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REPORT ON SUBSOIL INVESTIGATION

1.  INTRODUCTION
Further to your letter of award reference YEC-DRG-FDNO1 dated
18th May 2000, Foundation Engineering Services Limited carried
out a subsoll investigation at Kashingi city in Akko Local Govt.
area of Gombe 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 Site Work

The site work was carried out on 2nd and 3rd June, 2000, The
defined scope of site work reguired comprised 1 No. shell and
auger borehole put down to the specified 10.0m depth as requested

by yourselves and the survey of the boring position to determine
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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 techniques was used to bore through the soil
deposits. Both disturbed and undisturbed soill samples were taken
and standard penetration tests (SPT) carried out at regular

intervals of 1.0m depth as appropriate.

An area map showing kalshingi city is presented as Fiqgure 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 detalls of the strata encountered at the site

is presented as Figure 3,

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

the time of.the investigation and are approximate.
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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 S8oils for Civil
Engineering Purposes”; Parts 1 -~ 9 unless otherwise stated. The
rasults are presented in tabular and graphical forms in the
Appendix.
The following tests were carried out:-
3 No. Particle size distribution by wet sieving
3 No. Hydrometer Analysis
2 No. Natural meisture content
2 No. Quick Undrained Triaxial compression test on 3Bmm
diameter undisturbad sample
2 No. Unconfined Compression Test on 38mm diameter
undisturbed sanple
5 No. Atterberqg limit determination on material passing
425 micron sieve
1 No. Chemical Analysis of soil samples for hydrogen ion
concaentration (pH) and soluble sulphate content
3
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2 HNo. One-dimensional cedometer consolidation Test
diameter compressibility characteristic. 1In
calcoculating the coefficient of consolidation (Cu)
“The square root of Time fltting” method was

adoptad.

3.0 GEOLOGY OF THE SITE

The site is generally flat, uncultivated dotted with few trees
and flowers near a school compound. The 1:2,000,000 Geological
Map of Nigeria compiled by the Geolegical survey of Nigeria, 1974
Edition, indicates that the sgite 1is underlain by sandstone,
siltstone, shale and ironstone of Gombe sandstone grownup of the
cretaceous period. The results of the 1investigation are

generally concerdant with the overburden soils associated with

the description of the site geology.

4.0 SUBSOIL AND GROUNDWATER CONDITIONS

Details of the subscil strata encountered during boring are given
on the borehole log. However, the subscil sequence may then be

generally summarised as follows:-

FE

=

Depth Below Ground Lavel (m) Generalised Strata Description

Erom Ta
Ground Level 1.25 Stiff slightly sandy (onf)
silty CLAY
1.25 7.0 Very stiff/Hard silty CLAY
with fragment of concretion/
claystones
7.0 10.0 Predominantly concretion
(Borehole {Hardpan/Ironstone)
Termination)

*Variations in strata thickness and depths away from the borehole

are likely.

Groundwater seepage was not encountered in the bhorehole during
the period of investigation. However seasonal variations in
groundwater leval may occour, with possible development of perched
water table within the clayey or indurated layers during or

immediately after the wet seasons.

5.0 LABORATORY TEST RESULTS

Particle size analysis carried out on 3 No. samples of the
overburden clayey deposits gave the ranga of gravel fraction to
be 1% to 7%, sand 34% to 41%, silt and clay 39% to 50% by weight.
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Detailed results are presented on the summary sheet and
graphically on the particle size distribution curves in the

Appendix.

The index properties of the clayey deposita wers investigated by
means of Atterberg Limlts tests. The natural moisture content
(W) ranged between 10% and 156%, Liquid Limit (WL) ranged from 43%
to 51%, Plastic Limit (WP) was indicated to range between 14% and
22% while the Plasticity Index (IP) was 25% to 35%. Thase

results indicate high plasticity.

