




described by Darcy’s Law:

q~{ki where� q~Q=A and i~Dh=Dx ð1Þ

where q � specific discharge, i � hydraulic gradient,
Q � total discharge, A � cross section, h � hydraulic
head, and x � flow distance.

The hydraulic head depends on the pressure:

h~p=cwzz so� Dh~Dp=cw ð2Þ

where cw � unit weight of water and z � vertical
coordinate of hydraulic head location.

Combining Eq. 1 and Eq. 2, we obtain the relation
between pressure and specific discharge:

q~{
k

cw

Lp

Lx
ð3Þ

The increase of the water volume in the incremental
volume DV is for a small time step:

DI~{+q|DV|Dt ð4Þ

In the same area, storage of water can be obtained by
determining the compressibility of water:

DB~{n|DV|b|Dp ð5Þ

The storage capacity depends on the change in
pressure Dp, the compressibility of water b, and the
ratio of water in the soil, which is the porosity, n (at
saturation).

Considering the Law of Conservation of Mass and
assuming that soil solids are incompressible, the sum
of Eq. 4 and Eq. 5 must be zero:

DIzDB~0

[ {+q|DV|Dt{n|DV|b|Dp~0
ð6Þ

For one-dimensional groundwater flow (Dq � hq/hx),
the incremental volume element DV can be defined as:

DV~Dx|A ð7Þ

By inserting Eq. 7 into Eq. 6, we find:

{
Lq

Lx
Dx|A|Dt{n|Dx|A|b|Dp~0 ð8Þ

By combining Eq. 3 and Eq. 8, we obtain the
following diffusion equation:
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~0 ð9Þ

or:

dp

dt
~cd

L2p

Lx2
where cd~

k

nbcw

ð10Þ

The dissipation constant cd is a diffusion coefficient,
which determines the rate of the excess pore water
dissipation.

For two-dimensional axisymmetric (radial) ground-
water flow (r � x), the relation is identical, except that
the flow cross section A depends on the distance r from
the origin, the angle a (in radians, see Figure 4), and
the height b:

A~a|b|r, so DA~a|b|Dr Da~0ð Þ ð11Þ

For a constant specific discharge q and a small time
step Dt, the difference between the discharge entering
the area and the discharge leaving the area is q 3 DA 3
Dt. This gives the following equation for axisymmetric
groundwater flow:

{
Lq

Lr
Dr|A|Dt{n|Dr|A|b|Dp{q|DA|Dt~0
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, where cd~
k

nbcw

ð12Þ

For three-dimensional groundwater flow around the
cone tip, the flow cross-section is:

A~adr2, so DA~ad 2rDrð Þ ð13Þ

Figure 4. Two-dimensional and three-dimensional groundwater
flow.
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This gives the following diffusion equation:

dp

dt
~cd
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, where cd~
k

nbcw

ð14Þ

Near the shoulder element at the shaft (u2), the
dissipation process will be approximately the average
of the two-dimensional and three-dimensional pro-
cesses, as shown in Figure 4. This average is:
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, where cd~
k

nbcw

ð15Þ

The solution to this differential equation consists of
Bessel functions. Because of the complexity of the
analytical solution, it is customary to evaluate the
dissipation constant cd by plotting the excess pore
pressure versus the logarithm of time. If the relative
pore pressure is plotted for one specific distance from
the origin (r � 2.5 cm, as in Figure 5) for several
dissipation constants, then it becomes clear that the
distribution in time depends linearly on the dissipation
constant.

This means that if the distance from the origin is
known, theoretically speaking, each clear point of the
curve can be used to calculate the dissipation constant,
for example, the top of the curve or the tangent of the
ascending or descending parts of the curve.

As the rate of pore pressure dissipation is a function
of the radius from the cone r, it is found that,
especially at the start of the dissipation, the results
depend strongly on the position of the pore pressure
elements, as shown in Figure 6.

As the distance from the origin increases, the pore
pressure change decreases, and the maximum pressure
change occurs at a progressively longer delay from the
onset of the test. To ensure consistent behavior,
regardless of the distance from the origin, it is best to

calculate the dissipation constant from the tangent to
the descending portion of the curves. An example of
the calculation procedure is now described with the
aid of Figure 7. The dissipation constant cd is related
to the point of intersection of the diagonal tangential
line with the horizontal line of the pore water pressure
at equilibrium u0. Please note that the corresponding
time of this intersection point, which is called t100%,
does not actually represent 100 percent dissipation, as
the pore pressure approaches u0 asymptotically.

As Figure 5 shows, the reciprocal value of this time
t100% depends linearly on the dissipation constant.
Hence:

cd~X=t100� , in which X&0:0013 m2 ð16Þ

In this case, the value of the constant X was derived
from Eq. 15 numerically (shown in Figures 5 and 6).
This equation is based on a relatively thin cone with
respect to the dissipation area. With a calibration of

Figure 5. Relative pore pressure as a function of the dissipation
constant (r � 2.5 cm).

Figure 6. Relative pore pressure as a function of the distance
from the origin.

Figure 7. Determination of the dissipation constant.
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CONCLUSIONS

The new interpretation method for the dissipation
test, presented in this article, can be used to
determine the hydraulic conductivity for all dissipa-
tion curve shapes, which is not the case for the
classical interpretation methods. Another important
point is that the new method results in a hydraulic
conductivity instead of a consolidation coefficient,
because during the CPT the cone is stationary and
the soil is not being compressed, as it is during
consolidation.

The values of hydraulic conductivity obtained with
this new method correspond well with values
obtained from one-dimensional compression tests,
for the limited number of tests on organic soils for
which data were available. However, caution should

be exercised when using this method for nonorganic
soils.
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