INTERNATIONAL SOCIETY FOR
SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

SIMSG [} ISSMGE

s

This paper was downloaded from the Online Library of
the International Society for Soil Mechanics and
Geotechnical Engineering (ISSMGE). The library is
available here:

https://www.issmge.org/publications/online-library

This is an open-access database that archives thousands
of papers published under the Auspices of the ISSMGE and
maintained by the Innovation and Development
Committee of ISSMGE.



https://www.issmge.org/publications/online-library

Underground Construction in Soft Ground, Fujita & Kusakabe (eds) © 1995 Balkema, Rotterdam. ISBN 90 5410 536 4

A device developed for measuring earth pressure -

T.Ishida

Toyo University, Saitama, Japan

T.Tatsui, M.Sato & Y.Nakagawa
Techno-Sol Co., Ltd, Tokyo, Japan

/

SYNOPSIS: A new earth pressure cell has been developed. This pressure cell is that for accurately measuring the stress
condition in the ground, such as coefficient of earth pressure at rest and acting earth pressure, and carrying out reasonable and
safe design and execution of underground structures. In this paper, after its performance was examined by a laboratory test,

measurement of the earth pressure at rest in over-consolidated cohesive soil at an actual site was attempted.

It seems that

because a pressure cell was penetrated in the ground, it disturbed the condition of earth pressure at rest, and its influence was
somewhat exerted, the feasible of this measuring method could be verified. ‘

1 INTRODUCTION

In Japanese cities, obstacles have occurred in the function of
the basis of life due to an overcrowded situation. To smooth
over these activities on the ground, it is necessary to build
three-dimensional structures utilizing underground space. In
particular, recent construction work on underground objects
such as tunnels, underground power stations and others have
increased very rapidly. Furthermore, the projects of great
depth underground dcvelopmcnt and so on are now beginning
to be realized.

As the scale of the construction work of underground space
becomes larger, those depending largely on the ground condi-
tions, and the stress in the ground is different from the stress
condition supposed from the own weight, such that there is
also the example the horizontal component largely exceeding
the vertical component was observed.

Moreover, those being controlled by displacement like the
earth pressure acting on retaining walls must be treated as the
function of time. Particularly, the accumulation of the data
on earth pressure measured over a long period of time is
indispensable for safety management.

To carry out a reasonable and safe design, execution and
maintenance management under conditions like this, it is nec-
essary to establish the technology for accurately measuring
the stress condition in the ground (e.g., coefficient of earth
pressure at rest and acting on earth pressure), and obtain
information from the stage of investigation to after completion.

In this paper, the basic conception of the measuring system
that the authors have been advancing the establishment, the
performance .of the measuring instruments which were
developed and made for trial to advance it, and examples of
their application in the field are described.

2 MEASURING SYSTEM

This original position measuring method is that of utilizing a
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bore hole. In the hole, of which drilling has already been
completed, an oil hydraulic penetration device is penetrated.
When it has reached the prescribed depth, the newly devel-
oped free field pressure cell penetrates in the direction parallel
to the ground surface (meaning horizontal direction). Accord-
ing to the direction of its pressure-receiving surface, the vertical
component or horizontal component of the stress in the ground
can be measured. At the same depth, only one pressure cell
is penetrated, but by moving it upward and downward slightly,
three-dimensiona] earth pressure distribution can be deter-
mined. In complicated ground, as shown in Fig. 1, it is
necessary to install measuring instruments atrespective depths
at which the measurement is required.

At the time of a measurement, penetration and the existence
of the measuring instrument itself disturb earth pressure, but
it is considered that at that point of time when the measured
values become steady, it becomes a feasible method.

Moreover, as to the change in the measured data accom-
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panying the excavation in the surroundings, the construction
of an analysis system is in progress at present so that those
canbe utilized immediately as design data thereafter to provide
for more safety regarding design and execution.
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Fig. 2 Earth pressure cell penetration device

3 MEASURING INSTRUMENTS AND PENETRATION
DEVICE

3.1 Pressure cell

In Fig. 2, a newly developed pressure cell can be seen. Con-
sidering penetration of the earth, its end is made into a sharp
knife-sharp having a thickness of 4 mm. It is made of stainless
steel and has a pressure-receiving surface of effective diameter
of 9.5 mm with the center at a point 30 mm from the end.
The total length of the pressure cell is 100 mm, and the
maximum diameter :at the place where lead wire is connected
is 22 mm.

