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"FOREWORD

In-compliance with the request of the Government of Malta, the Government of
Japan agree to extend its agsistance in the road construction project which connects:
Malta 1ld,, Comino IId,, and Gozo Ild., and entrusted the Overseas Technical Co-

operation Agency with its execution.

"The Agency, having full co'ngnizance of the necessity for Malta to construct th
_thls connection road, organized a flye-men team headed by Mr. Yoshimaro Matsuzaki,
Manager of Planning Developmem Department of Honshu Shikoku Bridge Public Corpo-
ration, and despatched it Malta for a field survey which lasted from December 1, 1971
to December 19, 1971

The report hereby presented has been compiled on the basis of the findings of

the field survey,

It would give me a great pleasure if this report should serve to accelerate the
development this construction project and at once enhance the amity between Malta

and Japan.

I avail myself of this opportunity to express my heartiest gratitude to the
competent Malta authorties, for their unlimited assistance and cooperation which

were most valuable in _the execution of survey activities. '

March 1972 | | %/4%

Keiichi Tazuke
Director General

- Overseas Technical Cooperation Agency
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Introduction .

A Iﬁrelimiﬁary' survey was conducted for the consti'uc_tion of a link road across
the channels uet_Wegn Malta and Gozo in Malta, for twenty days. from December 1st to
ZOth, 1971, ‘The 6bject of the survey was to examine the technical feasibility of the
link road construction, and a comparative study of methods for constructing the road
f‘:{‘(')"ver the channels was also made along with the sstimation of construction cost, as

:Eiequesfed by the Government'o.f Maita.

4 The. generél situation of the pfoposed construction site is as shown in Figure 1,
E:',iig.nd the road will connecﬁ Malta and Gozo which face each other across the channels

-with Comino lying betweeﬁ them. 1If the twd islands are to be linked through Comino
:_%each_-length of road sections over the South and North Comino Channels is respectively
,_;'_':about 1.8 km _and [.0 km, Whﬂe it is about 5 km by d_irecﬁ linking. The south channels
;llés the maximum depth of water of about 24 méters and the north channel about 20 meters
.and_.it is said that a tide runs e'astwérd at the maximum speed of | knot, At present,

car-ferries are operating between the islands.

In view of the actual examples of such construction in-other countries, the channel
~does not present very serious difficulties for constructing thé proposed link road, As
construction works in the sea are attended with much more difficulties compared with
those on the land, detailed sﬁrveys are required on the topography and geology across
the channels, tidal current, wave, and climatic condition in order to determine the
construction method and to estimate the construction cost. However, the data available
at prese_nt' cm.these matters for the proposed site are very few so that we were compélled
to pi‘epére the report on the basis of such inadequate information. The reportis to '
present our opinion fixed for the presemt time to compley with the stron g wish of the
G__overn_fnent of Maita, though the final coﬁclusio_n should be drawn based. on the results

- of detailed.investigations in the future. .

CIn construétin'g the link road across the channel a thorough examination should be
made for the effect_oﬁ_ the envifonmental protection, especially in view of the area being’
a valuable tourist resort in Malta, Since no pi‘ecedent is found for the éonstr'uction of
link rbadL over the channels through t_he-island lying in the open sea, many difficulties
are exﬁectéd to occur in judging the effects of the structure on the tide and the topography

across the channels,
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The constitutents of the Survey Team were as follows:

Chief Yoshirﬁaro MA'I"SUZAKI Honshu-Shikoku Bridge Authority

Member Yesuhiro KIMURA Tokyo Exprestay Public Corporatien
" Shigenofi ONO Road Bureau, Ministry of Constructi.on
" Keiichi KOMADA Road Bureau, Ministry of Construction
" Hi'rcil.liko TADA Honshu-Shikoku Bridge Authority

During our st'ay in Malta we had the honor to meet Mr, Donﬁinic Mintoff,
the Prime Minister, inclucling Mz, A, V. Hyzler, the Minister of Development, and
Mr. Lorry Sant, tﬁe Minister of Public Building and Work and could know their personal
opinions on the planning of link road which gave us many useful suggestions., We ex-

press our sincere gratitude to the persons coneerned of the Government of Malta who

rendered us much assistance for our activities.

2, Conditions in Planning and Carrying Out of Works,
2,1 Topography

The Maltese Islands consisting of three main islands of Malta, Gozo and Coni
Comino are situated aperoxi.lnately in the center of the Mediterranean Sea, lying he-
twéen 35047 and 36°5° of north latitude and between 14°10" and 14935’ of east longitude,
It is at a distance of 58 miles (93 km) from S1011y of Ita_ly and about ]80 miles (246 km)

from Tums1a of Afrlca

: Ma]ta has an area'of 95 square miles (246 km2) and the areas of Gozo .and

' Comino-are respectively 26 square miles (67 km?2) and 1 square mile (2. 6 km2). All -
islands are gemly sloeing 'tabl'elémd.s_ and the higheSt_point is 846 feet (262 m) above the
sea, In tﬁe nortﬁWest- of Malta, several falts run nearly at right engles to the longi-
tudinal axis ‘of the island, f'or.ming the channels which separate Malt.a, Gozo aﬁd Comino.

