the imit cost analysis are as follows:

a) Construction materialé_ available in this country. -

b) Market prices of the construciton materials and eqyibmcnt.
¢) Labour cost, power and capa_bility in this country.

d) Construction efficiency and capacity in this country.

e) Construction experience in this country.

Bearing the above guidelines in mind, the unit cost analysis is carried out,

8.2.1 Components of Unit Cost
The unit cost itself is also divided into two componenis, i.e. foreign and
local currency.

8.2.2 Cost of Constriiction Materials and Equipment

The cost of major construction materials,“which are produced in this country,
is derived after discussion with the related offices and a referénce to the
pricelists of private companies. The market price list of the major domestic
materials is shown in Table 8—1.

‘8.3‘"



“The cost of construction materials and equipment, which are not produced
in this country, is referred to the foreign market prices. The cost list of the
foreign products is shown in Table 82,

8.2.3 lLabour Cost

The labour cost is estimated on the basis of the collgctcd data. The cost

list of labour is shown in Table 83,

Table 8-1 MARKET PRICE OF MAJOR DOMESTIC MATERIALS

, | (In K.Shs.)
Material . Description Unit|Market Price| Remarks
Sand M| 58
Crushed Stone Crusher Dust » 31
' 147 93
1/27,3/47,17,2" » 97
Limestone ” 350 delivered Kilifi
Stone Boulders 6” x9” » 701 .
Cement Standard T 1,143 1,648 K.Shs./m?
' Portland » 1,213 1,749 K.8hs./m?
Sulphate Resisitng » | 12 85/30 1,853 K.Shs./m®
Gas/Qil Gas_olené L 7/50 | Regular
Diesotine > siso|
Engine Oil ” 21/50 | Regular
 Congerete Block 140mm x 190 x 390 No 5475
240mm x 190 x 390 » 8/97
Timber 150mm x 25 Cedar M 6/42
— do — ‘Cypress » 5/80
—do~  Hardwood » 23/84
_ 300mm % 500mm —do — | * 95/35
Paint Plastic Emulsion _ L 114/2G | ex Factory
Enamel Paint 71/60 | —do —
Cut-back Bitumen | Grade MC30 » ~4/10 | delivered Kilifi
Grade 800/1400 ” 5/30 | — do —
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Table 82 CGST OF FOREIGN PRODUCTS (CIF PRICE)

(In K.Shs.)
ftem " Class . " Unit Cost Remarks
Steel Deformed Bar JIS G3112 SD30 T - 4,150
H-Shape JIS G3101 8841 T 6,200
JIS G3106 SM50Y T 6,900
Plate J1S G3101.5841 T 6,300
- JIS G3106 SM50Y T 7,000
P.C. Rod JIS G3109 SBPR 95/120 | ' T 17,600 -
P.C. Cable J1S G3536 SWPR 7A T 18,700
Shoe Cast Steel T 47,000
‘Gum Pad t =70 mm M 20,000
Expansion foint Rubber A= 150 mm M 16,500
Guard Rail Steel M 268
Handrail Alumi. h=12m M. _ 2,400
Lighting (Na. Lamp) ‘Steel Pole h=10m No. 11,000 -
‘ ' o Alumi. Pole h=10m No. 27,000
Traffic Sign Alumi.,  A=2m? "No. 18,000
. o ' ' : Depreciation rate
Cone Crusher 45 kw No. 1,145,000 200 x 10¢/Hour
Asphalt Plant 30t/h 101 kW No. . 2,390,000 370 x 107 ¢ /Hour
' Concrete Piant S50m¥%h 74 kW No. | 2,845000 | 299x107¢/Hour
R.C. Drill $30m  35KW No. 1,222,000 | 400 x 10 /Hour
Vibro Hammer 60 kW No. 474,000 | 474x10 % Hour
150 kW No. 1,216,000 | 545 x 107¢/Hour
Earth Auger 22 kW No. © 291,000 445 x 10" % /Hour
Compresser 5m’ 52 PS No. 159,000 2,500 x 10”8 /Day
10.5m® 105 PS " No. 308,000 | 2,500 x 107 /Day
Cement Silo 100t No 729,000 | 775 x 10 %/Day
Cii_rning 'I'dwcr Crane 45PS '100tm h=96m No. 2,732,000 1,227 x 107 % /Day
Muddy Water Tank 30 m? No. 111,000 | 1,778 % 107 %/Day
Deck Barge 500 ¢ No. 1,486,000 1,0'67 X l'O;GIDay
Canfilever Carriage 350 tm .83t No. 2,276,000 1,510 x 107 %/Day
Vibrator 606 1.2kW No. $,400 | 3,889 x 10 /Day
Winch 35 kW _ No. 105,000 3,i87 x lOmﬁjDay
Roof, Floor & Others for Cantilever Carriage No. 226,000
Dywidag Jack 70t No: 46,500
_ 50t No. 39,600
Elec. Pump for D.J. No. 39,500
Freyssinet Jack 56 Type No. 98,400 -
Elec. Pump for F.J. LEP Type No, 50,100
Bar Bender ' ' No. 49,100
Grout Mixer No. 21,800
Grout Pump No. 48,300
Dynamometer 100 t. No. " 44,800
Three-Wing Bit 204 24m No. 57,300
Concrete Backet 1.5 m? No, :39.800
Welder 500 A No, 168,000

