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Port Harcourt city and
Obio/Akpor, Rivers State,
Nigeria

Udom GJ, John PN

ABSTRACT

The study was carried out with the objectives of determining the stratification,
geotechnical index properties of the soils in part of Port Harcourt city and
Obio/Akpor local Government Area, Rivers state. Field Exploration and
laboratory studies of soils samples were obtained from 0-20.25m deep.
Subsurface soil profiles were delineated followed by determination of their
index and mechanical properties, including Atterberg limits, particle sizes
distribution, undrained shear strength, shear box test and consolidation
coefficient. Results reveal overlying light brown sandy clay, soft to firm
consistency, clay thickness vary from 9.0 to 13.5m. Beneath this overburden lie
yellowish brown to light grey fine to medium to coarse grained sand, loose to
medium dense to dense consistency and poorly graded sand, thickness vary
from 6.75 to 11.25m. The clays show low to intermediate clay plasticity (CL-
CI). The shear strength parameters of these c- soils gave values range of 40-
60KN/m?2. Allowable bearing capacities for the shallow foundation and bored
pile foundation analysis was also carried out for the soil profiles with
diameter 306, 406, 460 and 600mm for the deep foundation for various study

areas were calculated.

Keyword: Geotechnical index properties, Stratification, Allowable bearing
capacities, pile foundation, Port Harcourt city and Obio/Akpor

1. INTRODUCTION

Foundation is the lower hidden part of the structure, which carry large
amount of load from the superstructure and distribute it to the soil. The
foundation should be sound enough to carry the load of the superstructure.
The reason for most collapse building is ascribed to poor quality building
material, while thus may be true, less attention is paid on the sub-surface soil
condition that bears the foundation (Rowland-Lato and Youdeowei, 2019).
The need for accurate information and adequate understanding of the

geotechnical properties of the foundation of sub-soil cannot be over
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emphasized. Geotechnical information is useful in ensuring that the effect of projects on the environment and natural resource are
properly evaluated and mitigated where necessary (Nwankwoala et al., 2009). It is on this basis that this study was undertaken to
ascertain the engineering characteristic of the sub-soil.

Description of Study Area/Geology

The study area (Figure 1) is located within Port Harcourt city and Obio/Akpor local Government area of Rivers state, Nigeria. It lies
within a sub-horizontal geomorphologic train with a measure of undulations among from uneven surface area erosion. Ground
elevation range between 5 to 15 meters above mean sea level. The geology of the Niger delta is obtained from the works of several

writers. There are drainage problems with seasonal and temporary flooding due to heavy rainfall and rise in ground water table at
okilton drive NTA /Mgbuoba road, Obio/Akpor local government area.
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Figure 1 Map of the study area in Rivers state

Study Location Coordinate

The study locations coordinate for the various boring as in (Table 1).
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Table 1 Showing the Coordinates of the studied locations in Rivers state

Location | Northing Easting

BH1 04981'48.43” | 006°98'43.536”
BH2 04°84'39.718” | 006°98'26.0118”
BH3 04°46'63.4° 006°58'49.451”

2. METHODOLOGY

Field Exploration/Laboratory analysis
Subsurface data from three (3) locations: Comprising of one from Andoni junction, Port Harcourt city and one (1) each from Okilton
drive NTA/Mgbuoba road and formal school of nursing all within Obio/Akpor local government area, Rivers state. The study area
was studied through ground borings to depths of 20.25m each using a light cable percussion boring rig. Both disturbed and
undisturbed soil samples were collected for visual examination, laboratory testing and classification. Also, standard penetration
tests (SPT) was carried out to determine the penetration resistance of cohesionless strata at specific depths within the boreholes as
the boring progresses.

Series of classification and mechanical property tests were conducted on representative soil samples. They include Atterberg
limit tests, particle size analysis test, natural moisture content test, unit weight test, unconsolidated undrained triaxial test and

consolidation test etc. All the tests followed standard procedures of testing soils for civil engineering purpose.

