diameter and L5 m in length., The diameter of the cores is 86 mm. A diamond
bit has been used.

ih Oran the drilling has been done from the boat "La Mordjane". The drilling
machine, standing on three supports, has been placed under water. - The machine
was connected by flexible tubes with the hydraulic power source and the water
pump, placed on the boat, All drilling  operations have been done under water,
by qualified divers-drillers. For normal drilling operations the water depth should
not exceed 15 m. Samplres have been taken from the drilling cores and brought

to the laboratory for soil-mechanical testing.

The locations of the drillings can be seen in figures 2.4.1, 2.4.9 2.4.10 and

2.4.15.

2.4,2 The Port of Algiers
(1} General topography and geology

The port of Algiers is located on the west side of a large bay, 15 Km in -
diameter, open to the Mediterranean sea. ' _
The port is delimited by the Mustapha jetty, on its NE side, at a distance of
160 m from the coast and by the eastern breawater, “The 'sea. bottom descends
to the north, developing a gentle slope of (.8 degrees off-shore from the coast:
The water depth reaches ~12 m at the Mustapha j_etfy, -50 m at 4 Km off-shore
of the coast. The west side of the bay, delimiting the l"'Oid'_’_.;:aori: of Algiers
{north part of the port of Algiers), is a hilliy terrain, consisting of Triassic
schist {Fig.2.4.2). The weathering of this formation results into a clayéy deposit
which can be encountered in the sea bottom of the north part of the port {the
"Old" port of Algiers), The basement under the sea bottom of the "Old" port is
expected to be Triassic schist. ' . o

The coast along the SW side of the bay, where the "New" Port (Mustapha
basin) is located, is a narrow plain, 1 Km wide, composed of recent sand and
gravel, Behind this flat zone the topography rises rapidly up till. lﬁO-m._ The
flat-top hills consist of Upper Pliocene iimestones. covered by . Pleistocene
limestones and alluvial deposits ahd recent sands and gravels.. The sea bottom of
the "New" port mainly consists of recent deposits underlain_.by a_P_lioCeﬁe
basement, There are no outcrops of this basement in the close surroundings of ,

Algiers,
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{2) Detailed geology of the sea bottom in the study arca

The study arca stretches oul from the eastern breakwater of the "New"
port to the east,
Three drillings have been done (S to S3), located as indicated in figure 2.4.1

The drilling logs are shown in Figui'es 2.4.3, 2.4.4 and 2.4.5.
The "cover" of the sea bottom consist of the following deposits:

Recent to Pleistocene deposits:

- Upper layer a: organic black "mud", thickness in between 1 and 2.5 m,
particle size corresponding to silt in S3 and to sand with 30-50% fines in Sl and
52, oversaturated;

- Layer b: Mixture of fine sand and clay (various proporticns), thi(_:kness from |
m tifl 5 m {at S2) or more: the thickness of this layer seems to increase from
the castern breakwater towards the east and from the coast towards th'e_ off-
shore; _

- Layer cl: gravel and conglomerate, thickness between 0,5-2.3 m (SB_'and St);
the gravel results from the decalcification of the Conglomerate.; Layer ~C2:
heterogeneous deposit of blocks, boulders and gravel, encountered only in S2,
thickness 4.5 m; this layer is not continuous, it passes laterally into cl;

- Layer d: clay, thickness between [-0.7 m. This layers extension is limited to
a narrow stroke along the Mustapha jetry (Fig.2.4.6),

- Layer e: limestone, very rich in shells (called "Lumachelie"), |

The basement of the long shore (south part) of the bay of -Algiers consists of
Pliccene sedimentary rocks. The following two rock formations can be
distinguished:

- Formation a: the Upper Pliocene {"Astien") Molasse-type formation, cobsisting
of sandstone, cemented by carbonate, rich in fossils and sand. The erosion
products of the paleotopography have been transported into the sea and'de_pos'ited
together with calcareous material, resulting into the so-called Molasse. The
thickness is not known and the formation seem to be present only to the east
from the eastern breakwater;

- Formation b: the Lower Pliocene ("Plaisancien”") Marl formation, which can
reach a thickness of 1000 m or more, _
Under the "new" port, located SW of the bay, the basement consists of marl

From her to the east, it is replaced by the molassic deposit, which increases
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gradually in thickness. The area concerned by this study, represents the
transition zone from a proper marine environment (marl) to a more continental-
marine environment {Molasse}). Thus the basement of the study arca is an

alternation of calcareous sandstone {Molasse) and mail,
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of Algiers

sion of the clay bed in the port
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{(3) Geotechnical conditions

An overview of the lithology of the study area, -thickness and continuity of
the beds, as well as the results of the Standard Penetration Tests can be seen in

fig.2.4.7 and table 2.4.4.