Note: ‘Refer to Table §—4 for the pur_chasé price of other equwmenfs.
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Table 8--3 LABOUR COST

(In X.Shs. at 1983 Price)

Item | Unit cost per 8 hours at day .
1. General Labourer 45.5
2. Steel Bender and Fixer 68
3. Mason 68
4, ‘Truck Driver 68
5. Operator - 100
6. Foreman - : - .. 100

8.2.4 Hourly Rate of Construction Equipment

To estimate the unit cost of the main working items of the bridge and ap-

proach road, it is necessary to know the costs which ‘are involved in the use

of construction equipment. For this reason the hourly or dayly rates of the

construction equipment are calculated, including the operators and its
~ helpers wages. This result is shown in Table 8—4 for schedule of dayworks.

8.25 Result of Unit Cost Analysis

The result of unit cost analysis is shown in Table 8—5 and 8-6. This unit
cost consists of base cost, overhead, profits of contractor and tax,
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Table 8-5 UNIT COST FOR BRIDGE

Works

(In K.Shs.)
: ] ) Unit Cost -
Item Subfitem Clgss Unit FC. LC. Total
Main Girder Concrete ook =350 kgfem? M3 880 820 1,700
0Ok =210kglom? | M? 700 750 1,450
Form Steel M? 230 55 285
P.C. Rod SBPD 95/100 T 59,000 6,500 65,500
: _ SBPR 95/120
% P.C. Cable SWPR 7A T 100,000 11,000 111,000
_ % Reinforcemient | SD30 T 12,500 1,800 14,300
£ |shoe Gum Pad 700 x 800 x 20 No. 13,800 1,200 15,000
% P.C. Cable SWPR 7A T 100,000 11,000{ 111,000
[ . .
5 Hinge Cast Steel T 97,000 8,000 105,000
2 Timbering Girder Crib Type M2 200 50 250
Hanging Type ' Mo. 12,900 1,100 14,000
Stayed Cable P.C. Cable SWPR 7A TV 133,000 _13,000 146,000
Erection & — - Lump | 14,500,000 1,700,000 16,200-,000
Equipment Sum - .
Tower Concrete O = 350 kg/cm? M3 880 820 1,700
N 0oy =240 kgfem? M° 710 780 1,550
% Form Steel M? 255 60 " 315
i Reinforcement j SD30 T 12,500 1,800 14,300
Z |Timbering - Bracket Type Lump 230,000 20,000 250,000
2 . Sum _ ] N
Erection & — - Lump | 4,900,000 { . 600,000] 5,500,000
Equipment Sum - o -
. |Abutment& | Concrete oy =240 kgfem® | M? 770 780 1,550
5 |Footing ck _ .
T Form | Steel M? 290 . 80 370
fg Reinforcement | SD30 T. 12,500 1,800 14,300
8 Excavating & |Soil M3 245 55 300
*E"Ié _ Filling _ | 7 _ |
27 \pile | Gastiin-Place R.CD.$2.0m M 41,000 ' 8,000 49,000
(é:;s;%imf’iace Conerete |0y =240 kgfem® M 770 780 1,550
Form Stecl M? 235 55 290
. Reinforcement | SD30 T 12,500 1,800 14,300
E Pavement Carriageway . Asphaltt = 50 mm M2 102 80 182
%;, Concrete 0 = 210 kgfem® | M 700 750 1,450
"§ | Pedestrianway | Asphalt t=30 mm M? 73 59 132
Z Crush Stone - m? 30 140 170
§ Kerb Concrete - M 20 80 100
é Handrail Alumi, H=12m M 3,100 700 3,800 .
Drain Cast Iron - No. 1,850 150 2,000
Lighting Alumi.Pole |[H=10m No, .~ 35,000 8,000 - 43,000
 |Expansion Joint| Rubber M 21,000 3,006| - 24,000
Temporary & Other - - E’J"?‘p 66,100,000 | 13,900,000 | 80,000,000
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Table 86 UNIT COST FOR APPROACH ROAD

