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Session 3/14

A Soil Pressure Cell and Calibration Equipment

Cellule de pression et équipement d’étalonnage

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

Summary

The soil pressure cell is an instrument of robust construction, 
incorporating a diaphragm and electric strain gauge. It gives accurate 
results, even in long duration tests, owing to its satisfactory water
tight and airtight sealing.

The calibration equipment (a cell-tank) is constructed in such a 
way as to eliminate side friction, and uniform, known pressures are 
set up.

Sommaire

La cellule de pression est un appareil destiné à mesurer les con
traintes; d’une construction robuste, elle permet des mesures pré
cises, même pour des essais de longue durée, grâce à son étanchéité 
à l’eau et à l’air.

L’appareil d’étalonnage est un appareil cellulaire construit de 
façon à ne présenter aucun frottement provenant des parois; en 
même temps des pressions uniformes et connues peuvent être réa
lisées.

Description of Instrument

The prototype of the soil pressure cell and calibration equip

ment described in this paper were designed and constructed in

1948. After the completion of intensive laboratory tests in 

1949,. field tests were carried out in the years 1950-52, a de

scription of which is given elsewhere (Plantema, 1953). A num

ber of the soil pressure cells were later converted into instru

ments with a 2 atmosphere capacity, which only involved the 

replacement of the measuring unit (diaphragm and cover).

The instrument is illustrated in Figs. 1, 2 and 3, and may 

be briefly described as follows.

The instruments at present in use have a capacity (or range) 

of either 5 or 2 atmospheres. They incorporate a diaphragm 

fitted with electric strain gauges; in this way both static and 

dynamic stresses can be measured.

The large flexible membrane 0.1 mm in thickness is supported 

by oil which transmits the pressure to the measuring diaphragm. 

Small deflections of the measuring diaphragm (5 cm diameter) 

can be measured by the electric strain gauges; and the deflec

tions of the large membrane (25 cm diameter) are correspond

ingly smaller. This is of importance as the soil pressure cell 

must undergo only slight deformation under an applied load. 

Moreover the large flexible membrane smooths out local varia

tions in stress, and gives an average value over the 25 cm dia

meter surface.

The requirements the soil pressure cell has to satisfy are as 

follows: accuracy, robustness, watertightness and airtightness, 

constant calibration curve, even in long duration tests, large 

diameter combined with small thickness.

D IAPHRAGM  W ITH STRA IN  GAUGES

Fig. 1 Soil Pressure Cell

Cellule pour m esure de la pression du sol
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Fig. 2 Soil Pressure Cell

Cellule pour m esure de la pression du sol

Accuracy—The scatter of the results obtained in calibration 

tests on a soil pressure cell, when loading cycles of 1, 2, 3, 4 

and 5 kg/cm2 are repeated four times, is less than 1 % of the 

full range (5 kg/cm2). From a technical point of view this is 

very satisfactory, and is hardly noticeable on the scale used 

in Figs. 14 and 15.

It should be noted that the output is approximately 1,000 

micro-inches per inch on the strain indicator, while obser

vational errors are less than 10 micro-inches. Later, new dia

phragms were fitted with an output of approximately 2,300

Fig. 3 M easuring Instrum ent 

Instrum ent de mesure

Fig. 4 Cell with Pressure Bulbs

Cellule avec bulbes de pression

Fig. 5 C alibration Equipm ent 

A ssem blage d’étalonnage

' RU BBER CYLIN D ER
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micro-inches, which considerably increases the accuracy of the 

measurement. For deviations recorded in the field tests re

ference may be made to the report mentioned above.

Robustness—The instrument is not easily damaged, and is 

unaffected by falling or being thrown onto a table. Moreover, 

when the soil pressure cells were placed in the test section, the 

layer of sand above them was compacted with a vibrator 

weighing 1,500 kg, which caused impulsive loads of about

5,000 kg, the cells being ®nly 40 cm below the surface. No 

damage was sustained, so we may conclude that the instru

ments can stand up to very severe tests.

