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Electrical Pore Water Pressure Cells: Some Designs 

and Experiences
Cellules électriques pour l’enregistrement de la pression de l’eau interstitielle -  dessins et expériences

by Ir. G. P l a n t e m a , Chief Engineer of the Soil Mechanics Section, Public Works Department, Rotterdam, Netherlands

Summary

After reviewing the results of experiments with electrical pore 
water pressure cells a description is given of a new type. Some 
requirements a well functioning cell must satisfy and its method 
of operation are discussed. Special attention is drawn to the follow
ing features of this new type: sturdiness, watertightness, accuracy 
and rapid response to pore water pressure change.

Introduction

The use of accurate and reliable pore water pressure meters 
is often required for solutions to problems in Soil Mechanics. 
The use of Bourdon gauges has several serious technical dis
advantages and in order to obviate these, so far as is possible, 
an electrically operating pore pressure cell was designed in
1947. This cell, which consists essentially of a diaphragm whose 

movements are recorded by electrical strain gauges (see Fig. 1) 
has been described by Boiten and Plantema (1948).

Field experience with forty of these cells, using unskilled 

assistants, has been obtained during the last three years. It was 
concluded that although the cells were sufficiently accurate for 

most purposes, they were not suffciently sturdy to withstand 

the rough handling to which they were inevitably subjected. 
As a consequence the apparatus was redesigned, and this paper 

gives a description both of the new cell evolved and the results 
obtained using it.

Method o f Operation

The pressure of the groundwater is transmitted through con
tact channels to a diaphragm. Under this pressure the dia
phragm deflects and operates strain gauges which are cemented 

to it, the strain gauges in turn being connected to a strain 

indicator.
When calibrating the cell in water a calibration curve is 

obtained which records the water pressure on the strain indi
cator in micro inches.

Sommaire

Les différents procédés de mesure de la pression de l’eau inter
stitielle à l’aide d’appareils électriques sont passés en revue, puis 
le projet d’un type nouveau est décrit. Les conditions auxquelles 
une cellule de pression doit satisfaire, et ainsi que sa manipulation, 
sont discutées. L’attention est attirée sur les qualités du nouveau 
type : il est résistant, imperméable à l’eau, précis et ne requiert qu’une 
courte période d’adaptation.

Requirements of Cell

For use in the field the cell must satisfy the following re
quirements: Sturdiness, watertightness and accuracy; have 

a short time of adaptation to water pressure changes.
Sturdiness, Watertightness and Accuracy. In order to avoid 

disturbance as far as is possible, the apparatus is pushed into 

the soil with the aid of steel pipes (1.5 "diameter) using a sound
ing apparatus (see Figs. 2 and 3), and not by boring and then 

lowering the cell. This operation of pressing the cell into the 

soil causes shear and normal stresses and consequent deforma
tions to be experienced by the cell casing especially in Section a 
(see Fig. 1) which has a very weak thread and where the walls 

are very thin (3 mm). The watertightness of the apparatus may 

be impaired, and moisture may well enter Section b causing 

a short circuit to occur, although the strain gauges c remain 

dry. Another source of unreliability is that the stresses acting 

on the point during pressing cause small tensions to be set up 

in the diaphragm.
To overcome these difficulties the cell has been fitted with 

a steel mantle (Figs. 3 and 4) to which the point can be screwed.
With this arrangement the measuring unit is not subjected 

to stresses and deformations as it is pushed into the soil, and 

watertightness is ensured. Experience has shown that this 
solution is satisfactory, difficulties caused by leaking having 

thus been overcome.
Figs. 5 and 6 show the latest type of pore water pressure cell 

in which the above mentioned modifications have been incor
porated. The measuring unit remains unloaded while it is
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pushed into the soil, the point transmitting the loads to the 

tubes through the mantle so that the zero shift, which arose 

in the previous type, did not occur. Moreover, the apparatus

Fig. 3 D etail o f  Fig. 2— Cell with M antle Just Before Pushing into the 

Soil
D étail de la Fig. 2 -  cellule avec m anchon avant d’être enfoncée  

dans le sol

is sufficiently strong and resilient to withstand any impact 
stresses to which it may be subject during normal working.

