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Summary
The piezocone penetration test (CPTU) is an economic and efficient test to investigate the in situ
hydraulic conductivity (k) of soils that is an essential parameter in geotechnical engineering. This article
presents a modified theoretical method and an empirical curve to estimate k based on CPTU. The
modified theoretical method is established on the cylindrical surface of pore water and the negative
exponential distribution in dissipating pore pressure. Five indices are utilized to give a comparison
between it and the proposed methods using data in the Yangtze Delta region, which reveals the
accuracy of the proposed method. These approaches give the expression of a bi-linear relation defined
by KD-BqQt, for undrained and drained soils, yet, from a pragmatic point of view, a simple ellipse curve
may be suitable.

Introduction
One of widely used, economic and efficient methods to determine in situ hydraulic conductivity is the
piezocone penetration test (CPTU) (Campanella and Robertson 1988; Lunne et al. 1997; Mitchell and
Brandon 1998). The utility of equations employed to describe the hydraulic conductivity of soils can be
classified into three types. The first involves introducing a relation for the coefficient of consolidation of soils
via the dissipation test, then indirectly deriving a further equation for hydraulic conductivity (Robertson et al.
1992; Danziger et al. 1997; Burns and Mayne 1998; Leroueil and Jamiolkowski 1991; Cai et al. 2007), a
method that is both time consuming and labour intensive. A second possible approach is to apply the Soil
Behaviour index proposed by Robertson (1990, 2009). This index, however, is empirical and may cause
large errors in various parameters. The final method involves theoretical analysis based on a combination
of dislocation analysis, Darcy's law and cavity expansion theory (Elsworth and lee 2005, 2007; Chai, et al.
2011; Wang, et al. 2013a, b; Zou, et al. 2014). Numerical simulations of piezocone dissipation tests (Yi et
al. 2012a, b; Mahmoodzadeh et al. 2014, 2015; Ceccato and Simonini 2016) indicate that the distribution
of excess pore pressures is more suitable for cylindrical flow in the horizontal direction, while the negative
exponent distribution of initial excess pore water pressure satisfy the test results closely (Zhu and Tang
1986; Tang et al. 2002; Zhu et al. 2005; Ma et al. 2007). Classical approaches to evaluate hydraulic
conductivity gave the expression of a bi-linear relation defined by KD-BqQt, for undrained and drained
soils. Yet, it increase difficulties in distinguishing different soils. And the vast variability of the intersection
point also hinders the accuracy, simplicity and operability of the piecewise functions. In addition, a dividing
line may be selected with a certain degree of subjectivity, and the points in undrained and drained soils
may be located in adverse zone (Zou, et al. 2014).
The object of this paper is to propose a theoretical and empirical approach to estimate the hydraulic
conductivity. First, existing approaches are briefly reviewed and discussed. A new method is thereby
presented in detail and compared with existing approaches using piezocone data from Yangtze Delta
deposits through graphical and statistical methodology. And then, a simple ellipse is compared with a
classical bi-linear line using graphical and statistical methodology.
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Theory and/or Method
The direction and value assumptions of excess pore water pressure distribution are fundamental and
substantial for a splendid method, yet, the previous methods emphasized pore water pressure distribution
assumptions on finite local area, hence, the improved assumptions are as follows (shown in Fig. 1):
 A dynamic steady cylindrical flow of pore water will form around the tip of the cone
 The diameter of the cylindrical cavity is assumed to be the same as the diameter of the cone
 Excess pore water pressure in the soil around the cone has a negative exponential function distribution
for radial distance, and there is no excess pore water pressure at an infinite distance
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Fig. 2 Excess pore pressure distribution around
Fig. 1 Basic concept behind the method proposed
the cone (Ceccato and Simonini 2016)
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As shown in Fig. 2, based on the numerical simulation of piezocone dissipation tests (Ceccato and
Simonini 2016), the scope of excess pore water pressure dissipation is not confined to the filter thickness h,
but instead extends to a larger range h h (where h is parameter calibrated with the experimental and
simulation values). Yet, it could not be considered in previous methods.
It is essential to determine the distribution of initial excess pore water pressure during penetration,
hence, a number of laboratory and field tests (Error! Reference source not found.) are carried out which
revealed that the negative exponent distribution of initial excess pore water pressure near the tip fit the test
results closely (Baligh and Levadoux 1980; Roy et al. 1981; Zhu and Tang 1986; Gupta and Davidson 1986;
Tang et al. 2002; Zhu et al. 2005; Ma et al. 2007). Therefore, under the condition that excess pore water
pressure is zero for radial distance r ® ¥ , the distribution of pore water pressure u can be expressed as
u - us = (u2 - us )e- q( r / a- 1)
(2)
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where q is a soil parameter:
for clay, 0.3 < q £ 0.35 for silt and 0.1 < q £ 0.3 for sand (Zhu and Tang
1986; Ma et al. 2007; Shen et al. 2015). According to Darcy's law, the hydraulic gradient on the surface of
the cylinder ia can be expressed by
ia = q

