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A New Apparatus for the Determination of the
Coefficient of Lateral Earth Pressure at Rest

Xu Zhiying(# &% #)
(Hydraulic Engineering College of Eastern China)

Introduction

In engineering design, the value of the coefficient of lateral earth pressure at rest is
frequently required in the calculation of earth pressure on retaining structures or of Poisson’s ratio
in stress calculations and settlement estimations'''. Therefore, it is practically important to
determine the accurate values of these coefficients for different soils.

Various methods that have been used since 1920 for the determination of the coefficient of
lateral earth pressure at rest are described in the first part of this paper. In the second part the
author introduces a new apparatus for the same purpose which is evidently more preferable than
those described above, from the viewpoints of both accuracy and efficiency.

The values of the coefficient of lateral earth pressure at rest for cohesive and sandy soil are
given and their relations with void ratio, relative density, water content and degree of

consolidation are fully discussed.

A general review of test data

Professor Terzaghi(1920) was the first one to carry out the experiment for determining the
lateral earth pressure coefficient at rest’). The soil sample was put in a confined apparatus and
vertical load was applied to the top of the sample as shown in Fig. 1. Two thin strips of metal
were placed inside of soil consolidation devices. In one of the devices, one strip was placed
horizontally and the other vertically with the soil sample. After the completed consolidation of
soil, these strips were pulled out. The forces required for the horizontal and the vertical strips

were measured and designated by p , and p, respectively, and thereby the coefficient of lateral

earth pressure at rest is determined by the ratio & = % Evidently, this method is suitable only for

sand and remoulded clay™!. For cohesive soils, the proportionate relation of & is not so simple as
indicated above.

During the Second International Conference on Soil Mechanics and Foundation Engineering
(1948), different results obtained by various investigators about this subject were presented and
discussed, in which Terzaghi’s result was quoted as follows !,

dense sand E=0.4~0.5
loose sand E=0.45~0.5
clay E=0.6 ~0.75

I : First published in Chinese in The Journal of Chinese Society of Civil Engineering, 1957, 4(2).197~208
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Fig. 1 Sei-up used by Terzaghi for the determination of the at-rest coefficient of lateral earth pressure

Also in his book!™!, Terzaghi claimed that the coefficient of lateral earth pressure at rest of
sand depends upon the relative density and the process by which the deposit was formed. He
suggested that the value could be obtained as high as 0.8 for sand compacted layer by layer, and
equal to 0.4 and 0.5 for loose and dense sand respectively.

Professor Tschebotarioff-*) designed a much complicated apparatus and the testing procedure
was rather tedious. According to his investigations, he pointed out that the data obtained by
Terzaghi might be too high for clays and too low for sand in some cases.

Tschebotarioff also pointed out the influence of organic content on £&. The higher the organic
content, the lower the value of &, and & ranges from 0. 37 to 0. 24 for peat, due to its fibrous
character. From DeBeer’s test data, David Welch!™ computed the & values for 14 clay samples
without more than 3. 6 per cent organic content for consolidated equilibrium conditions. The
variation of & was from 0.4 to 0. 65 with 10 samples having values equal to 0. 49, 0.50, 0.51
or 0.52.

To measure the lateral deformation of soil samples is the main feature of Professor Masloff’s
apparatus( USSR, According to the lateral deformation measured, Poisson’s ratio x and the
coefficient of lateral earth pressure £ can be computed. This device is only used for clayey soil in
plastic and solid consistency. His test data were;

solid clay =0.11 ~0.25
dense clay £=0.33~0.45
sandy clay §=0.49 ~0.59
plastic clay £=10.61 ~0.82

Professors Yaropolsky and B. D. Hvorslev both pointed out in their recent textbooks™ '’ the
complexity involved in determination of the coefficient of lateral earth pressure. The former said
that a further research of this problem would be rather limited, and suggested the following
approximate values for practical uses:

E=0.7~0.75 for clay
E=0.5~0.7 for sandy clay
§=0.4 for sand

He also said that & can be reduced to 0. 35 for coarse sand in loose state and this value



increases as relative density increases.
According to the values of Poisson’s ratio given by Hvorslevl'""), the author computed the &

values as follows;

E=0.17 for gravel
§=0.25 for sand
£=0.33 for sandy loam

£=10.43 ~ 0.54 for sandy clay
£=10.54 for clayey soils
£=10.66 for clay

The following is some information on this subject from German literature.
Firstly, Bernatzik!"" discovered that the coefficient of lateral earth pressure depends on its

void ratio e.
&§=10.49 fore = 0.6
E=0.52 fore=0.7
£E=10.64 fore=0.88

Secondly, Frieser'") obtained the following divergent values for sands of different grain
shapes:

§=0.50 for spherical sand

£=0.42  for flaky sand

A table for the coefficient of lateral earth pressure & for non-cohesive soil was given by
Schultze-Muhs™"/. It ranges from 0. 14 (theoretical lower limit) to 0.65(the highest obtained by
experiment). Fedorow and Malysehew gave & = 0. 18 ~ 0.52 for non-cohesive soils. and they
claimed that the &value only depends on initial void ratio!.

