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MESSRS YACHIYO ENGINEERING CO. LIMITED

REPORT ON SURSOIIL INVESTIGATION

PROPOSED PROJECT FOR RURAL ELECTRIFICATION
AT AWE CITY, NASARAWA STATE,
FEDERAL REPUBLIC OF NIGERIA 1. INTRODUGTION

Further to your letter of reference YEC-BRG-FDNOl1l dated 18th May,
2000, Froundation Enginsering Services Limited carried out a
subsoil investigation at Awe city in Awe Local Govt. area of
REF.: $.10801/JUNE, 2000 Nasarawa State for the above proposed project. The purpose of

the investigation was to provide data on subsoil conditions for

foundation design,

The following 1s our report on the investigation.

S NVESTIGATION
REPORT ON SUBSOIL 1 2, SCOPE OF INVESTIGATION

2.1 site Work

The site work was carried out between 5th and 6th June, 2000,
The defined scope of site work required comprised 2 No. shell and
auger borehole terminated at 2.5m and 3.0m depths respectively

on encountering bedrock and the survey of the boring position to
Carried Out By:-

FOUNDATION ENGINEERING SERVICES LIMITED,
P. 0. BOX 2100, 1
LAGOS.
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determine the height above Mean Sea Level (MSL) with reference to

an established bench mark.

A pilcon Wayfarer 1500 rig with B.S. 5930 shell and auger
percussion boring technigues was used to bheore through the soil
deposits. Both disturbed and undisturbed soll samples were taken
and standard penetration tests (SPT) carried out at regular

intervals of 1.0m depth as appropriate.

An area map showing Awe city 1s presented as Figure 1 while a
site plan (based on the sketched site layout drawing provided by
the client) indicating approximate positions of the boreholes as
selected by yoursslves and set out by ourselves is presented as

Figure 2.

Borehole log giving details of the strata encountered at the site

are presented as Figures 3 and 4.

All depths referred to in this report are below ground surface at

the time of the investligation and are approximate.

ro

~

2.2 Laboratory Teating

Laboratory tests relevant to the engineering objectives of the
investigation were Scheduled on salectad samples retrieved from
the borehole. The tests were carried out in general accordance
with B.S. 1377; 1690, “Mathod of Test for Soils for Civil
Engineering Purposes”; Parts 1 - 9 unless otherwise stated. The
results are presented in tabular and graphical forms in the

Appendix.

The following tests were carried out:-

3 No. Particle size distribution hy wet sieving
1 No. Hydrometer Analysis
1 No. Atterberg limits determination on material passing

425 micron sieve
1 No. Quick Undrained Triaxial Compression Test on 28mm

diameter undisturbed sample

1 No. Unconfined compression Test
3 No. Natural Moisture Content
1 No. Cne-dimensional Oedometer Consolidation Test to

determine compressibility characteristics. 1In
calculating the coefficient of consolidation (Cv).
“The Square Root of Time Fitting” method was

adopted
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1 No. Chemical Analysis of s0il samples for hydrogen ion

concentration (pH) and soluble sulphate content.

3.0 GEOLOGY OF THE SITE (AWE CITY, NASARANA STATE)

The site is generally flat and uncultivated with grown graases
and few scattered trees. The 1:2,000,000 Geological Map of
Nigeria compiled by the Geoclogical survey of Nigeria,

1574 Edition, indicates that the site is underlain by shale
and limestona. The results of the investigation are generally
concordant with the overburden soils associated with the

description of the site geology.

4.0 SUBSOIL AND GROUNDWATER CONDITIONS

Details of the subsoil strata encountered during boring are given
on the borehole logs. However, the subsoil saquence may then be

generally summarised as follows:~

Depth Below Ground Level (m) Generalised Strata Description

From To
(Range) * (Range) *
Ground Level 0.5 Loosa gilty SAND with gravel

{f) [TOPSOIL}

~

0.5 2.5 Medium dense clayey silty SAND
{Borehole 1 {c.m.f) with gravel (f},
Termination) underlain by weathered rock.

