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PREFACE

Iin response to a request'from the Government of Arab
Republic of Egypt, the Government of Japan decided to con-
duct a basic design study'oh the Project for Rehabilitation
of Ahmed Hamdi Tunnel and entrusted the study to the Japan
International Cooperation Agency (JICA).

_ JICA sent to Egypt the phase 1 study team headed by Mr.
Shigeru NAKAMURA, Director, Grant Aid Div., Economic Cooper-
ation Bureau, Ministry of Foreign Affairs, from 23th June to
4th July, 1991, and the phase 2 study team headed by
Dr.Akira INOKUMA, Head , Tunnel Division, Public Works Re-
Search Institute, Ministry of Construction f£rom 1ist August

to 20th September, 1991.

The teams held discussions with the officials concerned
of the Government of Egypt, and. conducted field studies at
the study area. After the phase 2 study team returned to
Japan, further studies were made. Then, a mission headed by
Dr.Katsuhiko IWAI, 'Chiéf Tunnel Engineer, Department of
Engineering, Nihon Doro Kodan, was sent to Egypt in order
+o discuss a draft report and the present report was pre-

pared.

I hope that this report will'contribute to the promo-
tion of the project and to the enhancement of friendly
relations between our twe countries.

I wish to express my sincere appreciation to the offi-
cials concerned of the Government of the Arqb Republic of
Egypt for their close cooperation extended to the teams.

February, 1992

Gl g

Kensuke Yanagiya
President
Japan International Cooperation Agency
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SUMMARY
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- This Final Report of the Basic Design Study on the project
for REHABILITATION of. AHMED HAMDI TUNNEL, Arab Republic of
Eqypt, is the result of a request for Grant Aid by the Go-
vernk
“ment of Arab Republic of Edypt to the Government of Japan on
hugust 13,1990.

1. Background of the Rehabilitation Works
(1) Current Situation of Egypt

Egypt is located at the north-east of African Continent,
and is facing Mediterranean in north and Red Sea in east both
with long shore-lines. The boundaries are with Libya in west,

Sudan in south and Israel in east on Sinai Peninsula.

The population in 1988 is approximately 51.4 million with
12.0 mil@ioﬁ in Cairo, the capital. The residential and agri-
cultural area is limited to the basin of the River Nile, the
river mouth delta and part of the shoreline along Mediterra-

nean. The remaining area is desert mostly.

Historically, Egypt has been enjoying much benefit from
the River Nile, and has been developed as an agricultural

country.

In Egypt, such agricultural products as cotton, fruits
and vegetables have been produced mainly for exporting purpose
to get hard currencies, which has caused ‘a reduction of grain
products, tdgether‘ with a decrease .in self-supply of main
- foods for the people of Egypt. On the other hand, however
mining industry, manufacturing industry and service industry

are developing in good shapé.



The Government of Egypt is now implementing the Five-

Years (from 1988 to 1992) Social and Economic Development Pro-

gramme in order to achieve the National Objectives which are

categorized into three types of objectives as below:

_1)

2)

3)

The social objective of an Improved Quality Qf Life for
all Egyptians,; Lower Population Growth, and'Reversal of

the Brain Drain;

The Economic Objective of Industrial Development to
Create Oppoftunities for Jobs and Export Earnings,

with Foreign Aid Reduced and Private Sector Expanded;

The =Strategic' Objective. of Fbod Self-Sufficiency,

National Integration of Remote Districts.

In order to achieve the. above National Objectives, the

Government of Egypt intends to put a high priority on the

domestic economy. The concrete measures being taken for this

are stated below:

1)

2)

3)

4}

decentralize public: sectors and publicly-owned enter—

prises and improve technology and productivity;

promote investment in- private sectors such as agricul-
ture, stock-raising, tourism, construction, “housing,

manufacturing, transportation and communication;

open the door for investment in Egypt by foréign coun-
tries, and promote labour-intensive and export-intended

types of industry;

obtain financial aid and cooperation from western Euro-
pean countries, Japan and the neighboring Arab coun-

tries.



Based on the abéve, the national economy of Egypt could
be expected to be revitalized both in public and private
sectors, thus bringing a steady.economic grdwth and gradual
increase in Gross National Product by an annual rate of 5.5 3%

on the average.

(2) Current Situation of Social and Economic Sector in the

Peninsula of Sinai

‘The Government of Egypf is striving to achieve the eco-
nomic and social prosperity in both West and East bank zone of
Suez Canal (hereinafter called the Canal) and the Peninsula of
Sinai. Especially, in the Peninsula of Sinai, the Government
is intending to develop such leading economic sectors as

agriculture, manufacturing, mining and tourism.

The Government is tO'reorgénize the current situation of a
mono-crop agricultural (livestock) economy into a diversified,
self-~reliant ahd multi-sector economy in the Peninsula of

Sinai and to create job dpportunities for its people.

In addition to the above, the Governmeﬁt of Egypt is trying to
achieve the strategic objéctive of establishing sound environ-
ment for permanentISEttiements in all parts of the Peninsula
of Sinai under a desert climate and integrating the Peninsula
of Sinai successfully into  the Mainland of Egypt in economy,

culture and pelitics.



(3) Importance of Ahmed Hamdi Tunnel

Suez Canal, located at the northwest end of the Peninsu-
la of Sinai, which serves as the soie water route connecting
Mediterranean and Red Sea, is approximately 162 km in length.
The Canal has an important role both for international marine
transportafion and for domestic economy in Egypt. However,
the Canal separates the.mainland of Egypt .and the Peninsula of

Sinai.

.At present, the means of transportation connecting the
Mainland of Egypt and the Peninsula of Sinai can be catego-
rized into two types:  ferry-boat 3ystem crossing the Canal

and the'tunnei system crossing under the Canal.

The ferry-boat system crossing the Canal is-operated in
six lines in the northern, central and southern parts of the

Canal. But its capacity is comparatively small.

Ahmed Hamdi Tunnel crossing under the Canal was completed
in 1983 and has been put in.use for 9 years as an indispens-
able route for the social and ecconcomic development in the

Peninsula of Sinai and both West and East sides of the Canal.

The Tunnel is not only the sole route of surface tfans—
portation connecting the Mainland of Egypt with the Peninsula
of Sinai, but also cérries such fundamental life-lines as
fresh water supply pipelines, all of which are vital infra—

structure for people in the Peninsula of Sinai.



Accordlng to the latest survey of the traffic situation
in the Tunnel in May and August, 1990, an average number of
traffic of surface transbortation of 1,500 ~ 1,800 vehicles
per'day with a maximum traffic volume of 5,000 vehicles per
day‘has been recorded. And rhe numnber of wvehicles will in-

crease year by year in future.

In view of the above social and economic situation in
the whole Peninsula of Sinai, it may not be an overstatement
to say that the Tunnel, together with other networks of sur-
fece'transportation all over the Peninsula of Sinai, ie'exa
pected to become meore and more impertant due to regional

'development of the Peninsula of Sinai from now on.

(4) Current Situation of the Tunnel and the Necessity of an

Early Start for the Rehabilitation Works

Since its opening in 1983, the Tunnel has been put in use
only for 9 years, during which, unfortﬁnately, complicated
troubles of functional and structural deterioration of the
Tunnel appeared possibly due to the leakage of salty water.
The primary tunnel structure of reinforced concrete segment

and road-deck - of the Tunnel has been damaged to a serious

extent.

The Suez Canal Autherity (hereinafter called S5.C.A.) has

taken necessary steps for temporary repairs of the Tunnel from
time to time, all of which, however, could not necessarily be

" said to have effectively prevented further deterioration of

the Tunnel.

It is suppbsed that the structural strength as well as
safety margin of the primary tunnel structure have been sharp-

ly going down nearly to a dangerous level.



