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A Study on the Undrained Characteristics of
Highly plastic soils I: Relations of Properties
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Abstract The relations of the various undrained geotechnical properties were, in depth, investigated for highly
plastic soils using the numerous experimental testing results. The sensitivity is proportional to void ratio and
OCR but inversely proportional to effective unit weight. The difference in Su(Un), Su(UU), and Su(FV) tends to
increase or decrease with such sensitivity, void ratio, and OCR. The possibility of deducting the empirical
equations denoting the correlations of various properties and the indicator for selecting appropriate testing
method could be confirmed.
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1. Introduction 2. Characteristics with depth
The safety and designing analyses in all geotechnical The experimental results used in this study are the data
problems, with all engineering properties of soils, are obtained from the various testings, which have been
grouped into two concepts: undrained or drained conducted for the highly plastic soils at the offshore site

conditions[1,2,3]. The properties might have totally in Gadeokdo, Busan[5]. The main geotechnical properties
different values under undrained and drained conditions. with depth are shown in Fig. 1 (a) to (h), where, Un, UU,
This tendency is likely to be large for the highly plastic FV respectively indicate the unconfined, unconsolidated
soil[4,5]. and undrained triaxial, and field vane tests.

In this study, the relations of various geotechnical
properties of highly plastic soils were, in detail,
investigated using the numerous laboratory and field

testing results.
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[Fig. 1] Variations of geotechnical properties with depth
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Most of the soil is regarded as normally consolidated,
very soft and highly plastic silty clay(CH in USCS)
considering the water content over the liquid limit, the
activity near 0.8, the OCR near unity, the sensitivity over
4, and the undrained strength and undrained elastic

modulus increasing with depth.

3. Relations of general properties

The plastic index PI and the sensitivity St are specially
important for highly plastic soils. Fig. 2 (a) to (d) present

the relations between PI and other properties.
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[Fig. 2] Variations of properties with PI

The observation that PI is in nearly direct proportion
to Ac and void ratio results in that the fines of the soil
consist of mainly clay and some silt, and vice versa. The
PI does not show any special relation to the effective unit
ratio OCR. The
sensitivity relations to other properties are presented in
Fig. 3 (a) through (d).
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[Fig. 3] Variations of properties with St

It is observed that the sensitivity shows a tendency to
increase in the increase of the void ratio and the OCR, on
the contrary, decrease with the increase of effective unit
weight. This indicates that the sensitivity could be an
estimation of other

important indicator for the

geotechnical properties and the state of the soil.

4. Discussions of Undrained Strength

The undreained strength Su is one of the most
important properties for both practical work and research.
The three kinds(Un, UU, FV) of undrained strengths with
depth are described in Fig.1 (g). The Su values are
compared with each other in Fig. 4. The Su variation with

the effective vertical stress is presented in Fig. 5.

0.5
{]
[ ]
04 L Y ¢
o 3' b
£ o o & 0
o [ ]
< 03 -
< * 5 * .
Z o2 *
=) [}
2 %
g ot
eUU #FV
0.0

00 01 02 03 04 05
Su (Un) (kg/cm?)

[Fig. 4] Undrained strengths from various tests

Both Su(UU) and Su(FV) are in general larger than the
Su(Un) but are still within the reasonable range. This is
since the confining stress is not applied in Un test other
than in UU and FV tests. On the other hand, the Su(UU)
is greater than the Su(FV). It is thought that the
confining stress in UU test might be larger than that in
field. The details on the effect of confining stress needs

further research.
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[Fig. 5] Effective vertical stress and undrained strengths

In Fig. 5, the undreained strength is proportional to the
effective vertical stress, which may be natural since the
soil looks in the typical range of normally consolidation
as shown in Fig. 1 (e) and (g). Fig. 6 (a) to (h) describe
the difference in Su(Un), Su(UU), Su(FV) with various
properties. The water content showed no tendency to
difference in Su so was excluded in Fig. 6. UU/Un
designates Su(UU) divided by Su(Un).
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The relatively small difference in Su might be
appreciated near PI 45%, effective vertical stress 1.3
kg/cm’, Eu 25 to 40, and in less values than Ac 0.6. The
difference in Su, to some degree, tends to decrease with
the increase of sensitivity and void ratio but shows the

opposite tendency to OCR.

5. Conclusions

In this study, the investigations of the relations of the
undrained geotechnical properties for highly plastic soils
in Gadeokdo, Busan, specially the undrained strengths
from various testings, were made using the numerous
experimental results. The following conclusions could be

formed.

® The difference in Su obtained from Un(unconfined),
triaxia(UU)1,  field

vane(FV) testings is likely to tend to increase or

unconsolidated and undrained
decrease with such soil properties as sensitivity, void
ratio, and OCR.

® The sensitivity has a tendency to be proportional to
void ratio and the OCR, on the contrary, inversely

proportional to effective unit weight.

® [t might be possible that the empirical equations, which
denote the correlations of various properties, and a kind
of indicator in selecting the appropriate testing method
could be deducted.
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