ANNEX. 1.4 (1)

Y £ S T S
THE MINUTES OF DISCUSSIONS ON
| THE ‘BASIC DESIGN STUDY ON
THE PROJECT FOR RECONSTRUCTING
THE BEPOSO BRIDGE IN
THE REPUBLIC OF
: GHANA

' ' In response to the request of the Government of the :
Republic of Ghana, the Government:of Japan ‘decided to conduct
a basic design study on the PrOJect for reconstructlng the |
Beposo Bridge (hereinafter referred to as "The Project"),. and
entrusted the study to the Japan Internatlonal Cooperation
Agency’ (hereinafter referred to as "JICA").  JICA sent the
Basic Design Study Team headed by Mr. Masahiko MURASATQ, -
Head of Structural Engineering Section,. Nagoya Construction-
Bureau of Japan Highway Public Corporation, ‘to carry out the
study from September 24 to October 23, 1988.

The Japanese Team had a series of dlSCUSSLODE on the
Project with the officials concerned of Ghana, and conducted
the field survey at the Project 51te. :

Both parties agreed to recommend to their respect1ve :
Government authorities that the major points of understanding ‘
reached between them, attached herewith, should be examlned '
towards the realization of the Progect.

October 11, 1988.

AT EA

Masahiko MURASATO

g Chlef Dlrector

ACE

- Leader
Basic Design StUdY Team Internat10na1 Economlc Relatlons
JICA pivision
' ' ' Ministry of Flnance and Economlc
Plannlngw .
Witnessf

HOAyﬁ” AOricief -
Chief Executive 'ijvui?
Ghana Highway Authorlty :
Mlnlstry of Roads and nghways
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| , ANNEX 1.4 (2)
ATTACHMENT

Objective of the Project

The objective of the Project is to reconstruct the Beposo

"Bridge'close'to-the existing old bridge i
- smoothen and improve the . ge 1n order to

Route 1 which is a part of the Trans West African Highway.

safety of the traffic flow on the

Implementing Body

' Ghana Highway Authority of the Ministry of Roads and nigh-

ways is responsible for the implementation of the Project.

. Cpnsgruétibn-Site of the Pfojéct

‘The construction site of the Project is downstream side of

the existing bridge located at Beposo over the Pra River,

- on’ the Route 1 as shown in ANNEX I.

Outline of the Project

(1) New Beposo Bridge: :
about 100m

Length L _ :
- Width of carriage way = . | ¢ 2 % 3.75m
._,Eﬁfective width of pedestrian way ¢ 2.x l.5m

{2) Approach Road: - tentatively about 1200m (total length

' of both sides including some improvement work. of
‘existing roads), which will be finalized after the
completion of basic design.

The Cévérnmént of the Repubiic of Ghana'ﬁill take the nece~
gsary measures lisgted in ANNEX II on condition that the

Grant Aid by the Government of Japan is extended to the
Project.

;BOﬁh.si&es_confirmed that the Japanese Study Team explained

the Japanese Grant Aid Programme and the Ghana side under-

'JICA will cohduct~phaSé IT study in order to proceed with the

bridge design after analysing the data obtained 4in this study.
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ﬁeCeSsary:measuresfto be ta
of Ghana. - ‘

1.

ANNEX 1.4 (4)

ANNEX 17

ken by the Government of the'Republic

and provide enough space for such construction as temporary:
offices, working area, Btockyard and other utilities prior

-to- the commencement of construction.

To demolish all existing buildings inside the Project site
and clear the site prior to the commencement of construc-
tion. IR ' ' T
TO'ensqre_tht;the rivé; area necessafy forjconstruction
of the facilitiés be freely accessible.. ' :

Tb:pfOVidgﬁinfqrmation_about necessary facilities fOr the
construction such as electricity, water supply, telephone
and other incidental facilities up to the project site.

T?;ensure prompfjunloaqing; customs clearance at'pdrté.of
disembarkation and, duties, taxes and levies exemption in
Ghana of the goods purchased under the Grant Aid.

. TO ensure free internal movement of the goods imported

under the Grant Aid handled by the contractor.

To exempt Japanese nationals from customs duties, internal |
taxes and other fiscal levies which may be imposed in’
Ghana:with respect:to the supply of the products and ser-

. vices under the verified contracts.

To accord Japanese nationals whose services may be required

in connection with the supply of the products and the

services tunder the verified contract such facilities as may
be necessary for their entry into Ghana and. stay herein for

the performance of their works.

o haih£éiﬁ.properly and effectively the bridge and approach

roads constructed under the Grant Aid.
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ANNEX 1.4 (5)

THE MINUTES OF DISCUSSIONS ON
| THE BASIC DESIGN STUDY ON
THE PROJECT FOR RECONSTRUCTION
THE_BEP{J’SOQBRII)&;E IN
THE REPUBLIC OF
| GHANA
In response to- the request of the Government of the. Republlc

of Ghana, the Government of Japan decided to conduct a basic
design study on the Project for reconstructlng the Beposo

Bridge (hereinafter referred to as. "The: Project“) cand’
entrusted the’ study to the Japan. Internatlonal Cooperatlon
Agency (hereinafter referred to as. MIICAM). JICA sent the

First and the Second Basic Design. Study Teams headed by Mr.
Masahikc MURASATO, ‘Head of Structural” Englneerlng Section,.
Nagoya Construction Bureau of Japan nghway Public -

Corporation, to carry out the study..: The Sécond Basic _
Design Study during the period from December 3 to 23, l9s8.

'The“JéDane se team had a series of dlscu551ons on the Project
with the Officials of Ghana concerned, and conducted the
field survey at the Project Site. _ L

Both partles agreed to recommend to thelr respectlve :
Government "authorities that the major points of understandlng
reached between them, ‘attached herewith, should be examined
tovards the realization of the Project. : ' R

December 9 - 1988.

//ﬁ/‘?’i \/7?7

Masahiko MURASATO : Eleh QUJ..St _ 3
Leader ' Acting Chief Dlrector :
‘Basic Design Study Team" International ‘Economic Relatlons
JICA Division

Hlnlstry of Fxnance and Economlc

.Plannlng .

Witness:

Chief Executive . )
Ghana Highway Authority
Ministry of Roads and nghways
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ANNEX 1.4 (6)

ATTACHMENT 1

2.  Bridge Section.

-Thé{bfid§e wi1i h§ve a two lane cafria'ewa
1 LG E ) r of 8.5m
- wide. (curb to_curb),.l,Sm wide pedestrlansywalkways,

sides, giving an overall bridge widt
-;Eiguré:l). . _ 9 idth 0f_l3.3m. {See

3. Apﬁfoaéh Roads

Approach roads of about 600m long in total will be
~constructed. (See Figure 2). '

4. . Design Standard

and their ancillary structures will be, . in principle,
"Specifications for Highway bridges", wa policy on :
Geometric Design of highway* and their relevant design
standards issued by the Japan Road Association, and
"Design Guide for Bridges" issued by GHA. '

The design standard to be applied to the bridge,'rbad,

5. Hydraulic Deéigh Standérd

The following design flood frequency and maximum flood
level will be applied to the bridge design:-

Design flood Frequency 1:50 years
Maximum Flood Level : MSL + 5.5n

6. . The'héCESsary meéﬁﬂres to be taken'by the vaerﬁment'df
the Republic of Ghana in addition to those agreed in the
lst Basic Design Study are as follows:-—

(a) The Government of Ghana shall. provide an area about
'20,000m2 of flat ground within about two kilometres
of either gide of the construction site for the
.Contractor’s office, stockyard, plantyard and other -

temporary facilities.

(b) The Government of Ghana.shall demolish
" .and clear all existing buildings inside the
. right of way of the proposed approacp road and
_bridge. before the start of construction.




(e)

ANNEX 1.4 (7)

As far as possible, the Govermment of Ghana
~ shall provide two international telephone
lines (one .for telephone and the other,
for telex) each to the Contractor’s and -
Consultant’s liaison offices in Accra City
.respectively and one telephone line each to
the Contractor’s and Consultant’s staff

houses in Takoradl respectivgly; ;

The Government of Ghana shall exempt the. Consultant’s
and Contractor’s personnel from customs duties, internal

' taxes and other fiscal levies which may be imposed in
‘Ghana with respect to the supply of goods and services

under the verified‘contraCt,=:,

The cost 6f:électri¢ity'sﬁpbly} ﬁétér"suﬁﬁlyjéhd
internal telephone lines required:at the construction
site will be covered within the Grant Aid Programme.
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=~ 280M

APPROACH ROAD "L

FiIG-2 PLAN

SCALE 1:2000
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ANNEX 1.4 (10)

THE MINUTES OF DISCUSSION ON
- THE BASIC DESIGN STUDY ON
THE PROJECT FOR RECONSTRUCTING
| THE BEPOSO BRIDGE IN
© GHANA |

In response to the request of the Governmént of the Republic
of Ghana, the Government of Japan decided to conduct a basic
design study. of the Project for reconstructing the Beposo -
Bridge (hereinafter referred to as 'the Project'}, and
entrusted the Japan International Cooperation Agency .
(hereinafter referred to as 'JICA')., JICA sent the Basic
Design Study Team headed by Mr. Masahiko MURASATO, head of
"Structural Engineering Section, Nagoya Construction Bureau
of Japan Highway Public Corporation, two times in the period
from September 24 to December 23, 1988. o '

. As'a result of the Study, JICA prépared a draft report and
- despatched a team headed by Mr. Masahike MURASATO to explain
and discuss it from February 10 to 24, 198%.