2.5 3.0 Firm sandy {(c.m.f) silty CLAY
{Borehole 1A  becoming hard with weathered

Termination) limestone

*Range 1s as encountered in the borehole. Variations in strata

thickness and depths away from the boreholes are likely.

Groundwater seepage was not encountered in the borehole,
However, indications from local observations are that the
groundwater level could vary approximately be between 8.0m and
10.0m depths. Seasonal variations in groundwater level will
occur, with the possible development of perched watertable within
the clayey or indurated layers during or immediately after the

wet 3eason.

5.0 LABORATORY TEST RESULTS

Particle size analysis carried out on samples of the overburden
sandy clay gave the range of gravel fraction to be 7% to 25%,
sand 52% to 69%, sllt 6% to 24% clay 0% to 35% by welght.

Detailed results are presented on the summary sheet and
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graphically on the particle size distribution curves in the

Appendix.

The index properties of the clayey deposits were investigated by
means of Atterberqg limits tests on some samples, The natural
moisture content (W) ranged between 16% to 20%. Also liquid
limit {(wL) was 42%, while the plastic limit (WP) was 16%,

Therefore the plasticity index (IP} was 26%. This indicate low

plasticity.

The liquidity index (IL) which is equals to the moisture content
(W) minus plastic limit (WP) divided by plasticity index (IP} for
the various samples tested was computed. A normally consolidated
clay has a moisture content (W) approaching the liquid limit with
a liguidity index (IL) tending to wunity, while an over-
consolidated clay has a moisture content around the plastic limit
with a liguidity index of approximately zero or negative. The
sample considered gave liquidity index value of 0.15 indicating

an apprecliable degree of aover-consclidation.

The shear strength of the cohesive clay deposits were determined
by means of Quick Undrained Triaxial Compression Test and
Unconfined Compressive Test on wundisturbed samples. The
undrained cohesion (Cu) was indicated to be 50 kN/m® and angle of

€

N

internal friction (Mu) of 9 degrees. The unconfined compressive
test was indicated to be 65KN/m’. This result indicate firm

congistency and is tabulated in the Appendix.

The bulk wet density of the clayey deposits was 2.03 wng/m’,

Deformation characteristics of the clay deposaits were detarmined
in ocedometer apparatus. The coefficients of consolidation (Cv)
and compressibility (Mv) of the overburden pressure is presented
on the summary tables, while the graph of volds ratio {(e)/log of
effective pressure (P} relationship for the sample tested is
presented in the Appendix.

The results lindicates the clay

deposits to be of medium to high compressibility.

The aggressiveness of the soil samples to concrete was assessed
by the determination of hydrogen ion cancentration (pH) and
soluble sulphate content of 1 No. sample. The pH value was

indicated to be 6.0 indicating slightly acidic conditions, with

very small soluble sulphate content (0.002gr/litre).

From the survey work, carried out at the boring position

(Borehole 1A).
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The following values are tahulated helow in Table 1;-

Station |Starting Point Distance Height of Height of
and Height Covered Boring Station | Temporary
above the Mean above the Bench Mark
Sea Level (MSL) Mean Sea Level {TBM)

(MSL)
{m) (km}) {m) (m)
Ave City | Fixed Land Mark TBM1 = 405.
Borehole | 381.25m 14 403.562 TPl = 204.299

1A

Table 1

Note: More detailed survey report is presented in the Appendix.

6.0 DISCUSSION

6.1 Design Details

it is understood that it is proposed to install a transformer of
about 12 ton (120kN). Mo further details have been made
available to us. However, for the purpose of this report, we have

assumed a maximum overall ground loading of 60 kb/m?.

The following comments and recommendations are based on the

borehole logs and on the results of the laboratory tests.

6.2 Shallow Foundation

The results of in-situ and laboratory test carried out indicated
the presence of a medium dense clayey silty sand within the top
1.5m and firm silty clay with decomposad rock to 3.0m depth

within which a shallow foundation can be set.

Generally as a guide, it 1s estimated that the net allowable
bearing pressures that may be imposed at different founding

depths are as shown in Table 2 below.

These Figures have taken 1nto consideration the relief provided

by the overburden assumed to be removed above the founding level.
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Founding Depth Allowable bearing Pressure
{m) {kit/m")
1.0 80
2.0 100
3.0 200

Table 2. Estimated Allowable Pressure tor shallow Foundation.