_ On the other hand, 8.C.A. is now planning to expand the
Canal.. The expansion works: of the Canal, however, could
possibly give - such ‘mechanical imbacts -to - the structural
strehgth of the existing tunnel ‘structure as change in water
and earth preésure, ;uhleSs'_heqessafy' and propexr. steps 'are
taken in time to reinforce the structufél strength of the
Tunnel. So the Expansibn Project cannot be completed or may
be délayed without reinforcement of the structural strength
of the Tunnel. _

in consideration of_the above mentioned situation and ‘in
order toc keep the'soundneés'of the tunnel structure, an early

start of the Rehabilitation Works is urgently required.

(5) Effect of the Rehabilitation Works

The effects of the Rehabilitation Works for Ahmed Hamdi

Tunnel have been summarized as follows:
The project is directly expected to:

1) save the labours and costs for maintenance 0f the
Tunnel for S.C.A. which have been recorded to amount to

1,400,000 Egyptian Pounds annually on the average,

2) allow a full use being made of the traffic capacity of
the Tunnel of 1500 vehicles per hour so that it can
serve as a main route of surface transportation con-
necting the Mainland of Egypt with the FPeninsula of
Sinai. This is expected to make a great contribution to
the development and expansion of agriculture, manufac-
turing, mining and tourisﬁ in the Peninsula of Sinai as
well as foreign trade with the neighboring countries,
all of which are oriented as the main objectives of

regional development in the Peninsula of Sinai,



3)

4}

be very helpful for achieving the strategic objective
of Egypit, because it provides a traffic capacity big

enough for future demand,

make a great.cohtribﬁtiOn to meeting the international
needs for the Canal's marine transit of huge-sized
vaessels which are expected to pass through the Canal in
future after the Expansion Project of the Canal (deep-
ening and widening the existing Canal) is completed.
Also, it may bring about an increase in the transit

revenue for the national economy of Egypt.



2. Outline of the Official Request for Grant Aid for Rehabil-

itation Works of the Tunnel.

The object for the Rehabilitation Works is Ahmed Hamdi
Tunhnel, located 17km north of the city of Suez, connecting the

Mainland of Egypt with the Peninsula of Sinai.

The content of -the Request is the structural and func-

tional rehabilitation of the whole Tunnel of 1,650m in length.

The Rehabilitation Works is based on the récommendatidns
in the Final.Report'by the Task Team of the Government of
Japan issued in May 1990. Thé method to be adopted for ﬁhé
project shall bé reinforced concrete lining after apélying
waterproofing sheet all over the inside of the Tunnel under
the condition that 1 (one) lane of traffic is basically kept
open 'throughoﬁt the project period. This is .to completely
prevent the l_eakége of salty water'from the outside of the
existing tunnel structure through segment-joints into the

Tunnel.

The Works includes the road deck and the related facili-
ties at the same time, The purpose of the Works is to recov-
er completely t he structural and functional capacity of the

Tunnel .



3. Execution QOrganization in Egypt

The responsible organization for this Rehabilitation

Works in Egypt is S8.C.A.

The planning and execution of the Works go to Works De-

partment of S.C.A.

Works Deépartment has already assumed the responsibility
of the Tunnel's operation and maintenance contrel, through
which they have o¢btained plenty of technical know-how and

experience.

Considering their capability and experience, it could be
assumed that they are fully competent to execute the proposed

Mainterance/Control Method for the Rehabilitated Tunnel.



4. Field Survey

The followings are the contents of the field survey.

Study Items Contents

{1} General Tunnel Site Survey » (eneral tunnél site survey on

structure and facilities

{2} Study on . General survey on the present/future

-~ Background of the Plan status of the national/regional

-~ Requirement : _ develcpment plan

- Project

- Confirmation

(3) Study on the Present Con- . Revision of the updated deteriorat-
dition of Tunnel Deterio- ion report by 8.C.A., measurement
ration ' of stress reinforcing steel bar,

and evaluation of safety

(4) Traffic Conditions of the + Survey on Traffic Conditions and the
Tunnel Structure characteristics

(5) Study on the Related . Survey on the present conditions
Facilities of the size, location and supporting

for such facilities as Water

Supply Pipelines

{6) Study on the Ventilation . Survey on the present conditions
System of the size and operation for such
" facilities as Ventilation and

Lighting, etc.



Study Iltems Contents

{7} Survey/Study of + Study on local availability
Construction Materials . and selection of materials

(8) Survey on Construction : -+ Examination of the constructional
Work and financial capability of local

contractors, construction equipment,
skilled and unskilled wérkers,
éonstruction materials locally
available and related laws and

regulations, etc.

{9) Tunnel Section Survey . Instrumental measurement of center

line, level, and section inside the

tunnel
{10)Geotechnical Investiga- .+ Survey of the scil characteristics
tion
Based on the survey results of the above items 1 -~ 3 and

the recommendation in the Final Report by the Task Team of the
Government of Japan issued in May 1990, it has been concluded

-that:

1) The Rehabilitation Works of the Tunnel is intensively
important and

2) The Works shall be executed as soon as possible.
_ Furthermore, several technical discussions have been
held with S.C.A. and the local government authorities on the
Rehabilitation Works, from whom we received the  relevant data
and information. Finaily, the Design Policy and Criteria,
and the Construction Conditions necessary for the execution of

the Basic Design Study have been decided;



5. Basic Design Pblicy and Criferia

5.1. Basic Design Policy and Criteria

The First priority is "To keep the soundness of the

Tunnel" and the:fqllowings have been. confirmed with S.C.A.

throtgh the discussions during the field survey. -

(1)

(2)

(3)

(4)

The tunnel structure shall undergo no further dete-
rioration and Similar Rehabilitation Works shall not
be reQuired again. To achieve this, the followings

are to be considered.

The Rehabilitation Works for the‘whble length (1650m)
of the Tunnel shall be implemented by the method of
reinforced concrete lining after applying waterproof—
ing shéet on the existing concrete segments including -

the road deck.

'After the Rehabilitation Works, the Tunnel shall be

maintained through regular inspection and slight

partial repair works only.

The above mentioned rehabiiitafion deéign .for the
Tunnel shall allow future wideniﬁg, deepening and

doubling projects of the-Suez.Canél.

The existing road capacity and limit shall be se-

cured.

The road limit shall be equal to the existing one,

which is 5.0m in height and 7.5m in width.

Concerning the drainage system, the ground watér
shall be directed to the drain at the invert and be

collected into Nadir sump tank.



(5)

(6)

(7}

The Ventilation System Plan shall be studied based on

the present situation of the existing system so that

‘the system can reused as much as possible and adjust-

ment can be applied as necessary. The system shall be

designed based on practical, technical and economical

-considerations. The recommendation includes study on

the safety at the time of emergency such as "Fire"

and on easy maintenance.

The Road'SYstem such as Ceiling, Lighting, Wall Panel
énd Fire Hydrant, and the Related Facilities such as
Electrical Power Cable and Communication Telephone
Cables éfter being rehabilitated‘shall be reused as
much as-possibie. The decision of the Reuse can be by

the following considerations:

. The existing performance
» Damage and/or decrease in efficiency after disman-

tlement and reinstallation

. Decrease in efficiency for the sake of safe keeping
. Adjustability for the Rehabilitation Works
- Workabiliity

-« Cost

The Permanent ' Fresh Water Supply Pipelines (two
lines) shall be installed outside of the Tunnel
crossing the bottom of Suez Canal in order to secure
the water supply to the Peninsula of Sinai and to

facilitate the Rehabilitation Works.



5.2.

Construction Condition

in addition to the aboveée Basic Design-Policy and Criteria

the Construction Conditions for the Rehabilitation Works have

been confirmed as follows:

(1)

(2)

1)

3)

The immediate execution of propér-RehabiiitatiOn Works
shall be carried out as-quickly_as_possible.

For this purpose, the Cconstruction plan shall take the

following policies into consideration:.