Both parties had a series of discussions on. the report and _
agreed to recommend to their respective Governments that the
major points  of understanding reached betweer them on
February 17, 11989, attached herewith should be examined
towards the realization of the Project.

February 17, 1989 -
P | | CRIEF _pIRFCTOR

TRy A P
IRE T

R A T

Masahiko MURASATO

Leader Acting Chief Director
.Basic Design Study Team : International Economic
- JICA : Relations. Division -

Ministry of Finance and
Economic Planning

Witness: _
H.0.A. Quaynor
Chief Executive

Ghana Highway Authority_'
Ministry of Roads and Highways

A-16



ANNEX 1.4 (11)
ATTACHMENT

The Government of Ghana egreed'in princigle to the basic
design proposed in the Draft Final Report.

The'GOVernment-of Ghana has reconfirmed the Minutes of
Discussion signed on October 11 and December 9, 1988.

The Government of Ghana'assurea theoproQisioﬁ of the
right-of-way and site clearance thereof necessary: for °

the execution of the project aS_shoWﬁ ih.AﬁDQX 1.

The Government of Ghana has agreed to be respon51ble for
the provision of site for temporary yards already levelled
and borrow. pits as contalned 1n GHA" report of- January '
1989 necessary for the executlon of the prOJect as shown

in Annex 2 and 3.

The Covernment of Ghana has agreed to. report on Lhe
‘situation of the preparations as mentioned in the artlcle.
3 and 4 above, partlcularly on land acquisition, to the
Japanese side by the end of May, 1989. B

The JICA team agreed to the‘provision of ducts for
Electr101ty, Water ‘and Telephone in addition to ducts for -
lighting the brldge in the detalled d851gn.‘ '

. . The Final Report (10° coples in Engllsh) w1ll be" submltted

to the Government of Ghana in March,_1989
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ANNEX 1.4 (12)

RIGHT OF WAY/ THE PROJECT FOR
RECONSTRUCTING BEPOSO BRIDGE .

ANNEX I
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AENEX 1.5 (D)

CANMEX 1.5 LIST OF COLLECTED DATA

1. Progress of The Economic Recovefy Programme 1984-86 and Policy:
Framework 1986-88
The Governmeﬁt of Gﬁana
2. Transport Rehabilitation Project October 29, 1987
Doéﬂmeﬁt of Tﬁe:World'Bénk .
3. Public Investment Programme 1988-90
Volume 2.2 Project Profiles and Summary Tables
Mlnlstry of Finance and Economic Plann1ng
4, - Ghana Bridge Development Programme '
FeaSLblllty Study of First Priority Brldges
Tahal Consultlng Engineers Ltd.
5. Ghana Brldge Deve lopment Programme
Feasibility Study—Second Stage
_ Tahél‘Conéulting Engineers Ltd,
6. HydrdiogicalfData Book_Water Year Book _
_Minisﬁfy of Wofksfand Houéing-Publié Works Department:
7. Traffic Report (1983-1987)
_ Ghana Highway Autho}ity
8. Beposo Bridge Design Report and Scheme Drawings
' Cementéfion Interﬁatibnél Engineering Led.
9. Guide for Bridge Design Voiume 1 Design Guide
Tahal Consultlng Englneera Led.
10. Ghana Bulldlng Code
L _ Bulldlng and Road Research Instltute
11, ‘Maxlmum Ralnfall Intensity~- Duratlon Frequenc1es in Ghana
. Ghana Meteorological Serv1ces Department
12, Mean Monthly and Aanual Rainfall Maps
- Ghana Meteorologlcal Services Dgﬁartment
13. River Basins of Ghaﬁa,_Water year Book _
Ministry of Work apd-ﬁousing;‘?ublic Wbrks Departhént
14. Water yéaf Report for 1971 1972
_ AESC Hydrology D1V1310n
15, Organlzatlon Manual

Mlnlstry of Roads énd:Highways
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16,

17.

18.

19,

20,
21,

22,

23,

24,

25,
26.
27.

28.

ANNEX 1.5 (2)

Quarterly Digest of Statistics, June 1988
Ghana Statistics Service Corporatlon

Ghana in Figures

Ghana Statlstlcal Service Corporation
1: 50 000 Map

Ghana Survey Department

Ghana Quarry Induétry

Lavalin Internatlonal in Aqsoc1at10n w1th Saged Englneerlng

Consultants
T1de Table
Ghana Ports and Harbﬁuré Authority
Bridge Maintenance Maﬁagement Manual
“Ghana Highway Authopity
Economic Recovery Programme 1984 86"
Government of Ghana, Accra November 1984
Ghana Fourth nghway PrOJeet_ _
Prelnvestment Study for Kumabl Tamale Bolgatanga*Paga Road
Ghana Highway Authorlty ' :
Road Rehab111tat10n Plogramme
4th Highway Programme
- Ghana Highway Authorlty

.Quarterly Progress Report

‘Ghana Highway Authority

Road.Rehabilitatioﬁ And Maintenance Programme March 29, 1985

Document of The World Bank

A New.Geography of Ghana
Logman

Basic Social Studles Atlas for GHARNA
SEDCO'Publlshlng Ltd.
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ANNEX 2.1 (1)
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ANNEX 2.1 (2)
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ANNEX 2.1 (3)

WEST
ABUTMENT

632 ABUTMENT

EAST

A= U [
ST 7 / r VO
5?2 r)(ISIIN'G BEFOSO SUSPENSION BRIOGE

\

K

-4
5

]

I

Firm wottled sandy CLAY of
intermediate Plagticity

Firm dark grey sandy CLAY.

‘with lenses of fine sand

l.oose dark gray madmm SAHD
uith gravel “and shells

Slightly Weathered GHEISS _

Slightly voathered GNEISS
grading into fresh GMEISS'

 Top Soil”

BORE. HOLE 24

BRENOLEZ [

g H.W.LMSLh.5a

Top Seil

- X .
1 Fims derk brown/greenish grey sandy SILT with
~ roots and pieces of veatherad gneiss

Firm dack brown/greyish clayey SILT

\

Firm mottled sandy CLAY

\

20m

\

ang sheils.

Dark grey lodse to dense medium SAND with gravel

Slightly Weatherad GNEIS&E_xﬁ;W\

\

\“ fresh

Sllghcly veathered GNEISS graumg intd
GNEISS

BORE HOLE 3

/;::;htly weathered GNEISS ///////
;

A-27

. Highly veathered GNEISS

Hediur dark grey Sandy CLAY
with organic matter

Dense reddish browvn/black/
yellovish mottied -3andy CLAY®

Completely weathared GNEISS

Woatheted CNEISS grading inte
s1ightly weathered GWEISS

Fresh .G‘IEISS

MSL 0. Qm

~50m




TOPOGRAPHICAL MAP OF BEPOSO BRIDGE RECONSTRUCTION SITE
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O mwER 2.1 ()

~ TOPOGRAPHICAL MAP OF BEPOSO BRIDGE RECONSTRUCTION SITE

NOTES.

1. Levels are related to a mean sea’
water level (M.S.L} of 0.00 metex.

. 2. Bench mark of GCS/1502 (M.5.L+6.361),
' which is on the $outh west corner
of the police station, was. used

in leveling. '
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NOTES -

{ 1. Levels are related to a mean sea -
water level (M.S.L) of 0.00 meter,

2. Bench mark of GCS/1502 (M.S.L+ 6.361),

]+ which is on. the south west corner :

of - the poliée station, is used

in leveling,
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ANNEX 3.1 GOUNTRY DATA

e P R e

":'-10_.'

" Source:

'-Offlclal Name of Country
' Cap1tal c1ty
'Independence _

'Offlclal Language

‘ Currency

Currency

-Exchange'rate '

'Area and Populatlon

Area .
‘ Populatlon
Growth rate of populatlon

Den51ty of population

Gross Natlonal Product

GNP (1987)
_Per'caplta national ‘Income

A cbange over previous year

"Percentage Distribution of .
Economic’ Act1v1ty (At 1987 Prlce)

Agr1cu1ture=
‘Industry. '

Transport, Storage,
GoVernmental Service

Publlc Finance _
(1987 . Prellmlnary actuals)

Revenue
:Expeediture

Réecurrent expenditure
:-DeVelopment expenditure

Total budget deficit

External Trade (1987 . Prov1alona1)

' Imports
Exports

Balance of Trade.

