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1980; Okabue and Uma, 1988) that gcological and hydrogeological conditions underlying a highway route
are important factors in the effective performance of the road. Analysis of the impact of geology on the
effectiveness of a portion of a highway in Minna is been made in this paper. A particular point opposite the

Public Works Nig. Ldt yard (Tungan-Goro-Chanchaga) experiences frequent failures as seen in figure 1.

Figurel A failed portion of the studied road

f the Minna and environs is largely affected by the geology that comprises of schist,
s and granites which constitute part of the Basement Complex rocks of Nigeria. The

granitic hills are massive undulating terrains that range from 380m -850m high above mean sea level. The

the middle belt of Nigeria and record a mean rainfall of about 1,000mm annually.
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water percolate during the rainy period and reduce the strength of the highway material and when moisture

suction occur from when the shoulder material loses moisture during the dry season.

Geology and hydrogeological conditions are considered critical when other factors are met in road

construction. (Clare and Beaven, 1962; Okogbue and Uma, 1988) have observed that the patterns of road

effectiveness in West Africa are controlled by geology,

topography, soil and drainage conditions. (Russan
and Croney,

1961; Gidigasu, 1983: Okogbue and Uma 1988), have noted that depth to water table tends to

be the most prevalent of the climatic, physiography and drainage factors that control road effectiveness.

3. Methodology

Road grade elevations: A geographical Positioning System (GPS) was used in taking the road grade
elevations.

Well water level fluctuation: Static water levels were measured from four hand-dug wells located very
close to the road during the peak of the dry (April) and rainy (September) seasons. A water meter was
used in taking the measurements while a GPS was used in taking the ground elevation as well as the co -

ordinates of the wells. The total depths of the wells were also measured.

Geophysical survey:Vertical electrical sounding (VES) also referred to as electrical resistivity sounding
was employed during this study. Current was sent into the subsurface by means of two current electrodes
(Cy and C;) and a second pair of electrode (P, and P;) measured the drop in potential. The electrode

spacing interval was constantly changed while maintaining a fixed location from the center of the electrode
spread.

laboratory tests: Atterberg Limits tests were conducted on five samples collected from five trial pits
along the portion of the studied road. The liquid limit (LL) and plastic limit (PL) were each determined
with about 300 grams of soil samples passing 0.425mm sieve in accordance with BS 1377 (1990). The
difference between LL and PL gave the plasticity index (PI). The cone penetration method as described
by (Brain, 1983) was used. A graph of cone penetration versus moisture content was plotted both on a
linear scale and.a straight line graph obtained. The LL was taken as the moisture content at which the .
standard cone penetrated 20mm into the soil paste.

4. Results and Discussion

The geology of Minna area reveals that the schist has been intruded in places b‘y the older gr;'mite (ﬁgure:
2). The emplacement of the older granite has led to intense joint.ing and fracturing of the schist. The schist
is fine grained, foliated and dips at about 28°W. Most of the drainages cut the narrow valley and water
moves from the hills to the valley during raining season. The schist is mostl)f exposed along these river
channels (River Chancgaga). Drainage pattern is the trellis while the major river found along the road is
the Chanchaga River which is a tributary of the Kaduna River.
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Figure 2:
Schist

intruded by granite gneiss in Minna area

The VES result is shown in figure 3, the groundwater fluctuation on table 1 while the Atterbege limits are

presented on table 2.

[ RMS-eror 6.4 ] PW GATE CHANCHAOGA No Res Thick Depth
T3 Schiumberger Configuration | |

2 260 19 26
3 212 52 78
4 2902 == oz

Appar. Resistivity [ohmm|
3
%]
7
7
B
l
&
\ |
| !
A\l
Al
1

T

10™ . . . P . -

-l L i
1070 10M 102 1073
current Fleetrnda Nistanea (ARMY Im)
Figure3: Subsurface geology of the problem area
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The geology as revealed affects the nature and ground in the area. The Basement complex rocks at their li.m‘e'of
formation were none porous and highly impermeable. The rocks however, have been affected by tectonic activities
that lead to the faulting and fracturing of the rocks (Ganduer al., 1986; Olayinka, 1992; Obaje, 2009) resulting in
secondary porosity. The fractures provided access 1o rain water into the schist that has \resulted in weathering of
the schist thereby making the overburden thick. The resistivity values recorded from this segment of the road is
low (between 21and 26 Ohm) and the depth of weathering beyond ten meters (figure 3). The presence of water

has further enhanced chemical weathering of the primary minerals to secondary minerals that are mostly clayey.

The clayey weathered products of the schist absorb rain water but do not allow downward movement of the water,
the clay being an aquiclude. This results in the rise of the water table to less than Im thereby making the sub-base

and subgrade materials permanently wet during the wet season. The percentage variation of groundwater
fluctuation is between 263 and 340 as shown in table 1.

This is high and indicates that the under lying geologic materials are impermeable.
The Shango-Chanchaga Road was constructed using granite (which was sourced for locally) as base course. This
possibly shows that the type of material used for the construction of the highway may not be mainly responsible
for the failure. Swelling soils are a major constituent of the subgrade soils of the area as shown in (table 2). This
type of soil is associated with natural low bearing capacity. The cause of the failure could be attributed to the
groundwater condition that is being controlled by the geology of the problem area. Close observations of figures
I and 2 show that the problem area is underlain by schist at a low elevation. It has already been shown that this
schist was highly affected by fracturing and jointing that accompanied the intrusion of the older granites in the
Minna area. Its intense fracturing and jointing have allowed the percolation of rain water and has considerably
weakened the schist and led 1o its unsuitability as an underlying material, The performance of the subgrade of the

failed portion of the highway is thought to have been influenced by the resulting lowered bearing capacity of the
weathered schist. The studied rocks are composed of calcium

-rich feldspars and dark minerals that are easily
susceptible to high weathering (i.e., unstable).