» Early Start.
. Shortehing of Work Schedule - Schedule Optimum

- Cost Optimum
-+ Safety First

Based'on the above.policies, the construction plan is to

adopt the most practical and advanced construction

method to meet the target of the. Schedule.

The traffic restrictions during the Rehabilitation Works

are to be as follows:

One lane traffic.

2) The speed limit will be 20km/h. Further restriction is

to be applied to large vehicles.

The traffic is to be stopped between-B:OO pmt through
6£:00 am. During the period of special work such as the
assembling/dismantling/moving work -fbr__Centles and
Sliding Forms, the traffic is to be stopped the whole
day{s) according to schedule of construction. _Thé
periocd of traffic stoppage should not excéed one month
during the Rehabilitation Works. Each stoppage périod

should last 4 days to the maximum.



(3)

(4)

(3)

The Works is to be carried out by 3 shifts (24 hours per

day) .

The fresh water supply pipeline shall be kept in'operau

tion at least one line at a time.

Electrical power cable and communication telephone cable

shall be temporarily removed from the Tunnel for the

‘execution of the Rehabilitation Works except for those

necessary for the Works.



6. Basic Design and Construction Plan

‘The typical tunnel section after the Rehabilitation Works

‘is shown in Fig. 1. This has been prepared by the result of

the Basic Design.

(1)

(2)

(3)

By full adoption of the updated new tunnel technology,

it is possible that the tunnel structure does not under-

. go such deterioration again.

The loads to be considered at the Basic Design for this
tunnel lining are to be counted as earth pressure, water
pressure, self weight, impacts by the Canal expansion

works and earthquake.

-The design has been carried out against all loads. and
safety has been confirmed.

-The lining design shall be strong enough to étand earth
and water pressure which is always present.

During the Canal expansion, it can be assumed that soil
medium deformation may occur.

—If has been designed that this deformation is to be
transferred to the new 1lining, through the existing
segment ring, fleece and waterprdofing shéet, and

safety has been confirmed.

Considering of the tunnel endurance, fhe concrete cover'
for the new lining has been decided'as 70 mm.

It has been designed that the tunnel structure after the
Rehabilitation Works shall be safe and sound enough for
the final stage of the Canal deepening to é depth of
-27.0m. '



(4)

(5)

(6)

(7}

(8)

fo clarify the safety of the widening and deepening of

the_Canél, the Safety Measurement Method has been stud-
ied and proposed to estimate the soil medium deformation

by the detail dredging steps in the Canal expansion.

Through the analysis of this measurement results, a
practical épproach can be expected to be found out [for

work in the similar situation.

it is, of course, no doubt that the method will be very
effective for the evaluation of the tunnel safety during
the Canal expansion from the existing depth of 20.5m to

the depth of 24.0m and further to 27.0m.

To_prevent salty water leakage which is the cause of the
tunnel deterioration, the waterproofing sheet of 2mm in

thickness shall be installed before lining.

Tt is possible that the selection/procurement of the
material in Egypt such: as water, cement and aggregate
for lining and road deck concreting shall be strictly

safe against salt deterioration.

Concerning the drainage system, ground water shall be
directed through a fleece of 7.0mm in thickness in-
stalled outside of the waterproofing sheet to the gutter

at the invert and collected into Nadir sump tank.

The road deck, as shown in Fig.l, is structurally di-
rectly connected to the new lining and designed strong
enough to stand earth and water pressure and the impact

of the Canal expansion in addition to the traffic load.

As for the ventilation system, the following 3 systems
have been examined. For these systems: (1) The trans-

verse system, (Z2) the semi~tran$verse system and (3) the



(9)

semi-transverse system with the pilot shaft, evaluations
have ‘been done on ventilation performance, measures to

preveht disaster, economy and maintenénce.

Concerhing the ventilation performance, all of the
three types are available for use. HoWeQer, from view-
point of measures to prevent disaster, the Transverse
system has been proved better than the others.

So, the Transverse system has finally been selected as
the Ventilation System of this Tunnel.

The Tfanéverse system contains fans both for air supply
and éxhaust, and is rather .high in operation cost.
However, in normal situation, the air sﬁpply fans only
are to be operated. That  is almost fhe same as the
semi-transverse system in function. Meanwhile, it may
be  operated to deal with emergency situation like
"Fire".

For the design of the venfilation system, . PIARC*I)
{1987) staﬁdard which is approved as an international
standard is to be applied.

Concerning the traffic volume design, since it is not
practical to anticipate correctly the Zfuture traffic
volume based on the development plan for the Paeningula
of Sinai, the maximum possible.traffic capacity has been

applied.

Concerning the related facilities, the evaluation re-
sults for Reuse or Replacement and the contents of

Replacement are as shown in Table 1.

x*1) PERMANENT INTERNATIONAL ASSOCIATION OF ROAD CONGRESSES

5-18



(10)

(11)

It haé been decided that the fresh water supply pipe-
lines located in the Tunnel at present shall be moved
out from the Tunnel in view of gsafety, economy, working
efficiency of the Rehabilitation Works and the future
maintenance. The route is to be on land but also in-
cludes one part crossing the bottom of Suez Canal. One
line is to be installed first and filled with water.
After commencement of the water supply operatioh of the-
1st  line, the éxisting pipes in the Tunnel shall be
dismantled and installed as the 2Z2nd line after being

selected for reuse.

The schedule of construction within 35 months.

Early Sfart : Forrthe installation of the fresh water
supply pipelines, the dredging for the portion crossing
under the Canal and the excavation/earthing for the
onland portion are to be directly carried out by S.C.A.

as her scope of work in advance.

In order to shorten the Work Schedule, the followings

are considered.

1) The Rehabilitation Works area especially for Road Deck
is to be divided into 4 sections in the whole Tunnel
1ength.

Becéﬂse the mbst'critical pass in the work schedule is
the concreting for the Road Deck. And by this 4
parallel work apprication, the critical pass can be

improved drastically.

2) Concreting steps are to be minimized especially for

the portion of the lower lining and road deck.



3)- By moving the fresh water supply pipelines from the
Tunnel - to - outside, - the -workihg efficiency in the
Tunnel especially for the portion of the lower lining
and road deck which is the most congested and critical

area is to be remarkably improved.

4) By keeping one traffic ‘lane open, the.éonstrhction
plan.for the execution of the pomplicated and continu-
ous work in the narrow Tunnel is to be proceeded with:
-~ Centle working effiéiency |

- Parailel concreting and concrete curing
- Material flow in and out

- Traffic restriction

5) All centles and concrete forms are to be operated by

the_automatié motor driven wheel/rail system.

(12) After the completion of the Rehabilitation Works, the
méinteﬁaﬁce for the Tunnel 's safety and function keep-
ing will be very important tasks. So, the Maintenance
Method to prevent similar detéfioratioh has been stud-
ied. _ |
Also, the Maintenance/Control-Method for traffic re-
striction, leaked water collection/drainage etc.

during the Rehabilitation Works has been developed. .
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7. Conclusion

The summary of the'conclﬁsion of the Basic Design Study

for the ‘Rehabilitation Works for Ahmed Hamdi Tunnel 1is as

follows:

(1)

(2)

- (3)

The Structural Strength of the Tunnel has been rapidly
approaching the limit of ultimate strength and it_is

already in a difficult situation of keeping the sound-

- ness of the Tunnel in view of 'structural mechanics

without reinforcement. Immediate execution of the
Rehabilitation Works shall be carried out as quickly'as

possiblie.

By full adoption of the updated new tunnel technology,

it is possible that the tunnel structure does not under-

- go such deterioration again.

With the high technology and management level of S5.C.A.,
the Authority is surely able to execute the maintenance
control method which ‘has been proposed in- this Basic

Design Study after the completion of the Rehabilitation

Works.