However, it is recommended that reinforced concrete strip or pad
foundations may be adopted for supporting the proposed structures
at this site. The foundations should not be less than 1.0m wide,
get in the upper virgin firm sandy clay and not shallower than
1.0m depth in order to avoid problems of seasonal moisture

variation.

10

/

6.3 Settlement

Settlement due to consolidation of clayey strata beneath
foundation level will be dependent on the foundation type and
width, its founding depth, the bearing pressure imposed and care

taken in excavating and preparing the formation level,
Settlement of strip or pad foundations constructed to the
standards, loading and depths stated above is estimated to be

leas than 20mm with differential settlement not exceeding 10mm,

6.4 Foundation Preparation

The base of the foundation excavation must be carefully probed
and inspected for soft pockets which, if encountered, must be
completely removed and replaced with well compacted relatively

dry lean mix concrete,

Imnmediately after preparation, the foundation level must be
protected with blinding layer of concrete as the soil may soften

if left exposed or if ingress of water is allowed,

It is our experience that the type of sandy clay encountered at
this site is very susceptible to softening and disturbance by the
ingress of water and by construction processes. It is therefore
most important that great care be taken not to disturb the secil

i1
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at or below foundation level during axcavation and that it must

be kept dry at all times,

Backfilling to the sides of the foundation should be placed to
ground level as soon as possible following casting of the
foundation. Backfilling of excavations around completed
foundations should be with suitable material placed in thin
layers not exceeding 200mm thickness and compacted to a high

standard.

Backfilling of foundations in cochesive deposit such as
encountered at this site should be with materials which, when
compacted as recommended above, will be less permeable than the
surrounding ground. This will prevent seepage through or between
the backfill and the original ground and avoid softening of the

clay at or below foundation level.

7.0 GENERAL

The subsoll conditions are indicated to be slightly acldic, with
negligible concentrations of soluble sulphates. Ordinary
Portland cement may be used for buried concrete but a rich, dense

mix is recommended.

iz

We strongly recommend that the design and construction of all
foundation and earthworks be carried out in accordance with a
good engineering practice as embodied in recognised Codes of
Practice such as the British Standards Institution’s B.S. 8004:
1986, Cade of Practice for Foundationa and B.S. 6031: 1981, Code

of Practice for Earthworks.

We trust you find the contents of this report of assistance and

aasure you of our best attention at all times.

Prince Wale AjayiiFajomodu,
Managing Director,

/
FOUNDATION ENGINEERING SERVICES LIMITED,
P. 0. BOX 2100,
LAGOS. REF. : S10001/JUNE, 2000.

13




0Cc-Vv

FOUNDATION ENGINEERING SERVICES LTD FiG- 3A

FIG. 2
He 2 BOREHOLE LOG
ocwrion+ TROLGER YA SRR RGATIOY eoseer
JoB  No © 510901 BOREHOLE No : 1A (AWE CITY)
BOREHOLE DtA + 0.15m GROUND LEVEL :403.562m (ABOVE MSL)
DATE (Stert)  6/6/2000 GROUND WATER : NOT ENCOUNTERED
a | 2 BLOWS FOR 8.P.T.
x z uw SPOON FOR 0.30m
ETl 38 Iy DESCRIPTION DRIVE (N)
all| w E 10 20 30 40 8O
N 7 e t t t
To Obi City :t A Loose, dark brown silty SAND (c.m.f) with -
gravel (f) (TOPSOIL)
o>
.? .&H y New substation site
,6 % 1 shopping strest junior d{11d 17
/ o) Vo thh n
- =y , ~ischoo i
5 © jpack ] (1] |dgpm9 siraet Medium dense, brown clayey silty SAND (c.m.f) )
; -—Q-BSQPO‘ G Tice with occasional gravel (f)
oV. 0 . .
pomrston, Q8| — il pergle :
rstation , station ‘ SOy -1
O {hot wcrkln\q;lj | ool P
tokea 7 e ‘ 5
unpaved rpad (AR I Firm mottled grey and brown sandy (c.m.f) silty
2‘,‘.'_%,‘1‘- CLAY becoming Hard with highly weathered -
3_&-}“% 46 1imestone at 3.0m depth P
i borehole terminated at 3.0m depth -
4 o -~
Proposed Project For Rural Electrification - 4
At Awe City, Nasarawa State. 5 - i
LOCATION MAP . -
KEY ] .
6 ~
@ :- Borehoie postion. . |
7 - -