Watertightness and airtightness—Great care has been taken 

to obtain an absolutely watertight and airtight seal at the bot

tom of the measuring apparatus. This was the only difficulty

Fig. 8 C alibration Equipm ent w ith Lifted T opcover

A ssem blage d ’étalonnage avec couvercle soulevé

Fig. 6 C alibration Equipm ent w ith  Hydraulic Jack, Pump and 3 Strain 

Indicators

A ssem blage d’étalonnage avec vérin hydraulique, pom pe et 3 ap

pareils de lecture

Fig. 7 C alibration Equipm ent with W ater Pressure Cells and 3 Strain 

Indicators

A ssem blage d ’étalonnage avec cellules pour m esure de la pression 

du sol et 3 appareils de lecture

Fig. 9 M atting on  the Steel Shields

N atte  revêtant les boucliers d’acier
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Additional proof was given by the use of the instruments in 

the field test section, for two periods of four months and one 

and a half years respectively, without any difficulty.

Constant calibration—When perfect sealing had been ob

tained, the calibration curves proved to be stable even after 

several years’ use.

Large diameter combined with small thickness—The com

pressibility of the soil pressure cell is not in general equal to 

that of the adjacent soil. If the cell is more compressible than 

the soil it recedes and indicates a value less than the prevailing 

pressure. On the other hand, if the cell is less compressible,

h Fig. 12 Lower Rubber Cushion on Steel Plate

C oussin de fon d sur plaque d ’acier

it projects into the soil by a distance z, and is thus subjected 

to a higher pressure than would otherwise exist at that point 

in the soil (see also: U.S. Waterways Experiment station pres

sure cell investigation, Technical Memorandum No. 210-1, 

1944).

The magnitude of this additional pressure is controlled by:

(1) The difference in compressibility between cell and soil, 

indicated by z in Fig. 4. The thinner the cell, the smaller is the 

possible magnitude of z, and consequently the smaller the 

amount of “ overstress”.

(2) The diameter of the cell. The larger the diameter, the 

smaller is the pressure required to push the cell a distance z 

into the sand.

When designing the cell, a small thickness and a large dia

meter are therefore aimed at.

Fig. 10 M atting, Stam ps and C able-C onnection

N atte, vérin et origice pour le cable de connection

Fig. 11 B ottom  C ushion with Electrical H eight Meter 

C oussin de fond et altim ètre électrique

encountered during tests on the prototype, and after some 

experiments was completely overcome.

In other respects the soil pressure cell has remained the same 

as the prototype. No difficulty was experienced with the 

sealing of the large membrane and the cable connection.

Watertightness was successfully tested by placing the instru

ment for some days under a hydraulic pressure of 5 atmospheres ; 

and the airtightness was checked by testing the cell alternatively 

in hot (75 °C) and cold water.

Fig. 13 Grain Size 

D istribution  

Curve

C ourbe gra- 

nulom étrique
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Before use the soil pressure cells require calibration. Cali

bration under water pressure is always undertaken to examine 

the behaviour of the measuring diaphragm itself (i.e. to check 

the linearity of the calibration curve), to measure the output 

in micro-inches, and to test for watertightness. This, however, 

is not sufficient as the calibration curve in sand is significantly 

different due to the compressibility of the cell, which in general 

is not the same as that of the sand.

An impression of the gauge installation may be gained from 

Figs. 5-11. The principal features of the calibration tank are 

described below.

The height as well as the diameter are each several times the 

diameter of the soil pressure cell. The calibration can be carried 

out under different ratios of vertical to lateral pressure. The 

application of a known uniform vertical pressure is obtained 

by means of a rubber cushion filled with water loaded by a 

steel plate via a rod and hydraulic jack (Fig. 5). The sand fill 

is enclosed in a rubber cylinder (as in the cell-test apparatus) 

which is supported laterally by water. In this way side friction 

is eliminated, which would otherwise have an unknown in

fluence on the stresses in the sand. As this is a matter of great 

importance a rubber water cushion has also been constructed 

at the bottom of the tank. Thus, if the sand is free from side 

friction the difference between the water pressure in the cushion 

at the top and that at the bottom should be equivalent to the 

weight of sand.