Concerning the road facilities, though walkways become

‘narrow, it is possible to install cables and pipings

there. As for the Ventilation system, the existing one
can be adopted and the present -size and level can

possibly be kept after the Rehabilitation Works.:



(4)

In the process of implementing the Five Year Social and
Economic Development Program in Egypt and in order to
achieve the National Objectives which aim at économic
development in both West and East bank . zone of Suez
Canal ahd the Peninsula of Sinai, the role of the Tunne1
is wvitally important because it is the sole'route of
surface transportation connecting the Mainland of Egypt

with the Peninsula of Sinai.

-~ At present, the traffic speed is'rest:icted within 20

(5)

(6)

km/h for the sake of traffic safety and only one lane

‘operation can be kept open . for maintenance work when

Tequired. As a result of this, the traffic cabacity

shall be severely reduced temporarily. However, it is

possible to recover the Tunnel's soundness cdmpletely

without any reduction of its road function as it was

‘designed originally. Therefore, +the Rehabilitation

Works shall be carried out as socon as possible.

After the completion of the Rehabilitation Works, imme-
diate execution of the Canal Expansion Project will be

possible.

It can not only meet  the internatidnal need for the
Canal's marine transit of huge-sized vessels, but also
enable S.C.A. to increase the transit revenue for the-

national economy of Egypt.

S.C.A. is spending 1,400,000 Egyptian Pounds annually on
average for maintenance/survey of the Tunnel. After the
Rehabilitation Works, this huge cost can be drastically

reduced.

102
|
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(7

In consideration of the expected economié and social
effect as the result of this Rehabilitation Works,
this project can be appraised as highly appropriate.
for Grant Aid, and it may serve as a very good example
of Japan's contribution to development of friendly

relationship between Egypt and Japan.
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Chapter 1 Introduction

‘Ahmed Handi Tunnel (hereinafter called the Tunnel) which
is 1,6500m in length, with an outei diameter of 11.6 m and
inner diameter of 10,4 m, was completed in_1983. The Tunnel
was constructed in the primary +tunnel structure. of shield
tunnel of reinforced concrete segmént, with the'traffic capac-

ity of 2 lanes for vehicles.

Since its opening in 1983, the Tunnel has up to now been
put in use only for 9 years. However, an overall functional
and structural deterioration is currently going on in the
whole length of the Tunnel and above all, in the primary
tunnel structure of concrete segments, reinforcement steel and
road decks to a serious ektent-possibly due to the complicated

factors such as leakage of salty water and others.

‘Being afraid:of the above situation of the Tunnel, in
. 1589 and 1990, the Government of Egypt reguested the Govern-—
ment of Japan to Send two teams of experts in order to provide
S.C.A., which haS_.been responsible for the _operation and

lmaintenance of . the Tunnel, with technical suggestion for

iepair of the Tunnel.

In reply to the request by the Government of Egypt, the
Government of Japan decided to despatch some experts to Egypt,
and JICA sent the technical cooperation team of_ experts to
Egypt more than twice, and offered S.C.A. the technical sug-
gestlon on the Rehabilitation of the Tunnel after the field

survey of the Tunnel

In fhe above historical backgrouhd the Governnent of
Egypt made an official request for Grant Aid for the Rehabili-
_tation of the Tunnel to the Government of Japan on 13th Au-

gust, 1990.



In reply to the official request for Grant Aid on the

Rehabilitation Project of the Tunnel made to the Government of

- Japan by the Government of Egypt, Ministry of‘Foreign Affairs

of Japan deemed the Project's objective roughly appropriate

' for Grant Aid by the‘Gq#érnment of ‘Japan and decided to hold a

basic design'study to examine the viability of the Projéct'in

Grant Aid System. Thus, JICA despatched the missibns for3étudY

and fiéld survey'three times during thé'period'from 23th June

to 9th September, 1991. The missions were composed of:

1)

Advahce'Team'headed'by Mr. Shigeru Nakamura, Director,
Grant Aid Division, Economic Cooperation Bureau of

Ministry of Foreign affairs of Japan from 23th June to

© 4th July, 1991,

2)

3)

"Consultant Team headed by'Mr.'Takayoshi“Ohtsﬁka,'Leader

and chief consulting engineer of the team from Ist

August to 9th September, 1991,

Follow up team headed by Dr. AXira Inokuma, Head of

funnel Division, Public Works Reserch Institute, Minis-

try of Construction from 28th August to 4th September,

1991.

The Field Survey is intended to :-

(1}

(2)

(3)

survey, and collect data and information on the traffic
situation of the Tunnel, | | ]
collect data and information on deteriorated situation
of the Tunnel through site investigation on the tunnel
structure and other related equipment, '
Collect samples of the ‘existing concreté segment,
materials for cohcrete structure such as cdarse and
fine aggregate, cement, and water fdr'qﬁaiitf.chebking

purpose,



(4) survey on the geological conditions of the Tunnel,

(5) hake the instrumental survey of the Tunnel,

(6) collect data and information necessary to prepare
the methoed of construction, estimated schedule and

costs of construction for the Rehabilitation Project of

the Tunnel.

For the above purposes it is necessary, from the engi-
neering points of view, to prepare the Basic Design Study for

the Rehahbilitation Project of the Tunnel.

puring the period of the field survey, the mission had
very significant technical discﬁssions on the Project with the
engineers concerned in the Authority and other related author-
ities in Egypt. The mission carried out detailed survey on the
deteriorated tunnel structure and other related equipment of
the Tunnel, including the geological and instrumental survey
of the Tunnel and study of construction materials locally
available in Egypt, and obtained necessary and sufficient data
and .information for the Basic Design Study for the Rehabilita-

tion of the Tunnel.

After returning to Japan, the mission had a careful study
of the dafa and information which were obtained during the
periods_df the field survey and prepared herewith the Report
of Basic Design Study on the Rehabilitation of the Tunnel for

S.C.A..
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Chapter 2 Background of the Project

2.1 Background of the Project

2.1.1 Current Situation of Social and Fconomic Sector in

Egypt
(1) Outline of Social and Economic Sitnation in Egypt

" Historically, Egypt has been enjoying much benefit from

the River Nile, and has been developed as an agricultural

country.

‘However, Egypt has recently been confronted with the
difficulty in obtaining enough cultivatable land to meet a
rise in population by an annual rate of more than 1 million

‘people.

Therefore, the population of cities, above all,the Metro-
politan Districts of Cairo have been getting bigger and big-
ger, mainly due to the inflow of diplaced farmers from all
parts of the rural regions in Egypt. The majority of these
" diplaced farmers have, unfortunately, very few opportunities
of getting jobs, because the labour intensive industries in
Egypt have not necessarily been growing so big in size as
expected to absorb the above diplaced farmers, and are in a
position to be obliged to support themselves by subsidies from

the Government of Egypt.

In Egypt, such agricﬁltural products as cotton, fruits
and vegetables have been produced mainly for exporting purpose
to get hard.curréncies, which has caused a reduction of grain
products, together with a decrease in self-supply of main
foods for:the people. of Egypt, and ironically, FEgypt is in a

situation of having to'depend on import of main foods.



In the above situation, = it could not necessarily be
denied thét béfh of public and private sectors in Egypt are
now confronted with difficulties'of inbreﬁsing in the chronic
fiscal deficits and balance-of-payment deficits, together with
an  increase in the accumulated external debts whiéh- has
amounted to 54 billion US Dallors (referred to census in 1988)

and an inflation by an annual rate of 17 % possibly due to the

depreciation of monetary value of Egyptian Pound._

Moreover, a total of National Income of 33.2 billion US
Dollars was recorded in 1988, which was equi#alent to the

level of 650 US Dollars in terms of Individual Income.