- The cover of the study area consists of different éedimelmts, having geo¥
technical characteristics as explained bellow, |
The upper "mud" layéi' consists of silt, 40-90% and of fine sand, It is oversatu-
rated, has a low plastmlty index- and a low liguid Hmit, |
Accordmg to the Unified Soil Clabsmcation System (USCS), the abave dépo"sit is
a CL-ML soil, o
In drilting $3, at 1.2 m depth from’ the sea fiooz, a hfard limestone, 15 m thick,
has been found. This iayer has a vauable thlckness and is not continuous,
Therefore it can not be used for the founciatxon. . o
in drilling Sl (close to the jetty), at 2,5 m depth, a 5.5 m thick sand “and clay
1ayer (USCS ‘classification SC-CL) has been éttcaumered‘ A rough estimétioﬁ of
the allowable bearmg strength of this deposxt has been effectuated, resultmg into
values of 13 Lons/m {~4.5 m depth from the sea fl_oor) and 17 tons/m2 (6 m
depth),  These estimations are based on the resuits of -Standard Penetrafion
Tests, where 8 to 12 blows havé: been required for 30 cm penetratwn. An
empirical correlation between the number of blows in the standard penetration
test and the cohesion of a clayey soil indicates a ‘cohesion of 8 t/m? for N= 12
This value can be dxrectly used in Terzaghi s formula for the calculation of the
bearing strength. Only structures with an effective stress of 15 tons/m ‘or less
can be supported by this bed, The thickness of the sand and clay layer is dimin-

ishing rapidly rowards the coast,
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Table 2.4.2 Labor.af:ory physical test data of Algiers

[Algiers-drilling Si ]

Pepth of rampling

(&) - _ 0.0-2.0 . |2.4-2.9 5.0-6.0 . 10.5-1¥.5  |12.7-13.45 15.15.5
Type of soll Mud:95% fines |Sandy clay:16X|Clayey sand:52% Sandyclay, 7% [Sandy marl:15-[Sandy aari
e . . isand fine sand,48% flnes |sand 32% sand i
(Glasgification CL Gl §e-CL T Cl. j 2 ] T
carbonate(%). : ax 41
Grainslze(X)<2am; - Co i )
<80 <20 ;<3 100/98/51/8 10D/92/10.2/7 199/89/1/4 100/88/18/7 100/85/41/6 106/78/21/%
Kater content % 24.8 _ 24.32 30.78 "~ 28.85 7893
Dy density T/md 1.68 1.65 1.48 1.65 1.52;
Wot deasity t/md 7.08 2,03 1,95 Toes[ 1.96
DPegree of
saturation (%) 100 100 108 180 100
Tigquid 11E1t 49 6] 23 Y 0] 42
| Plasticity Index 24 8 T 390 g 13
[Aiglers-drilling 52
bepth of sampllng .
(=) B - ]0.0-1.3 [7.0-8.0 9.35-9.7 11.0-11.6
Fiype of 5011 Mud:fine sand |Calcareous Merl{gratnsize 20% [Mari
L . : standstone coarse-42% fine sand .
Classiffcatlion oM CL cL
Carbonate{X) - :
Gralnsize(X)<2nn; . :
<80 ;<20 ;<3 . l9gr28/9/2 99/63/15/4 FAB/46/19/3
¥ater content X - - . . 32.78 23.8
pry density T/md 1.46 "1.53
Wet density T/23 1,94 1.985
Begree of
sdturation (%) 100 100
Liquid 1ikit : 33 kY
Plasticlty Index 15 14
‘[Alglers-drilling 83
Depth of sampling {0.0-1.2 . 4,0-5.9 6.9-7.5 13.5-13.8 17.75-18.9¢ 23.6-24
Type of soll Mud:50% flpes, [Sandstone Mari Marl Sandy marl Sandy marl
o 30% fing sand, _
Classification CL [ CL €, L ]
Carbonate{%) . 34.4 5% ] 49.2
Grainslze(¥)<2as; .
<B0_;<20.1<3 100/50/6/4 100/50/43/5 97/71/30/5 92/64/30/5 [97/59/14/4
Hater content % :
- : : 33.58 46.17 20.94 21,45
Dry density T/e2 1.53 1.25 1.64 1.71
Wet density T/m3 2.04 1.8 1.98 2.08
Degree of
saturation (%} 160 100 87 100
Liquid iimit 2% a7 38 31 30
8 19 16 10 — 8|

Plastieity Tndex
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Table 2.4,3 ~Laboratory mechanical test data of Algiers

[Consolidation test

. ) . o Shear test
T.ocotlon |Depth range|Compression |Swelling |Pre-consolidation [Conhesion [Friction angle ¢
| I (m). . - index ' ratlo stress ( Kg/cm2) (Kg/cm2) {degrees)
[Aiglers 51]10.5-11.5 T 0.084] " 0.03 3.6
N 12.7-13.45 - 0,057 _0.027 2.6 1.1 40
oo 115.0-15.5 (3.058 0.017 2.8 0.9 23
Algiers 82(9.35+9.7 0.167 0.041 2.6 0.751]. 35
11.9-11.8 0.111} 0,022 4.25[1.07 35"
Algiers 5316.9-7.5 0.116] - 0,037 4,25 0.4845"
o 13.5-13.8 0.502 0.036 6.25
17.75-18.0 0.074 - 0.0189 4.5

+-Values obtained from triaxial tests

- Téble- 2.4.4 'Resu!.ts of the standard Penetration

Test in Algiers

Lithology .

Cohesion

Friction angle.

