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Abstract

' Seismic refraction field method was carried out in five communities in Afikpo located between
latitudes 5°52'N and 5°57'N and longitudes 7°52'E and 7°58'E using a 3 channel digital type
signal enhancement seismograph to determine the strength of foundation materials. Results from
the 10 sites investigated show that seismic waves from the hammer source penetrated only the
first three layers of the earth. Average thickness of 3.6m (probably sandy clay) and 11.8m
(probably gravelly sand) was obtained for the first and second layers respectively. The first and
second layers have average Poisson ratio (v) of 0.16 and 0.28, average shear modulus (1) of
3.54x 10° and 33.74 x 10°N/m’, average bulk modulus (k) of 0.72 x 10° and 15.04 x 10°N/nt’,

average young modulus (E) of 0.82 x 10° and 9.54x 10°N/m’ and average lames constant (\) of
2.52x 10° and 29.26 x 10°N/n’ respectively. These results show that soils in the area are thick,

rigid and well consolidated. The soils can withstand stress and as such are suitable for

engineering construction work..
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1.0  Introduction

The behaviour of seismic waves travelling in
rocks has been a subject of extensive
theoretical and experimental investigation
since the beginning of the eighteenth century
(Mesfin and Moon, 1984). Such researches
have yielded results whose workability in
most cases is still being tested. Useful relation
usually used for describing and characterising
the elastic nature of the earth is the stress-
strain relation. These relations are well
documented in relevant literature (Kearey and
Brooks, 1991; Dobrin and Savit, 1988;
Ostrander, 1984; Griffiths and King, 1981;
Domenico, 1977 and Telford et al., 1976).

In the building/construction industry, elastic
behaviour of rocks and their characteristics
have been extensively used to test the bearing
strength of foundation materials prior to

construction work (Okwueze, 1991 and
Okwueze, 1988). Presence of lateral and
vertical inhomogeneities in the earth makes it
impossible for results to be valid outside the
study area. This study is a pioneering one
directed towards eliciting the strength of
foundation materials in some communities in
Afikpo, Ebonyi State of Nigeria. Findings will
be useful to both private and government
agencies involved in building/construction
work.

Elastic parameters employed in assessing the
strength of foundation materials in this study
are bulk modulus (k), shear modulus (n),
Poisson ratio (v), young modulus (E) and lame
constant (A). Their relationship with
measurable parameters (p wave velocity, s
wave velocity and rock density) is well
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documented in relevant literature (Dobrin and
Savit, 1988; Ostrander, 1984; Griffiths and
King, 1981 and Telford etal., 1976).

2.0 ABrief Geology and Geomorphology
of Afikpo

Afikpo lies between latitudes 5°52' and 5°57'N
and longitudes 7°52' and 7°58'E with a total
surface area of about 50km” (Fig. 1). The entire
area that lies south of the Benue Trough has
three major geologic units the Albain Asu
River Group (Lower Cretaceous), the
Turonian Eze Aku Formation and the Nkporo
Shale. Each of these geologic units outcrops on
the surface and can be seen as one moves from
eastto west along the study area.
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Fig. 1: Map of Nigeria showing location of study
and seismic lines

The Albian Asu River Group comprises an
uneven mixture of shales, sandstones,
limestones and siltstones in some places. The
sediments were deposited during the opening
up of the Atlantic and the consequent
separation of Africa and South America
continents (Murat, 1970,

Nwachukwu, 1972). At the southern end, the
sediments were later folded along northeast-
southwest direction forming the Abakiliki
Aanticlinorium (Murat, 1970).

The Eze Aku Formation is Turonian in age and
it consists basically of flaggy, dark grey
calcareous and non-calcareous shales,

siltstones, sandstones sandy and shaly
limestones and mudstones with frequent facie
changes (Peters and Ekweozor, 1982 and
Kogbe, 1976). Faults and igneous intrusion
are common structural features in this unit.

The Nkporo Shale is the youngest unit of the
cretaceous sequence and is Campanian
Mastrichtian in age. Fissile dark-gray to black
carbonaceous shale interbeded with thin
ironstone beds and intercalated with
sandstones, marls and gypsum are the major
components of this formation (Murat, 1970).
It directly underlies the Turonian Eze Aku
Formation uncomformably.

3.0 Field Methodology

The survey was done between September,
2000 and December, 2001 and it involves
establishing stations in each of the five major
communities in Afikpo (Fig. 1). The five
communities are Itim, Ozizza, Ohiasu,
Ugwuegu and Nkpogoro. A total of ten sites
were studied.

A portable 3-channel signal enhancement
seismograph (MOD 579) which has a thermal
printer DPU 411 type Il was used in measuring
the arrival times of the signals. The refracted
signals were detected by low frequency
(10Hz) s and p geophones for s and p waves
respectively.

Two traverses were surveyed in each of the
five communities. No specific order was
maintained in orienting a traverse but in all,
four traverses were directed north-south, four
in east-west and two in northeast-southwest
directions. Each traverse was atleast 50m long
with a geophone spacing of 5m. Inter station
spacing varied from 800m to 1000m.

Some of the traverses were cleared for good
visibility and cable security. The traverses
were sited at locations that are free from road
traffic noise and other sources of seismic
noise.

The waves were mechanically generated.

The p waves were generated by hitting a
sledge-hammer perpendicular to a steel plate
that is firmly coupled to the ground at about
S5cm from the surface. The s waves were
generated by hitting the same sledge-hammer
horizontally on the same steel plate equally
coupled firmly to the ground.
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Reverse profiles were undertaken to
determine dipping angles and for better data
interpretation.