(510901) Foundation Engineeri eryices Liml




12-V

FOUNDATION ENGINEERING SERVICES LTD FIG. 34

BOREHOLE LOG

PROPOSED RURAL ELECTRIFICATION PROJECT
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FIG. A3 FOUNDATION ENGINEERING SERVICES LTD, FIG, A4
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MESSRS YACHIYQO ENGINEERING CO. LIMITED

PROPOSED PROJECT FOR RURAL ELECTRIFICATION

AT KEANA CITY, NASARAWA STAIE,

FEDERAL REPUBLIC OF NIGERIA

REPORT ON SUBRSOIL INVESTIGATION

1. INTRODUCTION

Further to your letter of award reference YEC-BRG-FDNOl dated
18th May 2000, Foundation Engineering Services Limited carried
out a subsoil investigation at Keana city in Keana Local Govt,
area of Nasarawa State for the above proposed project. The
purpose of the investigation was to provide data on subsoil

conditions for foundation design.

The following is our report on the investigation.

2. SCOPE OF INVESTIGATION

2.1 S5ite Work

The site work was carried out between 7th and 8th June, 2000.
The defined scope of site work required comprised 1 No. shell and
auger borehole put down and terminated at 6.0m depth on

encountering bedrock and the survey of the boring position
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to determine the height above Msan Sea Level {(M5L) with reference

to an established bench mark.

A pilcon Wayfarer 1500 rig with B.S. 5930 shell and auger
percussion horing techniques was used to bore through the soil
deposits. Both disturbed and undisturbed soil samples were taken
and standard penetration tests (SPT) carried out at regular

intervals of 1.0m depth as appropriate.

An area map showing Keana city 1s presented as Figure 1 while a
site plan (based on the sketched site layout drawing provided by
the client) indicating approximate position of the borehole as
selected by yourselves and set out by ourselves is presented as

Figure 2.

Borehole log giving details of the strata encountered at the site

is presented as Figure 3.

All depths referred to in this report are below ground surface at

the time of the investigation and are approximate.

N

2.2 Laboratory Testing

Laboratory tests relevant to the engineering objectives of the
investigation were Scheduled on selected samples retrieved from
the borehole. The tests were carried out in general accordance

with B.S. 1377; 1990, “Method of Test for Soils for Civil
Engineering Purposes”; Parts 1 - 9 unless otherwise stated. The
results are presented in tabular and graphical forms in the

Appendix.

The following tests were carried out:-

4 No. Particle size distribution by wet sieving
2 No. Hydrometer Analysis
2 No. Atterberg limits determination on material passing

425 micron sieve
1 No. Quick Undrained Triaxial Compression Test on 38w

diameter undisturbed sample

1 No. Unconfined compression Test
4 No. Natural Molsture Content
1 No. One-dimensicnal Oedometer Consolidation Test to

determine compressibility characteristica. In
calculating the coefficient of consolidation (Cv),
“The Square Root of Time Fitting” method was

adapted
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1 No. Chemical Analysis of soil samples for hydrogen ion

concentration (pH) and soluble sulphate content.

3.0 GEOLOGY OF THE SITE (KEANA CITY, NASARAWA STATE)

The site is generally flat and cultivated. Owing to the recent
rainfall it is over grown with long grasses and few scattered
trees, The 1:2,000,000 Geological Map of Nigeria compiled by the
Geological survey of Nigeria, 1974 Edition, indicates that the
gite is underlain by black shale and sgiltstones, The results of
the investigation are generally concordant with the overburden

sclls associated with the desaription of the site geology.