(In K.Shs )
Item Sub-Item Class Unit - Unit Cost .
. . . F.C. LC. Total
" Site Clearance Common Field Ha 8,220 2,180 10,400
Dense Bush - ta 11470 | - 3,030 14,500
Demolish House No. 380 110 490
__F.ence M 15 4 19
Strip Fop Soil ~ Common t=02m M3 20 5 25
Disposal Common 10 km M3 23 7 30
Excavation Soil Class 2 M? 28 8- 36
Embankment Soil Class 2 M? " 55 14 69
Slope Protection | -~ . | Grass M? 2 8 10
Diainage Earth Drain 05mx05m M 20 5 25
_ Pipe Culvert # 600 m M 250 350 600
Pavement Carriageway t =475 mm M? 151 199 350
Shoulder t =300 mm M? 108 92 200
Pedestrianway | t = 50 mm M? 41 59 100
Over Lay 't =50 mm M? 78 62 140
Facility Kerb Concrete M 19 81 100
Guard Rail Steel M 342 58 400
‘Lane Marking | W =15 cm M 5 20 25
Traffic Sign 2 m? Alumi. No. 22,900 2,100 25,000
Lighting H=10m No. | 14,200 1,800 16,000
Access Road Asphali Pave- | W=50m M 200 1,100 2,000
o ment h
| Soil W=40m M. 90 110 200
Removal Telephone Line - Jump 12.5',000 | 35,000 160,000
: _ - Sum
Power Line Low Voltage M 50 80 130
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8.3 CONSTRUCTION QUANTITIES ESTIMATE

8.3.1

Generat

The construction quantities arc divided into two working packages the

bridge and the approach road.

The bridge construction quantities-are estimated based on the preliminary
design that has looked into the structural analysis, design of main section,
scheme of construction and others. The approach road ‘construction quan-
tities are estimated based on the pretiminary design which was demgned on
a map scale 1:500. The map was drawn up for this study.

8.3.2 Construction Quantities

The constmctlon quantities for the bridge and the approach road are shown
in Table 8—7 and 8—8.

8.4 CONSTRUCTION-COST ESTIMATE

8.4.1

Bridge Construction Cost

The bridge construction cost is esti_mated employing the ‘above mentioned
unit cost and quantities. . :

This cost consists of five parts namely superStructUre works, tower works,
abutment and foundation works, surface and facility works and temporary
and. other works. The bridge construction cost is shown in Table 8-9.

8.4.2 Approach Road Construction Cost

The approach road construction cost is shown in Table 8—10.

This cost includes costs for earthwork, pavement, drainage, facilities and
access roads.

