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The piezocone penetration test (PCPT) is particularly effective for the characterization of saturated clays as it allows
measurements of both strength and consolidation properties. While various PCPT-based methods have been developed,
most of them have focused on time-dependent consolidation characteristics, and no specific attention has been given to
the evaluation of compressibility-related parameters. In this paper, a methodology was proposed for the estimation of the
compression index using PCPT dissipation results. In order to reflect stress state and volume change during consolidation,
the time-stress-volume change relationship was analyzed and introduced into the investigation. Based on the concept of the
coupled time-stress-volume relationship, a correlation was proposed between the compression index and PCPT dissipation
results. PCPT and consolidation test results from 2 test sites near offshore areas were obtained and used to evaluate the
correlation parameter for the proposed method. Calculated results using the proposed method showed reasonable agreement
with measured results. Additional test sites from the literature were selected and adopted to verify the proposed method.

INTRODUCTION

Consolidation of saturated clays represents, in essence, the
dissipation of the excess pore pressure and consequent volume
change. While these occur simultaneously during consolidation,
the common approach in routine practice has treated them in dif-
ferent stages: estimation of time rate of consolidation; and calcu-
lation of consolidation settlement, following Terzaghi’s 1D con-
solidation theory (Terzaghi, 1943). Although several modifications
have been proposed (Mesri and Choi, 1985; Mesri, 2001; Abbasi
et al., 2006), analysis and design for consolidation problems in
current practice are still commonly based on Terzaghi’s 1D con-
solidation theory.

The compression index (Cc) is the key soil property that char-
acterizes the compressibility of normally consolidated (NC) clays,
and is essential for the calculation of consolidation settlement.
The Cc is in general obtained from a laboratory consolidation test
using doubled load increments to measure changes of void ratio
(e) according to log-scaled effective stress. In this procedure, the
process of undisturbed soil sampling is necessary, and the quality
of test results is largely affected by sample disturbances.

In-situ testing methods, such as the dilatometer (DMT) and
piezocone penetration tests (PCPT), are frequently used to ana-
lyze and evaluate the consolidation behavior of saturated clays.
The PCPT has been regarded particularly effective for the char-
acterization of saturated clays, including offshore clays, as it
allows measurements of both strength and consolidation prop-
erties. While various PCPT-based methods have been proposed,
most of them have focused on the mobilization and dissipation
of the excess pore pressure associated with the consolidation pro-
cess (Levadoux and Baligh, 1986; Teh and Houlsby, 1991; Burns
and Mayne, 2002). On the other hand, no specific attention has
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been given to the evaluation of compressibility-related parame-
ters such as the Cc . This is primarily because results from PCPT
dissipation tests represent a single stage of consolidation process,
and no volume change during the test is measured. As a result,
even if PCPT results are fully available, an additional experimen-
tal process of laboratory consolidation tests using undisturbed soil
samples is required for the estimation of compressibility and set-
tlement analysis. This would in turn reduce the effectiveness of
PCPT application as an in-situ soil exploration method.

In this study, a methodology is proposed for the estimation of
the Cc for normally consolidated clays using PCPT dissipation
test results. This aims to:

• further enhance the PCPT-based application for consolidation
analysis; and,

• optimize in-situ soil characterization for soils where undis-
turbed soil sampling is limited, such as offshore soil deposits.

For this purpose, the time-stress-volume change relationship
during consolidation is analyzed and introduced to develop a cor-
relation between the Cc and time rate of consolidation obtained
from PCPT dissipation tests. Experimental test results obtained
from 2 clay deposits near offshore areas are adopted to evalu-
ate the proposed correlation. To verify the proposed method, case
examples are collected from the literature and used to compare
measured and predicted compression indices.

INTERPRETATION OF PCPT DISSIPATION RESULTS

Excess Pore Pressure

Main measurements from the PCPT in saturated clays, other
than the cone resistance (qt) and sleeve friction (fs), include the
excess pore pressure (ue	PCPT ) induced by the penetration process
and its time-dependent dissipation. In order to estimate ue	PCPT ,
several analytical methods have been proposed. These include
cavity expansion analysis, strain path method, and a numerical
approach such as the finite element and difference analyses. Since
Vesic (1972) established the cavity expansion approach for the