(2) The -Five—Years Social and Economic Development pro-

gramme.in'EQth

The Governmént of Egypt is now implementing the Five-
Years Social and Economic Development Ptogramme in Egypt in
order to achieve the National Objectives which are categorized

in three types of objective stated in the below :

1) The Social Objéctive of an Improved Quality of Life for
all Egyptians, Lower Population Grdwth, and ‘Reversal .of
the Brain_DrainL

2) The Economic Objective of Industriai Development to
Create Opportunities for Jobs'and Export Earnings, with
Foreign Aid Reduced and Private'Sector Expanded,

3) The Strategic Objective of Foed Self-Sufficiency, Na-

tional Integration of Remote Districts.

In order to achieve the above National Objectives, the
Government of Egypt intends to put a high pribrity' on the
domestic economy, and is in a’ course Qf reconstructing  the
public finénce in cémpliance wifh thé'IMF's_recommendation‘to
raise the fares for public utilities, and cut down the.subSi—

dies by the Government of Egypt for people, and revitalizing



and.éxpanding the domestic economy, which is encouraged by the
governmental policies to prombte the investments in private-
sectors such as agriculture, stock-raising, tourism, construc-
tion, housing, manufactufing, and tranSportation and communi-
cation industries, and to'oﬁen the door for the investments in
Egypt by foreign countries.  The concrete measures being taken

-

to achieve the Economic Objective are as stated below :-

1) decentralize public sectors and publicly owned enter-

priées and improve the technology and productivity:

2) promote investment in private sectors: such as agrical-
ture, stock-rising, tourism, construction, - housing,

manufacturing, transportation and communication;

3) open the door for investment in Egypt by foreign coun-

tries, and promote labour-intensive and export-intended

types of industry:

4} obtain financial aid and coopeiation from West Eurcpean

countries, Japan and neighbouring Arab countries.

in néar future, the national economy of Egypt could be
expected to be revitalized both in public and private sectors,
and achieve steady economic growth and gradual increase in
_Gioss:.National Product by an annual rtate of 5.5 % on the
average, which should cbntribute to modernization and national

integration of Egypt.



- 2:1.2 Current Situation of Social and Economic Sector in

the Peninsula .of Sinai

AS.far-as the. Peninsula of  Sinai is:concéfned, the Gov-
ernment of Egypt is intending:to develop above' all such lead-
ihg economié sectors as agricultufe; manufacutfing,;mining and
tourism in the Peninsula, in order to reoiganize.the curréﬁt
situation of a nono-crop agricﬁltural (livestock) economy
into a di&ersifiedL self-reliant and:multi—seétor economy in
the Peninsula of Sinai and to crea.te the opportunities for

jobs for its people.

In addition to the above, the Government of Egypt is
trying to achieve the strategic 6bjective of estabiishing'
sound environment for pefmanent'settlements in all parts of
the Peninsula of Sinai under a desert climate and integrating
the Peninsula of Sinai successfully into the Mainland of Egypt

in economy, culture and politics.

1) Ih the field of agriculture and stockwraising, invest-
ments in irrigation’ and water-supply projects have been -
encouraged in order to expand the cultivatable iand for
permanent settlements from the Mainland of Egypt., to
improve thé land capability for farming and grazing and
to increase in the productivity of. barley, dates,
olives, vegetable and perishables which are expected to
be for both-'domestic -consumption and export. to the
potential markets of neighbouring- Arab -cohntries. In-

vestment in stock raising is encouraged as well. -

By the way, the lst stage of irrigation and water-supply
projects of 27km in length has been under way in i:he
northern part of the Peninsula of Sinai to extend and
connect the Damieta branch of the Riﬁer Nile and the 2nd

stage ié-expected to commence in the coming future.



2)

In the southern part of the Peninsula of Sinai, the
irrigation and water-supply projects of 93km in length

are under constructiom.

After the above irrigation and water-supply projects are
completed, the cultivatable land is expected to in-
crease by 400,000 feddans in the northern part, and
75,000 feddans in the central part from 1993 to 1997.

The literature source : The date who given by His excel-
lJency, the Governor of Ismailia, Professor Dr. Ahmed El-
Gowély on the occasion of interviewing with His Excel-

lency on 11th August, 1991.

In the field of manufacturing and mining industries, in
order to decentralize manufacturing industries and
create opportunities for jobs in the Peninsula of Sinai,
the development projects in the fields of coal, petrole-
um and minerals such as gypsum, kaoclin and glass
sand have bheen under way, together with projects in the
fielld of chemical manufacturing such as salt processing
works, some of which are expected to have, from the
1ocatiqnal points of view, a comparative advantage in

trade with the Middle East and Mediterranean countries.



3) In the field of tourism, there has been a considerable
increase in the number of domestic and o#erseas tourists
who enjoy their holidays on'the coastlines of Mediterra-
nean Sea in summer, and Agabah, Red Sea in all seasons

even in the coldest and hottest months of the yvear.

In order to attract the'above_tpurists,'thejdevéldpment

projects in aCcoﬁodation facilities such as hotels and
housings for touriéts héve.been:under'ﬁay,-together with
the projects on special attractions provided by history

“and nature.

2-6



2.2 Traffic Situation Connecting the Mainland of Egypt with

the Peninsula of Sinal and Importance of Ahmed Hamdi

Tunnel

2.2.1

Means of Transportation Crossing Suez Canal

At present, the means - of transportation connecting the

Mainland of Egypt and the Peninsula of Sinai can be catego-

rized

in two types of ferry-boat system crossing over the

' Canal and the tunnel system crossihg under the Canal.

(1)

The current situation of ferry-boat system and its

advantages and disadvantages

The ferry-boat system crossing over the Canal is oper-

ated in six lines of the northern, central and southern

parts of the Canal.
The advantages and disadvantages of the ferry-boat

system may generally be stated as follows.

Advantages :

1)

2)
3)

4)

It is comparatively easy to increase loading capacity

and the number of ferry-boats.
The operation'Cdst is comparatively low.

There is no hiﬁdrance to the operation of ferry-boats

by maintenance..
There is no restriction to the Expansion Projects of

the Canal.

Disadvantages :

1) The hourly transit capacity is comparatively small.

2) In case of coﬁvoys passing the Canal, ferry boats have

to stop their operation.
in the above situation, total capability of the ferry-

2-7



boat system could be said, from the functional points

of view, to have reached its upper-limit.

{2) The current 91tuat10n of tunnel transportatlon and its

advantages and dlsadvantages

The Tunnel is being dperated as the éole route of surface
transportation crossing the Canal connecting the Mainland of
Egypt with the Peninsula of Sinai. _ _ o

The advantages and disadvantages of the tuhne1,System may

be stated as follows :
Advantages

1) The hourly transit capacity is compératively big.

2) There is no restriction to. time available for opera-
tion. '

3) There is no restriCtion to the Expanéion_Projects of

the Canal.
Disadvantages :

1) There 1is resfriction' to passing. through of the
Funnel by big-sized and heavy¥weighted vehicles.

2) In case of-maintenance_éf the Tunnel being neces-

sary, stoppage of traffic is unavoidable ih the

Tunnel,
2.2.2 Importance of Ahmed Hamdi Tunnel -

As stated'abové, there has been a gradual increase in the
traffic of surface transportation connecting the Mainland of
Egypt with the Peninsula of Sinai and the n51ghbour1ng courn-—
trles in the Middle East due to econ1m1c development in the

Peninsula of Sinai.



$.C.A has fulfilled an important role in operation and
maintenance of the Tunnel, which has for 9 years ever since
its completion, served as an indispensible route for the
social and economic development in the Peninsula of Sinai and

both West and Fast sides of the Canal.

The reason for the above is that the Tunnel is not only
the sole route of surface transportation connecting the Main-
land 6f Egypt with the Peninsula of Sinai, but also it Hhas
several sorts of fundamental life-lines such as freéh water
supply pipelines through it, all of which are wvital infra-

structure for people in the Peninsula of Sinai.