Janke, Martin and Plehm measured the coefficient of lateral earth pressure by means of
tri-axial compression machine'"!. Detailed descriptions were also given in their paper. The
testing procedures are similar to those in tri-axial shear test, except that a special device is used in
order to prevent the soil sample from lateral swelling. The soil sample is put in the rubber
membrane. The pressure chamber is then filled with fluid (water). The increase of the lateral
pressure due to the vertical load from the piston is transmitted by the fluid and measured with a
Bourdon gauge. The correlation between the coefficient of lateral earth pressure and the initial

void ratio ¢, obtained is also given. One set of these results is quoted here.
£=10.23 fore, = 0.49
£§=0.29 fore, =0.59
§=0.34 fore, =0.71

As mentioned above, the results of investigation seem to be quite divergent. This was also
pointed out during the Second International Conference on Soil Mechanics and Foundation
Engineering held in Rotterdam early in 1948. Therefore it is urgent to have a new device for
further research. At the beginning, the author used a stabilometer (usually used for testing
bituminous materials by road engineer) for the purpose of determining the coefficient of earth
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pressure at rest. This apparatus is obviously deficient as compared to the new one which the
author used in later stage. In addition to the determination of the coefficient of lateral earth
pressure. the new apparatus can also be used to determine compression and swelling curves,
especially the correlation between void ratio e and ¢, + o, + 0,, Which is necessary in the close

estimation of foundation settlement!'’ .

() (b

Fig. 2 Apparatus for measuring lateral earth pressure

I 2—dial gauge holder 3. 16—porous stone —hole for Bourdon gauge 5. 13—cap ring
6 basc 7. 11- plug 8 waterinlet 9- steel ball 10— piston 12—water outlet
I1—wedge ring 15—rubber membranc 17 —water ring 18—drain

Details of new apparatus and the testing procedures

1. The main parts of the apparatus.

The apparatus is similar to the ordinary consolidation device, except that there is a “water
ring” for enclosing soil sample instead of the common solid copper ring. The water ring consists
of a C-shaped wall section which is covered by rubber membrane to form a closed hollow space.
Then water is filled into this space. In the upper and lower corner, small holes are provided on
the wall for water inlet and outlet(also used for expelling air) tube connections. In the middle of
the wall there is a hole for Bourdon gauge which is used in this device for measuring lateral
pressure. The rubber membrane is held tight by screwing on the wedge ring and the cap ring.
After that the water ring is put upon the base and fixed by screws. The soil sample is placed in the
space enclosed by the membrane, and porous stone is fixed both on the top and bottom for
drainage. After the piston and steel ball are put on, the whole set-up is placed upon the loading
platform of an ordinary consolidation device for applying vertical load.

Under a certain load, the value of lateral earth pressure can be directly read from the
Bourdon gauge, while the compression of the soil sample is obtained from the dial gauge readings.
All the tubings and connections of the water ring should be watertight. and in order to reduce the

effect of walll(membrane) friction. the height of sample as compared with its diameter should not
be too great.



The details and appearance of the new device are shown in Fig. 2(a) and Fig. 2(b).

2. Preparation of samples and test procedures.

The rubber membrane is first fixed in position by the wedge ring and cap ring. The thickness
of the membrane used is about 0.4 mm and thick membrane is unsuitable. Water is introduced
through the inlet tube until the whole water ring is filled, and water begins to overflow from the
outlet tube. After the outflow water no longer carries away any air bubble for 2~3 minutes. both
the inlet and outlet tubes are plugged tight. The membrane used should be fixed tight and
straight, and of light colour in order to detect any concealed air bubble in the water ring. If the
membrane is thin. such bubbles can be easily detected and watering is renewed until there is no
more bubbles. However, too thin a membrane will often induce breakage of membrane during the
test. A short length of brass tube with its outside diameter equal to that of the sample is
temporarily pushed into the water ring with the aim to keep the membrane straight when water is
filling into the ring. When all these have been done, the water ring is fixed onto the base and the
soil sample is placed or pushed in.

The height and the diameter of the soil sample are three cm and eight cm respectively. Sand
sample is directly put into the device and compacted to different densities. Its corresponding
initial void ratio can be easily computed.

