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CHAPTER 1: OBJECTIVE AND PROCEDURE

The objective of this 1nvestigation is to fufhish subsoil data for
preliminary évaluation of the site proposed for the new ocean terminal
in the “"Report on the New Ocean Terminal Préjéét Lagos (Phasé~1); June
1978". The 1nvestigation was performed as a part of the Phase-I1 study
for the Progect. ‘ _

' The survey at the éité'vas carried out by Messrs. Foundation
Engineérlng (Nigéria} Ltd. of Lag0343Nigefia,'who‘waé’técommended by
Nigerian Ports Authority and apprOVed by Japan Internationa Cooperation
Agency. A1l the work was carried 6ut under the direction of Messrs.
Pacific.Consultants International the consultants of Japan.

The investigation comprised putting down 5 No. shell and auger bore—
holes in accérdance with the British Standard Code of Practice 2001.
Staﬁdarﬁ'?enettation Tests . and SémPIES.Of the soil encountered were taken
at regular intervals. Laboratot? tests were cérried'dut on selected

samples in adcordance with B.S. 1977: 1975.

The site work was performed by mobilizing three PilcOn type boring
machinés between December 5th and 25th, 1978.



allsie - o’
leeri SN

N oSN

S a
Lo\

BN & -
A

*
H H
i !
+ e s #
1 ] y + .
* [}
v
!' ! L) § . . ’l
. y 4. ¥ ’ . ’ 2
ot H : . _ . ! H
. . , ¥ P ‘-...? :
N ri Y . :
PR i i
4 et kummg, H
+ 4 PR 1
Y I g L
A

PN A
»ﬁh) (Taro - Aghe)

Sisaleve,

Bar Beach

Proposed New Ocecm Terminal, Lagos.
LOCATION PLAN

| ' . | : : Poreholes,
Scale 1: 300000 - | | &

wﬁ : ' t 1P g 20

-
bl







'CHAPTER 2: SUMMARY






CHAPTER 2: SUMMARY

2-1 The Site

The site 1s IOcated between 40 - 60 kilometres east of Lagos and the
locations of boreholes were selected at three villages along the sandy
Atlantic Ocean shoreline and twO in the thickly forested 1nland area as
shown on the attached Location Plan, Figure 1 in consideration of the
draft master plan of the New Ocean Terminal. Between the two east-west
rows of boreholes i1s an approximately 2 km wide area oE DANEYOVE swamps,
c0ntaining a network of narrow creeks _connecting several small villages.
‘Near thé eastern boundary of the area, these creeks become wider and con-
verge to form a lagoon, _

BOrehole No. 1 was located about 10 metres north of the existing
tr&ck at the aastern boundary of ICANDO village some 50 km east of Bar
Beach, Lagos: The Atlantic Ocean is about 300 meétres south of the bore-
hole and the swampline about 50 metres north.

Borehole No. 2. was sited at BADORE village about 5 km east of
Igando. The borehole 1s behind the northside row of houses, about three-
quatteté_of the way through the village. 1t is about 50 metres from the
swampline and approximately a haif-kilometre north of the Atlantic¢ Ocean,

Borehole No. 3 was located at the western boundary of MAGBON village,
4-1/2 km east of Badore and about 20 metres north of the éxisting track.
Tho swampline is abouf 100 metres north of the borehole whicle the
~Atlantic Ocean i{s about three quarters of a kilometre south.
| Borehole No.4 was sited at ALYETEJU village, . about 50 km east of
Victorta Island along the Haroki_— Ibeju track. The location is behind
the northoide:rOw of houses and near the eastern boundary of the village,
about 25.métres norfh of the track. The swampline 1s about 2 km south of
the village but there is a stream about 50 metres north of the borehole
positiOn. .

Borehole No. 5 was located at TARO-AGBA village, 4 km east of.
Atyeteju and just off the junction of Maroko - Ibeju track with the
village foot-path, -Distance of the swampline to this location was not
established but a small stream crosses the Maroko - Ibeju track about 1 km

east of the borehole position,






2-2 Ground COnsitidns

The depths of boreholes are 50, 0 metres for NOS. 1, 4 and 5 60.0
metres for No. 2 and 48 6 metres for No.3. Petailed logs of the bore-
holes are.given-in Figures 2 to 6, while very tentative subsell profiles
along rneiiinee of the boreholes are shown o6n sketcheés given in Figures
7 to 10. : ‘ . _

. The recdrds_of_the Geolbgiéal Survey of Nigerla suggest that the
general area of the site censists of a coéetel belt of recent sands and
clays formed as alluvial, littoral and lagoonal deposits, The results of
the borings are in good agreement with the anticipated subsoil condltions
and are discussed in_detail in the followlng sections: -

(1) Shoreline (Boreholes 1, 2 & 4)

WSénd'depdsits predeﬁinate”frOm ground ievei to between 27

metres depth (Borehoies 2 and 3) and 30 metres depth (Borehole 1},

but a “stratum of firm fibrous peat approximately 2 metres thick oc-

curs at about 4 metres depth In-situ Srandard Penetration Tests

(S.P. T, 's) indicate the sand to be meinlf of medium density and

laboratory tests show that it {s coarse to fine grained with a

varying amount of silt and generally of rather uniform grading.