4.0 SUBSOIL AND GROUNDWATER CONDITIONS

Details of the subsoil strata encountered during boring are given
on the borehole log. Howsver, the subsoil sequence may then he
generally summarised as follows:-

Depth Below Ground Level (m) Generalised Strata Description

From To

Ground Level 0.5 Soft sandy (c.m.f) silty CLAY
With concretions

0.5% 1.0 Medium dense clayey silty SAND

(c.m.f) with gravel (f)

—

1.0 3.0 Very stiff, sandy (c.m.f)
silty CLAY with gravel (f)
3.0 6.0 highly Weathered SILTSTONE
(Borehole
Termination)

Variations in strata thickness and depths away from the borehole

are likely.

Groundwater seepage was not encountered 1in the borehole.
However, indications from local obhservations are that the
groundwater level could vary approximately be between 7.0m and
8.0m depths. Seasonal variations in groundwater level will oceur,
with the possible development of perched water table within the
clayey or indurated layers during or immediately after the wet

Season.

5.0 LABORATORY TEST RESULTS

Particle gize analysis carried out on samples of the overburden
clayey deposit gave the range of gravel fraction to be 1% to 23%,
sand 32% to B9%, ailt 6% to 11% clay 37% to 50% by welght,

Detalled results are presented on the summary sheet and
graphically on ths particle size distribution curves in the

Appendix.

w
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The indax properties of the clayey deposits were investigated by
means of Atterberg limits tests on some samples. The natural
moisture content (W) ranged between 12% to 20%. Also liqguid
limit (wL) varied between 40% to 58%, while the plastic limit
(WP) ranged from 15% to 21%. Therefore the plasticity index (IP)
was of the order of 25% to 37%. This indicate medium to high

plasticity.

The liquidity index (IL) which is equals to the moisture content
{W) minus plastic limit (WP) divided by plasticity index (IP) for
the various samples tested was computed. A normally consolidated
clay has a moisture content (W) approaching the liquid limit with
a liquidity index (IL) tending to wunity, while an over-
consolidated clay has a moisture content around the plastic limit
with a liquidity index of approzimately zero or negative. The
samples considered gave liquidity index values of between -0.24
and -0.20. These indicate the «clays are generally over-

consolidated.

The shear strength of the cohesive deposits were determined by
means of Quick Undrained Triaxial Compression Test and Unconfined
Compressive Test on undisturbed samples. The undrained cohesion
{Cu) was indicated to be 200 kN/m® with the angle of internal
friction (Bu) of 5 degrees and unconfined compressive test was

3

indicated to he 280 kN/m®. This result indicate stiff to very

stiff consistency and are tabulated in the Appendix.

The bulk wet density of the clayey deposits was 2.05 mg/m®.

Deformation characteristics of the clay deposlits were determined
in oedometer apparatus. Tha coefficients of consolidation (Cv)
and compressibility (Mv) at various overburden pressure are
presented on the summary table, while the graph of voids ratio
(e}/log of effective pressure (P) relationship for the sample
tested 1s presented in the Appendix. The result indicates the

clay deposits to be of low compressibility.

The aggressiveness of the soll samples to concrete was assessed
by the determination of hydrogen ion concentration (pH} and
soluble sulphate content of 1 No, sample. The pH value was
indicated to be 5.8 indicating slightly acidic conditions, with

very small soluble sulphate content (0.004 gr/litre).

From the survey work, carried out at the boring position
(Borehole 1}).

The following values are tabulated below in Table 1:-

\
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Station |Starting Point | Distance |Height of Boring Height of
and Height Covered Station above the | Temporary
above the Mean Mean Sea Level Bench
Sea Level (MSI) (MSL) Mark

{m) (n) (m) (m)

Keana Trig. Station 12.5 389.484 389.346

City H9 788

Table 1

Note: More detailed survey report is presented in the Appendix.

6.0 DISCUSSION

6.1 Design Details

it is understood that it is proposed to install a transformer of
about 12 ton (120kN). No further details have been made

available to us. However, for the purpose of this report, we have

assumed a maximum overall ground loading of 60 kN/m?,

The following comments and recommendations are based on the

borehole log and on the results of the laboratory tests.