Accra, Ghana

A-35

ANNEX 3.1

Republic of Ghana
Accra

1957

English

Cedi

162.37 Cedi/dollar (1987)

238,533 Kn?

12,296,000 (1984)
2.6% (1970 - 1984)

52 persons per sq, km

725,541 (¢ Millions)
150,586 Cedi (311 US$)
44,8

50.6%
15.9%

33.5%

111,046 (¢ Million)
102,135 i

80,583 "
21,552 o
8,911 i,

145,319 ¢ Million
147,275 "
+1,956 "

: "Quartery Dlgest of StaﬁIStLCS" June 1988, StatIStlcal Service,
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SUMMARY OF TEST RESULTS

ANNEX 3,2
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ANNEX 3,2

Qoregqle . Sample Bepth Unconfined
Q. No- (m) Con}pl'QSSi\,e,
Stength
Q, KN/m?
5 1 129.3
7 - 305 :'::
Téo Soft to be tested
TABLE ITT
TRIAXIAL TEST RESULTS
' ' Wet Dry ¢ Moisture
Borehole | Samples Dep?h Cuu _ | uu :
No.- No. (m KN/m? | Density |Density | - deq.) |Content
? (kg/m®) |Qgim®) | ¢ e?-) ()
A 5 1.6 112 2045 1700 5.1 20.1
.ZA 7 3.05 7 1950 1480 2.6 30.7

A-37
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ANNEX 3.2 (3)

- TABLE IV

RESULTS OF CHEMICAL ‘ANALYSIS OF GROUNDWATER

Borehole Depth - | Chloride Sulphate Sulphate | Total . pH
No. (m) Cas - as as Soluble-
: NaCl S04 Na, SO Salts
(ppm) - oy N (ppm)
PP (ppm) “(ppm) PP
2 1.03-1.06 702 9 15 242 | a0
3 0.62-2.10 | 2165 9 17 260 8.5,
River : o : o o
Hater - 1112 5 9 138 8.5

A-38
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ANNEX 3.2 (5)
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GHANA ‘HIGHWAY AUTHORITY

MATERIALS DIVISION : -

SAHPLE

DENTIFICATION, - 75 50 37.5 _2:5 9
C.P.QUARRY -

2 om 100- 70
14 rim 100
6.0.C.QUARRY

0. 100 89 47 8
20 mm 100 99 71
10 mm 100
Quarrf .dust

SCC/DYWIDAG QUARRY

100 93 31 3

TABLE

SUNHARY OF LABORATORY TEST RESULTS

Bepose Bridge Project - Quarry Samples

% BY WEIGHT PASSING 8BS SEIVE.

H11] a¥n
6 1
33
1
9 3
95 48
100

40 mm 0
20 m 100 & 34 18
6 100

CAPE COAST QUARRY
20 m - 100 98 30 4
14 mm 100 94
© LEGEND

Fi = Flakiness Index ALY
El = Elongation index

LAAV

14 9.54.75 236 1.18 ¢00 300 150 73 63

m_mmmuﬁm-mm

761 49 38 26 11 -4

29 2 1 % 11 o

i¢ 2

Aggregate Impact Va lug

Los Angeles Abrasion Value

A-b1

FI

29

28

44

45

33

37

50

37

35

ARNEX 3.2 (6)

El

13

21
18

20

22

21

20

k1

Alv

18

29

28

25

21

25

38

39

35



ANNEX 3.2 (3}

TABLE 11
GHANA HIGHWAY AUTHORITY . SUMMARY OF LABORATORY TEST RESULTS
MATERIALS OIVISION
% BY VEIGHT PASSING BS SEIVE
SAHPLE _ _ : R P :
IDENTIFICATION - 75 50 37.5 25 19 6 9.5 4.75 2.36 1.18 “600'300 150 75 63° LI g
o fm. . mmomMomE @MoomMoomR fMc (M omn UM Gm e um oum

Asamasa sand

pit (Sample 1) _ ' . 108 8 32 1 2 1 SR

Asasmasa sand . o ] .
pit (Sample 2) 100 97 9 Wi 20 & -2 W W
LEGEND

LL = Liguid Limit

Pl =Plasticity Index

TABLE 111
GEANA MIGHUAY AUTHORITY SUMMARY OF LABORATORY TEST RESULTS
MATERIALS DIVISION

% BY WEIGHT PASSING 8S SETVE

SAMPLE ) : : o

IDENTIFICATION 75 5037.5 25 19 16 9.5 4.75 2.36 1.18 600 300 150 75 63 LL Pl - MDD - OMC (W
: ™M MM WM MM R MR MM MM MM M. um .M WA W um S ek

Kafodzidzi gravel : o : :

pit (sumple 1) ' 100 97 93 & 49 34 29 27T 26 2% . 2180 8

Kafodzidzi Qfavel _ . S e

pit (Sampie 2) 160 100 99 94 57 40 30 26 25 24 23 : 41 12 2172 . B 18

LEGEND
L = Liﬁuid Limit
Po= Plésti;lity index
MoD_ = Iféxirﬁzn Dry Density
OMC .= Optimum Hqigture Co.jtg:_'lt_.

A~42
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BOREROLE ROGS
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ANNEX 3.3 (1)

. PROJECT: PRO?OSED BEPOSO BRIDGE CROUND LEVEL: 7 . 64 | comenced: 7/ 10/ 85
. EQUIPHMENT: A o YRE y
rou ACKER TOREDOR MARK TY CO-DRDINATES : COMPLETED: 1 3 / 1.0 /
: ] o/asg
. =
= : ~ E B |sanpte , a
. - . £ w1 5] . 0
DESCRIPTION OF STRATA av W @ 3 A
o ' . i O e 3 =& | BE k- & b
& | @ | ES [ &> jmes |wo.| 8 : -
gl & g I 8 2 58
o ow JSE|S = | B ZE

Hed fun dark grey Sandy CLAY with organic matter - i 10138

'(G.éi

ia
'[I!_e_ns:e Eéd_di'_shl brounlbia_cklyellnwish mottled - - 2 5 NZ28s
Sandy CLAY" . . . .
o o N ] . 0.
'  {blows/
H— b < | PImm o /10788
C LEGEND
. - YRPTI y [ - Bulk disturbed sample ) g - Croundwater first escountered
: m ‘U!.DO (Undisturbed S.ample) &g - Standard Panetration Test = : :
+ . ) e o4 - Blow. count includes seating blows « Highest grounduater level
m Ujgg Sample not recovered == L AP § Rious -;— enrountered i
) ) [ - Dynamic Coné_'Penetration Lest

£ - Blov caunt includes seating blows

m‘ - 3plit spoén sample .
|

- ‘Distucbed (DCP) sample *

FIG. €171

HECORD OF :BOREHOLE 1

A~k



ANNEX 3.3 (2)

PROJECT: PROPOSED "BEPOSO BRIDGE GROUND LEVEL: -7 ~ &4 | COMENCED: 7 7 10/88
| EQUIPMENT: AdKER_TOREDO MARK IIX CO-ORDINATES: - - fCOMPLETEDY 13 /107/88
o R
o w Vo
~ | % |8 g-ls8 s .
& =1 - = O = et b | 2
2 2 -~ o o~ ow 2P EIEEE 2
DESCRIPTION OF STRATA 2., =2 - g ol o oo Zgol s o
3 a & e [erae» [ [ < D e a2l S
aa; £ o z 3 & E R8s | ¢
[ w a J vi Q B | &8 i e
6.6 Lo Jr.2
Completely weathered GNEISS = . R . b C) O kﬁm'in
2.0 annd
i ey I W
4.5¢ s
Highly weachered GHEISS e _
- z i g O | 3imir
4.0 -
1.14 -
RECORD OF BOREHOLE 1~ _ T : FTG. CL/Z

A~h5



ANNEX 3.3 (3)

PRUJE_CTL PRO?OSED' BEPOSO BRIDGE GROUND LEVEL: 7 _ &4 COMMENCED: 7 /1i0/88

;ﬁnpuﬁ_%&_
- BQUIPHENT: ACKER  TOREDO MARK IIT ' L
I Rl K CO-ORDINATES: COMPLETED: 13 /10/88
E —~ [ (=P
S IR ' R £ NG g
- DESCRIPTION OF STRATA a o i PN 5|8 EISE 3
: : : g4 = = o
- | SE[ S| E1s°| £ ] e (25hkes| 8
IR EERE a | 8 |EERE |fe
e TR
. Weatheved 'GHEISS grading ineo slightly weathered [
GNEISS P 5.0
T - ch 48 |23 Imin
 Weathered GNEISS grading iflte slightly weathered’ e
GNEISS : - Co L6k edmmr—1 5 0 =] 1.1
SR - 4 88 |68 I0min
L2d =t ] 11
: 7 = a5 195 150min
Fraesh GHEISS S
_ : o] 7 0 —
. ca . BT LI —
S
OF #oLe -
Remarks
** Excessive loss of drilling fluid encountered during run