The differenee' of the beds due to the faults is abour 400 feet (120 m).

The width of South Commo Channel between Malta and Comino is about 1.8 km
and Lhdt of Noth Comino Channel between Comino and Gozo is abour 1.0km. The
maximum depth of water in South Channel is abott 24 meters and that in North Channel

is-about 20 meters,-

~ As for the topography of land, the channel side of Malta is a gehtle slope in



contrast to a steep cliff of Gozo which reqmres to insert a curve-in the access road to

treat the longitudinal slope Comino is a low flat tableland.
22 Geology

The Maltese Islands are'co'mposed of the limestone of the ter'tiar_y_ period
lying in five different strata, of which the typical strata are of coralline _limestone and

globigerina limestone.

The globigerina linieétone .lies over the surfaces of the east sise of _the_ great
féult in Malta and of the western half of Gozo; in the vioinity of the channle, the coral-
line llmestone stratum wluch is the l:hlrd upper layer above the globlgerma 11rnestone
stratum outcrops due to the fault. The geologmal map of the channl is shown in

Figure 2,

The u.pper' coralline limestone is composed of hard white limestone and soft
porous limestone. . Though the details of geology for the channel are not k_howr_l because
-no record of boring is avilable, the sea-bed seems to be covereéd with the u.per coralline
limestone to consitute a satisfactory found.ation for structures. The g'lobigeri.na' lime-

stone is a soft yellow sandstony limestone which has been w1dely used as bu1ld1ng

material from the ancient tlmes in Malta,
2.3 . Meteorology:

The meteorology of the Maltese Isla’hds represents the typical Mediterr_anean .
climate, It is dry in summer and mild and wet in winter, It scércely rains from May
to AugoSr and the rain comes on chiefly between Septer_riber and.ApriI, with the annual
. precipit'a_ti'on. being about 590 mm., There is a’lm.'o'st 1o snowfall but fsome hail for about
. 9'daYS per year © Fog éets in for about lII days per annu'm ‘rather frequently between.' _
B 'February and May, The hours:of dayhght are about 5.4 hours in Decernber and about .
12. 3 hours in July, w1th the armual average bemg 8.5 hours per day The annual mean :

. temperature is about 19°C

Comfortable northwest Wmd prevails and northwest gale blows around the
tlmes of vernal and autumnal equmoxes. with southwest gale prevallmg in Summer.
- Flg '3 shows the chrectlon and frequency of gale havmg Lhe mean wind speed of’ 22 . |

knots (ll 4 m) or more recorded at Luqa Airport for 10 years from 1958 to 1967.

The records of meteorologlcal observatton at Luqa Alrport are shown 1n o

. Ta.bles Land 2.
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Fig.'—_-a ‘Wind-direction Diagram
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2.4 Tidal C'urrent Tide and Weve .

l) T1dal current and Tide-

The tidal current in the Medlterranean Sea is as shown in Flg 4, The

local tidal currents through the channels have not been clarrfied due to lack of

- detailed records but the speed of current is supposed not to exceed 1 knot,

Valletta are shown in Table 3,

The tide rises and falls slightly but irregularly and the values obtained at .

Tide. .

Table 3
_ Height above datum of soundings
Pl_ace High Water " Low - Water

Mean Springs~| Mean Neaps Mean Springs |- Mean Neaps

1. 3 feet 1.1 feet 0.7 feet ._ ' 0.9 feet

- Valletta _ _ - _ .
(0. 3% m) "~ (0. 33 m) (0, 21 m) (0. 27 m)

2) Wave

No result of wave observanon was obtamed but it is presumed that the sea

may run in some 4 meters hlgh

2,5 Earthquake'

Mary Abela reported that the earthquake occurred thirty-odd times in the
_-Maltese Islands since 1537 According to "Geology of the Maltese Islands” by Herbert

_ P T. Hyck some cases of earthquake involving any damage were reported but no case

e _mvolvmg ‘numan death reported Any’ record was not avaﬂable for the extent of damage

: due to and the 1nten51ty of earthquakes

‘In the Maltese Islands the ef.fect of earthquake
~is neghglble and is not taken into conmderatton in de51gn1ng structures any notlceable

' earthquake has not occurred in the Maltese Islande since 1923

2.6 Clearance .of Bridge

. The requlrements made by Mrx, J G Gaba, Dlrector of Port & Harbor Bu1eau,‘ |
Mmlstry of Development to provide clearance for the vessels sallmg the Comino _

Channel are as follows

1) The only Shlps Wthh sall the Channel are the Ierryboats plymg between !