Loecation- - |Depth - Nr.of N-value

o o . “|blows per (t/m2) d{degrees} f
Alglers S1|2 m: . telay '+ silt [4/3/6. -9 4 1]
Co 4.5 m . fine sand 5/3/5. 8 [ 0
6@~ . . jclayey: sand:|3/5/7. 121 8 0
oo 4Tk m - [conglomerate 17 0 34
Alglers 8211:3n - |sand 16/7/8. 16 [} 34

1.2 m {gravel f15/17/no a2

Algiers S3




Under the slit bed there is a couglomerate, 2,5 m thick. - A SPT-test has
been done at the top of this conglomerate, where the rock is deemed to be
rather weathered and disintegrated into fine gravels, giving 17 blows for 30 cm
penetration. This value can be roughiy converted into " an. aliowable _bearing
strength around 30 tons/m?2, Again it should be mentioned that this layer is not
continuous, | o _
Under the conglomerate there is a 1 m- thick, stiff ciay. From the'lab()ratory
data (tables 2.4.2 and 2.4,3) the clay has been classified as CL soil, 100% satu-
rated, medium plasticity, From the granulometric curve it is rather a silt with
17% fine sand. Clay intercalations. have been already' noticed in the conglomer-
ate bed above, Downward, the clay is gradually passing into the marl formation,

2, According to this

From the shearing test this clay has a cohesion of 2 kg/cm
value, much higher than expected, the clay is very similar and probably a part
of the marl formation. This {act does n'ot correspond to the much softer aspect
of the fresh clay (compared to the marl), in the Slte.

Because of the Ambiguous appearance some more considerations should be made'
about this clay layer, based on former data obtained by in-situ te_st_mg. "An SPT
value of 14 has been registered at 7 m depth_'from-- the sea floor. This roughly
corresponds to an allowable bearing strength of 17 ton{s/mz. Othe'r information
has been obtained from borehole loading tests, uéing the pressiometer, along the
Mustapha jetty. The ultimate pressures which have been measured range from 0.7
to 3,5 bar,indicating the following: | '

- the tested bed is a clay with varied strengths and different consolidation
rates {ultimate pressure between 1.5 and 3.5 bar}, but generally sp_éaking stiff;

- close to the base of this bed (-25 to-27 m depth from the sea level), the
clay is relatively softer (ultimate pressure 0.7-1.5 bar), especially around the end
of the Mustapha jetty.

The clay bed cannot by considered as reliable foundation bed,

The Pliocene basement of marl or Molasse {mainly sandstone, moderately hard},
is well consolidated and will provide a sufficiently reliable foundation bedrock to
support the heavy structures of the port facilities, _ _

From previous and present drilling data, this basement can be reached within 10
meters from the sea floor at the Mustapha jetty, within 5 m at the eastern
breakwater and within 6-7 m in the study area. At the jetty and at thé eastern
hreakwater basement consists of Marl,,while in the'study area it can be Molasse
or Marl. In situ vane test data from previous investigations (1983) show that the

shearing resistivity in the marls is 28 tons/mz, at 7 m depth from the sea floor,
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Further information over the basement formation is given in tables 2,4.2 and
2,43, ‘ '

Ac_cor_ding to the physicél tests, when disintegrated, the marls consist of rather
fine material (the granulometric curves show up till 80% silt or clay), According
to the USCS the marls fall under the cathegory of Cl-soils with low to medium
plasticity, 100% saturated, but they also can be classified as soft rocks., The
mechanical characteristics of the marls are shown in table 2.4.3, The simple
shear tests and the triaxial shear tests indicate 1.0 kg/'cm2 for the cohesion and
35 degrees for the internal angle of friction. Using Terzaghi's formula the values
of the calculated allowable bearing strength, ranging between 60 and 300 t/1112,
correspond to the characteristics of soft rocks.

..Accofding ‘to the consolidation tests, the marls are said to be normally to over
consolidated, the .pre—consoiidation stresses are ranging from 26 ron/m2 to 62
ton/mz, These Valu_es seem to have been taken lower than the real values,
depending: on the shape of the graph of logarithmic pressure vs. void ratio {the
curves do not show clear breaking points). The compression index is low meaning
that nio substantial settelement will occur.

As for the Molasse dgpbsits, the unconfined compressive strength measured on a

sandstone sample, corresponds to a weak rock {102 tons/mZ).
_Conclusion

The superficial cover of the sea bottom is not suitable as a foundation bed for
heavy structures, causing higher stress than mentioned above, In such a case
deep foundation work or'. pileé should be driven inte the Tertiary bedrock. This
may be required along the'Mustapha jetty and its extension. A foundation depth
around 12 m from the sea floor should be considered there,

In the aréa to the east from the eastern breakwater, the foundation bed should
be the Pliocene (Tertiary) sedimentary rocks, which can be encountered within

the depth of 6 m from the sea floor.
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2.4.3 The Port of Oran
{1} General topography and geology

The port of Oran is 1ocate.c1 in. the middle of a 28 Km large bay and it is
surrounded by cliffs, the altitude being higher on the west side than on the east
side, At- .the'west','. the port is limited by ‘a steep slope, rising up till 400 m,
which is part of the mountain called "La Montagne ‘du Lion". This mountain
has steep slopes and a long, flat crest, with the highest peak rcaching 611 m,
From this mountain to the east the city of Oran has been built on a plateau,
around 100 m above -the sea level. The border of this plateau on the sea side is
-~ a cliff, several Km long. Because of the steep topography the area covered by

the port facilities is very limited,

The sea bottom is gently dipping 2 degrees from the coast to the jetty
and 3 degrees from the jetty to off-shore. At the jetty the water depth is
close to 20 m, | o _
The geologicél map of Oran is shown in figure 2,4.8, The west cliff bordering
the port consists ‘of Lower Cretaceous limestone and Jurassic schists. The cliff
is dislocéted by a normal fault,

the east -part being the down-thrown block., This fault puts the Cretaceous
sediments in _c:ontacf with Miocene sediments, The Miocene consists of grey
marl and con_glomeréte on top of it.. The cliffs east from the Montagne du Lion
consist of marl,

Fu'rt.hermore the Oran plateau is covered by Quaternary ailuvial deposits.
-Fromja.:s-tructural point of view, the Montagne du Lion represents a horst and
the plateau to the east represents a graben, due to vertical movements along
faults. These movements.have started during the Neogene. The faults were

reactivated during the Quaterpary.
{2) Detailed geology of the sea bottom in the study area.