—8.12 -



Table8—7 BRIDGE CONSTRUCTION QUANTITIES

Class

Item Sub-Item _ _ Unit ©Quantity
Main Girder Concrete O = 350kg/em® | M 4042
0 =210 kgfem? M? 1,838
Form Stecl M? 13,908
P.C. Rod SBPD 95/100 T 171
- SBPR 95/120
B P.C. Cable SWPR 7A T 62
?‘3 Reinforcement 5D30 T 405
g‘ Shoe Gum Pad 700x 800x 70 No. 4
% P.C. Cable SWPR 7A T 0.9
:f,“)‘ Hinge Cast Steel T 4
” Timbering Girder Crib Type M3 400
Hanging Type No. 1
Stayed Céble P.C. Cable SWPR 7A T 254
Erection & Equipmenf - - Lump 1
S Sum
Tower Concrete O =350 kg,.'cn’f2 M3 1,623
" O = 240 kgfem M 1,440
% Form Steel M? 4,018
i Reinforcement D30 T 331
_ E Timbering - - LSuuTnp 1
Erection & Equipment — — Lump 1
. Sum
&1 Abutment & Footing Concrete O, =240 kgfem?® M3 4,116
§ 3 | Form Steel M? 2,278
qé ,5 Reinforc'emen_t SP30 T ) 336
g Eé' Dxcavating & Filling | Soit M 2,872
© Pile Cast-in-Place Pile R.C.D. ¢2.0 m M 1,188
Cast-in-Place Kerb Concrete o =240 kgfem? M? 137
Form Steel M? 683
Reinforcement SD30 T 6
% Pavement Carriageway Asphalt t = 50 mm M? 3,570
?\ _Concrete ' o, =210 kg/.v:m1 M? 95
% Pedestrianway Asphatt t = 30 mm . M? 1,512
‘:;*’ Crush Stone - M? 390
§ Kerb Concrete - M 840
% | Handrail Alumi. H=12m M 840
@ Drain Cast Iron - No. 44
Lighting Alumi, Pole H=10m No. 15
) Expansion Joint Rubber - M 37.5
Temporary & Other Works - - lgﬂ]{g 1
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Table 8--8 APPROACH ROAD QUANTITIES

Item Sub-Item Class Unit Quantity

Site Clearance Commion Field - ‘Ha 170

Dense Bush - Ha 515
Demolish House - No. 37
Fence — M _1,070
Strip Top Soil Comtion t=02m M? 14,885
Disposal Common 10km M3 14,885
Excavation Soil Class 2 M3 660
Bmbankmient Soil Class 2 M3 87,417
Slope Protection - Grass M? 19,810
Drainage Earth Drain 05mx05m M 7,392
' - Pipe Culvert §5600 mm M 343
Pavement Carrfageway © =475 mm M? 29,389
Shoulder t =300 mm - M 16,262
Pedestﬁanway t = 50 mm M? 10,120
Over Lay t=50 mm M? 1,300
Facility Kerb Concrete M 7,392
Guard Rail Steel M 352
L:;.ne Marking W=15cm M 7,392
Traffic Sign 2m?® Alumi. No. 2
- Lighting H=10m No. 30
Access Rﬁad Asphalt Pavement W=50m- M 110
| Soil W=40m M 300
Removal Telephone Line - M- 500
Power Line Low Vbltage M 760
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Table 89

BRIDGE CONSTRUCTION COST

(In 1,000 K.Shs.)

- Item Sub-ftem Class F.C. L.C. Total
Main Girder Concrete Oy =350 kgfem® | 3,557 3,314 6,871
Gox = 210kgfem?® | 1,287 1,378 2,665
Form Steel 3,199 765 3,964
P.C. Raod SBPD 95/100 10,089 1,112 11,201
SBPR 95/120
% P.C. Cablc SWPR 7A 6,200. 682 6,882
% Reinforcement | SD30 5,063 729 5,792
% Shee Gum Pad 700 x 800 x 70 35 5 60
B P.C. Cable SWPR 7A 90 10 100
E& Hinge Cast Steel 3188 32 420
v Timbering Girder Crib Type 80 20 l'(]_D
Hanging Type 1 3 1 14
Stayed Cable P.C. Cable SWPR 7A 33,782 3,302 37,084
Eg‘iﬁgﬁ{‘eﬁ‘t - - 14,500 - 1,709 : 19,20’9
Tower Concrete Og =350 kg/em® 1,428 1,331 2,159
P O, =240kgfem? | 1,109 1,123 2,232
& . .
L Form Steel 1,024 241 1,265
§ Reinforcement SD3Q 4,137 596 4,733 .
& | Timbering — Bracket Type 230 20 250
Eflﬁggﬂaﬁ - T | 4,900 600 5,500
P éggttg;‘lgnt & Con.cre.te O =240 kgfcm? 3,169 3,210 6,379
85 Form Steel 661 182 843
g E Reinforcement | SD30 4,200 605 4,805
ég | Igﬁﬁz;lvgatmg & Soil 704 .158 862
& | Pite gﬁzt-in-Place RCD.¢2.0m 48,708 9,504 58,212
Cast-in-Place Kerb | Concrete oy =240 kgfem? 105 107 212
Form Steel 161 38 193
v Reinforcement | SD30 75 i1 86
% Pavement - Carriageway Asphalt t=50mm 364 286 650
i‘ Concrete ' 0y = 210 kgfcm? 67 71 138
;g Pedest’rianway Asphailt t =30 mm 110 89 199
g Crush Stone - 12 55 67
E Kerb | Concrete - 7 67 84
5 | Handrail | Atumi. H=12m 2,604 588 3,192
Drain Cast Iron - 81 7 .88
Lighting Alumi. Pole H= !0 in 525 i20 645
-Expansion joint Rubber 788 12 200
Temporary & Other Works - - 66,100 13,900 80,000
Total 219,582 46,071 265,653
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Table 8—-10 APPROACH ROAD CONSTRUCTION COST