4.0 Data Analysis, Results and

Discussion
The field data that comprises travel times and
offsets were tabulated and graphs of travel
times T against offset X plotted for each data
points. Each data point is made up of p and s
wave travel times (forward and reverse) and
offsets (forward and reverse). They were all
manually plotted on the same axes. A typical
T Xplot forthe areais shown in Fig. 2.
Inverses of the slopes of all the linear portions
of'the qraphs were calculated. Pand S waves
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Fig.2:A typical T-X plot from the
area
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Table 1: Summary of results and probable lithologic

lithologic deductions made. Table 1 shows a
summary of all the results obtained and
probable lithologic deductions made.
velocities were inferred for both reverse and
forward profiles. The velocities were
determined and probable

Elastic parameters shear modulus, bulk
modulus, poisson ratio, young modulus and
lame constant were calculated. These
calculations were done using average value of
density of sedimentary rock thatis 2,670kg/m’
(Gibbs, 1997). Table 2 gives a summary of all
the results obtained.

The results show that shear modulus of the first
layer at all the sites ranges from a minimum of
0.70x10° N/m’ obtained at Nkpogoro
community to a maximum of 7.00x10° N/m’
obtained at Ozziza and Ugwuegu communities
with an average of 3.54x10°N/m’. The second
layer has a minimum shear modulus of
5.40x10°N/m* at Itim community and a
maximum of 87.00x10°N/m’ at Ugwuegu
community. The overall average is 33.74x10°
N/m’.

Bulk modulus of the first layer is minimum at
Nkpogoro and Ohaisu communities (k =
0.20x10°N/m*) and maximum at Ozziza
community (k =2.00x10’N/m?) with a mean of
0.72x10°N/m’. The second layer has a
minimum bulk modulus value of
1.20x10°N/m* at Jtim community and a
maximum of 45.00x10°N/m” at Ozziza
community with an overall mean of
15.04x10°N/m”.
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Young modulus of the firstlayer is minimum at
Iltim and Nkpogoro communities (E =
0.30x10°N/m”) and maximum at Ozziza
community (E=2.00x10°N/m®) with a mean of
0.82x x10°N/m’. The second layer has a
minimum of 1.40x10°N/m’ obtained at [tim
community and a maximum of 25.00x10°N/m’
obtained at Ugwuegu community with a mean
of 9.54x10°N/m”,

The first layer has minimum value of lame
constant at Ozizza and Ugwuegu community
() = -0.5x10°N/m’) and a maximum of
9.0x10°N/m’ at Ohiasu community with a
mean of 2.52x10°N/m’. A minimum value of
1.40x10°N/m’ was obtained for the second
layer at Itim and a maximum value of
88.00x10°N/m* was obtained at Ohiasu
community with an overall average of
29.26x10°N/m”.

Finally, poisson ratio for the first layer has a
minimum value of 0.10 at /tim community and
a maximum value of 0.23 at Ozziza
community with as mean of 0.16 while the

Table 2. Summary of elastic constants

second layer has a minimum of 0.17 obtained
at Ohaisu community and a maximum of 0.41
obtained at Ozziza community with a mean of
0.28.

Details of these results are shown in Table 2.
The results indicate that at all sites, a large
amount of force is needed before a unit area of
the soils/rocks in the study area can be
stressed. At all the sites investigated, E>k>u
which implies that the tangential force needed
to stress a unit area of soils/rocks in the area is
much larger than what is needed to compress it
(Okwueze, 1991). The high values of pointto
the fact that the rocks/soils in the area can not
be compressed easily. The values of the
poisson ratio for both layers penetrated show
that most of soils/rocks in the area are
consolidated rocks except at the second layer
of Ozziza community where it is poorly
consolidated. These results qualify the
soils/rocks in the area to be likely good
foundation materials. This fact is also
supported by the inverse relationship between
Vand ratio (Sheriff and Geldart, 1982).

Elastic constants of each layer
v
Community | pXI*(Nnf) | KXI08(Nm) | EXIONM) | AX10°(Nm?)
1 2 1 2 1 2 1 2 1 2
him 1.30 0540 | 030 |01.20 030 | 01.40 1.30 | 0140 | 010 | 019
Ozzza 7.00 60.00 | 200 |45.00 200 | 17.00 050 |3400 (023 | 041
Ohiasu 1.70 0670 | 020 | 220 050 | 0160 009 | 800 014 |017
Ugwuegu 7.00 8700 | 090 | 23.00 1.00 | 25.00 050 |21.00 | 013 |030
Nipogoro | 070 | 960 | 020 | 0380 | 030 | 0270 | 1.30 | 0190 [019 | 031
Average 354 3374 | 072 | 1504 082 | 0954 252 [ 2926 016 | 028
constant of 2.52x10” and 29.26x10°N/m” and
5.0  Conclusion poisson ratio of 0.16 and 0.28. Soils/rocks in

The first and second layers of the soils in
Afikpo have a mean shear modulus of
3.54x10" and 33.74x10°N/m’, bulk modulus
of 0.72x10° and 15.04x10°’N/m’, young
modulus of 0.82x10° and 9.54x10°N/m’, lame

the area require a large amount of force before
a unit area of it is stressed. The soils/rocks in
the area are not only rigid but also well
consolidated and so are suitable for
engineering construction work.
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