6,2 Shallow Foundation

The results of in-situ and laboratory test carried out indicated
the presence of a medium dense clayey silty sand within the top
1.5m and very stiff silty clay with decomposed rock to 3.0m depth

within which a shallow foundation can be set.

Generally as a guide, it is estimated that the net allowable
bearing pressures that may be 1mposed at different founding

depths are as shown in Tahle 2 below.

These Figures have taken into consideration the rellef provided
by the overburden assummed to be removed above the founding

lavel.
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Founding Depth Allowable Bearing Pressure
(m) {kt/m*)
1.0 60
1.5 100
2.0 150
3.0 200

Pable 2. Estimated Allowable Pressure for shallow Foundation.

However, it is recommended that reinforced concrete strip or pad
foundations may be adopted for supporting the proposed structures
at this site. The foundations should not be less than 1.0m wide,
set on undisturbed virgin stiff silty clay and not shallower than
1.0m depth in order to avoid problems of seasonal moisture

variation.

10

6.3 Settlement

Settlement due to consolidation of clayey strata beneath
foundation level will bhe dependent on the foundation type and
width, its founding depth, the bearing pressure imposed and care

taken in excavating and preparing the formation level.
Settlement of strip or pad foundations constructed to tha
standards, loading and depths stated above 1s estimated to be

less than 20mw with differential settlement not exceading 10mm,

6.4 Foundation Preparation

The base of the foundation excavation must be carefully probed
and inspected for soft pockets which, if encountered, must be
completely removed and replaced with well compacted relatively

dry lean mix concretae.

Immediately after preparation, tha foundation 1level must ba
protected with blinding layer of concrete as the soil may soften

if left exposed or if ingress of water is allowed.

It is our experience that the type of silty clay encountered at
this site i1s very susceptible to softening and disturbance by the
ingress of water and by construction processesa. It is therefore

most important that great care be taken not to disturb

11
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the scil at or below foundation level during excavation and that

it must be kept dry at all times.

Backfilling to the sides of the foundation should be placed to
ground level as soon as possible following casting of the
foundation. Backfilling of excavations around completed
foundations should be with suitable material placed in >thin
layers not exceeding 200mm thickness and compacted to a high

standard.

Backfilling of foundations in cchesive deposit such as
encountered at this site should be with materials which, when
compacted as recommended above, will be less permeable than the
surrounding ground. This will prevent seepage through or between
the backfill and the original ground and avoid softening of the

clay at or below foundation level.

7.0 GENERAL

The subaoil c¢onditions are indicated to be slightly acidic, with
negligible concentrations of soluble sulphates. Ordinary
Portland cement may be used for burried concrete but a rich,

dense mix is recommended.

We strongly recommend that the design and construction of all
foundation and earthworks be carried out in accordance with a
good engineering practice as embodied in recognised Codes of
Practice such as the British Standards Institution’s B.S. 8004:
1986, Code of Practice for PFoundations and B,S. 6031: 1981, Code

of Practice for Earthworks.

We trust you find the contents of this report of assistance and

assure you of our best attention at all times.

J——

‘=:fizicLﬁ[> Oy

Prince Wale Ajayi-Fajomodu,
Managing Director.

S.C
Civi,

FOUNDATION ENGINEERING SERVICES LIMITED,
P, 0. BOX 2100,
LAGOS . REF. : 810901A/.JUNE, 2000.
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MESSRS YACHIYO ENGINEERING CO., LIMITED

PROPOSED PROJECT FOR RURAL ELECTRIFICATION
AT BOGORO CITY, BAUCHI STATE,
FEDERAL REPUBLIC OF NIGERIA

REF.: S§.10902/JUNE, 2000

REPORT ON SUBSOIL INVESTIGATION

Carried Qut By:-

FOUNDATION ENGINEERING SERVICES LIMITED,
P, 0. BOX 2100,
LAGOS.

MESSRY YACHIYO ENGINEERING LIMITED

PROPOJED PROJECT FOR RURAL ELECTRIFICATION

AT BOGORO CITY, BAUCHI STATE,

FEDERAL REPUBLIC OF NIGERIA

REPORT ON SUBSOIL INVESTIGATION

1. INTRODUCTION

Further to your letter of award reference YEC-BRG-FDNOl dated
18th May 2000, Foundation Engineering Services Limited carried
out a subsoil investigation at Dogoro city in Bogoro Local Govt,
area of Bauchi State for the above proposed project. The purpose
of the lnvestigation was to provide data on subsoil conditions

for foundation design.