(In 1,000 K.Shs)

Item _Sub-Iterﬁ Ciass F.C. L.C. Total
Site Clearance Common Field — 14 4 18
Dense Bush — 66 17 83
Demolish House - 14 4 18
Fence. - 16 20
Strip Top Soil Common - t=02m 298 74 372
Disposal Common 10 km 342 104 446
Excavation Seil Class 2 18 5 23
Embankment Soil Class 2 4,808 1,224 6,032
Slope Protection — Grass 40 158 198
Drainlage Earth Drain 05mx0.5m 148 37 185
Pipe Culvert #600 mm 86 120 206
Pavement Carriage Way t =475 mm 4,438 5,848 10,286
Shoulder £ =300 mm 1,756 1,496 3,252
Pedesanway | t=50mm 415 597 | 1,012
Over Lay t =50 mm 101 81 182
Facility Kerb Concrete 140 599 739
Guard Rail Steel 120 21 141
' Lane Marking | W=15cm 37 148 185

Teaffic Sign 2m? Alumi. 46 4 50
Lighting H=10m 426 54 480
Access Road Asphalt Pavement | W=50m 99 121 220
Soit ‘W=40m 27 33’ 60
Reimoval | Telephone Line - 1253 35 160
Power Line Low Voltagé 38 - 61 99
Total 13,618 10,849 24 467
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85 LAND ACQUISITION COST AND COMPENSATION

8.5.1.

Land Acquisition Cost

(D General

(2)

3)

The land parcels which need to be acquired for the construction of the
proposed road are of the following categories;

a)
b)
c)
d)

Private land area
Creek and shore area
Government reservation land area

Existing road arca

The existing road between its junction point with the propoed road and the
ferry jetty is not necessary as a trunk road, after the completion of the new
road. However, it will remain as a local road for the residents. Therefore,
the proceeds from sale of existing road land is not calculated.

Unit Cost of Land Acquisition

a)

Private Land Area

The unit cost of private land acquisition is aiso examined in the same

_ matter as the unit cost of construction, after discussions with the

_b_)

agencies concerned. The unit cost of private land acquisition is estimated
at 12 K.Shs. per square meter.

Creck and Shore Area

The land value of the shore (above high water level) land that is utilised
as workable ground with fi_shing ground, etc., is always considered to
have some value. However, it is found that the shore arca in Kilifi
creek is too small to be of any use at high tide, and the space that is

needed for the bridge is very small. Therefore, land acquisition cost

need not be considered.

The land in the creek (below high water level) is usually assumed to be
of lower value than that on the land. In this study, no land value is
estimated for the land in the creek.

Government Reservation Land Area

For the land which has been already reserved for the new crossing, the
land acquisition cost is not included in the calculation.

Land Acquisition Cost

It is leaned that the road area of Kilifi sidé has been alreédy' reserved by
the government. Accordingly, the road area of Mnarani side must be ac-
quired for the project, and this amounts to an area of 134,340 m?.