The study area consists of the last basin against the breakwater, the so
.rcalléd_"avant;port"_and the area to the east of the breakwater., Three drillings
have been doné (S1' to $3) their locations being indicated on the attached map of
the port of Oran :(Fig._2.4.9 and 2.4.10). The drilling logs are shown in ligures
2,411, 2.4.12 and 2.4.13,

— 79 -



The cover of the sea floor in the port of Oran consists of the following

layers:

Recent to Pleistocene: o

- Upper tayer a black, organic "mud", up till 2 m- thick;

- Layer b: clean medium sand, 3.5-5 m thick, Cdllsoiidated: ,

- Laver ¢ limestone  or calcareous sandstone, rich 'in shcl_ls,' called '"L‘uma—

chelle” { m thick, not continuous;
Pliocene (?): _ _
- Layer d: sandy and gravely clay, rich in fossils, 0.6 m  thick, containing

fragments of detrital limestone. Gradual pa_ssage'i_nto marl (o_n_ly::'in 83).

The basement rock under the sea floor consists of Miocene grey marl, of un-

known thickness with-a varying sand content.

7).
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Table 2.4.6 Laboratory mechanical test data of Oran

Consélidatidn.test

Shear test

Location'

Depth range
(m)

index

Compression

Swell
ratio

ing-

Pre-consolidation -
stress ( Kg/em2)

Conhesion
(Kg/cm2)

Frictlion angle #

{degrees)

T.5=7.9 -~

0.035

0.0086

42

Oran - S1

8.0-9.4

1.8

28

10:5-311.1

. 0.051

0.01i5

1.9°

29"

T12.0-12.5

0.045

0.011

3.

47

Oran—— sz

T.5-7.7.

0.071

0.016

9.06-9.57

0072

0.013

1.

£ ot oS

52,

S

Notice- indicates the Values from triaxial shear tests

Table 2.4.7 Results of the standard Penetration Test in Oran

Tocatlon

) Depth -

Nr.of

N-value

Cohesion

Lithology Friction angle
L blows .. (t/m2) # {degrees])

Oran S1 am eand 20/23/27 50 [} : 44,4
e 4m - sand - 23/26/28 54 0 45
CPem - sand 25/29/31° 80 4] 45
: o iem sand 30/30/34 - G4 [ 45
Oran 852  ~ |2m “{sand. - 24/27/29 58 [i] 45
o 3m Asand 27/271/30 57 ¢ 45
4m sang 29/29/31 80 0 45
Sm sand 22725725 50 [4] 44 .4
’ . . 6m sand 29/31/33 B4 1] 45
- 10ran 3 2m sand 23/32/741 55 0 45
A ) am - sand 2T/33/43 o]0 O 45
4m sand 25/37/47 82 [i] 45

___E}3 .




{3) Geotechnical conditions

The sedimentary cover of the sea floor in -the study area shows good
. geotechnical characteristics, “Standard Penetration Test -daté ."(table 2.4,7)
indicate N-values exceeding 50 blows for the' (ie_pfh range’ 2-6 m- from the sea
floor, in a sand bed. It is a medium sand, well graded, with round grains, -
containing fine material in considerable proportions, - It has a low plasticity 5
index, low porosity and is strongly compacted. This characteristics imply - an
internal angle of friction more than 45 degrees. The sand has been - encounteted
in all the three drillings (fig. 2.4.14}. To the west, the sand réxten’ds till the
quay of Geneva. dts off-shbfe extension is at. least .tili the jetty. This béd:ié
encountered at | to 2 m -under the sea floor and has a thickness of 3 to- 5 m. -
As far as it Is continuous, it can be considered a reliable ioundatlon bed. '
The basement rock under the. sea floor in the port of Oran 1s shallow. In all
the three drillings the basement has been reached at a depth of 7 m from- the
sea floor (or -20 m from the water surface, in _dmllmg S3 and 29 m from the
water surface in S1, close to the jetty; fig.2.4.!4). "To the weét-, at the
Ghazaouet, Gabes and Sfax quaies, the marly basement can be reached at a
depth between 8 and Il m form the water surface (cross section A-B in
fig.2.4.9). At the Geneva quay the marl lies 22 m under the water surface
{cross section C-D, fig,2.4.9), It is probable that the surface of the marl
formation is inclined {a dip of 3 degrees) Lowardb t-h"e"off shore, ~ Former
Standard Penetration Test data give an N-value of 50 blows per - ‘30 cm,at the
top of the marls, -From the mechamcal tEbLS the marl seem to be.
overconsolideted,the preconsolidation stresses are between 25 and 70 ton/mr.
The shear tests indicate cohesion values between 0.4 and 2 kg/cm and friction
angles of 28-45 degrees, This means the allowable bearing strength 15 a few
hundreds t/m2. ' .
The marl formation can also be used as a foundation rock.
The west part of the port has a different . l1thoiogy' . Former drli[mgs at the
quay of Senegal show a clay bed covering a volcamc basement (cross beCthI‘l A~

B, fig 2.4.9). This lithology does not extend f_urther than the basm of Maroc.