According to the latest survey of the traffic situation
in the.Tunnel an averaged number of traffic of surface trans-
portation.of_l;lOO to 1,500 wvehicles per day in weekdays, and
1,800 vehicles per day in weekends, with a maximum traffic of
5,000 vehicles per day as a rare case, has been recorded.

" On average 90 % of the wvehicles pa351ng through the Tunnel

are categorized as passenger carg and 10 % are trucks and

lorries.

In view of the above social and economic situation in all
parts of the Peninsula of Sinai, it could not be an over-
sfatement to say that the impertance of the Tunnel, together
with other networks of surface transportation all over the
Peninsula of Siﬁai, is expected to be bigger and bigger due to

regional development of the Peninsula of Sinai from now on.



2.3 Current Situation of the Tunnel
2.3.1 Deteriorated Situation of the Tunnel

Since its opening in 1983, the Tunnel has been put in use
only for 9 years, during which, unfortunately, complicated
troubles of functional and structural deterioration of the
Tunnél'appeared throughout the whole length of. the Tunnel,
possibly. due to the complicated factors such as  leakage of
salty water and others. Above all, the primary tunpel struc-
ture of reinforced concrete segment and road-deck of the

Tunnel has been damaged to a serious extent.

. 8.C.A. has taken necessary steps for temporary repairs of
the Tunnel from time to time, all of which, however, could not
hecessaxily' be said to have effectively prevented further

deterioration of the Tunnel.

Being afraid of the above detérioréted-situation”of'the_
Tunnel, the Government.of Egypt requested the Government of
Japan to send technical eXperts to Egypt in order to offer an
appropriate suggestion for repair'of the Tunnel in 1989 and

1990.

In reply to the request by the Government of Egypt, the
Government of Japén decided to despatch some technical ex-
‘perts, and Japan International Cooperation Agency (JICA) sent
the technical cooperation team of experts to Egypt two times,
and offerd an appropriate technical suggestion on the Reha-
bilitation of the Tunnel to the Government of Egypt affer the

field survey of the Tunnel.



2.3.2

Technical Judgement on the Deteriorated Situation
of the Tunnel and the Proposal on the Rehabilitation
of the Tunnel by the Technical Cooperation Team from

the Government of Japan

The outlines of the technical suggestion on the Rehabili-

tation of the Tunnel offered by the technical cooperation team

of experts are stated .below -

(1)

(2)

(3)

(4)

- {3)

Judging from the deteriorated situation of the primary
tunnel stfuctufe of reinforced concrete segments and
road deck in the whole length of the Tunnel, it is
supposed that the structural strength as well as
safety' margin of the primary tunnel structure have

been sharply gcing down nearly to a dangerous level.

The deterioration of the Tunnél is supposed to have

been possibly due to the complicated factors such as
ieakage of salty water caused by the improper instal-~
lation of.reinforced concrete segments and thus re-
sulting in a bad waterproofing quality of segment-

joints.

The back-side of the primary tumnel structure of the
Tunnel is found to be filled with gravel. The gravel
layer, however, is supposed to have formed a permeable

layer and allowed ground water to leak to the back-

'side of the primary tunnel structure in the whole

length of the  Tunnel.

According to the boring :tests and obsrevation of
leakage of salty water from the primary tunnel struc-

ture, the water pressure is found to have no effects

on the Tunnel,

According to the field survey and design calculation



(6)

{(7)

(8)

" of the primary tunnel  structure, the actual earth

pressure to the,primary-tunnellstructure'is found to
be no less than 50 % of the design load.

However, the structural strength of the primary tunnel
structure has been reducéd partially to 50 % of the
design load, mainly dué to the deterioration of rein-
forced _steél of :concfete fsegménts= and * the  safety
margin of primary tunnel structure is supposed to be
sharply going down and will approach the dangerous

level in the near: future.

Judging from the  above deteriorated situétion of the
Tunnel, the most important suggestion for the Rehabil~
itation of the Tunnel could be to build up a water-
proof tunnel structure inside of the existing tunnel

structure, that is to say, reinforced concrete iining.
for the tunnel structure should be executed all over
the inside of the existing tunnel structure, in combi-
nation with waterproof sheet to be covered between the
reinforced concrete 1lining and the existing tunnel
structuré s0 as to prevent completely-the leakage of
salty water from the outside of  the existing tunnel

structure through its segment-joints.

Three types of c¢onstruction methods for the Rehabili-
tation of the Tunnel could be considered and prepared,
in which the alternative method of D-3 is preferred by
S.C.A., for the reason that a waterproof tunnel struém
ture could be built up all over the inside of thé.
existing tunnel structure, under the condition that 1.
lane of traffic in the Tunnel is kept open day and
night during the full period of construction for the

Rehabilitation of the Tunnel.

On the other hand, S.C.A. is now planning to exband

the Canal. Dredging works for the Expansion Project



By
Project

Canalj},

(1)

(2)

of the Canal, however, .possibly could give such
mechanical impacts to the structural strength of
the exiéting tunnel structure as . change in water
and earth pressure, and accelerate the deterioration
of the Tunnel to a serious degreé, unless necessary
and proper steps are taken in time to réinforce the

structural strength of the Tunnel.

the way, S.C.A. has announced the 2nd Expansion
of the Canal (deepening and widening the existing

the outline of which is stated below

The lst stage

The 1st stage of the Expansion Project of the
Canal (deepening the Canal from -19.5 m to -20.5m in
depth and widening from 160m to 200 m in width at
tevel of -11.0m) in the whole length of 162 km of the
Canal has been underway, 5o that the Canal might
have the capacity to enable a big-sized ship of
180,000 DWT with a draft of 56 feet to pass through
the Canal.

The lst stage has been completed except the southern

part of the Canal, which is scheduled to be completed
by the end 1993.

The Znd stage

- The Znd stége of the Expansion Prcject of the

(3)

Canal (deepening the Canal from -20.5m to -24.0m in
depth and widening from 200m to 226m in width) is now
under the feasibility study to see 1if it has the
capacity to enable a big-sized ship of 260,000 DWT
with a draft of 68 feet to pass through the Canal,
which is scheduled to be completed by_the end of 1995.

The future stage
8.C.A. is planning the future stage of Expansion
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Project of the Canal to have to capaqity to enable a
big-sized sh:ip of 500,000 DWT with a draft of 72 feet
to pass through the Canal

Besides, S5.C.A. 1s plannlng +he future stage of DPou-
ble-lines of trafflc in the Canal.

The western branch is planned tb 'be assigned for
south-bound convoys mainly in ballast and the eastern
branch relatlvely in big draft for north- bound COn-

VOyS.
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2.4 Outline of Request

2.4.1 Official Request for Grant Aid for the Rehabilitation

of the Tunnel

In reference to the situation stated above, the Govern-
"ment of Egypt made an official request for Grant Aid for the
Rehabilitation of the Tunnel to the Government of Japan on

13th August, 1990.

2.4.2 Content of Regquest

‘The Content of Request is the Rehabilitation of the whole
length'of-l,GSOm of the Tunnel by the method of reinforced
concrete lining for funnel structure all over the inside of
the existing . tunnel structure, in  combination with water-
proofing sheet to be covered - between the reinforced concrefe
lining and the existing tunnel structure so as to prevent'
completely the leakage of salty water from the outside of the
existing tunnel structure into segment-joints, under  the
condition that 1 lane of traffic is basically kept open day

and night during the full period cof construction.
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2.5 Outline of the Project Area
2.5.1. Location of the Project Site

The project site is Ahmed Hamdi Tunnel, which is located
at 17km north of the city of Suez, connecting the Mainland of

Egypt with the Peninsula of Sinai.
2.5.2. Social and Economic Situation of the Project Site

As stated above, the project site is located on both West

and East sides of the Canal, and the Peninsula of Sinai.