The liquidity index (IL), equals to the moisture content (W)
minus plaatic 1limit (WP) divided by Plasticity Index (IP), for
the varlious samples tested was computed. A normally consolidated
clay has a moisture approaching the liquid limit with a Liquidity
Index tending to unity, while an over consolidated clay has a
moisture content around the plastic limit with a liquidity index
of approximately zero or negative. The 5 No. samples considered
gave IL values of hetween -0.342 and -0.111. These indicate the
clay to be over-consolidated.

Shear strength of the encountered cohesive deposits was
investigated by means of quick Undrained Triaxial Compression
Test and Unconfined Compression Test on undisturbed samples. The

€

N

Undrained Cohesion (Cu) was indicated to range between 250 and
300 kN/m® while the angles of dinternal friction (@u) varled
betwean 8 and 10 degreas. The unconfined compression test was
indicated to range between 334 kN/m® and 452 kN/m?. These results

indicate the clays to be generally very stiff/Hard consistency.

For these deposits the bulk wet density varied between 2.09 and

2.26 Mg/m’.

Deformation characteristics of the clayey deposits was determined
in an oedometer apparatus. The coefficlents of consolidation
(Cv) and compressibility (Mv) at various overburden pressures are
presantad on the summary table. The results indicate that the
clays are of low compressibility. The graphs of voids ratio/log
of effective pressure relationship for the sanples tested are

presented in the Appendix.

The aggressiveness of the soil depasits to concrete was assessed
by the determination of hydrogen ion conceéntration (pH) and
soluble sulphate content of 1 No. sample The pH value was 6.0
indicating slightly acidic conditions, while the water soluble

sulphate centent was indicated to be very low (0.005 gr/litre).
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From the survey work carriad out at the horing 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 above Temporary
above the Mean Mean Sea Level Bench Mark
Sea Level (MSL)

{M5L)
(m} (m) {m) (m)
Kalshingi { Trig. Station 12 390.552 TBM1L =
City ML 302 392.552
483.104m

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

6.0 FQUNDATION DISCUSSION

6.1 Design Details

1t is understood that it is proposed to install a transformer of

about 12 ton (120 kN). HNo further details have been made

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

assumed a maximum overall ground loading of 60 kN/m®.

The following comments and recommendations are based on the

borehala log and on the results of the lahoratory tasta,

6.2 Shallow Foundation

The results of in-situ and laboratory test carried out indlcate
the presence of stiff to very stiff sandy within the top 1.0m to

2.0m depth within which a shallow foundation can be set.

However, it is recommended that reinforced concrete strip or pad
foundation may be adopted for supporting the structure at the
site, The foundation should not be less than 1m wide and set at
not shallower than 1Im depth in order to avoid problems of
seasonal moisture variations/erosion and on undisturbed virgin

stiff to very stiff/Hard sandy clay.

As a guide, it is estimated that the net allowable bearing
pressures that may be imposed at different founding depths are as

shown in Table 2 balow.
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These Figures have taken into consideration the relisf providad

by the overburden assumed to be removed above the founding level.

Founding Depth Allowable bearing Pressure
{m) {kN/w’)
1.0 120
1.50 220
2.0 210

Table 2. Estimated Allowable Pressurc for shallow Foundation.
6.3 Scttlement

Settlement of strip or pad toundations constructed to the
standards, loading and depths stated above is cstimated to be
leas than Z0mm with differential settlement not exceeding half

the total scttlement.

10
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6.4 Foundation Praparation
The base of the foundation excavation must be carefully probed
and inspected for soft pockets which, 1if encountered, must be
completely removed and replaced with well compacted relatively
dry lean mix concrefe or the excavation taken deepar.
Imnediately after preparation, the foundation level must be
protected with a blinding layer of concrete as the soil may
loosen if left exposed or if ingress of water is allowed,
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 1in thin
layers not exceeding 200mm thickness and compacted to a high
standard.
7.0 GENERAL
The subsoil conditions ara indicated te be slightly acidie, with
negligible concentrations of soluble sulphates. Ordinary
Portland cement may therefore be used for buried concrete but a
rich, dense mix is recommended.