At Borehole i, a band of stiff sandy and organic clay was en-
countered in the sand between 21 and 27 metres depth.

. Underlaying the sand, at Boreholes 1 and 2 are stiff organicfA
sandy clays to about 32 metres depth while Borehole 3 remains pre-~
dominantly sandy. Laberatory tests indicate the clay to be of high

| plasticity and similar to that usually enceuntered at depth
elsewhere in the Lagos area. _ '

~ Underlaying the clay are eOmpaet becoming very compact sand
deposits in which Bnrehoies 1 and 3 were terminateé:at.S0.0 m and

48,6 m deprhs; respectively., However, at Borehole 2, a very stiff

sllty clay stratum was encountered between 48.5 m to 54 m depths, the

~ borehole was tnerefore extended and terminated at 60.0 m depth in

very compact sand,






The 1ower'sand:deposits generally contain occasional pleces of
fine gravel and are coarser gfaiﬁed than the upper sand deposits,
‘ A sketeh cross—séction showing a very tentative subsoil profile
along the shoreline is given as Flgure 7.

(2) Inland (Boreholes 4 and 5)

Medium derise sand depoaits are encountered frOm grOund level to
~ about 13 n depth, underlain by stiff organic sandy clay to 23 m
_depth at Borehole 4 and 34 n depth at Borehole 5, where it is fnter-
spersed by relatively thin layers and lenses of sand.

Laboratory tests show that the sand is generally coarse to fine
grained, with_a low silt cOntent and of similar grading as those
obtained from the shoreline boreholes. The clays are of rather
léwer piaéticity tﬁan fﬁOSe:encoﬁntered On'the shoreline due to the
higher sand content.

‘The c¢lay dep031t3 are underlain by . compact becowing very compact
sand deposits to 42 m depth at Borehole 4 and 37 depth at Borehole
5, then very stiff organiec 3nd silty clays to 40 to 43.5 m depth.

Both boreholes terminated ip_very compact sand at 50.0 metres depth,

Ualike in the shbreiine_boreholes, the lower sand deposits
here appéat 6oarser grained than the upper sand depoéits at Borehole
5only, | | |
' A sketch cross—section showing a- very tentative subsoil profile
in this area is giVen as Figure 8. Similar very tentative north-
south profiles across two rows of boreholes ate shown 1in Figures 9
and 10.

(3) Groundwater

At the time of the investigation, ground water occured between
2.5 m and 4, 5 m below ground level along the shoreline and about
1 m below grOund 1level at the inland boreholes. InvestigatiOn
showed that the groundwvater levels at the inland were about 1 metre
higher than those along the shoreline. It should be noted, however,
that the groundwater 1eve1 is 1likely to vary depending on the pre-
vailing weather aﬂd tidal conditions in the nearby ocean, creeks,

swanps and streams.






| 2.3 Discueeiéh '
Details of the development prOposed for the site ‘are not availeble

and 1n view of the preliminary nature of the inVestigation, the following
comments are given for general guidance only'

(1) Reclamation

The upper sand - depnsits are generally of coarse to fine rather
uniform grading and could be dredged out for use as fill material.
‘However, care should be taken, especially in the shoreline area and
near swamps, to avoid using sand contalning inclusions of peat and
tlay..

it 1s very likely that the peaty deposits encouutered in the
'shoreline boreholes are of greater thickness and softer in the swamp
area where teclamation wili be necessary. It should be noted
therefbre that where fill is placed over such highly compressible
depdsits there will be very marked settlement of the fill. Such
settlement is likely to coﬂtinue for some time after placement of
the £i1l. Great care should be taken during the filling operations
to prevent_eheef feilere of the cOmpfees1b1e deposits.

Any et}uceure.beefing on the fill in swamp areas will, of
course,‘Setile with the fill, hence, filling should be carried out
as far ahead of.censtruétion as possible, Stress increase in soft
.clay or peat depcsits underlying fi1l due to structural loadings will
also result in settlement.

