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Abstract
The subsoil conditions of the study erea \uere int,estigated by excavating nine tial pits from
the existing ground level to 1.50 meter. Twen4t seven samples were colLected and analvzed.
The soil is heterogeneous and tv,o Npes were identified: brown, claye-v, siLry, grcLvelly sand
and brown, gravelly, clayey, sihy sand. The liquid limit ranges from 22.0% to 92.0%, the

plastic limit varies from 7.47% to 51.10%. The plasricir-v index is of the order of 1.94% to

69.98%. The plasticity und shrinkage porenrial range from lov,to high. Monrntorrillonire,
illite, kaolinite and hallol,site v,ere identified wtth the latter being the most abundant. The soil
cohesion (C) ranges from 9 KNhnz to 27.50 KN/tri u,hile the angle of internal friction o
varies from 150 to 350. The cotnpression index (Cc) is of the orcler of 0.1t tct 0.74. Based r-tn

the field and laboratoDt results, shallow foundation (reinforced strip, pad or raft) can be

adopted for lightly loaded structures. Constructirsn techniques that should be impLernented to

minintite the effects of the shrinking ctttd sutellinp ckn, are recomruended.

Keywords Geotechnical properties, Foundation design, sieve analysis, triaxial test,
plastic limit, liquid limit, shrinkrng and swelling clay.

1.0 Introduction
Soils are formed by many processes and a wide range of materials. Transportation
and deposition are irregular: end products are notoriously variable and often have
geotechnical properties which may be undesirable from the point of view of a

proposed structure (Clayton et al., 1995).

Shallow foundations are nonnally anchored on the sub-soil and serves as the

receiver of transmitted building structural loads. Thorough geotechnical knowiedge of
the subsoil is paramount pritrr to construction in order to prevent post construction
prublerns. \!

This work focuses on the evaluation of some relevant geotechnicll

characteristics of the subsoil of Chanchaga area. Minna, Northwestern Nigeria (fig.

1) with a view of utilizing the data obtained fbr recommending suitable, sate tbunding
depth and shallow foundation types for the construction of new buildings.

2.0 Study Area Description
The study area is located alon-q Minna - Paiko Suleja road and lies between

latitude 90 30' N and 9" 33/ N of the equator ancl longitude 6" 34l E and 6" 37l E of the

Greenwich meridian (fig 2) It is a low lying terrain and is easily accessible. The

area is drained by the seasonal river Chanchapa sy,stem and associated tributaries.
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Fig. f Generalized Geological nlap of Nigeria showing the location of the study area.
Minna. (Source'. Elueze, 1995).
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Fig. 2 Geological map of parts of Chanchaga area. Minna
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General Geology of the Area
The area investigated is a part of rhe north-western part of the Nigerian Basement
Complex which is composed.of three lithological units- migmatite gneiss complex,
low grade schist belts and tlie older granite (Truswell and Cope, i963. Ajibade,
1916). The Nigerian basenrent cornplex tonns part of tlie Pan Africa rnobile belt
which lies between the West Africa and Congo craton.

Lithological and structural mapping revealed that the study area is underlain
donrinantly by schist. Outcrops of schistose rocks are not common and notable one

that was identified is srtuated under the bridge along Minna to Chanchaga road, (fig.
2).

3.0 Methodology of lnvestigation
The subsoil conditions were investigated by excavating nine trial pits (fig. 3) from the
existing ground level to 1.5 nreter according to British Standard code of practice for
site investigation (1981). Disturbed and undisturbed soil samples were collected from
the trial pits and analyzed in civil engineering laboratory, Federal University of
Technology, Mir-rna for relevant geotecl")nical parameters. The laboratory tests were

performed according to British Standard methods of test for soils for civil engineering
purposes (British Standard Institution. BS 1377: part 1-9, 1990).

Dry sieve analysis was carried out in order to obtain the particle size

distnbution of the soil saniples rvith a set of sieve sizes (5.00. 3.35, 2.00, 1.18,

0.600, 0.425. 0.300, 0. 1 5. 0.075, 0.063) mrn and mechanical sieve shaker.

Liquid limit test was perlbrrred with cone penetrometer. Plastic limit test was

executed by kneading and rolling soil sanples between fingers and thurrb into about 6
mm diameter thread. Each thrcad was further rolled between fingertips on a clean flat
glass paste with sufficient pressure to recluce the diameter into 3 mm. At exactly 3
mm, the soil paste starts to crumble
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and cannot roll further. The process was repeated until longitudinal and transverse
cracks appear at a rolled diameter of 3 mm. Immediately, the moisture content of the
crack thread was determined. Tfiaxial shear tests were performed on some chosen
samples to estimate their in-situ shear srrength characteristics.