11
-




6v -V

-

We strongly recommend that the design and construction of all
foundation and earthworks be carried out 1n accordance with a
good engineering practice as embodied in recognised Codes of
Practice such aa the British Standards Institution’s B.S. 8004:
1986, Code of Practice for Foundations and B.S. 6031: 1981, Code

of Practice for Earthworks.

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

assure you of our best attention at all times.

- b ' G (
Prince Wale Ajayi-~Fajomocdu,
Managing Director.

FOUNDATION ENGINEERING SERVICHES LIMITED,
P. 0. BOX 2100,

LAGGS, REF.:510903/JUNE, 2000,
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FOUNDATION ENGINEERING SERVICES LTD Fiy. 3
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FOUNDATION ENGINEERING SERVICES LTD. FIG. A3

FOUNDATION ENGINEERING SERVICES LTD. FIG. a4
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FOUNDATION ENGINEERING IR el

SABO, YABA,

Servicas Limited P 0. BOX 2100 LAGOS A
Geotechnical Consultancy, Conslruction Quality Assurance Specialists . TEL: 01 - 867712, 835393, -
RC. 142630
4 1 MESSRS YACHTIYO ENGINEERING LIMITED

PROPOSED PROJECT FOR RURAL ELECTRIFICATION

AT DAMASAK CITY, BORNO STATE,

FEDERAL REPUBLIC OF NIGERIA

MESSRS YACHIYO ENGINEERING CO. LIMITED

REPORT ON SUBSOIL INVESTIGATION

PROPOSED PROJECT FOR RURAL ELECTRIFICATION
AT DAMASAK CITY, BORNO STATE,
FEDERAL REPUBLIC OF NIGERIA 1, INTRODUCTION

Further to your letter of award reference YEC-BRG-FDNO1l dated
16th May 2000, Foundation Engineering Services Limited carried
out a subsoil investigation at Damasak city in Mobbar Local Govt.
REF.: 5.10904/JUNE, 2000 area of Borno 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.

REPORT ON SUBSOIL INVESTIGATION 5. SCOPE OF INVESTIGATION

2.1 Site Work

The site work was carried out between 3rd and 4th June, 2000.
The defined scope of site work required comprised 1 No. shell and
auger borehole put down to the specified 10.0m depth as requested

by yourselves and surveying of the boring position to determine

Carxied Out By:-

FOUNDATION ENGINEERING SERVICES LIMITED,
P. O. BOX 2100,
LAGOS.
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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 techniques was used teo bore through the scil
deposits. Both disturbed and undisturbed soil samples were taken
and standard penetration tests (SPT) carried out at reqular

intervals of 1.0m depth as appropriate.

An area map showing Damasak city is presented as Figure 1 while a
site plan (based on the sketched site layout drawing providad by
the client) indicating approximate position of the borehole as
selacted by yourselves and set out by oursalves is presented as

Figure 2.

Borehole log giving details of the strata encountered at the site

is prasentad as Figure 3.

All deptha referred to in this report are below ground asurface at

the time of the investigation and are therefore only approximate.

LN
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2.2 Laboratory Testing

Laboratory tests relevant to the englneering obljectlives 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 carrled out:-

3 No. Particle size distribution by wet sieving
4 No. Natural molsture content
1 No. Chemical Analysis of soll samples for hydrogen ion

concentration {pH} and soluble sulphate content,

3.0 GEOLOGY OF THE SITE (DAMASAK CITY, BORNO STATE)

The site is generally flat, uncultivated dotted with few trees.

The 1:2,000,000 geological Map of Nigerla compiled by the
Geological survey of Nigeria, 1974 Edition, indicates that the
site is underlain by sands and clays of the chad formatlon, the
results of the investigation are generally concordant with
overburden soils associated with the description of the site

geology.
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4.0 SUBSOIL AND GROUNDWATER CONDITIONS

Details of the subsoil strata encountered during boring are given
on the borehole log. However, the subsocil saequence may then be

generally summarised as follows:-

Depth Below Ground Level (m) Generallised Strata Description
From To
Ground Level 0.18% Loosa silty SAND (f) {TQPSOIL]
0.15 10.0 Medinm dense silty SAND (f)
(Borehole
Termination)

Varlations in strata thickness and depths away from the boreshole

are likely.