~-the 1slands and yachts

—10-
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2) The greatest vessels salhng the Channel are the followmg ferryboats
The ]yland 90 feet (27,4 m) in height’ and 42 [eet (12 g m) in w1dth
"'The Calypso - 60 feet (18.3 m} in he1ght and 34 feet (10 4 m) in wxdth

_ These will require a clearance of 115 feet (35. 1 m) in _he1ght ar_xcl 500 feet.
{152. 4 m) in width. '
3 Road 'Plan
3.'1 Outhne of PrOposed Route

Based on a rough field survey the route shown in Fig, 1 was selected for the
link road between Malta and Gozo. The principal control points of the route
 are as follows: '
{1) Proposed junction with the arterial highway of Malta (vicinity
of STA. 0) :

(2) South Comino Channel (S, C. C.) waterside of Malta (vicinity
of STA. 3)

{3) S.C. C. waterside 6( Comino (vicinity of STA. 9)
(4) ~ North Cornino Channel {(N. €. C.} waterside of Comino (vicinity
of STA. 20)
(9 N, C. C. waterside of Gozo (vicinity of STA. 23)
(6) . -Proposed junétionwith. the a'rtérial highway of Gozo _(_viéi‘nitv of
of STA, 28)
_ The total route length is about 8. 720 meters of which the section over S. C. C.
is about 1,920 mete'r's'and that dv'er_' 'N. C;.C. about 820 meters. )

The demgn trafflc volume has been presumed ta he 4 000 vehxcles per day for

. the road plannmg purpose, though it was 1mpos31ble to make an-accurate estlmates in

) the ex1stmg c1rcumstances

The structural standards of planncd road under the design speed of 60 km/hr T
afe as follows e ‘ |
' Design' speed SR 60 km/hr 40 km/hr in speciai ’case)
- Radius’ of curvature 120 m (50 m in specml case)

Longitudinal slope 5% (+ 3%)

__1Q; )



The road is provided thh 2 lanes (2 x 3.25 m = 6. 50 m) and 1ts total width is
8 meters mcluding shoulders (2 x0.75m-= 1,50 m). The standard cross-section
shown in Fig, 5is apphed in common to road bridge, tunnel and causeway. The
road section over the channel is required to be constructed so as to provide vessels
with a route of about 35 meters high above the sea’ level and about 150 meters wide.
If a tunnel is constructed to cross the channel, such route over it must have a nav1gab1e
water depth of 10 meters below the séaflevél. In_any case the said route is provided
~inS.C,C. -6ﬂly, The surface of road is maintained .at least 5 meters or more above
_the sea to prevent any effect of wave. These requirements have not a little effect on

the planning of the route section crossing the hhannel,

In lpcating Toute sections on the land an§ particular obstacle was found from
the results of the reconnaissance; the geological features are generally so good that the
grade a.md longitudinél alignment may be secured in conformity with the structural
standards and that the road can be_plahned by connecting the existing artérial highWays
of Malta and Gozo .by a Toute of the shortest distance, The geology of the chaunnel
is of _unifdrm rigidity and it was judged to be most economical to cross it through
the most shallow route because the cdsf of construction seems to depend largely on the

depth of water,

Based on such way of thinking the planned grade and pi‘ofile were prepared

with the data obtained from the survey in advance, which are shown in Fig. 6 and 7.

--The design standards of structures (load, structural details, standards ap-
_phcable to materlals to be used) to be constructed on the route are as specified in the

relevant ]apanese Spec1f1c ations.

'F-'i.g.—-S Standard C_ro.ss-sectional View {Construction Gauge)

unit inm

.

w0, P a5 4 75 -

e
&
=]
o
o

0.25 0100

.-.*.L.....g._

I =

""""" *"JIC? 75

e 3 gy e -

l
]

[=1
-~

1
o
-
<

~i3—



worrt A (
i :
i r e h”-l(l"'l;{f::l\r)\r' -




]

e OF

p= 0
- i Lale AT

(" RS FREE]

]
%
R
&
&
2
=
=
=
©
n
-
-
bev
@
e
-
-
{o
L
.
=
o

[F:F] DE_ED. no
e eued yinos o

\\3 o . - |BUtley ) OUIWSTY YLION

L—pgny Bunspeg — : - - o : . N - L oaz

e
L1
2.2 ) .
A : . : : -uoliseg reupn}iduc] peudiseg L-Bld BT

.;15_-



3.2 'Bridge.
The plan for crossmg the channel by a br1dge is descr1bed below

The llmestone g'.roup composing the subgrade of the bridging su:e seems to -
g have a satts_factory bearmg_ capacity to support the foundation of bridge.: It has been.
‘ presumed'that any soft deposits do not occur .on'-the se‘abed'of'the chahnel. Needles_s
to say,. a geological survey by mean s of bormg, etc., will be requiretl in future to
. draw-a clear conclusmn Also ‘without a sufficient survey havmg been made only |
" a loose presumptlon on the topog'raphy 1s posstble based on the hydrographic chart, |
Seismic load has not been taken into account. _ ' B