— 94 —



9,4.4 The Port of Annaba
(1) General topography and geology

The Port of Annaba is located on the west side of a 40 Km wide bay,
between two . capes, i.e. the "Cap de Garde” to the west and the "Cap Rosa" to
the east,

From the Cap de Garde till the city of Annaba the topography is steep and
mountainous, The highest peak just next to the city of Annaba, called Abd el
Salam is 328 m high.

- The mountain range continues westwards, along the coast line, The altitude is

rapidly increasing to 845 m at the peak of Seraide, 18 Km west from Annaba.
East “from -Annaba, along the bay, an alluvial plaiﬁ:, almost 20 Km wide, is
developed.  This plain stretches NE-SW in between. the mountain of Seraidi, to
the NW and the mountains of Medjerda to the SE. Many rivers stream off these
mountains, the "Qued Séybouse“ being one of the largest, The river mouth was
_ originaily . located in the port zone itself, but it has been deflect 500 m to the
south, to its present position, _

Thé Port of Annaba is located SE of the ciyt, enclosed between the long
breakwater to the SE and the jetty called "Jetee du Lion" to the NE, _
The sea bottom in the port and east from it (along the whole bay) is gently
dipping 0.4 degrees, From the jetty to the north the sea bottom topography is
steeper, dipping 2.3 degrees.

Théwat‘erdepth at the jetty is 14 m, increasing to a depth of 20 m, at 400 m
diétance, north from the jetty.

The mountain chain starting at the Cap de Garde and continuing till Seraido
consists of Palezoic':gneiss, schist and marble, All these rocks show a high
degree of deformation, Especially the schists are strongly folded and foliated.
The weathering material from this rocks has been redeposited on the see bottom
as a micaceous sand or silt.

Under the ailuvial dep’oéits of the large plain bordering the bay of Annaba,

Tertiary calcareous sediments can be found.



{2) Detailed geology of the sea bottom in the study area

The study area is located to the SE from the breakwater of the existing
port of Annaba. . _ .
Three drillings S1 to S3 have been done, their positions being indicated. on the
figure 2.4.15. The detailed geological log can be seen in figures 2.4.16 to.
2.4.18.

The basement of this area consiéts of marble and underneath gne_iss' and
schist.  Outcrops can be seen just behind the port. The surface of this- rock
formation is rapidly plunging to the SE. Therefore, in the port, under the basin
"La Petite Darse", the basement. lies -8 m under .the sea floor and -26 m at
the breakwater. Compiling the resuits of the former drilling the- roof of .the
basement shows the following _t'opogr'aphy. " Under the basin it forms -a ‘ge'ntlj'
dipping terrace (1.5 degrees) till the breakwater. From the ‘breakwater “to the
SE the "terrace” becomes narrow; it continues only at the -jetty;si'dero.f_ ‘the
breakwater, like a "tongue", towards the SE (the gneiss lies at -45 m in 'drilling
83, the same as in former drillings $10/85, which is very close- to--the
breakwater). In all the drillings located between this "tongue" and the coast, the
basement has not been encountered. It seems that the gneiss is plunging 6
degrees under the plain of Annaba.” The configuration of the surface of the

basement is most likely the resuit of the erosion.

Quaternary deposits lie directly on the gneiss, ...formihg the Sédimentary
cover of the study area. These sediments are similar to those described in the
plain of Annaba: clay and sand, their thickness attends more thran_ 60 m - (drilling
S18A/85), in the shallow water zone and between 20 and 30 m close to the
jetty. The sands are especially rich in shells; Six layers canbe roughly

distinguished as follows:

- Upper layer a: block, organic mud and/or sand, thickness £1.5-2 'm:

-~ Layer b: clayey or-gravely sand different degree ‘of consolidation, thickness
0-8.5 m; _ o ' |

- Layer ¢ clay and sahdy clay with intercalations of sand and éléyey sénd,
soft to slightly consolidated, thikness 12-14 m; | -

- Layer d: consolidated sand and sand with iron concretions {"nodules")
overlaying a soft sandstone, thickness 6-12 m; | -

- Layer e: clay or sandy clay, generally stiff, including sand lenées, thickness
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12 m or more (dritling S1 to $3);
- Layef 'f:"b'ouldgrs, gravels and sand beionging to an ancient river bed, only

iocal.ly developed (limited lateral extension),

A fault has been supposed to dislocate the area of the port of Annaba., As it
also has been mentioned by 'a f_ormer report (1985), from the present  drilling
_carﬁpaign no_'evidenceilof faulting could be found., The Quaternary sediments seem
to 'fi]l_ up and cover the.topogra'phy_ of the Paleozoic basement, a fact which