Bearing capacity analysis for shallow foundation

The ultimate bearing capacity, Qu, for shallow square footing on cohesive soils encountered at the study area using Terzaghi, (1943)
equation as modified for shape factor is given below as:

Qu=0.867cNc +y.DtNq + 0.4 y.B.Ny 1)
Where:

Qu= Ultimate bearing capacity

C = Soil cohesion at the studied depth

Dt = Depth of foundation

B = Foundation width

L = Length of foundation footing

v = Unit weight of soil at the depth

NC, Ny, Nq = Bearing Capacity factors

Bearing capacity analysis for deep foundation
The pile bearing capacity, Qu of bored piles is determined by the equation below derived from American Petroleum Institute API
(1998).

Qu=Q+Q 6)
Qu =fs.As. + fo.Ab 3)
Qu =0V Ks.tan@.As + dvw'Nq.Av (For sand layers) (4)
Qu = a.¢u.As + CuNe.Ab (For clay layer) 5)
Where:

Qu = Ultimate axial pile capacity

Qs = Ultimate shaft resistance

Qb = Ultimate base resistance

fs = Unit shaft resistance

fo = Unit base resistance

Ov = Average effective overburden pressure over soil layer
Ks = Coefficient of lateral earth pressure against shaft wall
o = Pile wall adhesion factor

¢u = Average undrained shear strength of the clay over the pile penetration depth considered
dw’ = Effective overburden pressure at the pile base

Cu = Undrained shear strength of the clay at the pile base
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Ab = Cross-sectional area of pile base
Nc¢, Nq = Bearing capacity factors
As = Exposed area of pile shaft in the soil layer

0 = Effective interaction angle between pile wall and the soil (J*75)

Settlement of the upper clay layer

Immediate settlement

Immediate foundation settlement of the different soil was calculated from the expression of Tomlinson, (2001)
Si= Z Apd) (©)
Where

S; = Immediate settlement

B = Breadth of foundation

qn= Net foundation pressure

E = Modulus elasticity

u = Poisson ratio

Ip = Influence factor

It = Influence factor is used.

E/cu =400

Consolidation Settlement on Upper Clay Layer
Consolidation settlement (oc) in the cohesive layer was computed based on the foundation breadth (B) subjected to a bearing
pressure of the soil. The induced vertical stress (Ao) at the centre of the consolidating was used in computing oc. The settlement

value was computed from the expression given by Skempton and Bjerrum, (1957) as follows:

QC = HgQoed @)
=mv Ao-H 8)
=mv 0.55qnH

Where

ug = Coefficient which depends on the type of clay
Qoed = Settlement as calculated from oedometer tests
mv = Coefficient of volume compressibility

qn=Net foundation pressure

H = Thickness of the considering layer (1.5B)

B = Breadth of foundation.

3. RESULTS AND DISCUSSION

Engineering Properties of the Soil
The geotechnical characteristics of the soil and the engineering attributes of the properties of the soil were determined from the

laboratory and field work. The relevant index and engineering parameter of the soil are in (Table 2).

Table 2 Geotechnical Index Properties of Sandy clay in Port Harcourt city and Obio/Akpor

Locations BH1 BH2 BH3

Parameter Min | Max | Avg. | Min | Max | Avg. | Min | Max | Avg.
Wn % 196 | 250 |22 228 | 254 |240 |207 |228 |218
LL % 320 |37.0 |34 47 50 49 38 41 40
PL % 190 | 230 |21 26 29 28 23 23 23
PI % 140 | 150 |15 21 22 22 15 18 17
USCS CL CI CI CI CI CI