The Government of Egypt is intending - to develop such
economic sectors as agriculture, manufacturing, mining and
tourism in the Peninsula of Sinai, in order to reorganize thé
current situation of a mono-crop agricultural (livestock)
economy into a diversified, self-reliant and multi-sector
edonomy in the Peninsula of Sinai and to create the oppdrtuni4

ties for jobs for its people.

In addition to the above, the Government of Egypt is
trying to achieve the strategic objective of establishing
sound envircnment for permanent settlement in all parts of the
Peninsula of Sinai under a desert climate and integrating the
Peninsula of Sinai successfully into the Mainland of Egypt in

economy, culture and politics.
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Chapter 3 OQOutline of the. Project

3.1 Objective

The Government of Egypt and Suez Canal Authority are
intending to rehabilitate the whole length of 1,650m of the
Tunnel which is in a structurally and functionally deteriorat-
ed situation in order to improve the safety of traffics in the
Tunnel and to recover the full traffic capacity initially

desighed for the Tunnel.

The objective of the Project is to build up the rein-
forced concrete lining and road deck for . tunnel structure all
over the inside of the existing tunnel structure, in combina-
tion‘with-waterproofing sheet to be covered all over between
the reinforced concrete iining and the existing tunnel struc-
ture tb pravent completely the leakage of salty water from the
.outside of the existing tunnel structure into segment joints,
and recover the full capacity of related equipment in a eco-
nomical and effective way, in order to materialize the Autho-

roty's intention of the Rehabilitating the Tunnel .
3.2 Study and Examination on the Request

The social and economic effects of the Project for the
national and regional development in Egypt are expected to be

both direct and indireét, as stated below.
'3.2.1 Direct Effects of the Project
The Project is direétly expacted to :
(1) improve the safety of traffics in the Tunnel remarka-
bly_and_ recover the full traffic capacity initially

designed for the Tunnel, 1 lane of which is now in a
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(2)

{3)

situation of having to be periodically closed for

maintenance for a considerable period,

séve the labours and costs for maintenance of -the Tun-
nel for S.C.A., which have been recorded to amount to
70 workers daily and 1,400,000 Egyptian Pounds annu-
ally on the average, but the effort of trying' to
improve the deteriorated situation of the Tunnel has

substantially been in wvain,

be very helpful forx maintaiﬁing the structural safety.
of the Tunnel at a sufficient level to stand the
change of earth’ preSéure which might occur in the
exeéution of dredging work for the Expansion Project
of the Canal  (deepening and widening the existing

Canal).

3.2.2 Indirect Effects of the Project

In addition to the above direct effects, the Project is

indirectly expected to :

(1)

(2)

enable the utilization of the full traffic capacity.
of the Tunnel as a main route of surface transporta-
tion connecting the Mainland of Egypt with the Penin-
sula of Sinai, which is expected to make a great
contribution to the development- and expansion ©of
agriculture, manufacturing, mining and tourism in the
Peninsula of Sinai as well as foreign trade with the
neighbouring countries, all of which are oriented as
the main objectives of regional development in the

Peninsula of Sinai,

be very helpful for achieving the strategic objective

of Egypt, which is intended to create permanent set-



tlements on the Peninsula and.integrate the Peninsula
of Sinai successfully into the Mainland of Egypt in

economy, culture and politics,

(3) make a great contribution to méet the international
needs for the Canal's marine transit of huge-sized
vessels which are expected tb pass through the Canal
in future after the Expansion froject of the Canal
(deebening and widening the existing Canal) is com~
pleted. Alsco, it enables S.C.A. to increase transit

revenue for ‘the national economy of Egypt.

Judging from the urgent necessity of the Project from the
of vitalizing the national and ‘regional developmennt in Egypt,
together with the social and economical effécts of the Project
'Stated above, it could be reaéonahly emphasized that the
Project is viable and recommendable for Grant Aid by the
Government of Japan and there is no other alternative than
rehabilitating the structure and function of the whole Tunnel
in order to improve thé safety of traffics in the Tunnel and
to recover the full traffic capacity initially designed for

the Tunnel as san as possible.
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3.3 Project Description
3.3.1 Executing Agency and Operational Structure

The local agency in  Egypt which is now in,éharge.df
opefating and maintaining the Tunnel is Suez Canal Authority
(5.C.A.Y, ﬁs'stated in the attached sheet, the responsible
organizaticn,'for operating and maintaining the Tunnel in
S.C.A. is Works Department, which is composed of Director,
Deputy Director and Manager of Ahmed Hamdi Tunnel with several
engineering and supervisory staffs, and more than-lSo.workers,
all of whom have accumulated many technical experiences for
operéting' and maintaining  the Tunnel. S.C.A. spends an
annual - expenditure of 1,400,000 Egyptian Pounds in average for

its maintenance purpose,
3.3.2 Location and Condition of the Project Site

The project. site is Ahmed Hamdi Tunnel, which is
located. at 17km north of the city of Suez and connects  the
Mainland of Egypt with the Peninsula of Sinai.

In addition, the project site is surrounded under . a
desert climate, but within relatively easy'access_to the city
of Cairo by surface transportation. Power, fresh water and

labour are locally available.



3.3.3 Outline of Facilities and Equipment of the

Tunnel

The facilities and eguipment of the Tunnel should basi-
cally be used for rehabilitating the whole length of the
Tunnel which is in a structurally and functionally deteriorat-
ed situation, and the existing materials and equipmenit which
could be regarded as possible to be re-used for the Tunnel,
from the engineering points of view, should be re-used par—

tially and/or totally, £for rehabilitation purpose.
3.3.4 Operation and Maintenance Plan of the Tunnel

As stated above,.the responsible organization for oper-
ating and maintaining the Tunnel in S.C.A. is Works Depart-

ment.

Judging from their accumulated technical experiences for
operating and maintaining the Tunnel, it could be said that
the Tunnel could be operated and maintained solely by well-
experienced staffs in Works Department of §.C,A. in compli-

ance with the method of maintenance prepared by JICA.
3.4 Techniéal'Cooperation

Judging from the level of technical experiences for
operating and maintaining the Tunnel accumulated by S.C.A.,
it could be reasonably said that the Tunnel could be operated
and maintained solely bf_Works Department of 5.C.A., and there
is no necessity of offering a techhical cooperation in the

operation and maintenance of the Tunnel by JICA.
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Chapter 4. Basic Design

4.1 Field Survey

The Basic Design Study is now situated in the stage of
project formulation and preparation. It is diveded into three
phases, field survey, analysis in Japan and explanation of the

Draft Report.

The Basic Design Study Flow Chart is shown in Fig.4.1.1.

The actural Exzecution Plan for the Basic Deign Study is

based on the process in this "Flow Chart".

First, the study started from the phase of field survey.
The Execution plan fdr_Field Survey is as in Table 4.1.1 and

the itinerary is as Table 4.1.2.