This result is fully achieved, so that a uniform pressure on 

each horizontal plane is assured, the value of which is known 

from the water pressure. This is an essential feature of a cali

bration apparatus, but is often difficult to achieve.

The water pressures in the top and bottom cushions, and the 

lateral water pressure, are measured by means of electric water 

pressure cells (Plantema, 1953).

The lateral deformation of the rubber cylinder is checked by 

spring loaded indicators (stamps), the displacement of the indi

cator being read through a glass cylinder (Fig. 5).

The distance between the rubber cushion and the steel plate 

(h in Fig. 12) is indicated by an electric apparatus (Fig. 11) 

in order to detect possible leakage which would have an un

desirable effect.

The method of operation is as follows: During successive 

fillings the lower water-filled cushion and the rubber cylinder 

remain in place in the steel tank. While being filled with sand 

the rubber cylinder is laterally supported by 3 steel shields, 

which can subsequently be drawn back towards the sides of 

the tank. In order to prevent the rubber cylinder from adhering 

to the steel shields, the latter are lined with matting.

To obtain a uniform density the sand is placed with the aid 

of a cylindrical sprinkler (whose outer diameter is equal to the 

inner diameter of the rubber cylinder). This is steadily raised 

by a tackle so that a constant height of fall for the sand is 

maintained. If desired, the sand can be compacted in layers.

The cell to be calibrated is placed horizontally in the centre 

of the cylinder of sand, and the cable is led out through two 

watertight connections and attached to the strain indicator. 

The steel plate with the top cushion filled with water is placed 

on the sand, and the rubber cylinder is clamped to it. The 

cylindrical steel tank is now filled to the top with water, and 

the supporting shields are withdrawn. Finally the steel cover

C alib ra tion  E qu ipm en t is fitted and the tank filled up with water (all the water spaces 

can be freed from air bubbles).

During calibration the vertical pressures required in the top 

and bottom cushions are maintained by means of the hydraulic 

jack, but are measured with an electric water-pressure cell. The 

lateral pressure is regulated by a pump.

If the cell is to be used for pressure measurements when set 

in the face of a concrete slab or wall an alternative method of 

calibration must be used. The bottom cushion is replaced by 

a concrete plate in which a space has been left to receive the 

cell, and the subsequent test procedure is then the same.

Strictly speaking, after it has been established that no side 

friction is occurring, the bottom cushion is no longer necessary 

for the ordinary calibrations.

Calibration Results

Calibrations were carried out for the sand whose grain size 

distribution curve is given in Fig. 13. Dry sand was used, and 

its density, measured in several tests, ranged between 1.52 and 

1.77 t/m3, corresponding to void ratios of 42.7 and 33.0% 

respectively.

The results, as would be expected, show a difference between 

the calibration curves in water, and in loose and dense sand 

(Fig. 14). The manner in which the calibration curves in sand 

differ from that in water are clear from the figure, from which 

it may be deduced that the cell is, in general, more compressible 

than the sand. On the other hand, the prototype, which was

1.5 cm thick at the brim and 3.9 cm at the centre, appeared 

to be somewhat less compressible than the sand (Fig. 15). In 

order to correct this, the final design was arranged so that the 

thicknesses were 1.1 cm and 3.5 cm respectively, i.e. somewhat 

thinner than the prototype.

The compressible system (oil and diaphragm) remained un

changed, but the incompressible bronze mounting was reduced 

in thickness. Consequently the combined effect produced a 

higher compressibility than that of sand. No essential change 

appeared to have been made, but the great influence of the 

thickness was proved by the results.

The prototype seems to have approximately the same com

pressibility as dense sand; the other type corresponds to 

loosely packed sand. The discrepancy between the calibration 

in water and in sand appears to be greater when the cell is set 

in the concrete plate than when it is placed in the centre of the 

cylinder of sand, as a consequence of the difference in com

pressibility between the combined cell and concrete, and the 

sand.
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