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ABSTRACT. Cone penetration test (CPT) is a reliable technique
for measuring subsurface soil properties. In most CPT
measurements the mobilized cone tip resistance is representative
of the formation conditions. A Semi-empiricall method of
interpretation of such data is presented. The method was
developed from a theoretical concept. Angle of internal friction,
cohesion and ultimate bearing capacity of soils can be directly
obtained from observed tip resistance. The results of the
interpretations are in good agreement with observed conditions.
The method is particularly suitable in cases where the accuracy of
the measured skin friction isin doubt.

1. Introduction

Cone penetration testing is a method of determining the in-situ mechanical
properties of soils. The test method has gained wide preference over the years
because of its rapid procedure, relatively cheap operational cost and continuous
profile reproduction of results. Following the standardization of test
procedure and improvement on the method of data interpretation'®*¥, its
reliability is found to be excellent®.

Mechanical cone, Electric cone, and Piezocone are the devices commonly

used in cone penetration testing. The mechanical type isleast efficient and least
sensitive to changes in soil conditions. Generally, test results are generated as
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cone resistance, q. skin friction, g5 and pore pressure, u (for piezocone only)
that are functions of depth of penetratlon h. The interpretation of the field data
to establish the mechanica properties of a soil involves a combination of two
or more types of data. Thus the accuracy of the input data controls the
reliability of the final results.

When a mechanical cone device is used, especialy in clay deposits, the
value of g is not as reliable as /. Biddlé”! has shown that, in general, g is
not as repeatable as .. Therefore results obtained with g, only may be more
reliable. In this report semi-empirical criteria for the interpretation of
CPT/CPTU data from observed cone resistance (d) is presented. The criteria
followed an origina work!®® and field experience.

2. Theoretical Background.

Functional expressions for the theoretical cone resstance *q, and theoreticel skin
friction, * o wereestablished™, as

. =2.26(c SeCar + (9 +n y(1+sing)e” tan¢’iinqj)(tanoztan(zﬁ+1)
+2&£asn¢0hl+sn¢+2 1+sing,, .
1-sing 1-sing

1+sing Lo 1+sing

* (. =2.26(c+2s .. (2
Os (c+ Sln¢(7hl_s|.n¢ . S|n¢)) @
where, *g. = g+ 113wy .. (3)
*Og =g+ 113wy, .. (4

Also ¢ = soil cohesion, o« = semi-apex angle of cone, h = depth of
penetration, y = unit weight of soil, ¢ = angle of internal friction, w =net
weight of the penetrometer. If the penetrometer factor is represented by E, then,

E =113w, ..(5)

Wy = (yp-ya) L ... (6)
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Where v, = specific weight of the penetrometer (= 79 KN/m®), L =
limiting depth of penetration (= 139B) beyond which L remains constant, B =
diameter of the penetrometer and y, = an assumed average unit weight of the
particular soil under consideration .

Equations (1) and (2) were programmed, solved and calibrated with field
data to obtain the model chart presented in fig. 1 (*q versus*qg), fig.2 (o,
I *qc versus ¢), and fig. 3 ( *q. / *qg versus ¢ ), where o, = ultimate bearing
capacity of pile foundation and *qg. /*qg = I*¢; = theoretical friction ratio .
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Fig. 1: A modd chart for the interpretation of penetration resistance in soils.
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From observed g, dq and u (where applicable), *q. and *qgg can be determined
from equations (6), (5), (4) and (3) in succession. By interpolationin fig. 1 the
soil type, consistency, ¢ and ¢ can be obtained. If the angle of friction ¢, is
known the ultimate bearing capacity o, can then be obtained from fig. 2.

3. Semi-Empirical Criteria

In order to develop semi-empirical criteria for the purpose of simplicity,
over 240 CPT data points from the Niger Delta area of Nigeria were studied,
analyzed and interpreted with the model charts (fig.1, 2 and 3). The data were
generated from sites at Eleme, Port Harcourt, New Finima and Etelebou in
Rivers state Nigeria using a 20 KN mechanical cone penetrometer of the
following specifications: cone diameter = 35.7mm, surface area = 10 cm?, apex
angle = 60°, length of mantle extension above cone = 110 mm, and thickness
of cone base = 5mm. Boreholes were drilled at adjacent points to establish soil
profiles.

The average g, and qq for each depth was obtained by matching
similar data at the same depth range. From the arrays of data available 20
value points were established. The data were converted to their theoretical
equivalents *q. and *gg using equations (3) and (4), respectively. With these
corrected data, values of ¢ and ¢ were determined from fig. 1. Theresults are
presented in Table 1. Then from known ¢ and *q, the corresponding values of
o, Were obtained following fig. 2. The results are shown in Table 1. It was
observed that similar ¢ values were obtained when fig. 3 was used in the
interpretation. Generally, Table 1 displays the relationship between the results
obtained with the theoretical charts, and the corresponding average field values
of coneresistance, q.. Fromthetable, figs. 4 and 5, were prepared.

Geologically, the Niger Delta area represents a quarternary deposit. It
comprises shell sands of beach ridge origin intercalated with interdunes and
lagoonal mud, dark silty sands and black organic mud at the coastal margin.
They extend to thick alluvial sands within the broad valleys of rivers, creeks,
and lagoons and lateritic sandy clay at some depths. The subareal deposits
consist of coarse layered sands, silts and clays deposited in the river channels,
point bars, backswamps and |levees.
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Table 1 : Summary of soil properties obtained fromfig. 1, 2, & 3.