Cu (KN/m?) 40 60 50 40 50 45 40 47 44
(?) 4 7 6 3 4 4 3 5 4
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Unit Weight (KN/m% | 20.1 | 205 |203 |189 | 198 | 194 |201 |206 | 203
Cv (m?/yr) 5235 | 52.35 | 524 | 424 | 424 | 424 | 347 |347 | 347
Mv (m?MN) 021 (021 |021 |023 |023 |023 |020 |030 |0.30

Table 3.0: Geotechnical Index Properties of Sandy soil in Port Harcourt City and

Obio/Akpor

LOCATIONS BH1 BH2 BH3
Parameter Min  Max Avg. Min Max Avg. Min  Max Avg.
dio (Mm) 020 0.23 0.22 020 0.23 0.17 0.22 032 027
d3o (Mm) 0.26 0.33 0.30 0.27 0.30 0.29 0.31 044 038
dgo (Mm) 0.34 050 0.42 0.36 0.44 0.40 0.46 059 053
C, = Z% 1.7 22 19 18 19 19 18 21 1.9
C. :‘110(1);;30 09 10 095 09 10 095 09 10 0.95
Unit weight KN/m3 196 202 199 185 208 19.7 204 209 207

Dry Unit weight KN/m*  16.8 17.5 17.2 16.0 175 16.8 176 178 177

MC % 16.6 185 17.6 152 187 170 163 174 169
2 29 33 31 30 30 30 30 31 31
N value 7 45 26 18 33 26 15 19 17

Table 4 Bearing Capacity Values KN/m?for Square Foundation for School of Nursing Rumueme

Foundation | Ultimate Bearing | Allowable Bearing
Depth (m) Capacity Capacity

1.0 218 73

2.0 218 73

3.0 302 101

Table 5 Total Settlement (mm) for Square Foundation: School of Nursing, Rumueme- BH1

Foundation Depth (m) | B=1.0 | B=2.0 | B=3.0
1.0 16 32 47
2.0 16 32 47
3.0 20 40 59

Table 6 Bearing Resistance Values KN/m? for Square Foundation: Okilton Drive junction. NTA-Rumuokwuta BH2

Foundation | Ultimate Bearing | Allowable
Depth (m) Capacity Bearing Capacity
1.0 207 69

2.0 216 72

3.0 275 92

Table 7 Total Settlement (mm) for Square Foundation: Okilton drive junction NTA-Rumuokwuta- BH2

Foundation Depth | B=1.0 | B=2.0 | B=3.0
1.0 16 32 48
2.0 16 33 49
3.0 20 41 61
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Table 8 Bearing Capacity Values KN/m?for Square Foundation: Adoni Junction, Eagle Island

Foundation Depth | Ultimate Bearing Capacity | Allowable Bearing Capacity
1.0 242 81
2.0 262 87
3.0 263 88

Table 9 Total Settlement (mm) for Square Foundation: Andoni Junction, Eagle Island- BH3

Table 10 Showing the Ultimate Pile Capacity and Pile safe Working Load and Depth for School of Nursing, Rumueme BH 1

Table 11 Showing the various Ultimate Pile capacity and Pile safe Working Load and Depth for Okilton Drive junction. NTA-
Rumuokwuta BH 2

Table 12 Showing the various Ultimate Pile bearing capacities and Pile safe Working Load and Depth for Andoni Junction, Eagle

Island BH 3

Discussion

Foundation Depth (m) | B=1.0 | B=20 | B=3.0
1.0 18 46 69
2.0 25 49 74
3.0 48 49 74

Pile Foundation

Diameter (m)

Pile Compressive Resistance (KN)

Depth (mm) 306 | 306 | 360 | 360 | 406 | 406 | 600 | 600
10 428 | 171 | 534 | 214 | 631 253 | 1116 | 446
15 475 | 190 | 587 | 235 | 688 | 275 | 1183 | 473
20 966 | 386 | 1236 | 494 | 1490 | 596 | 2797 | 1119

Pile Diameter (m)

Foundation | Pile Compressive Resistance (KN)