(2) Shallew Foundation

The results of the 1nVest1get10n suggest that light and reason-
ably flexible structures can be eupporfed'on reinforced concrete
strip, and or raft foundations set at about 1 metre depth in the
upper sand deﬁOSits. The indications are that an allowable load of
3tos tqnlsq.m. may be applied. Settlement of any form of shallow
foundation in these deposits will depend on its width, loading
.1ntensity and the thickness and nature of any compressible stratum
beneath the superficfal sand.






Thé sand or sand-fill at the loecation of structures, roads,
:etc. sould be compaeted with a heavy vibrating roller or plate
‘before EoundatiOn construction._

After. filling, the area should be left as long a5’ possible
befote deve10pment and only used for 1ight Open storage or fot very
1ight, flexible sheds. Where moreé permanént or heavier ‘structures
are reéquired, the thinner ‘arveas of sofe compressible swatpy deposits
under the area of each structure could be removed and replaced with -
' Sand'fill. ' -

(3) Piie ?oundation

_ Loading and settlement of ‘any shallow foundation will be influ‘
enced. by the properties of the undetlying peat or clay deposits.
Hence, where there are concentrated loads and!or total settlements
'have to be minimised, piles may be used. .

The Standard Penetration Test (SPT) results iﬁﬂiéate that plles
founded in the compact sand will be capable of carrying high working
loads.  Allewance should be made in the pile design for negative.
skin friction (downdrag) caused by the consolidation of compressible
deposits underlying filled areas. |

(4)  General

Experience indicates that thé.supérficial sand.depdsits are
-somevwhat finer than sand usually uséd in concrete production,
However, with carerIly.conducted laboratory studies, satisfdctory
mix btépdrtibﬂs can be evolved for concrete and for sand/cement
stabilisation.






2-4 Conclusions
A) . The o6vérall subsoil'sédﬁéﬁcé is indibated to be similar and

mainly sandy along the two lines of east-west borehbles, but lenses and
layers of part and clay occur at varying levels, Groundwater was observed
to be between 1 aad 4 metres below ground fevel during drilling.

~B) Between the two rows of boreholes is a large area of mangrove
swamp and creeks. 'Subsoil conditions in‘this area have not been Investi-
gated, but it is considered possible that benéath perhaps a substantlal
Vthickness of soft highly compréssible swampy organic deposits is en-
"countered and_that the lower subsoil sequence 18 similar to that en-
countered in the borehsles. |

C)  The superficial sand deposits may be dredged out and used as
general fill. Care should be taken to avoid contaminating the fill with

peat or clay.

D} For light and feasenébly flexible structure, shallow foundations
comprising reinforcéd,coqcrete pad, strip or raft foundations may be used
in the areas 1nVe9tigated. '

E) The prébable existence of superficial soft highly compressible
peat and organic ¢lay dEposits, perhaps of substantial thicknegs, 1a the
swampy areas will cause marked settlement of fill and necessitate founding
all imhortant étructuréé on ﬁiles.

F)'  The presence of substantial depdsits'of compact sand at depth
will allow plles of high load carrying capacity.

. G)  The superficial san deposits might be suitable for ecénomic
stabilisation with cement or concrete production., However, detailed

laboratory tésts_should be made to select good mix proportions,

H)  Because of the relativaly great distances between the boreholes,
comments and recomméndations given in this report are essentially of very
general nature, As goon as structute locations are known, a more detailed
tnvestigation is essentiai in order to allow more accurate estimates of
‘soll bearing capacity and settlement. In any subsequent investigation,
special attention must be pald to the swampy areas In order to formulate

- 10 -






satisfactory f0undation solutions since it is sugpected that substantial

deposits of soft highly comprESsible peats and organic clays occué iIn
these area.

- 11 -






. CHAPTER 3: RESULTS






3-1 Boerehole Logs

(Fig 2 - Fig 6)
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1. Results of Labotator} Tests







- APPENDIX :
NEW OCEAN TERMINAL, LAGOS
SUMMARY OF LABORATORY TEST RESULTS

1) ATTERBERG- LIMLIS DETERMINATION

L Natuvrat 1dquid Plagtic Plasticity
Borehole & Molsture Linit Limit Index
Samplé No. Depth': Content (LL) (PL) (PI)

(metres) (X dry wt.) (X dry wt.) (% deywt.) (% deywt.)
/4 3.6 152 210 61 149
1/19 25.5 28 56 18 18
1/24 31.5 63 82 25 57
2/20 28,0 45 87 26 61
4111 13.5 38 46 14 32
- 4/38 39.0 19 27 10 17
512 16.5 52 80 24 56
5720 28,5 25 32 9 23
Note: -

The LI, and PL tests were carried out on material passing 425 Micron
Sieve in accordance with B.S. 1377 : 1975,