FXG. €1/3

RECORD OF BOREHOLE 1

. :A—AGI



ANNEX 3.3 (4)

PROJECT: PROPOSED BEPOSO BRIDGEHE GROUND LEVEL: 2 . 27 COMMENCED: 1 2/ L O/ 88
EQUIPHENT: PILCON WAYTFARER 1500 CO-ORDINATEI_S: ' GOMPLETED: 1 7 /Lo/8s
-:;; E‘ SAMPLE . g
"DESCRIPTION OF STRATA ) - @ o @ & 2
. =] - — : = o 2§
S 2 1wSE[2 & {rvee jno o a =3
Do o E Frrary g M il =) :.8
o> b3 ) «n = @ < &
0 . 2= < vy — L2 e
w1 in o la [3] . LB " :
i : 12/10/88
Top Seil
1.67: i
. Firm mortled sandy CLAY of intermediate
Plasticicy : h=3 N$
0.77
31 blows
i
Firn dark grey sandy CLAY with lenses of fine
sand L = N7
12/10/88
IL.EGEIND
'_ B L - I3 - Bulk disturbed sample _SZ_ - Groundwater first encountered .
m Uroo {Undistucbed Sample) & - Standard Penetration Test -
- Ble t includes seating blows . = Highest groundwater level
m+ - Ujpp Sample not recovered 5‘: oy count mc. utes seating ‘;‘ encouncered
- Split spoon sampie - Dynamic Cone Bepetration test
[Z F ? ] _p T - Blow count inclides seating blows
E - Disturbad (DCP) sample
L
RECORD OF BORHEOLE 2 : Fre. c2/1

A4



ANNEX 3.3 (5)

PROJECT: PROPOSED BEPOSO BRIDGE GROUND LEVEL: 22 . 27 | COMMENGED: 12/ 10/ & 5
FQUIPHINT:  PTL.CON WAYFARER 1500 CO-ORDINATES : CONMETED: 17 / 10/ B
. MPL : 3
- L 2 | E SAMPLE e |
DESCRIPTION OF STRATA, g > g = '2 § -
) .3 doH¥sluk i W
2@ l'8 [ERE|EZ~ |mvee (.| a | = > &
3 b & Bl i ] o = &2
© £z < w
o w3 O 5] o = é &
kY /! 27 .
Firm dark grey sandy CLAY 12/10/88
‘ 5 NG
Loose dark.grey medium SAND with gravel. and
shells ’ - NG
195
blows/ o
s* < P
: Ao 10r88

uﬂ+

N

< Y00 (Undisturbed Sample)
~ Ujgp Sample ﬁot racdvered
- Split sﬁaon sanple

- ‘Distucbed (DCP} sample

LEGEND

"[3 - Bul disturbed sample
55; - Standard Penetvation Test )
. 5§§t - Blow count includes seating bldws

il Dynamic Cone Penetracion test
- Blow count includes seating blows

X

&2 - CGroundwarer first cncountered

- Highesc groundwater level

encountered

RECORD OF 'BOREHOLE 2

FIG. C2/2

A-48



.ANNEX 3.3 (6)

PROJECT: PROPOSED BEPOSO BRIDGE GROUND LEVEL: 2 _227 COMMENCED: 11./10/88|
EQUIRMERT: PILCON WAYFARER: 1500 CO-ORDINATES: ‘ COHPLETED: 12/ 1.0/ 88
O - I P 1
— —
8 el | BISEIZ5Y E5
DESCRIPTION OF STRATA S § - 2 z EJJ o - g.\ otz.'):\‘: = =
B & E1E-] Bl w18 Bleg el
& g 2] 5. 2 <3 & m{.38. 5o
] w =1 o3 =1 el Ea = B
-3.2 -
Slightly Weathered GNEISS — 87 O | 50min
=348 [T .
R e 37 o 138nin
—3_.71,,, -
Slightly Yeathered GNEISS 15 | O [ééain)
-5.32.
s;ighﬂy weathered GNEISS grading into fresh.
NEISS B
o " 24 |16 [129min]
-5.63 |~
END OF HOLE
Remarlis
“¢]  Core lifter broken {there were iandications Lh;st TRC/ROD-> 90%)
."‘2 Rotatry héad_ unable to break core from rock mass (there were indications
“that RQD> 907). '
RECORD OF BORENOLE 2 _ : C : ‘ Crrc. ez

A-49



PROJECT: PROFOSED BEPOSO BRIDGE

EGUIPMENT:  PTLCON WAYFARER 1500

ANNEX 3.3 (7)

[CROUND LEVEL: 13 . Q40

COMMENCED: 1 1./ 1.0/ 8§

CO-ORDINATES :

COMPLETER: L1/ 10/ 85

mf.

"Uwg Sample not recovered

Split spoon, sé.mpl_e -

- Disturbed (DCP) sample

_ o~ A SAMPLE g
Lo . -~ b o [ [+]
DESCRIPTION OF STRATA o «E Tt a v 83
y : A I T e b = 7
}é é 2 EQE Z~ TYPE | NO. g 5 -
g @l & |58 2 & @ ==
e« .3 0 o O e n &
C 11/10/88
Top Soil
: . 0.0 -
Firm dark broqnlgrree_m.sh grey sandy SILT with
voots and pieces of weathered gneiss
Firm d;rk broun/gf:eyxsh cla_\.?e_y SILT 4 . a7
1.06
1.44 =
5 I56 blows
Eirm mottled sandy CLAY - "
& =1 N&
7 80 blows
0.4 ' 11/10/88
. LLEGEND
Pro-tashmeim it
ol . . : . [ - Bulk dis:urbed..sanﬁplu . Sl_ - Growndvater first encuunieres
) m U00 (Un_qd_isturbed Sample) - Standavd’ Penetration Test. = . ) .
o . B . N blavie « Highost groundwater ieve!
o5t - Blow count inclubes seating blow Z e ouAL e red

‘= - Dynamic Cone Penerration Lest

cE - Blow count includes seating blowvs

RECORD OF BOREHOLE 2A

FraG.

c3/ L

" A=50



" ANNEX 3.3 (8)

PROJECT: PROPOSEb BREPOSO BRIDGE mWMLmufB.OAOcmmmﬂnll/lo/sa
PQUIPMENT: PTLGON WAYFARER 1500 0~ORDINATES: © cmﬂmmnjj10/88;
= 3
~ | & SAHPLE 2
: ~ ) [ [ =3
. o £ ' < a 4] b w
DESCRIPTION OF STRATA a 3 z. |le=| e o o
) ‘28 2 E¥Tl & & 1 « o ¥ 8
2 L El TYPE | NO. =] &) 38
o § = b = = @ & ]
= ne jag O = o 25
0. 46 3 11“0,'_'3'3
- B S N7
Dark grey .lnose :6 dense medium SAND with gravel (3_5) 6.4
and shells. "
7 9 5 IN31
—246 N '

S

- oo (Undisturt!ed Samplé)

m‘[' - Upgo Sample noc récoverad

- Split spéon..sample

- Disturbed (DCP) sample

LEGEND

[) - Bulk disturbed sanple

&5 Standard Penetration Test

S:t - Blow count inclides seating blows

¢ - Dynemic Cone Pepecfation cesc
cE - Blow count includes .seating blows

e

- Groundwater firse eacountered

« Highest ground'unter ievel
uncountered

RECORD OF BOREHOLE 2A

FIG. c3/2°
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ANNEX 3.3 (%)

CPROJECT:  PROPOSED BEPOSO BRIDGE oy evrr . .
. GROUND LEVEL: 3.040 [COMIENCED: 11 /1 0/88
EQUIP&E:NT:_ PILCON WAYFARER 1500 CO-CORDINATES : COMPLETED: 12 / 1 ¢/ a3k
L e g
DESCRIPTION OF STRATA o - E |= = z x
[~ z E- -~ o L E
w - 1 = o =
= 5 & 25 b g &
5.4
. ) o 2ag [ 5.63
Slightly Weathered GNEISS [tnmay - 1 37 O Suan
-2.69 | 343
e — = 37 O 135nin
-2.96 | ITTEle L0 5043
Slightly Weathered GNEISS e~ 37V 1s | o flosmis.
7.0 |
‘ A 1543
P46l
Slightly weathered GNEISS grading imto fresh | &.0
GNEISS ’ : . ; 0 A T :
. T £ 24 ¢ [N
T s

END QF HOLE

Remariks

¥ 1 Core lifter broken (there were in.dicatiens that TRC/RQD > 907)
P2 Rotary head ‘nable to break core from rack mass (there weve indicaticns
that RGD > 907)

FIG. C3/3

RECORD OF BOREHOLE. 2a
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ANNEX 3.3 (10)