explains their thickness variations,

..fgg___
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"Table 2.4.9

Laboratory mechanical tst data of Annaba

P .
Table 2.4.8 Laboratory physical test data of Annaba
[Anpaba-ArlA1ing Si
Depth of seepling I S . — N O,
(a) o 10.5-10.9  {11.5-11.9 - 13.1-13,4 14.0-14.3 15,8-16,2 16,8-17.2 |20.1-20.45
ryoe of SoiL ST with 5% [Clay, veryiiigh [Clay,bigh plasliclw. {iny, wedivz Ciny, very migh  iClay.nlgn [Very candy elay
Type L sand plastlcity 5% sand plasgicity plasticity plasticht
. KETaasiflcation G o] - CH [ ] [ T
Crainsize<1ol (x) 98, 93,5 g3 £ 93 EE] LE)
Fater conten! 32, 44 q7.3 EENS 41.% LERY 38,4
[iiry_density 1/m3 1,42 X 135 1.z 1,26 SV 1 ) i.a%
Fct density T/na 1.88 1.694 . 1-705 1.785 1.80% 1.795 1.835
Dogrew of- ._ 1 - - 2
saturation (%) 96,94 . 9t.5 94,5 95 99 95 93.%
[LIquid Iimit 51.% £875 651 46.8 [3] = 45.8
Flasiicity Tades 3.5 0.5 53 PIVE Y I R I EEIE) R T
}_)\mlahu—drinlnz 82 -
Depth of sanplinx
i) 2.2-2.8 _I5.1-5.5 6.9-7.3 10.10-10.5 11,2-11.5, 13.05-12,5 15.8-16.2
'['ype nf soll: C{SIlt,with 5% [Clay,high S$ilt with 6% sand Sandy s{I1{20% |[Organic siit-clay jClay.with 81 Seandy cley{zik
sand plasticity : sand} {27% sand} sang sand}
}_l‘;l_asslﬂchti&ﬂ ) - joH - e} L9 R N L N N
crs‘fnstzeqou(t) i j00 100 100 835 T1.5 EE] B2
[Water content % 16.3 5.4 34,8 322 71 - 35.2 25.
|Gty dens{iy T/m3 T 1.22] L.335 1.435 1.5¢ T 1.5 EENT)
¥et dtnslty T/R3 .
1.1 1175 1.78 1895 1.9% 1.92 1.9
Degeee:of o ) . : :
saturation {%) . 100 100 90.9 97.8 | 97.8 5,2 83
Liquid 1{al 61.5 60.5 6.5 48.5 38 48.5 33
Plasticity index 79.2 3.2 31.8 .4 | Ti.s 724.5 15.3
Anpaba- drlllln; 83 . ) -
Bepth of samplling (12, (-13.1 $6.2-16,1 . 18.4-18.% 32.3-32.5
Type of gofl Clay with 9% [Clar med. plast, [Sandy iL€/fclay,23% Clay med. plast,
- . send : 8%y _sand sand . 10% sand
Classificaticn
. ACR cL KL/CL . Cl.
|Grainsfze<100{X} 89 99| - 81 94.5]
Liguld limit 52.5 451 43.5 44
Piasticlty Index 24.27 231.19 - it.18 24.38

[Consolidation test Shear test _

: 1 Bepth range Compression ( Swelllng {Pre-consolidation (Conheslon [Friction angle
Locatlon (i) index ~ | ratio stress ( Kg/fem2) {Kg/fcm2) ¢ {degrees)
[Annaba 51 }10.5-10.9 0.4 0.05 1.1f ___0.11 T 5

: 14.0-14. 3 - 0.44 0.01 o.7 0.05 4
16.8-17.2 0.362 0.092 1.02 0.2 . 22.5
20.1-20.45 0.189 (.094 1.8 0.55 16
Annaba S2 [j5.1-5.5 0.45 1.5
Cooa e n11i2-1108 0.163 0.014 1.7 .25 1.5
15,.8-16.2 G.244 0.052 0.77] 0.15 15
Table 2.4.10 Results of the Standard Penetration Test in Annaba
Location Depth Lithelogy Nr.of N-value Coheslon Friction angle
. R blows per {ton/wl) ¢ {degrees}
Annaba -~ S1|3m clayey sand 10/10/15 25 i) 32
— o i4.5m clayey sand 10/11/14 . 235 Q 32
) Bm- 4 clayey sand 12/12/713 25|" ¢ L 32
N T.5m dlayey sand 12713715 28 Qi 33
gm __-lsandy clay 4/6/6.: - | 12
10.5m clLay 47477 11 T g
15m ; Jelay 2/3/5. - 8 1 O]
. 18m clay 3/3/5. [ S [0
. | 21m clayey sand 2/3/6. g S &
L 24m clavey sand 13/14/15° 29 Q . 33
27Tm clayey sand 10/15/18. 33 ol 34
| 30m sang 15/15/26 - 35 Q a5
: - 133m | sandstone fra [11/20/22, 42 Cl_1 N [
Annva S2 - )i, bW Telayey sand 3274, 6 ) 73
. ) B ED clayey sand 2/5/7. 12 0 . 27
L . )4.5m clay 2/3/4. 1 4 ]
. . |Bm . ﬁclay 3/3/5. N 8] 5 1]
Annba 83 1.5m fine sand 12f2/2. g g 32
A 3m fine sand 1/¥/2 . _ 21
S— ,._____.._—.____.___._1
4.5m clay 152;2. B j g g
8m clay 2/2/2. 2
| 7.56m Jelay 2/2/2. 4 2 [
Sm clay 3/4/2. 6] 2 [i}
12m clay 24372, 5 2 —— %
15m clayey sand 3/2/3. B 5 1] 23
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3) Geotechnical conditions

The results of the dullmg camp’ugn are 1llustrated in the cross section CD
of the figure 2,4.19. The cross section AB has been drown with the data of a
former drillling capaign (1985).:' The positions of the_drlllmg points are mdlcated
on the map of the port of Annéba, figure 2,4.15. Both sections, ruﬁning parallel -
to the breakwater, show that the depth of the basement decreases from the
coast (more than 60 m) to jetty (45 m deep). .
The table 2.4.8 contains the physical test data in ‘the laboratory, for all" the
samples, The soil has been classified as a MH or ML till 11 m depth, with an
intercalation of CH clay, depending on its sand: content.. The grain size
distribution of almost all the samples corresponds to that of sﬂt and clay, The
liguid limit is high ‘and the plasticity ranges from medlum to very high,” Most of

the samples are saturated {>95%).