Depth Average q_ o c ou
(m) MN/m? Degrees| KN/m’ MN/m?
1 1.475 23.30 13.33 0.431
1.925 30.00 10.00 0.556
3 2.503 26.25 11.88 0.751
4 2.600 23.26 12.37 0.304
3 2.750 23.46 13.27 0.865
6 3.650 23.89 13.06 1117
7 4.105 27.86 11.07 1.224
8 5.790 31.47 8.33 1.655
9 5.800 32.19 7.81 1.658
10 5.650 33.04 6.96 1.545
1 ‘8.250 36.04 3.95 2.276
12 7.250 35.42 4.50 2.011
i3 7.083 35.33 4.67 1.906
14 7.417 35.76 424 2.049
15 9.028 38.18 1.82 2.474
16 9.861 38.09 1.91 2,672
17 11.500 39.79 0.21 3.090
18 9.778 38.56 1.44 2.641
19 10.417 39.56 0.44 2.808
20 10.056 38.56 1.44 2.725

(Source: Owuama 1994).

With the results obtained from the CPT interpretations some fundamental
relationships are established thus: g versus ¢ and c, fig.4: thisis a parabolic
curve from which the friction angle ¢ and cohesion ¢ can be determined from
observed cone resistance; G, Versus g, fig 5: thisis a linear relationship, and
the governing equation is such that

o, =0.12+0.26q, (7

The ultimate bearing capacity, o)) of the soil for pile foundation can
therefore be obtained directly from fig. 5 or egn. (7) when the observed cone
resistance is known. The equivalent bearing capacity for shallow foundation
(o,,9- following Vesic %, can be estimated from

Ous = oy (@ +sin¢d) ..(8)

us
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The relationships, fig. 4 and 5 represent the semi-empirical (SE) criteria
for the interpretation of cone resistance measurements.

4. Validation of Criteria

To assess the reliability of the proposed criteria average CPT data from
some sites (Bonny south, Etelebou, Zarama) in the Niger Delta region of
Nigeria were considered. Boreholes were sunk adjacent to the test holes. Data
from about 10 CPT locations spaced at 5m intervals were averaged for each
site. The average results are displayed in Table 2.

Table 2 : Soil types at Bonny south, Etelebou and Zarama following fig.1
(&) Average Cone Resistance, (b) Borehole log.

Depth in Bonny South Etelebou Zarama
meters (a) (b) (a) (b) (a) (b)
q, MN/m? BH log | g, MN/m’ | BH log| q MN/m’ | BH log
1 2.43 Top 3.33 Clayey 1.00
2 5.84 Soil 4.02 Sand 1.40
3 11.82 0.88 Silty 1.00 Clayey
+ 14.94 Silty 1.52 Clay 14.20
to
5 14.30 1.06 Silty 15.44
6 13.21 Sand 1.25 Sand 17.88
7 8.11 9.83 20.78
8 8.53 15.16 Fine 17.60
9 10.42 15.60 Sand 17.68 Sandy
10 8.42 12.37 18.86
11 7.20 Silty 10.85 20.72
Clay

12 10.27 8.08 19.12
13 13.68 11.03 Sand T10.607
14 14.78 Silty 11.10 and 17.04
15 15.52 Sand 8.20 gravel 18.40
16 15.90 11.41 22.28
17 18.70 12.43 22.08
18 7.50 11.43 19.60
19 2.25 Silty 15.20 14.28
20 5.00 Clay 18.33 29.06

The data were generally interpreted with the SE-criteria. Meyerhof ™, and
Roberston and Campanella*? criteria were employed to obtain ¢ values. Also,
observed laboratory and standard penetration test (SPT) results were
considered.
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Meyerhof ¥ and Vesic™ criteria were used to determine the equivalent
values of, 6, The overall results are compared in figs 6,7, and 8 for all the
sites.

From fig. 6, ¢ (SE) overestimates ¢ (Meyerhof) but underestimates ¢
. (Robertson and campanella), at depths shallower than 16m in all the sites
investigated. On the average ¢.(SE) = 40.2° , ¢. (Meyerhof) = 38.3° ¢
. (Robertson and campanella) = 41.4°, and ¢ (SPT) = 34.5°.
Fig. 7 isadisplay of ¢ (SE). There are no corresponding results from any
other criterion.

From fig 8, it is apparent that o, (Vesic) is a the low side and o,
(Meyerhof) is at the high side when compared with o, (SE). Generally o (SE)
= 3.82 MN/?, o, (Meyerhof) = 7.02 MN/m? and o, (Vesic) = 1.05 MN/m?.
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5. Conclusion

The proposed SE criteria, fig. 4 and fig.5, can be used to interpret CPT data
using the cone resistance (. as the only input variable. This method is
significant especially in a case where the accuracy of the skin friction ggisin
doubt. The measured ¢, can be corrected for pore pressure(u) to Oct, €AN. 9
and then used in the chart. However, itsvalidity is a subject of verification.

et = O + U(1-9) ... (9)

where a= effective arearatio of cone.

It shall be noted that Fig. 3 was prepared from data obtained with
mechanical cone device although, fundamentally, the figure was based on a
theoretical concept. Measurements with electric cone devices generate more
reliable data. It is envisaged that good results would be obtained if an electric
cone data are interpreted with fig. 3. However, the level of accuracy of the
result therefrom is a subject of further research.

6. Limitations

The applicability of SE-criteria may be valid for deposits with similar
dispositions as the Niger Delta region of Nigeria. Its adaptability to other
geologic environments is a subject of further investigation.
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