—-8.17 -



Land acquisition cost is obtained from the unit cost multipled by the road
area as follows:

Unit Cost Road Area Land Acquisition Cost
12 K.Shs./m® x 134340m? = 1,612,000 K.Shs
8.56.2 Compensation
{1y General

A topographic survey is carried out and a map of 1:5_(_)0 is drawn. The
number of houses affected along the approach road of Kilifi Bridge are
counted on this map.

2y Com pensa.t'ion

The unit cost of cmﬁpensat_ion is estimated at 10,000 K.Shs. per unit and
amount of compensation is estimated as follows:

Unit Cost Number of Houses Compensétiou
10,000K.8hs  x 37 = 370,000 K.Shs.

8.6 PROJECT COST ESTIMATE
(1) Project Cost

The -project cost is calculated on the basis of the financial cost which in-
cludes construction cost, engineering fee, land acquisition cost, compensa-
tion and contingency,

Th"e' engineering fee is est'_imated at 12%_0f the éonstrtiction cost, and the
‘contingency is expected at 10% of the sub-total which consists of the con-
struction cost, engineering fee, land acquisition cost and compensation.

The pljoject.cost is as shown in Table 8—11. In this table, the price con-

tingencies in the investment are not considered.

Table8—11 PROJECT COST
(In 1,000 K.Shs.)

e Currency FC. | LC T.C..

Bridge 219,582 | 46,071 | 265,653

- Approich Road 13,618 | 10,849 | 24,467
C'onstmctim_i Cost 233,200 56,920 290,120 _

Engineering Fee 27 ,351 1 6963 34,814

Land Aquisition - 1,612 1,612

Compensation — 370 -370

Sub-Total | 261,051 | 65,865 | 326916

Contingency 26,105 | 6,587 32,692

Total 287,156 | 72,452 | 359,608

Note: 1) The project cost is expressed in July 1983 prices.'
2) The price contingency is not considered.
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(2) Project Cost by Year

The detailed construction schedule has already been examined in the previous
section. "The result of which, together with the main working construction
schedule are shown in Table 8—12.

The project cost is subdivided in accordance with the above construction
schedule as shown in Table 8--13.

Table 8—12 CONSTRUCTION SCHEDULE

Working ltem ' 1984 1985 | 1986| 1987 1988 | 1989
En'gir_l'eéring and Evaluation ' _ .
Land Acquisition and Compensation h
Temporary & Other Works q [~ ] =
Foundations P :
P,
. . . A, -]
Bridge Abutments
A, ql
P, -
Towers - :
P, q
Superstructure _#
Surface and Facilities ' : -
' | Approach Roads ' _ ' oy : F
Roads .
Access Roads h
Table 8313 PROJECT COST BY YEAR :
{Unit: 1,000 K.Shs,, 1983 price)
- 1984 1985 1986 1987 . 19838 1989
Bridee | T1C 219,582 0 0 | 33,050 | 49880 | 86,370| 50,282
% L/C 46,071 0 0 6,950 | 11,617 17,670 | 9,834
Approach | F/C 13,618 o ] 0] 8995 0| 4,623
- Road | LfC 10,849 0. 0 0] 7130 0] 3719
I F/C | 233,200} 0 0 33,050 58,875 86,3701 54,905
gggtstﬁtlction L/C | 56,920 0 0 6,950 | 18,747 | 17,670 13,553
T 1290120 -0 ¢ | 40,000} 77,622 | 104,040 ] 68,458
Fngincering | F/C | 27,851 4,642 | 9,284 3482 [ 2,481 3,481 3,481
Fec _ L/C 6,9631 1,160 | 2,323 870 870 870 870
Land Acquisi- FiC 0 0 0 0 0 0 0
tion . L/C 1,612 0 0 1,612 0 0 0
Compensation FiC .0 0 -0 . 0 0 0 0
LiC 370 0 0 370 1] 0 0
Contingency F/C | 26,105| 464 928 | 3,653 | 6,236 | 8985) 53839
L/C 6,587 116 232 980 1,962 1,854 1,443
F{C | 287,156 5,106 {10,212 40,185 | 68,592 | 98,836 | 64,225
Total Lic | 72452( 1276 .| 2,535 | 10782 |. 21,579 | 20,394 | 15866
T 359,608] 6,382 12,767 50,967 90,171 119,230 | 860,091

Ff{C: Foreign Portion  LfC: Local Portion T: Total
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