The stress-detecting part is of the sealed type, in which the
elastic displacement which arose at the pressure-receiving
surface is picked up with strain gauges, and it was confirmed
by the calibration test using water pressure loading that its
sensitivity coefficient is sufficient.

3.2 Penetration device

Here also, the penetration device, shown in Fig. 1, is explained.

‘The pressure cell, which penetrates horizontally in a bore
hole drilled vertically to ground surface, is penetrated from
the hole wall using an oil hydraulic penetration device shown
in Fig. 3.

As to the functioning mechanism at the time of penetrating
a pressure cell, when the lower tapered part is raised by the
oil hydraulic cylinder, at first, the pressure cell is sent out to
the wall of bore hole. When the tapered part descends, one
50-mm long rod which is piled upward descends and engages
the end of the pressure cell. Thereafter, by the rise of the
tapered part again, the pressure cell is penetrated further in
the hole wall. By this repetition, the pressure cell can be
installed at the exact position in the ground. The total length
of the rods to be penetrated is expected to be 75 cm which is
about 5 times the bore hole diameter to avoid any stress
release in the ground during boring.
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4 INSPECTION OF PRESSURE CELL

To determine the strain sensitivity of the pressure-receiving
surface in the earth, an inspection is carried out using a large
scale triaxial compression test apparatus under an isotropic
pressure loading condition. In this cylindrical soil specimen ,
the diameter is 39 cm, and height 60 cm, and a pressure cell
is inserted from the upper surface. Loading is carried out by
pouring prescribed pressurized water onto the rubber film
that covers the test specimen in the chamber. In this case,
pressurization was done up to 490 kN/m”> at maximum by
stepwise loading at intervals of 24.5 kN/m”

The results of inspection can be seen in Fig. 4. The indicated
values in the figures show the values converted on the basis
of the results of the calibration test by water pressure loading.

Figures 4a and 4b show the results when the processes of
pressurization and pressure reduction were loaded repeatedly
and changed successively, respectively. The readings for pres-
surization and pressure reduction showed nearly the same
values, with the calibration curve becoming linear.

Generally, during the pressurizing process, the curve be-
comes linear, but in the pressure reduction process, it tends to
show an upward curve convex. The rigidity of the pressure-
receiving surface which shows the calibration curve in which
this loop is almost negligible is desirable. However, according
to the results in the process of having made improvements so
far, in the inspection soil box used commonly, in which fric-
tional resistance occurs to the wall surface, the occurrence of
the loop due to the silo and arch action which arise excessively
in the soil box instead of the rigidity of the pressure-receiving
surface was confirmed (Tatsui, T. et al., 1992). In particular,
for the pressure cell shown here, there is the effect of im-
provement also regarding this point, and it is considered that
also in the inspection soil box of such a type that a uniformly
distributed load acts on the upper surface, the loop is small,
and the earth pressure characteristics in the ground can be
extracted much accurately. In addition, because the stress-
deformation characteristics of the soil in contact with the
pressure-receiving surface are different from those of the pres-
sure cell, the gradient of the measured values of displacement
appeared larger compared with the water pressure calibration
curve.
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5 FIELD MEASUREMENT

It is difficult to actually measure the real stress O, acting
horizontally in naturally piled up ground without disturbing
the ideal condition. Therefore, the number of measured data
on earth pressure at rest and the reliability of the results of
measurement are not sufficient, but after carrying out a prac-
tical evaluation of the pressure cell, two examples of having
actually measured earth pressure at rest are shown. Moreover,
the points of investigation are both natural ground where the
cohesive soil of volcanic ash quality accumulated on clay
strata. Japan is a country with many volcanos, and such
deposits of volcanic ash fallout are distributed widely. The
compressive characteristics of this soil is very much over-
consolidated, and almost independent of overburden pressure,
consolidation yield stress p_was in the range of 80~450 kN/m>.
Moreover, during boring, the viscosity is low, and the walls
of the holes are solid, therefore, digging is easy. However,
this overconsolidated compressive characteristics is wcakcncd
due to kneading.

5.1 Measurement utilizing a bore hole (Case 1)

The place of measurement is ground in Shibuya Ward, Tokyo.
As shown in Fig. 5, in this ground, the cohesive soil of volcanic
ash quality has accumulated to a stratum thickness of about 6
m, and under it, tuffaceous clay with penetration resistance
N-values (blows/300 mm) of about 7 exists.