In addition, the accuracy of the cell has been considerably 

improved. The output has been increased in the new type from 

900 to 2,300 micro inches per inch so that observation errors 
are now reduced to less than 1 %.

Finally, the replacement of the cable, which may be necessary 

after a few years service, is simply carried out (see Fig. 5), and 

the apparatus has been constructed in stainless steel thus avoid
ing problems due to corrosion.

Short time of response. The time necessary for the apparatus 

to respond to a change in the pore water pressure may be 

termed “ the time of response”. To quicken this response the

Fig. 2 Apparatus for Pushing the Cell into the Soil (Sounding Apparatus) 

Appareil pour enfoncer la cellule dans le so l (appareil de péné
tration)

Fig. 4 Cell w ith M antle
Cellule avec m anchon

o i A M . ¿tornm. 
D i A M .

i c a g g l l e l
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Fig. 6 C ell— N ew  Type  

C ellule -  type nouveau

apparatus must be constructed in such a way that once it has 
been filled with water (before placing in the soil) the least 
possible quantity of water is required to flow in or out to 

actuate the membrane due to an increase or decrease in ground
water pressure. It may be shown that the volume of water 

required to actuate the diaphragm under water pressure of
1 atmosphere is only 6 mm3; that is, about 0.25 mm3 through 

each contact channel. In practice the rate of increase of pore 

water pressure is only of the order of tenths of an atmosphere 

per day and thus the rate of flow through the contact tubes and 

also the “ time of response” is negligible.
In order to ensure a short response time the apparatus must 

also be designed so that the operation of pushing the cell into 

the soil influences the ground water pressure to a minimum. 
For this reason the apparatus has been designed with a dia
meter as small as possible (i.e. 45 mm) and with a conical point. 
The contact channels are located near the point in order that 
the measurements may be made in the least disturbed part of 
the soil. When the apparatus is pushed into the soil a certain 

“excess” pore water pressure arises which must dissipate be
fore the original water pressure can be measured.

For some types of soil it may be necessary to take measure
ments with the so called needle point (see Fig. 7); in doing so 

the soil is practically undisturbed and the overstress remains 

at a minimum. This needle point in which the contact channels
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Fig. ! Curves o f  A daptation  

Courbes d ’adaptation

Fig. 7 C ell w ith “ N eed le P o in t”
C ellule avec «p o in te  en a iguillon»

have an inclined upward direction to prevent both the soil 
entering and overstress occurring, can be screwed, when 

necessary, to any of the three types of pressure cell.
It must be emphasised that installing the cell by boring is 

unsatisfactory for two reasons:
(1) Any boring, however carefully done, disturbes the soil and 

alters the water pressure.
(2) The boring will generally involve appreciable cost in money 

and time.
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In the method of installation adopted, which has been already 

referred to briefly, the cell is pressed into the ground using a 

sounding apparatus of light construction. The apparatus is 
pressed into the ground using pipes 1.5 in. diameter with lengths 

of 1.0 m through which the cable runs. The first length of 
piping is screwed to the top of the apparatus and further 

lengths of pipe are added as necessary. It can be seen that 
owing to the conical shape of the point and the position of the 

channels that negligible error will result in the measured water 

pressure due to the driving operations. The water pressure is 
measured after a certain lapse of time (e.g. 1 hour) and then 

the apparatus may be pushed deeper. It has been found that 
three men operating three sets of apparatus are able to make 

determinations of the water pressure at a large number of 
places in one day.

After t his review of those factors which affect the time of 
response, mention may be made of the favourable results of 
a considerable number of field tests. These tests showed that 
satisfactory measurements of pore water pressure in clay layers 
could be obtained after times varying between 5 and 30 minutes.

A typical curve showing the variation of measured pore 

water pressure with depth and time is given in Fig. 8. Measure
ments of pressure were made at intervals of 20 cm which 

pushing the apparatus down at a constant speed of 20 cm/min.

The pressing was stopped every metre to allow a further pipe 

to be screwed on. The results indicate that:
(a) The mean value of the overstress to the pore water due to 

the driving varies between 0.5 m to 1.0 m of water.
(b )  With this rapid method a good indication, even if not ab

solutely accurate, of the prevailing water pressure is ob
tained.

When using a short point it is found that greater overstress 

occurs thus showing the substantial advantage of using a needle 

point.
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