The construcnon of substructures m the sea as deep as 25 meters at the
maximum involves various dlfﬁcult problem_s as differed from works-executed on the
land end therefore the hasic type of foundation should be determined based on the
thorough exammatlon of working conditions. The conStructibn’I method to be used is as
follows., A workmg platform is established to operate a rotary dnlhng machme, with
which holes are excavated by means of c1rcular dr1llmg The diameter of a hole is 2 |

meters for the foundatmn of the center span and 1.5 meters for that of the Slde span,

.. Precast prestressed concrete piles (2,0 0r 1.5 metels in dtameter) are ernbeded in the

_holes and the fill is- placed by underwater concretmg to form the p1ers {(Fig. 8y, It was
' judged to be most advantageous to construct the lower gtrders, _pler, and upper g‘lrders'
- by placing cor.lc'rete in the open eir The construction of piers is p‘erformed entlrely'in
) the sea, In carrymg out other works, all Iabor, materials and equlpment must he
' transported to the site by Shlp and the operations are apt to be a.ffected by the climanc
_'_condmone, : thus necessxtatmg longer constructlon perlod A work yard will be necessary

~in order to m1n1m1:ze the operattons on the sea and work Shlps w1ll need a wharf

.iL;Q éth%jeh:'

'(l)_. Upper. girder o

Up'p_er hesr_n .
, . _ @ Pler . . - (2) Column
S I @ Under beam - (3) - Lower girder
. | . __@- Pier . E (4) Pier
e g R
® 1o

. 777777‘7777"7” Hl‘l_fﬂf 7777 //}//w

S " =10 Penetration

'_.--F_'ig;- 8. Pler 'G_ene_r'zi_l Séctien : _“16—_ _



- As for the superstructure, the normal practice of bmdge de51gn1ng is that the
superstructure works over the channel are prowded with ionger effectwe spans 50 as to
reduce the number of substructure works. ‘In addltmn in the present plan, it is neces-
sary to prov1de an effective span of about 150 meters or more for the center span in

order to secure the clearance for navigation.

Taking these factors into con51derat1on, the designing and trial calculauon of

cost were made for the following two cases

Case 1. (Fig. -9)'
5.C.C.. _
Center span: - Continuous steel box girder (steel floor slab)

Effective epans of 130-~'180 - 130 m

Fig—9 Bridge (case 1)

(1) Simple Stea Box Girder (Stee! Sub}
‘Span Sﬂrn it in mm

200 ~-
750: w_ﬂ_ﬁﬂﬂi_%'mﬁ* . _F_J_EE
| 3
i i
: i
i U
i
?
“(2') Contiruous Steel Box Grder  (Sledl Son 1.
la: Cenlev Suppont Sectucn 130180 -~ 136m
- it w m
s B e o L
,750 R _____15_\5] ’ ~ib. Eed Suoport Section -
i i g : | h ull |
[aa] . : I
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Side' span: . - '.'S'ir'nple steel box girdef (steel floor slab)' o _'
' | Bffective span of 80 m, 17 spans |
N.C.C. Tl
“ Simple steel box girder (steel floor slab)
_Effectivé span of 80 m, 14 spans '

- Case 2 - (Fig. 10)

s.C.C. |
~ Center span:  Continuous truss (concrete floor slab)
' Effective spans of 115 - 180 - 115'm-
Side span: * Simple truss (concrete floor slab)
' Effective span of 100 m, 13 spans
N.C.C

Simple truss (concrete floor slab)

Effective span of 100 m, 10 spans

Fig= 10 Bridge(case 2)

(1) Simple Truss ‘Cancrete Slab) Son 100m unit -, mm
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The estimates of the quantity of materials and the cost of construction for the-

- _above 2 cases are as follows.