Table 2.4.10 shows the results of the SPT-tests, In drilling S1 a clayey
sand has been found between 0-8m and bellow 24 m From the Nm'va!ue'bf 2"5_. )
blows, applying Terzaghi's formula, the allowable bearing stréngth of this bed has
been estimated around 12 t/m2. In between the clayey sand beds there is a soft
clay, with an estimated allowable bearing strength of 5 t/m2. According to the
SPT values and to the results of the sheafiﬁg tests (t'abl_e_2.4'.9) in 82 and 83,
the soil behaves like a soft clay at least ttili the depth of 16'61. ' |

From the consolidation test data the soil of Annaba is still-u'nconfsolidatéd,
the pre-consolidation stresses are low {l Kg/cm2), the compression index is
higher than in the other two sites (0.2-0.4), indicating that the soil is still

compressible,

The weak foundation bed in Annaba will r'eduire due treatmén:t, e.g,
friction piles, sand piles or formation of an extensive base, etc. 'Also' the
problem of settlement by consolidation of the thick clay bed will have to be
examined in terms of actual dimensions and load of the stru_ctures to be -

designed.
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2.5 Bathymetric survey

In every port the so called "study area" was covered by a bathymetric
survey. the survey has been done from a boat, carrying an echo-sounder and
mdving from the coast to the off-shore, in straight lines. The line spacing was
ge.nerally 100 m, except for the shallow zones (water depth less than 15 m) of
Algiers and Oran, where the line spacing has thought to be 50 m, Every 25 m
along such a line the water depth has been recorded: The position of the
moving boat has been followed by a topographer and recorded. The results have
been shown on maps indicating the real positions of the boat and the

cotresponding water depth, relative to the hydrographic zero.

In the case of the port of Algiers, the survey has been done at two
locations:
- east from the eastern breakwater, in an area 175 Km long and 1.5 Km
wide; '
- along the middle part of the Mustapha jetty, 600 m along the jetty and 300
m perpendicular to it, '
The resuts have been represented on the 1:2000 m scale maps, fig.2.5.1 and
2.5.2.
in Oran the bathymetric survey has been done at two locations:
- east from the breakwater, the dimensions of the survey zone being [.1 Km
Ien.gth x 1 Km width;
- L3 Km along the jetty in a 200 m wide zone.
The results have been represented on the 1:2000 m scale maps, fig.2.5.3 and
2.5.4,

In Annaba the survey has been done along the eastern breakwater, in a 3.3 Km

_lon'g and 1.6 Kin wide zone, The resuis can be found on the 1:5000 m scale

map, fig.2.5.5.
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2.6 Seismic activity

During the 20th Century around 90 earthquakes, with magnitude higher
r%;an_4_have been registred in the northern part of Algeria, The most tmportant
one'. happend in October 1980, with a magnitude of 7.7. The epicenter was
iocated 36.2 N and 1.4 E, in the region of Chlef. A considerable earthquake,
'concerﬁing' ':th;e_ cl'ose:viclnity of Alger, has occured in October 1989, The
magnitude of '5.9.hés been registred above the epicenter, located at 36.8 N and
2.4 E.

As it is shown flgme 261 north Algeria has been divided into the

followmg seismic zones;

- Zone 0.:  negligeable seismic activity
- Zone I : weak sismic activity
- Zone'll :  intermediate seismic activity

= Zone IlI:  strong seismic -activity.

The relative scale éppiied above takes into account the intensity and the
frequency of earthq\iakés.

i*rom the figure 261 it can be seen that the seismic activity dtmlmsheq from
the Mediterranean coast towards the south.

The region of Chlef,'located half-a-way between Algiers and Oran, appears to
hé\?_e a strong seismic activity {(zone 1), while the rest of the coast has been
classified as zone 1, medium seismic activity. The three project ports are all
included into th.e medium seismic activity zone. Consequently, the seismicity

shall be taken into account for the construction works.
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CHAPTER 3 PRESENT SITUATION OF ALGERIAN MARITIME
TRANSPORTATION

3.1 Algerian Flag Merchaat Fleet

~ The number_' of Algerian Flag Merchant Vessels in 1989 is 76 ships with
1,094,619 DWT which are categorized into 5 types "Ro-Ro Vessel", "Carge
Vessel", "Bulk Carrier” "Tanker" and "Car Ferry". The average age of the fleet
is 13.9 years. _ .
' The 'a_veragé DWT and age per type of vessel are shown in Table 3-1,
whose source is the Annuaire Statistique de {'Algeria, 1989,

Table 3-1 Average DWT and Age of Algerian Flag Fleet

Type. of Vessel | No.of Total Average Average
| Vessel DWT DWT Age
Ro-Ro Vessel. | 14 | 42,083 { 3.9%) | 3,006 14,3
Cargo Vessel 28 | 276,239 (25.2%) | 9,866 | 14.4
Bulk -Carrier 9 287,697 (26.3%) 31,966 9,7
Tanker 15 477,229 {43.6%) | 25,117 13.1
Car Ferry 5 14,371  1.9%) | 2,274 20.0
Total 75 |1,094,619 14,595 13.9