PROJECT: PROPOSED BEPOSO BRIDGHE WATER LEVEL: 1° COMMENCED: 27/ 10/88
FQUIRENT: ACKER TOREDO MARK II €G-ORDINATES : " [coMPLETER: 28/ 107/ 88
i |E = LS |,
~ . =] =) e Ly
E [="N zé -4 [ = k. PP
2 E = = LSRN - R R
Gu t-8 = 28 o L R s -
DESCRIFTION OF STRATA =37 @ E far g o3 [5] < B {xmwlw g
8 & W2 % & 1858.188 Zlo
£ 3 n a 3] = v} o lEn Lo
8.3 ]
_|g.o8
Stightly weathered GNEISS ot _ o IShin.
—18.38
Slightly veathered GNEISS ] Q.. pSminf
9.1
Fresh GN=EISS -~ 18.38" . | 80min:
END OF HOLE
Rem'a:.:'lc_s_'_
¥e Coring bit partially displaced by waves resulﬁing in fracture of the
core sample with an accompanying low RQD
¥¢¥¢ " Dapth below water ievel
RECORD OF BOREHOLE 3 L FIG. T4l




" ANNEX 3.4

ANNEX 3.4 FLOOD ANALYSIS

li

The peak discharges for diffetent return périods

Peak Discharge

at Daboasi gauge
statlon, about 4.5 km upeream of existing bridge, have been derived

by Gumbel method from the annual flood records for past 30 years

The Iesult are ‘given as follows. (See Annex 3.4 (1)

_ Return _
Period (year) 10 20 50 100 200
Discharge 1,180 1,350 1,50 1,810 1,880
(m /sec) = ' :

The'dischargé observed at Daboasi gauge station will be taken to

represent ‘the discharge at proposed brldge sxte, because the distance

' between them is short.

2.

2.1

2.2

' 'Intétviéws ﬁith local villager

-'(depre331on of the place ) = MSL + 5.4

Flood Level .

Flood Level from Discharge Data

The flood level éssoéiated with the 54yeaf_féturn period'peak‘
discharge was obtained from the stagé—diéchérge'rélatidns (Andiex 3.4

(3) which was prepaféd from the annual fleods data described above.

As flood level at ‘the Daboasi gauge station of 5-year return perlod
peak dlocharge has been MSL + 24, 5 feet (7 35 m), the flood lcvel at
proposed bridge site, 4.5 km down’ stream from Daboasi, will be
estimated as MSL + 5.5m con31aer1ng the water suzface drop between
the=proposed brldge site and the Daboasi gauge station. {See Fig. 3-

6)

Fiobd Level from Inquiry
s revééléd:that the highest flood level

has been about 0.3 m above the road surface in front of GHA traffic

:regulatlon officej=~ MSL + 5.4 m (surrounding road surface) ~ 0.2 m

0.2 + 0,3 = MSL 5.5 m
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ANNEX 3.4
This value coincides well with'that-estimated above.

Hﬂter-Flow'Capacity

Water flow capac1ty at proposed brldge 31te 'will be calculated as

water level MSL + 5.5 metre.

Manning's roughness "n" is determined from the measurement . of wapér

data as foliow:n-

1,13 m/sec

Velocity of water flow v =

Water level ‘MSL + 1.4 m
Flow 'area A= 420 mZ
Wetted perimetre P =87 m

Hydraulic radius R = 4.8 m:
Water surface gradient I =0, 0177

(See Annex 3.4 (4) for the above)
From Mannlng 8 formula,

213 1172 483203 % 2172 o
n = R 3 I _ 4.83 - T30.00017 = 0,033

“ Water flow velocity at water level MSL + 5.5m,

v o= R2/3 k12 x 7.02:3 x 0,00041/2 = 2.2 m/sec

0.033

thus,

Q=AxV=770x 2.2

i

1,690 M3/sec_f:1;$60'ﬁ3/sec"“ )

Thus, the river has enough capacity to pass, the SO"Yeér return

‘period flood.

The ﬁormal river gsection is not wide enough to accommodate the full
flow, and 8o, the river 1nundate the floodp1a1n on the west. bank as

shown in the attached Figure.
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ANNEX 3,4

.The embankment of exlstlng approach road is constructe

d on this
floodplaln at MSL + 5, 4m;

this level is 0.1 w less than the 50

-year
return per1od flood level. The flood waLex,

there fore overlows on
Thus, the side Ditch of 1. 0 m wide will be
3prOV1ded at the upstream side of the embankment of the new approach
road to enable flood water to drain away.

the road surface.
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ANNEX 3.4 (1)

ANNUAL FLOODS DATA (DABOAST GAUGING STATION)

Maximum Gauge Reading

No.- Year Maximum Disdﬁarge
(fr) " {e.fo85) :
1| 1954 13.40 22,600
2. ] 1955 14.50 25,560
3.1 1956 15.60 28,600
4. | 1957 18.50 37,555
5. | 1958 15.30 27,870
6. | 1959 18.15 36,470
7. | 1960 17.50 34,455
8. | 1961-62 19.60 40,965
9. | 1962-63 19.00 39,105
10. | 196364 21.60 47,207
11, 1964;652' 15.05 27,040
12, | 1965-66 18.40 37,245
13. | 1966-67 16.85 32,440
V4. | 1967-68 15.65 28,804
15.| 1968-69 - 23.85 55,021
16. | 196970 13.10 21,421
17, | 1970-71 12.20 18,928
18, | 1971-72 11.10 16,027
19.| 1972-73 15.40 27,770
20, 197374 12,30 18,845
2. | 197475 16.30 30,625
22, 1975-176 - 15.50 128,080
23. 1976~77 13.70 22,695
24.1 1977-78 17.40 34,270
25.] 1978-79 17.35 34,100
26,1 1979-80 19.00 39,890
27.] 1980-81 . 12,00 18,060
28.| 1981-82 12.00 " 18,060 "
29.| 1982~83 17,10 33,255
30. | 1983-84 11,20 16,030
31,1 1984-85 17.80 35,640
' 32.| 1985-86 13.50 22,125
33. ]  1986-87 9.90 12,955

Note: Gauge zero elevation = MSL
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DISCHARGE (c. . 5|

- ANNEX 3.4 (2)

GUMBEL. DISTRIBUTION
(DABOAS| GAUGING STATION)

70,000

60,000 - I 1/

b

50,000 }

&0,000: ' L | ';f(j"

30,009 — L S — i

20,000 :
%

10,000 '/’{/f/

0 2 3 5 10 20 .50 i00 200

RETURN PERIOD {yean)
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 STAGE(f)

- 30

20

ANNEX 3.4 (3)

STAGE-DISCHARGE RELATION
(DABOASI GAUGING STATION)

9.2

25

1.6

/

/

10,000 20,000 30,000 40,000 - 50,000 60,000 70,600

DISCHARGE (c. f. §)
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ANNEX 3.4 (4)

e e
i

W=96.0m. o &GO

EXISTING ROAD SURFACE

of EXISTING BRIDGE -

- ‘ | & |
644 L y o 6 45, L
o N = MSL+5.5m ( WATER LEVEL WITH RETURN. PERIOD OF 20 YEARS,
T - . ' | AND _FROM INQUIRY
=S5 Om "”\\ | | g MSL+1.4m ON_8/10 /88 )//
@ OF CHANNEL
—'10.0m

Water Level | MSL+1.4m Flow Area - A=T770m
~ Flow Velocity y=1.13m/sec  Water Depth H=15.5m
Flow Area A =420 7 :Vzlt_edrPe;rmf.atre  p=1ilom
‘Water Depth H=11.4m M} rauic :d'us__ . R=17.0m
Wetted Perimetre P =27 | Wz'::'ﬁg_sf oughness  n =0.033

Hydrautic Radius- R =4.83m r ?Uf. ace gradient ; :0._04%

Water sufface gradient | ~0.011%

 RIVER CROSS SECTION AT PROPOSED LOCATION
. | SCALE 1 : 400
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ANNEX 3.4 (5)

~ WATER SURFACE VARIATION

7/?0/’i988
_ . //”"\\\
g‘_i.o : _ //
g E./ L
g f;// |
- \‘_‘__‘ R

- MSL4-0.5L-

8 9 10 Tb 42 43 14 15 1§ 17
Time(hr)
- 8/10/1988
2.0 -
1
€ | ’/ |
3 7
5 /.
i8]
= | /
1.5 ' /’ '

O MSL+1.2 L . |

Timé(hr}
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ANNEX 3.5 (1}
ANNEX 3.5 Computation of Vehicle Oﬁeration Cost

Source: Ghana Highway Authority, road Rehabilitation Programme, 4th
Highway Programme, supplementary Report for Reconstructlon Studles, Scott

Wilsen Klrkpatrlc & Partners, Accra, Ghana, August 1984,

1. General

A report on road vehicle operating costs in Ghana was prepared as
part of the consultancy services under the preconstruction phase of

the TFourth Highway Programme.