Materials
Case 1 =
L Superstructure. . - Substructure works -
Length (m) yrorks - - — |
enet Steel materials () Concrete {m3) Steel materials (1)
5.C.C. 1,787 7,000 4,200 T 40
N.C.C. 1,120 3,800 1,800 '_ 180
Total - 10,800 | ° 6000 600
- Case 2 . -
i , Supefstiucmr_e works Substructure works
_ ength (m) Steel materials (t) Concrete (m ) | Concrete (m ) Stcel materials (t)
s.C.C L700 6,500 2,700 4100 - 410
CN.C.C. 1,000| 3,400 1,600 1, 400 | 140
Total - | 9,900 4,300 5500 550
Cost of Construction (hundréd million yen)
Case 1 :
_-“Su_perstfu_c't_ure' Substructure | - P
‘works” . - works Total -
- s.c.co 2600 8.8 3.8
N . 13.4 4.0 174
(USSL7 million) .
'Ca;se 2
_ Superstructure Substructure g
. _works “works Total
-~ s.c.co 226 8.3 30,9
CooNcc 1.2 3.4 | 146

(US$14. 8 million)



- .'The cost of construction for . C.C. in Case 2 is somewhat less than that in
Case 1. -However, in Case 2 for N. C. C., the truss height which is about 9 meters is

~excessive to provide such siffucient room beneath the truss ‘as is deemed desirable,

“When the concrete brldge is to be constructed instead of the steel bridge, the
long span system cause greater weight of structures as a ‘whole even if prestressed :
concretelstrucutres are apphed, this necessitates to aocomphsh more rigid substructure _
Works and the erecting is not easy. Moreover, a very difficult administration of works
is required to c'omplete the structures of good quality, In view of these facts it was

found for the present plan that the concrete bridge is not preferable even though the cost

of constructlon is less than that for steel bridge.

3.3 Prefabriceted Subaqueous Tunnel (Submerged Tunnel)

Submerged tunnel may be an applicable type of structure judging from the topo-
graphy clar_ifled by the rough fi_e]d_survey and the data such as hydrographic chart. The
planning of submerged tunnel requires various survey data ehout the channel. However,
such data being almost unavailable, the plan was prepared on the as sumption that the
geology ahd tidal current of the channel constitute the conditions favorable to the con-
struction of such tunnel, However, the submerged tunnel will not be planned for the
North Comtno'Channel,' beesuse a-satisfactory profile to meet the structural standards

cannot be secured_by reason of the construction cost.

Several examples of submerged tunnel with two lanes are found in the world
_and the sectlonal form shown in Fig. llis an almosL c_ompleted pattern at the present
day. In thlS form a prov1smn is made for transverse ventllatlon to deal with the
_traffw-volume exceedmg 5, 000 vehlcles per day but ]et funs will be suff101ent until such
traffic volume 1s reached The costs for 1nstalhng 3nd mamtammg such ventilating |

devlce are alrnost neghgﬂﬂe

The adequate depth of water'is lO meters to secure a satlsfac:tory sea-route

throughS C. C

Te.kmg the long1tud1nal slope of road surface into consn:leranon, the route
width of 150 meters can be secured with the water depth of 10 meters. So far as the
locauon where Lhe sunken tube is placed meets such Tequirements, the cost of con-
structmn will be reduced in’ proportlon to the depth of water decreased. However, a

: Lhorough examination is necessary for the settlin g of sunken tube and 1nsur1ng its
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stability in the lateral direction.
Taking the WQrking condition. ‘in S.C.C. into consideration, Ithree methods .-
may be concewable for constructing the submerged tunnel 1r1 the channel. Plan 1. When -
n: is presumed from the topography of the site that no deposu is on Lhe seabed the bed-
rock is excavated to the depth {abour 4 meters) of 1/3 hlgh of the sunken tube Whlch is
: placed in the excavated trench, The 1ong’1tudma1 and cross sectlons for this constructlon
- method are shown in F1gs 12 and 14 Th1s method needs somewhat htgher cost of con-
struction but is the most rehable method Plan 2. -As in the Plan 1 the Seabed is as-
) sumed to be 'be'dr'ock' In order to minimize the excavatton the seabed is levelled by
removmg protrusmns to the mmlmum extent and the sunken tube is mstalled on the
' Ievelled seabed In order to obtain the St&blllty of the tube in the Iateral dlrectlon,
'V"rock or debrls fills of good quallty are requrred to be’ placcd agamst the ‘both su:les of
.the tube in sufflcient W1dth The cross section for’ thlS mel:hod is shown in Fig. 13
' Plan 3 ~The: excavatzon of- sea bedrock 1s apphed only to Ilmtred parts to reduce the
excavatmn than Plan 2 end embankments are eonstrueted on the sea- bottom for the most
part of the base course on which the sunken tube is mstal]ed In. thlS method a sufﬁcmnt
' exammatmn is requlred for stablhzmg the embankments on the sea- hottom, because

-_the settlement of sunken tube exceedm g a certam extent becomes fatal to the tube
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Whichever method is adopted the element manufactured as a steel shell of
10. 3 meters in dtameter and 100. 0 meters in length ata dockyard is. floated on the sea,
and towed near to the site of mst_allatlon. .The:concrete is placed to form the requ1red
.section,_ keeping the steel s.hell afloat, and then it is sunk‘ancl installed on the base
course which has been prepared on the seabed by screeding. Rubber gasket is used -
for the jomt and each element is connected tight by the: hydro static pressure actmg

on the element and then ref1llmg is- carrled out.