Most of these rock components have weathered in to highly impermeable amorphous hydrous oxides and mostl

clay-sized plastic soils. Some of the minerals identified in the metamorphic rocks in the study area inclu

Y
de

the
perty has proved troublesome in engineering

hornblende, biotite, chlorite and sericite. Because the mafic minerals (most weatherable) are concentrated in
schist, they have become more susceptible to weathering. This pro
according to (Rahn, 1996).

The weathered rocks could have formed clay minerals most|

y kaolonite and montm orillonite, According to
(Okeke, 2008; Attewell and Farmer 1976),

the active clay mineral that is responsible for the swelling in expansivye
f secondary minerals (halloysite, illite and montmorillonite) is very
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1mportant from the engineering point of view (Gidigasu, 1974; Townsend ef al , 1969). The granular structure
(that makes the soils suitable for engineering purposes) in the study soils appears 10 have been lost upon working
the soils resulting in an increase in the clay-size content and plasticity. This has resulted in the soils having lower

strengths, high pore pressure, high swelling potentials and other undesirable properties.

5. Conclusion

The hydrogeologic conditions together with the poor drainage that have resulted to the lowered strength of the
subgrade could be responsible for the failed pavement. The significance of understanding the
geology/hydrogeology in selection, design, construction and wellbeing of highways therefore, should not be under
estimated.

The incessant failures of the portion of the road opposite the PW gate along Shango —Chanchaga dual carriageway
Minna is linked to the geology/hydrogeology of the area. This portion of the road is built on weak sub-grade
(jointed, fractured and weathered schist) that has lost its ability to carry load. The road is at a low elevated area
with an accumulation of groundwater seeping out. Majority of the seepages have become obstructed leading 1o
rise in water table under the highway due to increased groundwater storage. This results in the base course being
prone to fast disintegration. The schist has weathered to plastic clayey materials that absorb water, swells and
expands in the wet period and contracts during the dry period. This has led to longtime wetting of the base and
sub-base materials during the wet season. The provision of adequate sub-base drainage facilities will help

minimize in the subgrade

REFERENCES
Atterwel, P.B. and Farmer, 1.W. 1976. Principles of Engincering Geology, Chapman & Hall

Brain, V. 1983. Laboratory works in soil mechanics. Granada publishing limited.

British Standards (8S) 1377, 1990.Methods of testing soils for civil engineering purposes. British

Standards Institution, London.

-

Clare.K.E. and PJ. Beaven, 1962.0ils and other road making materials in Nigeria. Brit. Road Res. Lab. Tech.
Paper, No. 57.

Farquhar, O.C. 1980. Geologic processes affecting the stability of rock slopes along Massachusetts highways.Eng.
Geol. 16, 135-145.

Gandu, A.H., 5.B. Ojo and D.E Jakaiye, 1986. A gravity study of The Precambrian rocks in the
Malumfashi area of Kaduna state, Nigeria. Tectonophyics 126:181-194.

FUTMINNA 157 SPS BIENNIAL INTERNATIONAL CONFERENCE 2017 pg. 172

Scanned by CamScanner




Gidigasu, M.D. 1983 Development of acceptance specifications for Tropical Gravel paving materials. Eng. Geol
19, 213-240.

GIDIGASU, M.D. 1974.The degree of weathering in the identification of loterite materials for
engineering purposes.Eng. Geol 8. P. 213 - 266.

Obaje, N.G. 2003. Geology and Mineral Resources of Nigeria, Lecture notes in Earth Sciences 120, Dol
10.1007/978-3-540-92685-91, C_ Springer-Verlag Berlin Heidelberg 2009

Okeke, O. C. 2008. Distribution, characteristerization and improvement of expansive soils in parts of

southeasthern Nigeria for engineering construction. Unpublished ph.D thesis, department of

Geology, University of Nigeria, Nsukka, Nigeria.

Okogbue C.0. 1988. The impact of geology on the performance of a bituminous surfaced pavement - a

case study from South eastern Nigeria. Journal of African Earth Sciences 1988.

Okogbue, C.0. and K.O Uma. 1988: The impact of geology on the performance of a bituminous

surfaced pavement - a case study from southern Nigeria. Journal of African Earth Sci.,
Vol.7.No.1.pp.257-264.

Olayinka Al. 1992. Geophysical siting of boreholes in crystalline basement areas of Africa. J Afr
Rahn P.H. (1996): Engineering Geology: An Environmental Approach Earth Sci 14:197-207

Russan, K. and J.D. Croney, 1961 .Effect of climatic factors on subgrade conditions.Geotech. London 11 (1), 22.28.

Townsend, F.C, Manke, G.P. and Parcher, J.V. (1969): Effects of remolding on the  properties of
laterite soils. Highway Res. Rec., 284pp 76-84

Tanner, J.5.1963. A review of the methods of pavement design used in overseas territories and the performance
of roads constructed by the various design method. Proc. Reg. Gonf. Africa soilMech. Found. Eng., 3",
Salibury, vol.1,pp. 93-100.

Weinert, H.H. 1960. Engineering petrology for roads in South Africa. Eng. Geol. Handbook (edited by Woods,
K.B.), pp.25.1-25, 52., McGraw-Hill, New York.

FUTMINNA 1°T SPS BIENNIAL INTERNATIONAL CONFERENCE 2017 pg. 173

Scanned by CamScanner