That report had two'objectives; the_fitst was to provide a general .
updating of previous estimates of vehicle oparating costs in Ghana
and the second more"specifio objective:was‘to“pfOVide the basis. for
assessing the ﬁehiole operating costs benefits of road investments
being considered by Highway'Authofity and IBRD for conclusion in the
Fourth Highway Programme. In particular, the rehabilitation:of the

.Accra-Takoradl road and Accra-Kum331 corridor.

New operating cost formulae were derived for the latter purpose.
These were explalned in fu11 in Chapter 6 of the vehicle operatlng
cost report and more brlefly in Chapte: 4 of the 1982 draft final

report containing the ecooomlc analysis.

The veh1c1e operatlng cost formulae derived in 1981 1ncorporate
surface roughness as defined by the TRRL as the prlme operating . costs
parameter. The estimation of vehicle operatlng costs using the
formulae 1s a three stage process. There are five vehlcle classes;_
For each of these, vehicle speed is flrst deduced as a function of

road surface, road geometry and traffic.

Individual cost components are then defined inﬁphySieal terms. as
fono;ions of speed and surface roughness. These equafiohs are
_ihdendeot of price, fuel eonsumption,'for iostanCe;_is measured in
litres per 1000 kms. specific price.data afe'edded in at the last .
stage and the component coat formulae summed to glve total operatlng
costs. This method of worklng, with prices 1ncorporated only at the
final stage, allows new prices to be lnserted w1thout golng back to

the beglnnlng.
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ANNEX 3.5 (2)

For ‘east: of reference the speed and component cost formul

summarized be low,

ae. are
in advance of the discussion of prices and the
updating thereof. We have seen no cause to review or revise the
speed or cost fomulae which are prec1Ser as in the 1981 and 1982

reports.

YEHICLE SPEED FORMULAR

The - TRRL equation for speed on paved roads in relation to the

engineering aspects of the road is in the form:

a ~ bRs * ¢F - dC - o4

ir.

_ V = gpeed in km per hour
ohere ‘Bg .= rate of rise in m per km
= rate of fall in m per km
horizontal curvature (degrees/km)

altitude in metres

B T
0o

ybye,d and e are positive coeffioients.

There are four equaelons for paved roads for ; cars, Lxght goods, buses
and medium and heavy . vehlcles ‘In the last, power to welght cat1on
{(rw bhp/tounes) is an extra variable. Road width is also a varlable

but applles only at widths less than 5 metres.

Rise and fall may normally be eQuated with'ﬁhe'everage for the two

directions and combined into ‘a siagle parameter, RF = RS + F.

Altitude -is relatively unimportant since the range in variation .in

‘the prOJect roads {up to about, 250 m) is small compa*ed Wlth that

found 1n Kenya (up to 2500 m) and 1mplles, on the b351s of the TRRL

coeffidients, a maximum variation of only about one kph. In this

case an’ average value of A + 100 may thcrefore be used as a first

approximation.

As compare with the TRRL equatlons there are two parameters which

demonstratlvely affect vehicle speeds ‘and which we have incorporated

in the ' speed equations. These are surface condition and traff}c

flow.
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ANNEX 3.5 (3)

As a guide to the variation of speed w1th roughness on’ deter10rat1ng
bitumen roads we adopted coeff1c1ents and multiple regre531on

coefficients obtalned by TRRL for unpaved rcads. The coeff1c1enta,
by vehicle type arei-

Cars ' 0.6020

Light goods (or commerc1al vehicles (LCV) .0.0019

Medium and heavy goods vehicles (MGV & HGV)  0.0014
Buses {or passenger commercial vehicle PCV) - 0.0018

In incorporating the additional term in the speed gquati0ns'the
constant was ddjusted so that speed is as predicted din the TRRL
equations for a value of R = 2500 mm/km (i.e. a typical relatively

new wéll maintained surface dressed road).

The modified equations-applyiﬂg'to lightly:tréfficked'rbad (ile:s

assuming negligible impact of traffié dn‘spéeds) are_és.f0110ws:—

107.6 - 0.224 0.0049A - 0.0020 R

‘CAR V = - RF - 0.111 C - -

LCV V = 92.7 - 0.234 RF - 0.074 C - 0.0028A - 0.0019 R
PCV V = 77.0 - 0.230 RF = 0,066 C - 0,0042A - 0.0018 R
MGV V. = 66.7 ~ 0.245 RF - 0.058 C.- 0.0042A - 0.0014 R
HGV V = 60.7 - 0,245 RF — 0.058 C - 0.00424 - 0l0014 R .

On a typ1ca1 bxtumen road in Ghana 1t is probably safe to 1gnore the
‘1nteract1on of traffic and the effect on speed w1th an average dally

: trafflc (ADT) up to at least 1000 vehlcles per day (VPD}

The effect of traffic on speed is in fact a complex one dependaﬁt
both on trafflc composition and dlStrlbUthﬂ and on road allgnment
and condltxon. As a first approxxmatlon a linear relation
'nevertheless serves. A term'w £T is therefore added to the equations
‘already spec1f1ed T be1ng ADT in VPD. The-coeff1c1ent f represents
the dlope of the speed flow relatlonshlp and is calculated from the

free flow speed and an assumed speed of 40 kph at a flow of 1000 vpd.

The free flow speeds are calculated with the folldwing.typical.

geometrical values:i-

RF=20, €=50, A=100, R=3000. Thls glves values of f in the range 5 l
to 0.8 x 1073 kph for the dlfferent vehlcle types. U31ng these '

values and assuming that in the absence of more detailed 1nfoxmatlon
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ANNEX 3.5 (4)

the geometrical values quoted above are tyéical of existiﬁg paved

roads, the speed equations reduce to the f0110w1ng functious of R and
T. (Roughness and traffic).

0.0051 T

CAR V = 97.1 -~ 0.0020 R -

LCV V = 83.0 - 0.0019 R ~ 0.0037 t
PCY V = 68.7 ~ 0.0018 R ~ 0.0023 T
MGY V = 58.5 - 0.0014 R ~ 0.0013 T
HGV V = 52.5 - 0.0014 R - 0.0008 7

The equa;ions given abovg indicate the followiﬁé traffic from speeds
for T.= 0 and R = 2400

Typical Traffic

Vehicle Free Speed
L New Bitmen
CAR 92
LGV ' 78
PCV . 64 -
MGV 55

HGV 49
These speeds conform with prévious estimatés of the 1975 vehicle
operating cost manual. - :
OPERATING COST FORMULAE

For the purposes of vehicle operating cost analysis we consider the

components listed below. Equations. are based primarily on ;hg TRRL

studies but take account also of previous estimates made in Ghana.

Fuel consumption
Tyre consumption
' Lubrlcatlng o1l consumptlon
Maintenance and depreciation
“Accident costs
Crew and overheads

The accepted form of the fuel consumption equation is:

Fea+2cv?
v
where é = Fuel Consumptlon (lltres per 1000 km)
V = Average/speed (kph)

a, b & ¢ are coefficients varjlng w1th vehicle
classification.
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- ANNEX 3;5'(5)'-

Adoptlng as base data points,’ fuel consumptlon at a speed appropllate
for lightly trafficked roads 1n relat1ve1y good COndltlon (from the

1975 . manual) the following equatlons for fuel consumptlon were

de11ved.

3365

CAN F = 20,15 + =k== o;ooélé_vz_.ﬂ
LV F = =9.i2 + ﬁ%?g‘ + ”dfoiéés v2
pov B = ~101.12 + 2322 4 0.0464 V2
MGV F = -49.13 + §%§§¢7+  0 0464 V2
CHGV P = 154.91 + _§2&§'_+ .0.0464 ;v2 

)

' ‘The TRRL equations give tyté-éonéhmbtibhrésithe_numbér Qf-tyrés pér.
killometre run. We cdhverté&_this@t6 £yré ;ifeiaﬁd eiéﬁined imp11ed
average lives for the Eyﬁe of 6ﬁefa£iﬁg COhd{tidﬁé'fohﬁé*inachana,
After compatlng with estimates obtalned from road user burveys in

Ghana, the following equatlon for tyre wear were derlved.

CAR TC = 0.0435 R x 10*5
CLCV TC ='0.0435 R x 1076

PGV TC = (83+0.0112R) x 1070

MGY TC = (100%0.013R) x 1076

HGV TC (2oo+o.027R)'*x 10"5

where Tc is the number of tyres per kllometze and R is the surface--

roughneas in mm/kin.

The TRRL étudy makes no atteﬁpt to differé?tﬁa%e'lubrféatingAaiL
consﬁmption‘except between gravel and-unpévéd.}aé&s;‘VThé'coét of 0il
replanlshment is & small item, around 5% of fuel cosL. 'Fbr the‘saké
of simplicity oil consumprlon is held constant for all bltumlnous

surfaced roads at the follow1ng values.‘
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ANNEX 3,5 (6)

: _ 1.4 Litre per 1000 km
LoV : l.4 -
POV 4,8
- MGG : 5.1
) HGV 8.3

The values were derived from the 197J manual and are genevally + ?6%

of the TRRL 8 Kenyan results.