CItis preferahle to plan the 'a'ccess road on the side of Comino by means of
tunnel and open cut extending about 1 kilometer so as to get through on to the land

surface as soon as possible,

The estimates of the amo_unt of materials and the cost of construction when the

" the submerged tunnel is built by the first method are as follows:

S. C.C. Submerged Tunnel

“(about 1, 400 meters in length)

Materials:
| .Steel materials 3, 60(l t
Reinforcements 6,000 ¢
Concrete 75,000 m3 ‘
Cost of construction: | 5, 400 million ven (US$17..5 million) |

..~ The cost of construction for Pian 2is lower than that for Plan 1 but the exami-
natton on the stahlhty of fllls ‘depends upon the results of the Survey m future Also
the allgnment can be improved based on the more detailed survey so that the route can

-be located Whlch enables to provtde more easy access roads to respectwe 1slands
3.4 ‘_C'auseway

The constructlon of connectmg road is- pianned by means of levees constructed

_by moundmg rubbles to coffer South and North Comino Channels

The crown of fxlled up levee is set at 5 meters above the mean seabed level -
- and water passes are prov1ded at suitable 1ntervals with no navigation taken into

c_o_nmderatmn A thorough exammatlon W111 be requn:ed in future for the effect of



Ievees on the environment of the su'r_r()unding sea area such as tidal current, wave and
_sea level as 'for_phe riprap mate_rial, it has been presumed that r.ock.s of. good quality

- can be produced in various siz_e__s and Tequired quantity from a source near to the site..
_ The subgrade of the channel being a hard bedro ck, the riprap works w.ill cause no

" settlement, The crown of levee over the channel is kept at an uniform helght and the
access road on each island can be joined to the crown by a slope of 6% in average.

In this connectmn, the access poruon will differ somewhat from the planned grade

and profﬂe shown in Figs. 6 and 7.

_ "The impo_rtaﬁt condmons in designing the levee are the  direction and speed
of wind and the wave. . The observation records on Malta for 10 years from 1958 to

1967 show that the prevailing gale is northwesterly wmd blowmg approximately in

the same direction of the center 11ne of levee (Fig. 3). For other wind direction,

southeasterly wind is remarkable and it has been presumed that when this wind blows

strong, waves of 3-4 meters high act on the levee perpendicular to its center line.

‘The _st'andard section of reclaimed levee was established as shown in Fig. '15,.

and in this the following items have been taken into consideration.

0 . The height of crown of levee will be 5 meters above the mean sea

level (or 1,5 times of wave height). -

(2) Rocks of 5 tons or more will be placed in the layer from 7 meters below

the mean sea level 1 or 2 times of wave height) up to the crown of levee to

- prevent any disturbance by waves,

{3y Rubbles of about 300 kllograms will be’ placed in the layer lower than 7

meters below the mean tide level.
e ,Th'e inner_ 1evee body will be filled with rubbles of about 50 kilograms,
_ '(5) - The side- slope of rlprap works will'be 1 @ 2.

- (6) The total width of the crown of levee w11! be 20 meters and at the center of

. "whlch the road w111 be planned with a w1dth of 10 meters.

(7). The road surface will have concrete pavement and parapet walls w111 be

:provlded at the roadsuies

. judging from_ the topography and geology at the site, the materials for rubble-

~25-
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mminds will be produced from Comino and Gozo. In excavating the rocks for riprap,

all weathered rocks are removed from the surface and rocks of good quality excavated -
in great mass are crushed as required. Rocks to be used for mounting are carried

by road to the wharf and loaded on a bottom-hopper barge. The mounting is started

from the water-side and proceeded toward the center of the channel along the center

line of levee to be reclaimed,

The volume of riprap materials calculated by applying the standard section of .
reclaimed levee to the depth of water of the longitudinal section as shown in Fig. 15

is as follows.

Riprap materials -

$.C.C. (1,570 m in length) - 2, 370, 000 m3
N.C.C. (713 m in length) 630, 000 m3
Total ' /3,000, 000 m3

On the asssmptio_n of 1, 800 yen per cubic meter (about US$6/m3) of riprap,

the construction cost of levee is estimated as follows,

Cost of Construction

s.c.c. | 4, 270 million yen
N C C 1, 130 million yen
Total | 5,400 million yen

(US$17. 5 million)

‘In this plan, if the navigation route as fixed is to be secured a part of the levee
over 8.C.C. mUSt.be replacec_i with a bridge or tunnel, which will increase the cost of

construction.