Groundwater seepage was not encountered 4in the borehole.

However, indications from local observations are that the
groundwater level could vary approximately be between 10m and 15m
depths. Seasonal variations in groundwater level will occur, with
the site possibly becoming saturated to the surface in places

during or following periods of wet weather.

§.0 LABORATORY TEST RESULTS

Particle size analysis carrled out on samples of the overburden
silty sand gave the range of sand fraction to be 95% to 98%, silt
2% to 5% by welght. Detailed results are presented on the
summary sheet and graphically on the particle size distribution

curves in the Appendix.

The aggressiveness of the soll samples to concrete was assesed by
the determination of hydrogen ion concentration (pH) and soluble
sulphate content of 1 No. sample, The pH value was indicated to
be 5.3 indicating acidic conditions, with very small soluble

sulphate content ({(0.005 gr./litre).

From the survey work carried oult at the boring position
{Borehole 1).

The following values are tabulated below in table 4.
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The following comments and recommendations are based on the
borehole log and on the results of the laboratory tests.
Statien | Starting Distance |Height of Boring Height of
Point and Covered Station above the Temporary 6.2 Shallow Foundation
Helght above Mean Sea Level Bench Mark The results of in-situ and laboratory test carried out revealed
The Mean Sea {MSL) the presence of a medium dense silty sand within the top 1.0m to
Level (MSL) 4.0m depth within which a shallow foundation can be set.
{m) {km) {m} (m}
Foundations should bae sat above the water tahle on sand which has
Damasak |Trig. Station been thoroughly compacted using a heavy vibratory roller or
City V - 1059 10.4 308.478 308.250 plate. The allowable bearing pressure that may be imposed will
303.25 be dependent on the width and depth of the foundations, the care
taken in excavating and preparing the foundation level and the
Note: More detailed survey report is presented in the Appendix, allowable settlement of the foundations.
6.0 FOUNDATION DISCUSSION As a guide, it 1s estimated that the net allowable bearing
6.1 Design Details pressures that may be imposed at different founding depths are as
It is understood that it is proposed to install a transformer of shown 1in Table 2 below. These Figures have taken into
about 12 ton (120 kN). No further details have been made consideration the relief provided by the overburden assumed to he
available to ua. However, for the purpose of this report, we have removed above the founding level.
assumed a mazimum overall ground loading of 60 kN/m?.
6 7
)
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Founding Depth Allowable bearing Pressure
() (kN/m*)
1.0 70
2.0 90
3.0 110

Table 2. Estimated Allowable Pressure for shallow Foundation.

However, it is recommended that a heavily reintorced concrete
strip or pad foundations may bc adopted for supporting the
proposed structures at this site. The foundation should not be
less than 1.0m wide, sct on wcll compacted sand which has bcen
thoroughly compacted using a heavy vibratory roller or plate and
not shallowecr than 1.0m depth in order to avolid problems of

seasonal moisture variation.

6.3 Settlement
Scttlement of strip or pad foundationz constructed to the
standards, loading and depths stated above is estimated to be

8

\

leaa than 30wm with differential settlement not exceeding half

the total settlement.

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 or the excavation taken deeper.

Immediately after preparation, the foundation level must be
protected with a blinding layer of concrete as the scil may

loosen if left exposed or 1f ingress of water is allowed.

Excavations in the sand should be battered to a low angle to

avold minor slip failure.

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 te a high

standard.
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7.0 GENERAL

The subsoil conditions are indicated to be acidic, with
negligible concentrations of soluble sulphates. Ordinary
Portland cement may therefore be used but a rich, dense mix 1is

racommended for buried concrete.

Wa 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 Codea of
Practice such as the British Standards Institution’s B.S. B8004;:
1986, Coda of Practice for Foundations 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 tiwmes,

QZW@%M

Prince Wale Ajayi-Fajomodu,
Managing Director.