Table 3-2° No.of Vessel per Age

- Age Ro-Ro | Cargo | Bulk Tanker | Car Total
_ Vessel | Vessel Carrier_ Ferry
o0-5 | o 0 0 0 0 0
6 - 10 ¢ | 3 5 0 13
1-15 | 10 17 4 11 0 12
16 - 20 3 0 5 14
Over 20 i 0 | 0 6
Total 14 28 9 19 5 75

{ As of 1991)
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Ro-Ro vessel are assigned in liner services between Algerian ports and
Mediterranean ports and/or North European ports,” Principal carried cargoes are

palletized cargoes,

The deployment of cargo vessels is separated into 2 groups "liner service" .
and "tramper service". Small sized vessels under 5,000 DWT are engaged in liner
services in the Mediterranean Sea, Medium sized vessels ranged between 7,000
to 9,000. DWT are assigned in tramper service to North American ports and
North Furopean ports, Main cargoes are foodstuffs in sacks and steel ‘goods.

Large sized vessels over 10,000 DWT are assigned in long route liner services.

The bulk carriers, eXcept one panamax bulk carrier, are engaged in
transportation of import cereals in bulk which is mainly loaded at North
American ports. One panamax bulk carrier is engaged in transportation of coal in
bulk,

Among to tanker fleet of 477,277 tons, the core of tankers is composed of
LNG Tankers of 394,370 DWT in total which are engaged in the international

transportation,

3.2 Maritime Enterprise
There are four maritime enterprises in Algeria

{1) SNTM-CNAN (Societe National de Transportes Maritime & Companie

Nationale Algerienne de Nav.)

CNAN was established in 1963 immediately after the Algerian
independence. CNAN has been foliowin'g'. national policy of strerigthenihg
maritime transportation system as it most important issue. CNAN's :.ma'ritime
activity started in 1967 and its fleet increased rapi'dly. along with the
implementation of various development programs, In due course CNAN became a
one of the bhiggest shipping company in Africa. They were active in the ficlds
of transporting general cargo, Oil, LNG, Grain, Sugar,'Wine, Irdn Orés a_:nd S0 on,

Following the progress of reorganization of Aigerian' 'gove‘rnmental
structure, CNAN was divided into two companies in 1982 : SNTM-CNAN and
SNTM-HYPROC, Also a passenger transportation company named ENTMV was
established in 1987,
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The company owns a fleet consisting of 50 vessels with 588,719 DWT.
Most part of the fleet are cargo vessels and bulk carriers. Also the company is
chartering  more than 50 vessels from other countries so that more than 100
vessels are under their opération. The share of cargoes transported by their
operated vessels is some 30 % of the total cargo volume transported by liner

service and tramper service to/from Algerian ports every vear.

(2) SNTM-HYPROC (Societ National de Transportes Maritimes des
Hydrocarbures et des Produits Chimiques)

In 1982, the company was separated from CNAN and set up as an
exclusive transportation company for oils, natural gases and chemical products.
The company owns a fleet consisting of 15 vessels with 460,359 DWT and also

chartered some tankers from other countries,
(3} ENTMV (Enterprise Nationale de Transports Maritimes des Voyageurs)

In 1987, a part -of activities was separated from CNAN to set up the
ENTMV as an exclusive passenger transporting company. The company is
currently owning five car ferries built in 1971 and carry out the regular car
ferry service between ports of Algiers, Oran, ‘Annaba, Skikda and Bejaia and

South European ports,

Their car ferry service competes with the car ferry service supplied by
French shipping company. They consider their way toward strengthening of fleet
in order to cope with the necessity of modernization of maritime transportation

in Algeria,
{4) CALTRAM (Compagnie Algero-Libyenne de Transport Maritime)
- This is joint venture company established by 50%-50% capitals from

Algeria ahd‘Lyfbia._ The company owns 5 vessels of 34,170 DWT as a total

tonnage and they also charter some vessels from foreign shipping companies,
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3.3 Liner Service

in accordance with the Yearbook (991 of Containerization International, 12
shipping companies  including CNAN and CALTRM carry out liner services
between North African ports and European ports with Ro-Ro vessels and
semi-container vessels. All the companies-'operéites ‘their owned or leased

containers, Their vessels engaged in liner service can handle containers

The general cargoes handled at the Algérian ports are transported by liner
service and tramper service, and the transporting volume of each of seems to be
nearly the same. Major part of the cargoes transported by general cargo vessels
and Ro-Ro vessels in liner services are dominated by palletized cargo amounting
to over 50 % of them, and the increase containerization of cargoes is inactive in
Algeria. Foodstuffs, "Semolina, Sugar, Flour, etc.’ in sacks" log and steel ‘goods
are mainly transported by tramper service, in which vessels are loaded in bulk

for each consighment. -

On the other hand many foreign shipping Compames opemte 1ong route
liner service with fully-cellar container vessels calling South European ports such
as Marseilles. The fecder service net works originated from their Callmg pmts

are set up wldely within the Mediterranean Sea.

However the Algerian ports are not a in stage of calling fully-cellar
container vessels yet, and feeder service net works joining the fong route

container services are not organized sufficiently,

3.4 Tramper Service

Currently, almost all of the solid cargoes in bulk handled at the poi"ts are
transported by various sized bulk carriers  in tramper services, Since the
limitation of port facilities, except coal in bulk discharged at Annaba port, solid
cargoes in bulk are transported by smaller sized vessels' than - pandmax bulk

carrier.,
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