3.5 ° Comparative Examination of Various Constructural Types

_ The outli'ne.of plans for constructing the link road between Malta and Gozo
is descrtbed in parag'raphs 3.2, 3 3 and 3.4 where the st:;:uctural types include

' br1dge, tunnel and causeway

The tunnelihas an advantage in.securing the required clearance for navigatien
~ route,” but is’ f)lanrted ohly for 5. C. C. because of a difficulty in planning for N. C. C.
: Among 'th'e‘th‘ree types,.' the highest cost of construction is estimated for the tunnel, of
Whmh constructlon works themselves are more difficult than those of other two types

and, m addltion the _]omt use system of the tunnel will increase the maintenance

-expenses

T



“The constructlon cost of the reclauned levee is lower than that of the tunnel hut
hlgher than that of the brldge However, in the plan prepared herein the longitudinal
section of the channel portion is fixed umformly at 5 meters above the mean tide level.
and any navigation Toute is not secured. - It is clear that if such _route is to be taken into
consideration th"e_- cost will inc.r:ease. ~ The plan is pr'epared'on_ the assumption thet the
ripraps to be used for constructing levee wiH be produced in .the - required q'uémiity of':
| good quahty and various sizes frorn the v1c1n1ty of the work site. Therefore, (if these
materials must be obtained from a remote squrce and transported to the site the con-
struction cost will run up substantially. The change in the env1ronment should be

thoroughly examined in the area around the channel

Eventually, the bridge_is-most economical in terms of the cost of cons_t_ruction.
However, in the present plan of the b_x_'idge over_S. C. C ‘the spans.a_re _s';mply divided
into center and side spans in order to secufe_ the navigation route, and the euperstructure |
- works to be mounted approximare-to the greatest one which has been ever designed for
a bridge to cross a channel The manufacture and erection at site of such a large scale
bridge are supposed not be S0 easy -and there seems to be a scope for studymg '
nunutely the optimum type of bndge also takmg into consideration the economy and

aesthetics,

" The undersea construction of substructire works also mvolves many d1ff1cu1t

problems

The planned route extends for about 8,720 meters ongmatmg at the arterlal

: hlghway (STA 0) of Malta Island to terrmnate at the artenal h1ghway (STA 28 6) of

‘ _' Gozo through Comino, - The total cost of constructxon is esumated at about 3, 500 rmlhon
, yen (US$17.9 rmlhon) 1nc1ud1ng 4, 800 rmlhon yen (US$15 6 m:lhon) for the channel
__'secuon and 700 nulllon yen (US$2 3 rmlhon) for the road sectmn on the land "The. unit

prlces used for estlrnatmg the cost are. the average pnces in Japan as of March 1972,

_The above cost of construcnon may . well vary when the mmute 1nvest1gatlons will have

" been made in the demgmng and workmg condmons relatmg to the construction of thle
N lmk road '
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4, ' Forecaét_of Traffic Volume .
4,1 Econo'rnic Indicators

_ The various economlc mdlcators of the State of Malta for 1964 1963 and 1970

are Shown in Table 4,

Table 4 Economic Indicators. -

ltem . ol 1964 1969 1970
Area (Sq. miles) S 122 122 © 122
Popuiation '(tho‘u'sand) | 323 322 - 325
Population density
(No. ‘per sq. miles) _ 2,654 2, 642 2, 666
‘Gross Nafional Product | : ' _ ' |
at Market Prices (£ M) - _ 53.3 88.3 -
Total_pe_rsonal income (£M) ) 48.2 179.2 -
~ Total peréonal'income . :
per person ('£) _ _ 159 _ 246 -
Exports £.0.b. (£ M) | 6.9 16.0 15.9
Imports c. i. 1, (£ M) 34.6 61.53 67.5
Number of cars (number) - 31, 202 51,192 56, 369
: Private cars _owned (number_) 19; 402 35,158 39,514
Cars for hire (wmber) . | 1,092 2,031 2, 250
Buses. (nu'n'iber)'. B e 616 . 623 621
‘Commercial vehicles (number) | 6251 9,845 10,714
.Mptqr--_'cycl'es.'(Ii'un'ib_er') 1 as4 3,535 3,270
:INUITliJ.eI‘ of cars per | : N
thousand persons (number) o 97 159 _ 173
Mlleage of pubhc roads (rmles) _ | o :
(total) - . 687 - 760 -
| Paved or dsphqlted (mﬂes)_' _ 543 " 647 | -
 Total fou'r'isf arrivals (nmﬁ_ber) . 37,573 . 186, 084 _ 170, 853
. Hotels '(nﬁxnl)ér) ': T ' | _ .36 1ol : 110
| Hotel beds (nulﬁbér) o o 2, 360 7,562 7,935




4.2 _. Estimation of Traffic Volume _
m planning road the macroscopic estimation of future traffu: volume is usually