2) PARTICLE SIZE\DiSTRIBUTION - By Wet Sieve and ‘Hydromérter Analyses

- Percentage Passing - By dry weight N
Borehole & 2.00mm 425 Micron 63 Mieren 2 Miecron from

Sample No. Depth Sieve Sieve Sieve  Hydrométer Analyses
(metres) - '

1/2 1.5 100 54 3 -
1/7 7.5 99 40 3 -
1/12 15.6 100 70 8 | -
1/15 19.5 99 53 5 -
1/19 25.5 100 99 68 44
1/24 1.5 100 94 82 A
1/26 34.5 100 62 6 -
1/29 9.0 - 99 53 5 -
2/5 6.0 100 57 5 -
2/12 16.5 100 65 4 -

A-2






.Percentage Passing - By dry welght

Borehole & .-  2.00mm 425 Micron 63 Micron - 2 Micron from

Sample No. Depth Sieve © Sleve Sieve  Hydrometer Analyses
2/18 25,5 99 29 s -
2/20 28.5 100 99 91 61
2/23 35,0 96 “u 5 -
3/4 45 99 81 43 : -
3/10 13.5 99 54 2 -
3/17 24,0 . 100 41 1 -
3/25  36.0 100 48 2 -
3/30  43.5 99 34 2 -
4/5 6.0 100 58 3 -
411 135 100 78 43 22
4118 24.0 100 94 20 -
4125 34.5 99 71 6 -
4/28  39.0 100 93 25 14
4133 46.5 99 61 3 -
5/4 4,5 98 36 1 -
5/12 - 16.5 99 98 86 70
5/20 28.5 100 96 | 49 - 18
5/26  36.0 100 1z 15 7

Note: -

The tééts'were carried outhin.accordancé wlith B.S. 1377 : 1975,
The grading eurves are shown on Flgures Al to All.

3)  SPECIFIC GRAVITY DETERMINATION

Borehele & - Specific

Sample No. - Depth Cravity
_ {metres)
1/2 1.5 2.67
1/4 | 3.6 2.37
1/7 7.5 2,66
1/12 15.0 2.67
1/15 19.5 2,66
1/19 25.5 - : 2,65






Borehole &

301 , - _ Specific
Sample @,& PERFI‘_ ' ) Gtav‘itx
- _ (metres) :

124 o 3LS . 2.66
1/26 | 34,5 | 2,67
1/29 39.0 2.66
2/5 6.0 2.66
2/12 16,5 2,67

- 2/18 ' 25.5 o 2,48
2/20 - 28,5 2.65
36 - 4.5 2,66
KYAUI SN 13.5 2,68
445 6.0 : 2,69
/11 13.5 2.66
4418 | 24.0 2,69
4125 34,5 2.69
4/28 39.0 | 2.65
47133 46.5 2.67
5/4 | 4.5 | : 2.70
5/12 16.5 2.66
5720 28.5 2.66

5/26 o 36.0 2.67

Note: ~
The test was carrfed out on material finer than 4.75 mn in acecordance
with B.S. 1377 : 1975,

A-4






QUICK-UNDRAINED TRIAXTAL COMPRESSION TEST

4)
e Nawweat ST
Boréhole & .. . | Maisture et - Undrained : Angle of

Sample No. Depth Content - Density - Cohesion(Cu) Frietion(gu)

(metres) & dry WEh) Mg?m3) { ton/n?) {degrees)

_2]20' 28. o |  39 s w0 2

' Noté'- ;
';To determine the COhesion (Cu) and Angle of Friction (au), three

38 wm diAmetet by 76 mm high specimens were prepared from the 102 man

diameter undisturbed Sité sample. The specimens were then tested in

} undrained eompression Using cell pressure of 20, 40 & 60 ton/m2

© Moht Circles diagram for the sample is shown on Fig. Al2.
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2. Photos of Site Worke






" Marcko" equipment base

Mobilization of machines to the site
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Access to the site (2/2)
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Connection between boreholes No. 1 and No. 4 (2/2)
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Motor-driven boring machine (2/4)
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Motor-driven boring machine (4/4)

A-23






Casing pipes

Steel rigs for Standard Penctration Test
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Setting of bering head

DiSPOféal of bored materials
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Setting of casing pipe .

Installation of casing pipe
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Preparation for Standard Penetration Test
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Measuring of Standard Penetration Test value (N value)

Thin-walled sampling
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Collection of samples

Manual- type boring machine (1/2)
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Preparation for Standard Penetration Test
by manual-type machine
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Meashfihg'of‘Standard Penetrafion Test value
(N value) by manual-type machine

Opération of manual-type boring machine
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