FOUNDAYTON EMNGINEERING SERVICES LIMITED,
P. 0. BOX 2100,
LAGOS. REP. :510904/JUNE, 2000,
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FERIKVEBRIL—FOBEERAFETHFA

EWET—4 Basic Data B ~54ER 6EE~10%6E 11ER~15%H
D FREHTEHEME (DAnnual Increasing Ratio (100 % base) (first 5 yrs) (second 5 yrs, (third 5 yrs)
A: BTEIXT R iz A: Project Area 1.100 1.050 1.030
B: BiF Bk ithig B: Already Electrified Area 1.050 1.030 1.030
Q@ FEX (@Demand Factor 05
(RETEIfER D HEFARAE) (REFHENRERE)
(Commencement of Operation) (Target year of the Project) (Unit: kW)
3 Year 2000 2000 2001 2002 2003 2004 2005 2006 2008 2009 2010 2011 2012
EXZSINES Annual Increasing Ratio B/ BERE HESASEH
(Total Load) [(Estimated Demand
1. FH959M 1. Nassarawa State
S047TH Lafia city 5,100 5,355 5,623 5,904 6,199 6,509 6,834 7,391 7,613 7,842 8,077 8,319
7 REHET Adogi town 544 571 600 630 661 694 788 812 836 862 887
K< HET Doma town 544 571 600 630 661 694 788 812 836 862 887
FERT Obi town 408 428 450 472 496 521 547 591 609 627 646 666
X 7ozhr HAwe town 515 258 283 312 343 377 415 456 527 553 581 610 640
X 7 XKeana town 757 378 416 458 504 554 609 670 774 813 853 896 941
&5t Total 7,868 636 7,625 8,041 8,482 8,948 9,442 9,966 10,861 11,212 11,576 11,952 12,341
2. 18 F M 2. Bauchi State
UESN, 28] Linem Ketag town & etc. 1,632 1,714 1,799 1,889 1,984 2,083 2,187 2,365 2,436 2,509 2,585 2,662
HOUHT Dajin town 136 143 150 157 165 174 197 203 209 215 222
A ZHBT Dass town 544 571 600 630 661 694 788 812 836 862 887
RI7IINLTHRT Tafawa Balewa town 408 428 450 472 496 521 547 591 609 627 646 666
X RITofr XBogoro town 420 210 231 254 279 307 338 372 429 451 473 497 522
&5t Total 3,140 210 3,087 3,253 3,428 3,613 3,809 4,017 4,371 4,511 4,655 4,805 4,959
(%) (For Reference only)
(= 2N | 3. Gombe State
JEHRT Kumo town 408 428 450 472 496 521 547 591 609 627 646 666
FINAANHET Deba Habe town 408 428 450 472 496 521 547 591 609 627 646 666
AT 48T Dadin Kowa town 1,700 1,785 1,874 1,968 2,066 2,170 2,278 2,464 2,538 2,614 2,692 2,773
X Ay FHEr XKalshingi town 445 222 244 269 296 325 358 394 455 477 501 526 553
&5t Total 2,961 222 2,886 3,043 3,208 3,384 3,569 3,765 4,101 4,233 4,370 4,511 4,657
(%) (For Reference only)
4. KL /M 4. Borno State
AT Magumeri town 680 714 750 787 827 868 986 1,015 1,046 1,077 1,109
S E T Gubio town 680 714 750 787 827 868 986 1,015 1,046 1,077 1,109
X Fvyofr MDamasak town 1,838 919 1,011 1,112 1,223 1,345 1,480 1,628 1,969 2,068 2,171 2,280 2,394
&5t Total 3,198 919 2,439 2,611 2,797 2,998 3,215 3,450 3,940 4,098 4,262 4,434 4,612
A EDEE Grand Total of Project Sites 3,973 1,987 2,185 2,404 2,644 2,909 3,199 3,519 4,154 4,362 4,580 4,809 5,050
"%

(1) XI&, AR EXHRIBETRT

() BERABH-HF/ BERE X FEE

Remarks:

(1) % shows the Project sites.

(2) Estimated Demand = Total Load x Demand Factor
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