At the time of measurement, a bore hole of 66 mm diameter
was drilled down to the depth of 6.5 m at the point of mea-

stress occurS. Also, this local stress tends to settle gradually
at a certain value with the lapse of time. It is considered that
this is due to the dissipation of the excessive pore water
pressure generated due to penetration and stress rel axation.

When the measured values at the time of settlement at a
certain value were converted with the calibration curve under
the condition of isotropic pressure loading, the horizontal ef-
fective pressure became 0,' = 394 kN/m’, and the effective
overburden pressure 0,' = 77 kN/m’. Theiefore, a coefficient
of earth pressure at rest of K = 5.1 is obtained.

5.2 Measurement of earth pressure at rest in depth direc-
tion(Case 2)

The stress ratio 6,//0' is sometime independent of the depth
from the ground surface, and may change according to the
depth. When this stress ratio seems to be approximately a
certain value, this stress ratio can be expressed as K.

In Case 2, for the depth down to 4 m from the ground
surface, an attempt to measure earth pressure at rest at three
points at each depth was investigated(Fig. 7a). The points of
measurement were three places on the same site at Ibaragi to
the north of Tokyo, and the investigates of Swedish weight
sounding test at respective points are shown in Fig. 7b. In
addition, as to the composition of strata, there is the cohesive
soil of volcanic ash quality down to the depth of about 3 m,
and under it, tuffaceous clay.

P! (@) Swedish weight sounding
surement, and the composition of strata and N-values were
confirmed. Moreover, the ground water level was at a depth
of 4.5 m from the ground surface.
A pressure cell was attached to the end of a boring rod, and
was penetrated in the tuffaceous clay to about 30 cm from the
bottom of the bore hole using a boring machine. Volcanic ash
cohesive soil
Figure 6 shows the behavior of the measured values
immediately after penetration. It is known that by penetratmg Pressure
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Fig. 5 Results of a boring at Tokyo subsoil
and in-situ penetration equipments

Fig. 7 In-situ test. (a) measuring hori-
zontal earth pressure distribution.
{b) Results of Swedish weight sounding.
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As for the measurement, after boring was carried out down
to the prescribed depth with a Swedish weight sounding test,
penetration was made by about 20 cm from the bottom of the
hole. In the measurement, results shown in Fig. 8, the

indicated values at the point of time when those settled nearly '

at a certain value were read.
In Fig. 9, all the measured values are plotted. These

gradients can be regarded as the coefficient of earth pressure-

at rest in these strata. The mean value of the coefficient of
earth pressure at rest K is 2.8.

Figure 10 is that of plotting preceding consolidation yield
stress and overconsolidation ratio OCR determined from the
consolidation test (Hanzawa, H. et al,, 1985). The place of
measurement is field at Musashino City in the west of Tokyo.
In this figure also, cohesive soil of volcanic ash quality is
shown. Asseen in Fig. 10, overconsolidation ratio was bet-
ween 6 and 12, which extended for 2 to 6 m in depth. Con-
forming to the following equation proposed by summarizing
the results of a laboratory test by Yamanouchi & Yasuha-
1a(1974), the coefficient of earth pressure at rest was deter-
mined.

1+2K,=a(OCRY

where, o and B are the constant of soil quality, and a=1.8~2.2
and p=0.25~0.4.

The coefficient of earth pressure at rest K is between 1.0
and 2.5. It seems that in the results of the in-situ test, the
influence of the disturbance of ground by the penetration of
the pressure cell was included somewhat.

6 SUMMARY

Earth pressure at restis the basic data for ground and in the
design of underground structures. However, at present there
is no definite method to measure it. Accordingly, it is difficult
to discuss the accuracy of a measurement, but it seems that
considering the condition of disturbing earth pressure at rest

Effective overburden pressure, O,' (kN/m?)

Fig. 9 Relation between o, and o,
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Fig. 10 Results of consolidation tests
.at Tokyo subsoil (from Hanzawa, H.
etal., 1985)

by penetrating a pressure cell in the ground, the measured
values in the applicable range could be obtained. Moreover,
it is considered that the accuracy of the measured values in
this case originated mainly in the stress increase at the time
of penetrating the pressure cell and its relaxation. Hereafter,
this point will be further clarified, and by accumulating the
measured data, to build the automatic observation system
along the basic conception mentioned in this paper.
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