The following is our report on the investigation.

2. SCOPE OF INVESTIGATION

2.1 5Site Work

The site work was carried out on the 5th and 6th June, 2000. The
defined scops of site work required comprised 1 No. shell and
auger borehole terminated at 1.5wm depth on encountering bedrock

and the survey of the boring position

1
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to determine the height above Maan Sea Level (MSL) with reference
to an established bench mark.

A pilcon Wayfarer 1500 rig with B.S. 5930 shell and auger
percussion boring techniques was used to bore through the soil
deposits. Both disturbed and undisturbed soll samples were taken

and standard penetration teats (SPT) carried out at reqular

intervals of 1.0m depth as appropriate.

An area map showlng Bogoro city is presented as Figure 1 while a
site plan (based on the sketched site layout drawing provided by
the client) indicating approximate position of the borehole as
selected by yourselves and set out by ourselves is presented as

Figure 2.

Borehole log giving details of the strata encountered at the site

is presentead as Figura 3,

All depths referred to in this report are helow ground surfaca at

the time of the investigation and are approximate.

\

-

Laboratory tests relevant to the engineering objectives of the

2.2 Laboratory Testing

investigation were Scheduled on selected samples retrieved from
the borehole. The tests were carried out in general accordance

with B.S. 1377; 1990. “Method of Taest for Soils for Civil
Engineering Purposes®; Parts 1 - 9 unless otherwise stated. The
results are presented in tabular and graphical forwms in the

Appendix.

The following tests were carrled out:-
2 No. Particle size distribution by wet sieving
1 No. Hydrometer Analyslis
1 No. Atterberg limits determination on material passing
425 micron sleve

1 No. Chemical Analysis of soil samples for hydrogen ion

concentration (pH) and soluble sulphate content

3.0 GEOLOGY OF THE SITE

The location investigated indicated to be cultivated farm land
with few trees scattered within with some rock outcrops.

According to 1:2,000,000 Map of the Geological Survey of Nigeria,
the area is underlain with older granite of the pre-combrian to
upper combrian period. The rocks are overlain by overburden of

variable thickness comprising zone of sand layer and decomposed
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rock, The results of the investigation are generally concordant
with the overburden soils expected from the above description of

the site geoclagy.

4.0 SUBSOIL AND GROUNDWATER CONDITIONS

Detalls of the subsoil strata encountered during boring are given
on the borehole log. However, the subsoll sequence may then be

generally summarised as follows:-

Depth Below Ground Level (m) Generallised Strata Description

From To
Ground Level 0.4 Stiff SAND (cmf)
0.4 1.0 Vary stiff sandy (cmf) silty
micaceous CLRY, with gravel
(f) (Decomposed rock)
1.0 1.5 Fragments of granitic rock
{Borehole
Termination)

*Variations in strata thickness and depths away from the borehole

are likely.

Groundwater seapage was not encountered in the horehole during

the period of investigation. However, seasonal variations in

4

\

groundwater level may occur with possible development of perched
watertables wilthin the clayey or indurated layers durlng or

immediately after the wet season.

5.0 LABORATORY TEST RESULTS

Particle size apalysis carried out on 2 MNo. samples of the sand
and sandy clay deposit gave the gravel fraction to be 23% and
37%, sand 49% and 50%, silt and clay to be 21% by weight.

Detailed vresults are presented on the summary sheet and
graphically on the particle size distribution curves in the

Appendix.

The index properties of the clayey deposit were investigated by
means of Atterberg Limits tests on a samples. The natural
moisture content (W) was 12%, liquid limit (WL) was 238% while the
plastic limit (WP) was 15%. Therefore the plasticity index (IP)

was 23%. This indicate wmediwn plasticity.