RESULTS
Field Observations
A typical soil profile of a trial pit is shown in figs 4. The soil profile of the trial pits
reveals that the soil in the study area is generally made up of brown, clayey, silty,
gravelly sand.

Brown, clayev, siltv, gravelly sand

Fig. 4 Soii profile of trial pir 1

Laboratory Results
Sieve Analysis
The results of the sieve analysis are sumntarrzed in table l.
A typical particle size distribution curve is illustrated in fig. 4. Two types of curves
were identified. Majority of the soil samples have the ratio of sand ) gravel ) clay
+ silt (Brown, clayey, silty. gravelly frne to coarse sand). This group of soil is

classified as Sp according to British classification scheme Curtin et. al., (1991).
The other soil samples have the proportion of sand ) clay + silt > gravel

(Brown, gravelly, clayey, silty fine to coarse sand) as reflected in trial pit 3 collected
at I meter, trial pit 4 retrieved at 1 meter and tnal pit 7 collected at 0.50 meter. This
group of soil is classified as Spc accordrng to British classification scheme Curtin et.

al., (1991).

Atterberg Limits
The results of the Atterberg hmits are preserrted in table 2.
The nrean values of the liquid limit. plastic lirnit and plasticity index are 45.43%,
21.85% and23.51% respectivelv. The liquid Iimit ranges from22.0% - 92.0%, the
plastic limit is of the order ol' 1 .47 % - 5 1 . 1 0 % while the plasticity index varies from
1.94% - 68.98%.

Generally, the plasticii)'ranges from low to liigh. The plasticity is in the

following order of decreasing intensit),. intermediate plasticity > high plasticity)
low plasticity. Flowever the sarnple rerrieved from trial pit 2 at 1.50 meter indicate
very high plasticity.

A plot of PI (plasticitr, index) against LL (Liquid limit) is presented in fig. 6
to show the types of clay minerals. Table 3 suurmarizes the clay minerals inferred
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from the plotting. The clal,rnineral distribution and sunlmary are contained in Tables
3 & 4 respectively. lt was observed that the percentage of montmorrillonite > illite
) Kaolinite ) Halloy'site. Figs. 7 & 8 illustrate the bar-chart and pie-chart of the
inf'erred clay minerals respectively. Clay urinerals are forrned from the weathering of
rock forming minerals. Feldspars weather to fbrm clay. Orthoclase f'eldspar reacts in
the presence of water to give illite and plagioclase feldspar reacts in a similar manner
to give montmorrilonite which is a shrinking and swelling or expansive clay. If excess

water is present, both reactions will eventually produce kaolinite which is the final
product (Gribble, 1991).

Table 5 was used to ascertain the shrinkage potential and it ranges from low to high
(table 2).

Table l: Summary of results obtained from sieve analvsis
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The more expansive clav a soil contains, the higher its swell potential and the

n-lore water it can absorb. As a result. these rnaterials increase in volume when tliev

Trial pit
No.

Depth
(m)

%of
G ravel

% of Sand % of Silt
+
Clay

Coefficient
of
uniformity,
C.,

Coefticient
of
curvature,
c,.

1 0.5 t4 81 5 9.4 2.94
1.0 9 89 2 4.0 1.07

2

l5 l5 81

0.5 I 6 .,15 18

1.0 26 10

r.5 l.-).-1-1 1t .61

0.5 9 87

1.0 5.56 88

4

5.55
6.50 1 .14

1.41 0.61
4 8.57 1.15

5 10 l.l1
3 4 5 .95 0.81

6.54 l0 0.60
l5 14.65 82

0.5 8 85

t) 5.66 88

44 53

3.35 1.30 0.15
4 1

6

7.25

8

0.80
1.04

3 1.54 1.08

5 0.5 10.99 i 61.4 I 1.54 5. 14 l.i5
1.0 26 1i

11 .51

3 8.s9 0.95
5 24.93 3.5 6.56 1.00

6 0.5 64.44 3 8.2 t.49
1.0

l5
5 10.25 r.15
0.5 2.80 r.00

1 0.5
i.0
i.5

12.r3 l0 0.63

8.83 | 18.13 0.88
3 1.18 r .04

8 0.5 5.26 10.58 0.55

1.0

15
0.5
1.0

13 4.35
0.09

10 0.90
5 0.90

9 A 1-\ 6.40 0.90
4.52 4 0.70

5 4.24 6.18 2.t9
Range 0.09 -

12.13

1.18

18.13
0.55 -
2.94

1.36
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get wet and shrink when dry. The eff'ects of allowing soils with a high shrinking and
swelling potential to become erther too wet or too dry can be severe when they are
supporting buildings and other man nrade structures. Damage to a structure is
possible when as little as 3% r,olume expansion takes place. Failure results when the
voiume changes are unevenly distributed beneat}r the foundation (Jones. 2002).