Depth (mm) | 306 | 306 | 360 360 | 406 | 406 | 600 | 600
10 302 | 121 | 416 166 | 473 | 189 | 723 | 290
15 557 | 223 | 689 276 | 809 | 323 | 1394 | 557
20 913 | 365 | 1162 | 465 | 1397 | 559 | 2598 | 1039

Pile Diameter (m)

Foundation Pile Compressive Resistance (KN)

Depth (mm) | 306 | 306 | 360 360 | 406 406 | 600 600
10 245 | 98 292 117 | 334 133 | 518 207
15 645 | 258 | 804 321 | 950 380 | 1796 | 718
20 927 | 371 | 1159 | 464 | 1372 | 549 | 2580 | 1032

Soil Classification/Stratification

This is obtained from the boring data and laboratory tests. Classification tests revealed the plastic soils as generally consisting of
soft to firm to stiff, light brown, sandy CLAY of low to intermediate plasticity, underlain by loose to dense, fine to medium to coarse
grained SAND for BH1, soft to firm to firm, light brown, sandy CLAY of intermediate plasticity, underlain by medium dense to
dense, fine to medium to coarse grained SAND for BH2 and firm to soft to firm, light brown, sandy CLAY of intermediate
plasticity, underlain by medium dense, fine to medium to coarse grained SAND for BH3 as in (Figure 2). Underneath the sandy clay

is a continuous layer of relatively clean sand which is poorly graded in all the study area as on (Table 3) (Figure 3).
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CROSS-SECTION AND STRATIGRAPHIC OF BOREHOLES IN PORT HARCOURT & OBIO/AKPOR
NTA-
RUMUEME RUMUOKWUTA  EAGLE ISLAND

Depth(m)

Figure 2 Cross section and Stratigraphic of the study Areas
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Figure 3 Particle Size Distribution of the study Areas

Bearing capacity

Both shallow square footing and deep pile foundation analysis for bored pile have been carried out for the study area within Port
Harcourt city and Obio/Akpor. From the shallow foundation analysis, the allowable bearing capacities of the square footing with
width of 1.0 to 3.0m and depth of 1.0 to 3.0m for the various study areas within Port Harcourt city and Obio/Akpor are as follow:
For BH1 reveals allowable bearing capacity as in (Table 5) ranges from 73 to 101KN/m? with total settlement range of 16 to 59mm.
For BH2 reveals allowable bearing capacity as in (Table 6) ranges from 69 to 92 KN/m? with total settlement values range of 16 to
6lmm as in (Table 7) and for BH3 reveals allowable bearing capacity as in (Table 8) ranges from 81 to 88 KN/m? with total
settlement of 18 to 74mm as in (Table 9).

Where the foundation footings are too close to each other in the various study area, the option of a raft foundation may be
considered. The shallow foundation is guided by the allowable maximum settlement suggested by Skempton and Macdonald for
isolated foundation 65mm, 65-100mm for raft on clay. Pile foundation analysis was determined for the soil profile that was
encountered on the study areas. Bored piles of diameters of 306,360,406 and 600mm within depth of 10, 15 and 20m were designed.
Safe pile load capacity for the various study areas are in (Table 10 to 12). The calculated safe load capacity of piles should be used

where the bearing capacity is not adequate for the proposed structure or high-rise building is to be built.
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Figure 4 Typical Chart for the Safe Load Capacity of Pile for BH2

4. CONCLUSION

The following conclusion can be drawn from the study areas in Port Harcourt city and Obio/Akpor local government area.

The field investigation revealed that the study area comprise of two distinct soil layers soil types namely sandy CLAY and sand and

there thickness vary from one study area to another.

The sub-soil in the study areas show low to immediate plasticity (CL-CI)

The shear strength of study areas ranges from firm to soft to firm

Evaluated bearing capacity values for (B) width equal 3.0m for Andoni junction Eagle Island did not satisfy the maximum allowable

settlement for pad footing foundation.
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