- made in the following way. The future growth in population, gross national product and
national income is forecasted to estlmate the growth in the car ownerslup, and the '

future trafﬂo volume 1s estimated based on the growth in car ownerslup as well as the

: 'present trafflc volume However because of the special c1rcumstances of Malta such

| as that the den51ty of population is very high, that the number of cars owned as of 1971
has already reac_hed the level of European countries as of about 1967, and that_the
baianoe of trade is more dependent upon the income from the invisible treqe such as
tourist industrv rather than the e\tport promofion and the'prospect of tourist industry is
highly evaluated in the future master plan, the estimation of traffic volume for the lmk
| road has been made- on the basis of the growth of lOI.lI‘lSlI mdustry, that is, in relation
to the number of tourists visiting this country, -as we]l as takmg into con31derat10n the

value of Gozo island as a tourist resort

_ Table-S and- Fig. 16 show the number of cars owned and arriving tourists and
the volume of car traffic by the ferryboats operating bet\veen'Malta _ahd Gozo in recent
Ma_lta.'. _The volume of traffio_ has increased rapidly in recent _yearé" independently of
the growth in :_the number of cars oxvned and this increase aporoximate_s to the groWs
in the number of arriving tourists, .thoug_h it is not socclear due_to.the iack of._in_ter-
mediate figures for 1967 and 1968. In spite of the fact that the tourist rr_affic .in'the
.couutry.'is expecied to grow from the opening of the link road, the esti metion of traffic
volume by thls method wxil not be necessarrly underesumate in view of the retemlon

in the growth in- the nurmnber of arrwmg tourlst f01 1970, The pomt is the number of
E "arnvmg tounsts in future the Master Plan of Malta ant1c1pates that the hotels w111
accommodate 13, 500 beds hy 1973 and the number of arrwmg tourlsts witl be 500 -
: '_3 600 thousand persons per year hy early 1980's, These targets may be con51dered o
have a. substannal posmbﬂny since the nurnber of beds has reached to 8 000 m11970

. Thettrafflc volume on the link road est1mated based on. the above flgures is shown in”
"Flg 17, '
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Table 5 Number of cars, Traffic volume between Malta

and Gozo, and Total tourist arrivals

© Year Numher of cars Traffic volume Total tourist
Co : arrival
1960 12, 344 19, 689
1961 13,317 22, 611
1962 10,557 23,334
1963 12, 985 32,299
1964 31, 202 12,479 38, 380
1965 © 14,053 47,804
1966 14,879 72,889
1967 40, 209 19, 221

1968 45,110 35,522
1969 51, 895 59,111 186, 084
1970 - 57,147 170, 853
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In terms of tra.fhc capacny, the greatest traffic volume-occurs in August as
the tourist season is summer and it accounts for 15 - 20% of the annual trafflc volume
If the traffic voiume for 1980 is estimated at 300 thousand cars, the maxlmum monthly
. traffic will be about. 60 000 cars and the daily traffic about 2, OOO cars w1th 4,000 cars
E being for hohday ar two times of that of weekday; thus the link road planned with two -

lanes will be sufficient to handle the estimated traffic volume,

- 5. Payability as Toll Road

The charges of the felryboats operatmg at presem are as follows

Car: o 8 - 12.5 shillings (320" - 500 yen)
' Motorcycle: | 3 shillings (120 _yen)
Passenger Co2 shillings (80 ven)
Ro.und tr_ip 3 shﬂhngs (120 yen)

Because the growth in motoroycle traffic in weakening and the passenger tra.fhc
will be transferred to bus these have been o:mtted If the. charge levied on a car is
10 shllllngs {400 ven) in average, the annual revenue for 1980 will be about 120 million.
‘ven (US$316 thousand) from which expenses such as mamtenance and operatlng costs
must be put aside. Therefore, (it will be impossible to redec.m the constructlon cost

L

of 5.500 million yen (US$17. 8 million) if the interest bearing fund is used.

6. Postscript
The, designing and working conditions must be defined prior to the implementation
‘of the constructwn works of the link road, and tins reqLures to carry out Lhe survey of

‘the followm g 1tems

- (l.) ' Survey on the topography and geology of the seabed _

{2} - Survey on wind (wmd dlrecnon Wmd speed, and fetch) _
(3) - Survey on wave (wave helgh[ wave dlI‘ECthﬂ, and wave force)

“(4) Survey on tidal current (current speed currcnt d1rect1 on and ndal range)
_(5_) _ Survey on construcuon equ1pmenl: materlals and worker

(6) 'Survey on the stru Ltural standards of road and the navrgauon route through

the channel

These surveys Wlll requrre several years to complete, and are de51red 1o be ac-.

comphshed promptly 50 that the link road can be constructed losmg no nme

=32~
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