Triaxial Test
The result of quick undrained triaxial compression test is contained in table 2. The
cohesion (c) ranges from gKNimr to 27.50KN/mrwhile the angle of internal friction
(@) varies from 150 to 350.

Consolidation Test
The compression index (Cc) r,vas conrputed from the empirical formula 0.009 (LL -
10) and was found to be of the order ol 0. i I to 0.74 with a mean value of 0.32 (table

2).

Table 2: Summary of results obtained from Atterberg limit test, triaxial test and
em com index. Cc
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Pit No.

Depth
range
(m) LL (Tc)

Slrrirrkage
Potentral 0.009

(LL r0) C

(KN/rlr)
I 0.5 0.38

r.0
52.00

45 .00 Mecliunr

l.ow
0.32 9 200

Irs 2s .00

1.94

PL (%) Pl (2)

50 06

26 33

20 33

9ll
i-s 67

)1 6i
I -5.89 Low 0.14

) 0.5 62.00 Medir,u-n 0.47
1.0 52.00 0.38
1.5 92.00

Medir-rnr

Hish 0.14 l5 350

r 0.53 70.00

28.1:l

,10. l3
22.01

23 86

29. ti7

69 98

Mediunr 0.54
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39.00

Mediunr
Mediunr 0.26l 0.54

9.31 t 21.66

2033 : 1867
31 .00 12 53 18 47 MediLrnr 0.r9

I 5 30.00 20 00 I 10.00 Low 0.r8 36 2ot'

5 0.5 45 00 Metiiurn 0.32
1.0 40.00 MediLrni 0.2't I6 200

0.341.5 48.00

14. t5 i0 8s
1 1 1T1.5 2i

8.03 ', 39 91 Mediunr
6 32.00 1 .4'7 I 14.53 0.20

1.0

Mediunr
Low 0.42 t2 150

I.-5 Mediunr oi2
7 0. -5 Mediunr 025

27 50Low i 0 19

Mediunr 0.38
0.2'78

1.5

0.5 089r 0.91

19 83

57.00

40.00
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52 00
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31 .00 8 53

t9 0r

51. l0
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Mediunr
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Range Low
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Table 3: Summaries the inferred clay minerals from the results of Atterberg
Limits.

Table 4: Statistical summary of clay mineral distribution

Table 5: Clay shrinkage potential

5t

f

Trial Pit No Depth (nr) Lrt'erred Clay Mineral
0.5 Halloysite
1.0 Il I ite
1.5 Montnlorillonite

2 0.5 Illite
i.0 Il I ite

1.5 Montnrorillon ite

3 0.5 Kaolinite
i.0 Montnrorillonite
1.5 Montmorillonite

4 0.5 Illite
1.0 Montmorillonite
1.5 Illite

5 0.5 Montmorillonite
1.0 Montmorillonite
1.5 Montmorillonite

6 0.5 Montmorillonite
Halloysite

1.5 Il lite
'7 0.5 Montmorillonite

1.0 III ite

1.5 Il I ite

8 Montmorillonite
1.0 Montnrorillon ite

1.5 Kaolinite
9 0.5 Il I ite

Il I ite

1.5 Kaolinite

S/No Inferred clay rnineral Frequency Percentage ( %) Angle (o)

1 Montmorillonite t2 44.44 160

2 Illite 10 37.04 133.33

J Kaolinite J 11.11 40

4 Halloysite 2 1.41 26.67

Total 21 100.00 360

Plasticity lndex (%) Clay fraction (%) Shrinkage potential

Greater than 35

22-48
Greater than 95

60-96
Very high
High

t2-32 30-60 Medium

Less than 18 Less than 30 Low

3

Source of table 5: Cunin et. al. (1991)
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Fig. 6. Plot of Plasticity Index versus Liquid Limit for Chanchaga soil. (Modified
after Holtz and Kovacs (1981) to show types of clay minerals.