The survey report are shown 1in the following "4.1.1
Traffic Conditions of the Tunnel" through "4.1.7 Survey/Study

of Construction Materials".
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Table 4.1.1 Investigation Item List of ‘Fie'ld Survey by JICA

for Basic Design Study of AHMED HANDI TUNNEL (1/3)

No. Study Item objectives Contents
1 |Presentation/Discussion dn_ ¢ 1o ensdré effective and_f;uitful ®* Presentaticn of INCEPTION REPORT and Discussion on Study/Investigation Plan
Study/ Investigation Plan investigation and obtain full understanding _
of the Study contents by SCA * Confirmation of the Minutes of Discussion by Advance Team of June 27, 1991
- Negotiation of SCA support for Equipment, Labor, etc.
2 General Tunnel Site Survey ¢ To ensure understanding by Team Members of - By the following route in the Tunnel
the updated situation ' Road Deck - On Ceiling - Fresh Air Suppoy Ducts - Trough Service Duct -
: Drain Water Pump - Ventilation System - Control Center
3 Study on * To appraise'whether‘or not the Project is - Collect the available data through hearing and discussion with the
' - Backaround of the Plan suitable for Grant Aid by the Government of officials concerned
- Requirement ~Japan i _ N
- Project (1) The status of the Project in the National and/or Regional Development
Plan :
{2) The status of the Project in development project of the Peninsula of
Sinai
®* The background of the Project and the contents of the request by the
Government of Egypt .
* Survey of the activities of executive agency and related organization
{3} The Tranéportation/Traffic policies in the Peninsula of Sinai and
~adjacent area, and the direct/indirect effect to the local people in
the area '
{(4) The relation between the Project and the expansion plan of Suez Canal
(5) The result of the updated Traffic Condition and the Future Estimation
{6) The Suez Canal Traffic Condition
, {7) The Suez Ferry Traffic Condition
{8) The present/updated condition with the drawings and the other data for
the size, location, and supporting of the existing equipment such as
Electric Power Cable, Phone Cable, Water Supply Pipes, etc.
(9} The vendors list and the source of the construction material for the

existing segments such as:

Cement

Water : :

Coarse and fine aggregate

Reinforcing steel bar
and their actual recorded specification names and numbers.
{ref. item 7 below)




Table 4.1.1 Investigation Item List of Field Survey by JICA

for Basic Design Study of AHMED HANDI TUNNEL {2/3)

No Study Item Objectives Contents -
| Survey of the Present Tunnel To confirm the tunnel's condition and the ®* Review up-to-date reports on deterioration of the tunnel by SCA
Deterioration Condition safety of the tunnel structure in present ‘ . ' : _
®* Observe the condition of concrete, reinforcing steel bar, joints, and bolts
of the existing tunnel by visual inspection, records and photographs
* Measurement of stress reinforcing steel bar
¢ Méasurement of the size of cracks appearing on segment and roac deck
5 Study on Present Condition of To p:epare an appropriate construction plan, * Survey present conditions such as size, localtion, and supporting of the
Related Facilities such as Power together with a maintenance manual of the facilities :
Cable, Phone Cable, Water Supply equipment ’ :
Pipes, ete, ' * Survey the method and place to remove the equipment for temporary purpose
* Survey the possibility for use of equipmeat after (rem)installation
* Holdings and Discussions with the officials concerned about the below
items: _
- working condition of each equipment
- shut off time for construction
- handling manuals and applicable standards
- temporary relocation of equipment during construction
- final layout of equipment after the completion of rehabilitation work
-~ re-usability of eguipment, etc.
6 Study on the Road System such as To check ‘the possibility of reinstallation of |*® Survey of the operation and maintenance situation
Ventilation, Lighting, Ceiling, the existing equipment *1) for use _ :
Wall Panels, etc. ' ' x1) Especially ventilation system is subject to detailed survey in such
items as follows:
- design requirement _
- condition of the existing system, together with control system
~ operating condition and efficiency of the existing system
' - alternative ideas for ventilation .
1 To present deterioration of the tunnel

Survey of Constvuction Material

sturcture .

(1} To check the guality of construction
materials locally available {coarse and
fine aggregate, cement, and water)
{Concrete test will be performed in the
detail design stage)

{2) To check the existidg segment of tunnel
structure and the countermeasures to .

prevent the Tunnel from deterioration in

rehabilitation as well as maintenance

{1} Survey the materials locally available,
- Coarse and fine aggregate: ' '
sieve analysis test, specific gravity and absorption test, salt
content test, alkali-aggregate reaction test, and polarizing
microscope ohservation, etc.

- Cement: test for specific gravity, particle size and stability, etc.
- Water: Analyze chemical contents

{2} Collect core samples f;bm unused segment, and test and analyze
carbonation depth, salt content, and observe distribution and mixing

‘proportion of chemical contents in the unused segment by polarizing
microscope




Table 4.1.1 Investigation Item List of Field Survey by JICA for Basic Design Study of AHMED HANDI TUNNEL (3/3)
No. Study Item ijeétivesu Contents
8 Sufvey of Construction Work To get marketfinformatién'required for cost- Survey the constructional and financial capability of local contractors,
: estimation and construction schedule - constructiaon equipment, skilled and unskilled workers, construction
' materials locally available and related laws and regulations, etc.
9 Instrumental Heashrement of the To obtain necessary data for construction Instrumental measurement of center line, level, and section inside the
Tunnel Structure plan tunnel at an interval of approximately 40 meters
To ensure the construction gauge inside the
Tuannel
To consider the structure of such concrete
form, and the method of adjustment
To check the safety of the tunnel structure
10 |Geological Survey To obtain soil parameters required for design Obtain soil samples by boring and core soil sample from the tunnel by
of tunnel lining ' drilling, and perform standard penetration test, pore water pressure test,
' PS5 logging, water content test, unit weight test, unconfined compression
test, and triaxial compression test, ete.
11 |Overall Survey Coordination and To organize Coordinate thoughts survey repork Hold Coordination Heéting with SCa
Report Presentation to SCa for Survey report presentation and
negotiation for the future Plan/Step. Preset the Survey Report with available information/data and negotiation
' for the future Plan/Step

Special Note: Purchase shall be announced in advance 3 -~ 4 months shead.




o Itinerary of Basic Design St 1i dy ;
Table 4.1.2 on the Project for Rehabilitation of
AHMED HAMDI TUNNEL in Arab Republic of Egypt

| Remarks 1991. 8 1991 9
No. Item ' ) —
| 5 10 ' 15 : 20 ‘ 25 30 ; 5 10 15
(O | Flight:Tokyo — Cairo via Paris 1 2
& Prepafat_ion for Study . -—-:-3—
@ Courtesy Call to SCA in Cairo, Japanese 4]
Enbassy and JICA :
® Yovement:Cairo — Ismailia (an) | S|
~ | Courtesy Call to SCA (pn)
G Preéentafion / Discussion on Study / L8
Investigation Plan ) :
&) | General Tunnel Site Survey 118
@D Study on :Background, Requirement and - - 10
Project '
® Survey of the Presenf Tunuel Deterioration 10 29
Condition . .
Study on the Present Condition of Related 0
@ | Facilities (Power Cable, Phone Cable, Yater . 29
Supply Pipes, etc) _
.. |Study on the Road System such as Ventilation, ] 10 .
U | Uighting Ceiling Fall Panels, etc ' |
: Concret:
) Survey ol Construction ¥aterial > 29 PR A M
(2 { Survey of Construction Work 10 25
@ Instrumental Measurement of the Tunnel - : 10 29
i Structure
NE . 7
{3 | Ceological Suevey
(i | Report Presentation to SCA = -
a8 | Report to JICA and JpnEmb L2 |
@ | Preparation for Demobilization 413
{9 | Yovement:Suez — Cairo Ex
{9 | Ftight:Cairo -~ Tokyo via London 2 2







4.1.1 Traffic Conditicons of the Tunnel

The ldtest survey of the traffic conditions of the Tunnel
by S.C.A. in 1988 and 1991 and the 24 hours traffic survey of
the Tunnel by the engineefs on August 9th and 11th, 1991
during the period of fielld survey are shown in Tables 4.1.3

and 4.1.4.

“According to the latest survey of traffic volume of
surface transportation through the Tunnel in the recent 3
yvears in Tables 4.1.3. and 4.1.4., an averaged number of 1,100
to 1,500 vehicles per day in weekdays, and .1,800 vehicles per
day'in weekend, with a maximum traffic of 5,000 vehicles per
day as a.rare caSe recorded. |

On average, 90 % of the vehicles passing through the

Tunnel are categorized as passenger cars and 10 % are trucks

and lorries.

However, it could be expected that there is much possi-
bility of an increase in the traffic of surface transportation
in.the Tunnel frbm now on in view of a considedrable increase
in the nﬁmber of permanent settlements and both domestic and

overseas tourists in all parts of the Peninsula of Sinai.
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