“The  TRRL- study relates vehicle malntenance cogts to new vehicle price

:and expresses this as a functlon of roughness. ‘The maxntenance cost
furmulae 1n ‘the form glven by the TRRL can be used to derive economic
Jvehlcle llfe, also as a functlon of average road roughness. Vehicle

malntenance and’ deprec1at10n may then be comblned iato 4 s1ngle

equatlon. Costs per kllometre are average over the economic life of
the veh1c1e and expressed as a function of the prlce of a replacement
.vehxcle (VP) Related to roughness (R), the comblned malntenance and

:deprec1at10n costs are as follows:

CAR = (=50.75 + 6.004’533% v, 10_‘6
LEV = (<30.75 + 0.0045R)% v, 106
POV = ( 12 + 0.00925R)Y v, -1_6“6"
MCV = ( 12+ 0.00925R)s v, 1076
JHGV = (112 +.0.00925R)s v, 1076

TQ:conform with' previous practice in.Ghana,:we included in our 1981
'eétimates of vehicle operating costs an estimate of additional costs
:arlslng from accidents. The poor stéte'of much of the foad network
in ‘Ghana - is con31dered a factor in h1gh acc1dent rates and costs. It
_1s accordlngly approprlate to relate accident costs per kilometer (4)

to surface roughness (R) as the measure of road condition.
‘ Thé.éame equation is used for all vehicle types:
A= (35 + 0.01R)V, x 1078

for crew and overhead costs, the annual cost of a crew for ome

.-véhicle is- considered as the price parameter.

The crew consists of

drlver plus 3551stauts or conductor as appropriate. Costs include

wages, allowances and oLher direct labour items. Overheads for fleet
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CANNEX 3.5 (7)

operators are also 1arge1y 1abour costs and it - seemed approp11ate to
estimate as multiple of crew coats. The multlples for the three

heavier types of vehicle are as followss

passenger commerc1a1 _ 1.5 .
- medium goods 0.8
heavy goods 2.75

Fleet overheads for cars and light commercial vehicles.areeconsidered
negligible. ' ' o
Crew and oieihéads are treated'as'sfanaing coete{: To convert to a

cost per kilometre annual utlllzatlon is requ1red.: Annual

_ut111zat10n may ‘be expected to vary dlrectly w1th runnlng speed but _
because vehlcles do’ not spend all thelr lee runnlng the change 1n
utilizaticn will be less than proporblonate to the change in speed
The following relat10nsh1ps were derlved for the 1nverse of annual
utilization expressed in kllometres (l/Ka) . To obtaln standlng costs-
per Rllometre, the annual cost is d1v1ded by annual utlllzatlon, and

‘thus multiplied by its inverse.

cAR - (T +_:o.1i9). L1075

LGV tégfl + 0.333),.;1045

PCY 2.5 x (Q%LQ +0.238) 1073
wev 1.8 x (332 +:'0}5b0)~.:id"5
CHGY 3.75 x (5%42 }_ 9;353)_ fi0"5'

Total costs Qer'gg. The combonent cost may be:summefizéd_by_vehiele
type in the form | - - B
T : _
2ot e AR+ (e v RN

where a, b, ¢, d, e &rf_are:all'pfice depeﬁdenf'eqefficienté.
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ANNEX 3.5 (8)
4. PRICES AND UPBATIHG”

The base date for pricing in the previous report was July 1981,
Local and forelgn components were glven separately, in cedis and us$,

. respectlvely. ~ With five vehicle classes and five cost components,

=-tlfuare is a maximum of fifty price 1nputs. With only one price pair

. requlred for lube 0il and two discrete prlces is reduced to 31.

Although the prlce matrix contains 31 dlfferent Jtems, these do not
' all requlre to be 1nd1v1dually estlmated for updating’ purposes. The
hope and 1ntent10n at the time of preparing the previous report was

"that the GHA would update the VOC estimates on a regular basis by
.preparlng prlce 1nd1ces for the four main categories of component is
fuel and oil, tyre, vehicles and crew. This has not happened. The
dlscontlnulty LS unfortunate. Had the VOC est1mates been regularly
updated the prlce data would have been under continuous review.

o Updatlng and revxs1on,cou1d have progressed in parallel It would
then have been approprxate three years after the initial work to have
produced at thlS stage a compietely revised base matrix. In the
.evcnt we have had to work partly on the basis of revised price
estlmates and partly be means of index numbers. The prlce

lnformatlon on which the various estlnates are based is given in

'Appendlx 9. The revised price matrix is shown:below.

. ?rice Inpﬁtlﬁatrix: Méz 1984
' Local Costs ¢ CAN LoV PGV.  HGY . HQY

‘Vehicle* . unit . 6,000 6,000 75,000 85,000 = 215,000
 Tyre unit 6D 78 211 326 477
‘Fuel = litre 1.4 1.4 L4 1.4 1.4

. Lube o0il  litre 3.3 3.3 3.3 3.3 3.3
. Crew. =annﬁa1 101,500 45,000 75,000 84,000 91,000

'-fForelgn Costs s

' Vehicle* unit 7,100 6,900 42,500 261,500 50,000

Tyre unit 34 45 120 186 273
Fuel . = litré. - 0,30 0.30 0.26 0,26 8.?6
'Lube cil- lxtre C 0. 7 0.7 0.7 0.7 .

* Net of cost of orlglnal set of tyres; note also that local content of
‘maintenance’ cost 1is dlfferent from that for rePlaceme“t costj
coeff1c1ents e ‘and f are adJusted for this.



CANNEX 3.6 (1)

EXTRACT FROM "GHANA BRIDGE DEVELOPMENT
PROGRAMME, F/S, SECOND STAGE"

SCOPE OF THE FEASIBILITY STUDY .

Accordmg to the bridge mventory carraed out in 1982 there are !;37 bndges and
ferries on the national road network masntamed by the GHA Out of thesé
bridges, 80 were in a detenorate state, requmng a feamblllty study for their

rehabilitation.

Not mcluded are an unknowr number of town’ bndges and bndges on feeder o
roads which only recently have come, under the resmnsszhty of GHA but are

beyond the scope of this project.

At the begmmng of 1986 talks were held between the representatlves of the
World Bank, GHA and the Consultant, in order to update the: tasks of the Second -
- Stage of the Pro;ect As a result of the brldge anentory, it Was reevaiuated
that the’ bndges to be rehablhtated and thus included in both F.S. stages would |
have a total Iength of about 2, 500 m mstead of ’the mltial estimate in the 1981 _

Terms of Reference of 2, 000 m.

; T'he first "stage of the F.S. was conducted in1982/83 and covered 28 bridges.
“The second stage of the Feasibility :Study, compnses 56 bndges mSpected in this
stage and 13 bndges carned over from the first stage of the F.5. for

~ reevaluation and upda’tmg.

The inspection of the brldges in May 19086 was conducted in coo;)eranon with'
the Regxonai GHA offlces, and 1t was’ at their request that elght bndges in
_ deteriorated condition were added 1o the hst. Other brldges mciuded in the: 2nd

and 3rd priority Itsts were deleted.

The locations of the resul’ting comprehensive 6% bridges are shown in Fig. 1. _'
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ANNEX 3.6 (3)

BRIDGE NO. 1/26

Particulars: _ : : :
Region: Western. : Coordinates: 5°05'N, 1°37'W
Road Section: Cape Coast- Locality: Beposo:

Daboase Jet. Nearby bridges needing repair:_ Nonu
River: Pra ' o : . '

Economic Significance: Road No. 1 is part of the West African Highway linking
Abidjan to Accra and Lome. Bridge 1/26 hes consequently national and
international importance and is given priority in the National and Road
Devetopment Plan, ‘ o : '

Road Network: Lo :
' ' - Existing.Road ' Improved Detour

Road Road Section l.ength Surface Surface ADT Upgrading: = Road
No. . - (km) Type ' Quality 1984 Category  Type
. Direct Route: : . o '

1 Cape Coast- ' R . .
Daboase Jct. $2.0 Bitumen V.Good 953 - -

_ _ - (1981=3099)
Detour Routes: None (166 km)

State of Existing Bridge: _ L -
Superstructures - 125 m long suspended bridge with RC slab on steel
: " . girders. 5.70 m ‘wide carrisgeway. Built 1924, Fair

condition but displacement of vertical tie cables and
cracks in  the concrete deck = were observed.
Accommodate only one lane (enforced reversible traffic

S by flag-men). S '

Substructure: - Cood condition.

Life expectancy: ~ Approx. 50 years, but pending needed maintenance. -

Foindation Conditions: Granite bedrock at 10-15 m depth, covered by elay, silt
and gravel.