u2 - us - q ( r / a- 1)
s'
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(3)
Chai et al. (2011) considered that values (and thus the value of k) deduced from CPTU tests mainly
represent the hydraulic conductivity of a natural deposit in the horizontal direction. The results obtained
from a series of classical numerical simulations of piezocone dissipation tests and in situ tests (see Fig. 2
and Error! Reference source not found.a, b for conventional CPTU), indicated the surface area for water
KD
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flow could be cylindrical in shape around the cone at larger scales, even though this area seems spherical
in shape only at finite local area. Whereas, the half-spherical surface area assuredly is more suitable for
spudcans (Error! Reference source not found.c) and piezoballs (Error! Reference source not found.d).
More conformity of the surface area and the distribution of initial excess pore water pressure with actual
conditions increase the possibility of accuracy. Hence, the cylindrical surface is more suitable for
conventional CPTU primarily.
Substituting Eq. (17) into Eq. (15), one can obtain
kh =

Ua 1
a
1 Uag w
× =
×
×
2hh ia 2hh Bq Qt q s 'v 0

Defining
kh =

K D''' = 1/ Bq Qt

(4)
, kh is expressed as

a K D''' Uag w
× ×
2h h q s 'v 0

(5)
Comparing with Elsworth’s method, the relationship is given by
K D''' = qhhK D / 2a

(6)
Based on previous methods (Elsworth and lee 2005; Chai, et al. 2011; Wang, et al. 2013 a, b; Zou, et
al. 2014) it follows that
ìï 1/ Bq Qt , Bq Qt < e
K D''' = ïí
ïï a / ( Bq Qt )b , Bq Qt > e
î

(7)

where e is a constant parameter. According to international standards for CPTU cones, their height
should be equal to 5 mm and their radius to 17.85 mm. Considering Ma et al. (2007) found the value of q
equal to 0.3, the data provided by Elsworth and Lee (2005) (see Error! Reference source not found.) can
be employed to obtain values of h =8 and e =0.98. Eq. (21) can then be expressed as follows:
ïì 1/ Bq Qt , Bq Qt < 0.98
K D''' = ïí
ïï 0.87 / ( Bq Qt )7.81 , Bq Qt > 0.98
î

(8)

Examples
The area of Yangtze Delta (including Shanghai, Suzhou, Wuxi, Changzhou and so on) is located in the
eastern part of China, where Seven sites (Yushan Park Station, Xinghui Road Station, Hongzhuang station,
and Zhuhui Road station at Suzhou, Jiangbei work well and the fourth Yangtze River Bridge at Nanjing, the
Yangtze Bridge at Taizhou) were selected for this study. In each of the investigated sites, high quality piston
samples were taken at different depths that corresponded to the depths of piezocone dissipation tests for
comprehensive laboratory testing.
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