The liquidity index (IL) which is equals to the moiature content
(W} minus plastic limit (WP} divided by plasticity index (IP),
for the various samples tested was computed. A normally
consolidated clay has a moisture content (W) approaching the
liquid limit with a Ligquidity Index (IL) tending to unity, while
an over consolidated clay has a molsture content around the

5
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plastic limit with a liquidity index of approximately zero or
negative. The sample considered gave liquidity index value of

-0.130. Thls indicates that the clay 1is over—~ consolidated.

The aggressiveness of the soil sample to concrete was assessed by
the determination of hydrogen ion concentration (pH) and soluble
sulphate content of 1 No. sample. The pH value was indicated to
be 6.0 indicating slightly acidic conditions, with very small
soluble sulphate content (0.004 gr./litre).

From the survey work, carried out at the boring position

(Borehole 1}.

The following values are tabulated below in Table 1:-

Station | Starting Point Distance (Height of Boring{ Height of
and Height Covered Station abhove Temporary
above the Mean The Mean Sea Bench Mark
Sea Level (MSL) Level (MSL)

(m) (kN}) (m) ()

Bogoro Trig. Station 10.3 686,245 TBM1 =

City ¥k 581 [ 686.931
875.386m TEM2 =

686.566

Note: More detailed survey report is presented in the Appendix.

6.0 FOQUNDATION DISCUSSION

6.1 Design Details

It is understood that it is proposed to install a transformer of
about 12 ton (120 kN}. No further details have been mnade
available to us. However, for the purpose of this report, we

have assumed a maximum overall ground loading of 60 kN/m’.
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The following comments and recommendations are based on the

borehole log and on the results of the laboratory tests.

6.2 Shallow Foundation

The results of in-situ and laboratory test carried out ravealed
the presence of a medium silty sand within the top 0.4m depth
and micaceous silty clay (decomposed rock) to 1.0m depth and

sound granitic rock fragments to 1.5m depth.

It is therefore recommended that the foundation should be keyed
to the bedrock. Prior to emplacement of foundations on bhedrock,
the foundation level must be carefully inspected for cracks or
fractures, soft or loose heavily weathered material and joint
infillings which, 1f encountered, must be completely removed and

backfilled with well compacted relatively dry concrete.

The foundation should be then be keyed inte sound rock ensuring
that the foundation surface 1is level. It is essential that the
sxcavation is carefully carried out to ensure that the ground at
or below the foundation level is not adversely affected by the
excavation technigues used, as this may lead to reduced bearing
capacity and increased settlement. For excavation in hard
material and in sound rock in particular, we recommend that the
advice of a specialist in this field be sought.

8

~

Settlement of structures founded on sound rock are negligible

ensuring a high construction standard.

Immediately after preparation, the foundation 1level must be
protected with blinding layer of concrete as tha seil/rock way

soften if left exposed or if ingress of water is allowed.

7.0 GENERAL

The subszoil conditions are indicated to be slightly acidic, with
negligible concentrations of soluble sulphates. Ordinary
Portland cement may be used for buried concrete but a rich, dense

mix is recommended.

Backfilling to the sides of the foundation should be placed to
ground level as soon as possible following casting of the
foundation. Backfilling of excavations around completed
foundations should be with suitable material placed in thin
layers not exceeding 200mm thickness and compacted to a high

standard.

Backfilling of foundations in cohesive deposit such as
encountered at this site should be with materials which, when
compacted as recommended above, will he less permeahle than the

surrounding ground. This will prevent seepage through or between

9
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the backfill and the original gound and avoid softening of the

clay at or below foundation level.

We strongly recammend that the design and construction of all
foundation and earthworks be carried out in accordance with a
good engineering practice as embodied in recognised Codes of
Practice such as the British Standards Institution’s B.S. 8004:
1986, Code of Practice for Foundations and B.S. 6031: 1981, Code

of Practice for Earthworks.

Wa trust you find the contents of this report of assistance and

assure you of our best attention at all times.

ool
B Y ]
Philip . Hwamu, Prince Wale Ajayi-Fajomody,

Chief Geologist. Managing Director.

FOUNDATION ENGINEERING SERVICES LIMITED,
P. O. BOX 2100,
LAGOS. REF. : 510802/JUNE, 2000.
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