Fig. 7 Bar-chart of percentage of inferred clay minerals
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Foundation Recommendation
The foundation analysis is based on the results obtained frorn the field investigation
and laboratory tests using the regulatior-rs stipulated by British standard code of
practice for foundation (1986).

Shallorv (spread) Foundation
Shallorv foundation can be considered fbr liglitly loaded structures for example.
bungalows. Generally. reinforced strip, pad or raft fbundation can be adopted.

Foundation can be placed between 1.0 m and 1.5 m below the existing groundilevel
in study area within the brown, gravelly, clayey. silty, fine to medium sand.

As a guide in design, for foundatiorr r-rot exceeding 1 .0 m ir-i diameter (strrp

and pad), an allowable bearing pressure of 125 KN/m2 should be utilized rn

tbundation design with total settlement not exceedin_q 25mm and negligible
differential settlement (Tomlinson,1999). For fbundation wrdth greater than 1.0 m or
of about 4.0 m, an allowable bearing pressure of 100 KN/mr should be adopted

The total settlement expected will not exceed 25 mm (Curtin, et al., 1997). The
percentace of clay + silt in the soil samples analyzed ranges from 0.09 % to 12.13

%. The percentage of clai,' minerals identified as montmorillonite (expansive clay)
was 44.44 %.
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In order to prevent the adverse effect of shrinking and swelling clay which
eventually will result to foundation failure which can manifest as cracks on the
b.uilding walls and corners: 1. It is recommended that excavatioit
volume (length, width and depth) should exceed 0.25 rneters of the foundation area.

2. The soil removed during excavation should not be used for back filling. Fine to
medium grained sand rnixed with cement should be utilized. This will reduce water
infiltration into the ground around the foundation. 3. Adoption of a pad foundation
will make the structure to be flexible and reduce the soil swelling potential ((Jones,
20027

Conclusion
Tl-re knowledge of the geotechnical characterrstics of Chanchaga area, Minna as

obtained from geological fleld work. excavation of trial pit and laboratory analysis of
recovered soil samples have provided valuable data that can be used for designing and

constructing shallow foundation of future ctvil engineering structures. It has also
reveal the presence of montmorillonite and need to take precautionary measure during
foundation construction in order to minimize its adverse effects.

REFERENCES

Atibade, A. C. & Woakes. M., 1916. Proterozoic crustal developrrent in the Pan-Afl"ican
Regime

of Nigeria. In: C. A. Kogbe (Editor) Geolosv of Nigeria. Published by Rock View (Nrgeria)

Ltd, pp 51 - 63

Britrsh Standard Code of Practice for Foundations, 1986. BS 8004. Published by the British
Standards Institution. pp 4 - 110.

Bntish Standard Code of Practice for Site Investigation 1981. Published by the Britislr
Standards Institution. pp 1 - 200

British standard Methods ol'Test for soils for-Civil Engineering Purposes. BS 1377: Part I -
9, 1990. Published b1, the British Standards Institution, pp 8 200.

Clayton, C. R., Matthews, M. C. & Simons. N. E.. 1995. Site investi-eation. Published by
Blackwell Science Ltd., Great Bntain, pp i- 59.

Curtin, W. G., Shau', G., Parkinson. G. I. & Golding, J., 1991. Structural fbundation
designer's manual. Published by Blackwell Science Ltd, U. K , pp 1 - 300.

EIueze, A A.,2002. Conpositional Character: Veritable Tool in The Appraisal ol
Geornaterials. An Inaugural Lecture published bi,'the Universitl,of Ibadan, 12 pp.

Gribble, C. D., 1991. Rutley Elements of Mineralogy 2'7"'Edition. Publisl-red by CBS

publishers and distributors Shahdara. India, pp a10 - 41 3.

Jones, L. ,2002. Shrinking and Swelling Soil in the U.K. In: D. Barlei, (Editor), Earthwisc

magazine. Published by British Geological Surve.v, Issue 18, pp 22 23

Holtz, R. D. and Kovacs. W. D., 1981. An Introduction to Geotechr.rrcal Engineering.
Published b1,

Prentice Hall lnc. Englewood Clifl's, New Jersey, 133pp
Tomlinson, M. J., 1999 Foundation design and construction. Pitman publishing Ltd,

Singapore. pp

52 59.
Truswell, J. F. & C-'ope , R. N.. 1963. The Geologi, of parts of Nrger and Zarta provincc

Northern
Nr-seria. Bulletin no. 29. Published by the Geological Survey of Nigerra. 29pp.

i*lt