Hydrology and Hydraulics (see Feasibility Study by L. Berger, 1970):
Discharges . o Veiocityz o :
Depth of flow: ' Recommended bridge length:
Expected scours: o _ Lo

Construct immediately a new 2-lane, 125 m lang bridge. Details see Appendix A
in this study. : P : co

Cost Esfimate: : o : ' -
' ' New Bridge . . Repaired Bridge

. year thous. $ thous. &~ year thous.$ thous.:
Cor.struction ' 1989 3,768 142,000 . . . - B
Yearly maintenance S - 19 710 ' - -
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ANNEX 3.6 (4)

Appandix A
A-l

| Bridge 1/26 at Beposo

The-existing one-lane suspension bfidge' built in 193& spans tHe Pra R:Qer on tHe
ampurtant and busy Road No. 1 (a section of the West African nghway linking
Aﬁr]d}"an-Accra-Lome‘} It is:100 m long and 5.5-m wlde.

AD.T figures, c.onjputed from dats recorded on édjaceht.}bad'se:ctions are .as
foliows: '

'1969 approx. 1,000 (L Berger) 1981 1 13::;

1977 - 1,607 1982 - 1,609
1978 - 1,588 | 1983 - 559 (2)
1980 - 1,463 ' ' 1984 - 491 (?)

In 1970 - as part of the plans for the passible r‘e?lignrﬁgﬁt of Road ‘Nc;.' I,.Qi_th the.
- purpose of shortening the route - Messrs. Louis B'erger were corﬁmis'sion'éd to
—-undertake a feasibility study for a new bndge. Three poss:ble solutions were

|nvest1gated in the study

Alternate | A new 1664 mn iong two-tane bridge 7.2 km downstream
of the existmg brldge, with a 15 km long new access

road.

Alternate II' A néw 316-m ib’n.g two-lane bridge, 2.4 km downstream
. of the existing bridge, with a -km long new access

road.

Alternate Il A new 123-t 10ng ane-lane bridg'e,j[]};n upstream of

- the existing bridge, with a 1-km new aéccss road.

Alternate I was dtscarded, as cost-benefit studies showed it to be more cxpensive .

than Aiternate 1 for about the same saving of road dlstance Altérnai‘.e Il was

.recommended, havmg peen found preferable to Alternate IIf when traffic savmgs

are considered.

A-13



ANNEX 3.6 (5)

- Appendix A

A2

During the permd 1982 -1984 the existing brldge was repeated!y mspected by
GHA and TAHAL engmeers, who concluded that the bridge is still serviceable
and in a fair condition. However, a number of flaws were “discovered and it
became-ciear—that a thoroughgmng, highly spec:ahzed ingpection (including field -
and laborstory ‘tests) must be urgpntly undertaken, followed .byA proper'
mamtenanca ‘works. Some of the defacts abserved mclude. displacement of the
upper connectlons of vertxcal ties and cracks in the cancrete deck. Fattgue and

corrcsmn of the main cables must alsg be.checked.

At a meeting held on 27th August 1986, w1th the partlc:patmn of the Ch;ef
_ Engmeer (Bmdges) and Chief Engineer (Plannmg) of the GHA and Mesas, Manor
and Warshavskl of TAHAL. the alternates proposed in the 1970 Feasibility Study
by l.ouis Ber‘ger were dlscussed in detail in the llght of the present development

| plans for Road Na, 1.

‘It was demded t.hat wlthm the framework of the present F’eas;bllaty Study,
TAHAL would compare two a!ternatwes'

Alternative ma - A new 2- lane bmdge near the exlstmg one (Jocated

at Berger's Alternate I, but with a different

structure).

Alternative [1A - A new 2-lane bfidge,'about'z.l&'k?‘n downstre arm,
- which would shorten the travel distance by about
5 km (located at Berger's Alternate I, but with

differsnt structure).

Economic ‘eva_l(;a;iori of the two alternatives, including capital investments and
O &M of costs, is presented in the table on the next page. It shows that
Alternative IIIA requires much smaller capital  outlay and less ~annual

expenditur’és, and it is the_refore the recommended alternative.

The budget estirmate in the' F.5: will incfudé also the cost o'f a detaiiéd inspection
and testing. of the exlstmg suspenston brldga. Based on the results of thls
mspection, it will be possible to declde whether it would be preferable to- rEpan'
gnd retain the exlstmg brldge and to build a new one-lane br:dge, rather than

adopting one of the two- lane alternatives.
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ANNEX' 3.6 (6)

Appendix A

ECONOMIC EVALUATION OF ALTERNATIVES FOR

RECONSTRUCTION OF BRIDCE 1/26

y _e—:__—;e—;‘i;gpital.lnvesﬂﬂents

.1 Bridge
Local currency (€ millions)
Foreign currency ($ millions)
Subtotal L1 (§ millions)*

L2 "Approat":h"Road _
Local currency (€ millions)
Foreign currency (§ mil!i_oﬁs)' -
Subtotal 1.2 ($ millions)* =
Tatal Investments ($ rniilions)

‘I Annual Costs
' lf.:l ‘Operation and Maintenance

i_ocal cu'rre‘ncy {C mi!_iiéhs’)-
Foreign currency ($ milii'ons) :
Subtotal I1.1 ($ millions)*

.2 Road Sﬁbrte'nihg ' _

 Transportation savings ($ millions)® *
' II;B -A:nn.uafl capitai costs ($ millions)* * *

Total annual costs ($ milliona)

. Expressed in US$ at an e

®# - Saving: accruing from ghartenin

**+* Calculated at 12% interes

- ADT snd its compaosition.
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Alternative 1IA

127.
'h.
5.

782,

4

4

2

0

11.3

16.

5

21.7

—————

45,
0.
1.

3.

t fate for 20 years.

5
BI
1

5

[l

xchange rate of US$1 = (ElS(]
g of the detour by 4.2 km, given the current

Altérnative I1IA

142.0
3.7
4.6

4.6
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ANNEX 3.6 (7)
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ANNEX 3.6 (8)

- zy.usn&x:a :Ju\nutqa - md

|.ﬂ||l|.

FIE> 4 S

V-V ROIL33S

| ryram PTT LTI AT TR Sk

S31ld-H 2L q
— «~|_..__

..
xuo.«oun E NS LTS

L]
- . .

i
NS
—
o2z
O =z - — - o - - | Ill.h-lw
oF el MKW whw e . - . . BT | e Beve ! R DT R
— Byl - P —— . -
S VI STV HES ™ TTI0Ed " ONOT / NOIIVAIT3 5oe0 :
0 = : . - e
. 552 811 p )
CETLL ‘_ “BETET w- BETET I BREST i G51%7
w/B9 1117008 @ 3H : et —_+—
- ~RTR : 33.[......4

\jod-sp

=3

= ,r_,....ﬂ
T ,:W/M,.J .

N g

A Webih g

Hﬂ.ﬂ.ﬁt

g :«S.. 343 T T _néox: )
‘NY1d 350188, 03504044 .
LT _
1) i T -
= SS3YLIYK
—_ 4 ’ m | \«‘agmﬂdl
.- L P a SINGD
- 2 2 ¥ILUVNO MO
=" _‘.v ¥ 5 g
T : :
pEn=T :
m it , i g — I P S
13703 24md 2 =4 : WYHOAYY
. 2ttt i P Mwn@»_ :13: Wgﬂ T il

e N

nlm{

i -




	ANNEX
	ANNEX 1
	1.4 MINUTES OF DISCUSSIONS
	1.5 LIST OF COLLECTED DATA

	ANNEX 2
	2.1 FIGURE
	2.1 (1) General View of the Existing Bridge
	2.1 (2) Geological Profile (Cementation International Engineering Ltd., 1984)
	2.1 (3) Geological Investigation
	2.1 (4) Topographic Map of Beposo Bridge Construction Site
	2.1 (5) Hydrographic Map of Pra River at Beposo Bridge
	2.1 (6) Profile of Pra River at Beposo Bridge Reconstruction Site
	2.1 (7) Ghana Road Networks
	2.1 (8) General Arrangement of the Project

	2.2 TABLE
	2.2 (1) Monthly Mean Discharge and Mean Water Level


	ANNEX 3
	3.1 COUNTRY DATA
	3.2 SUMMARY OF TEST RESULTS
	3.3 BOREHOLE ROGS
	3.4 FLOOD ANALYSIS
	3.4 (1) Annual Floods Data
	3.4 (2) Gumbel Distribution
	3.4 (3) Stage-Discharge Relation
	3.4 (4) River Cross Section at Proposed Location
	3.4 (5) Water Surface Variation

	3.5 COMPUTATION OF VEHICLE OPERATION COST
	3.6 EXTRACT FROM "GHANA BRIDGE DEVELOPMENT PROGRAMME, F/S, SECOND STAGE"