For soils in liquid consistency which are unable to stand, samples can also be directly put into
the device. Both initial water contents and void ratios should be determined.

For soils of plastic and solid consistency disturbed and undisturbed. the rubber membrane is
first oiled and then the sample is trimmed and pushed into the cylinder. The water content and
void ratio should be determined before test for every sample.

After vertical load is added. lateral pressure is read from the Bourdon gauge. If the lateral pressure
coefficient after consolidation or the relation between s, + o, +0, and ¢ is required for clay. we can also
observe the variation of lateral pressure under a constant vertical load during the test.

In order to prevent the sample from drying, water box outside the apparatus is used for
saturated clay. and moistened cotton is used for clay with natural water content.

The scale of the Bourdon gauge used is divided to 1 Ibs/in® and can be estimated to 0. 1
Ibs/in®.

3. Special precautions:

(1) No leakage is allowed in the entire water circulation system. so absence of small sand
holes in the ring wall is important. Otherwise the wall will“perspire” and water will percolate
through the wall.

(2) The friction resistance between sample and rubber membrane affects the transmission of
vertical load, so the thickness of sample should be considerably smaller than its diameter.

(3) Any air bubble in the water ring may reduce the lateral pressure readings. One must be
sure that there is no air bubble in the water ring, and it is better to use boiled water ( after
cooling).

(4) As the compression of the membrane itself also affects the gauge readings, the rubber
membrane should be made as thin as possible(0. 1 mm is preferred).

(5) The bourdon gauge should be calibrated before use.

(6) Instead of two porous stones, two porous copper plates may be used in order to reduce
the friction force between stone faces and soil sample to minimum.
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Experimental results

Two disturbed samples (one is sand and the other is sandy clay from the campus of our
college) are used. The physical properties of sand are: specific gravity 2. 66, max., void ratio
€ —0. 99, min., void ratioe , = 0. 49. As to its grain-size distribution the sand used is classified
as coarse sand(according to the standards for civil and industrial building foundations adopted by
USSR in 1955). Most of its particles are spherical and with moderate coarseness. During the test,
the samples are in dry state and compacted to different densities. The vertical load intensity varies
from 1~4 kg/cm” which is usually encountered in engineering practice and the initial void ratio
for each sample is determined. For each sample, the increments of vertical load p, are: 0.5, 1.0,
1.5, 2.0, 2.5, 3.0, 3.5, and 4.0 kg/cm®; so the author obtain the corresponding readings of
lateral pressure p,. A summary of the results is presented below.

(1) From the p,—p, relation diagram (Fig. 3), the author find that the loading curve is a
fairly straight line and passes through the origin, while the unloading curve does not coincide with
the loading curve and possesses strong curvature, thereby forming a hysterisis loop. The slope of
the tangent to the unloading curve increases as the vertical load decreases.

er
0.35F °
0.30r
! 1 i 1 1 i 1 il 1 1 J
oo 4 0 1 2 3 4 5
pyxg/cm p, kg/em?
Fig. 3 Relations between p, and p, for sand Fig. 4 Relation between lateral earth pressure coefficient

& and vertical pressure p, for sand

(2) As the loading curve is a straight line, &values seem to be independent of the magnitude
of vertical load. Yet by calculating the ratio between every horizontal pressure and its
corresponding vertical pressure, it is found that the &values decrease slightly as p, increases, and
this is tabulated below and plotted in Fig. 4.

P, =0.5; 1.0; 1.5; 2.0; 2.5; 3.0; 3.5

&=10.388; 0.351; 0.349; 0.334; 0.329; 0.326; 0.317

(3) Generally speaking, the &values [
depend upon the initial void ratio. The 2t
larger the initial void ratio, the higher « | 03
the &-values. In other words, the smaller g,, Eigg?a E/Qd?;as
the relative density of sand, the higher <[ 1;0.6% =04
the &values. The test results of four sand -
samples are shown in Fig.5. o ; . ' 1 ] . . L
(4) All of the &values with their 0 L 2 3 4 5

p, kg/em?

corr espondmg values of void ratio or Fig. 5 Relations between p, and p, for sand with different

relative density D are shown in Fig. 6 and initial void ratios



Fig. 7 respectively.

(5) The &value of the coarse sand tested varies from 0. 33 to 0.19, and its Poisson’s ratio

from 0.25 to 0. 16.

er
0.3
0.2
0.1 1 1 1 1 | 1 1 1 1 1
0.5 0.6 0.7 0.8 0.9 1.0
Void Ratio ¢

Fig. 6 Relation between lateral earth pressure
coefficient and initial void ratio for sand

er

0.3

0.2+

0.1 1 1 L 1 1 1 i 1 I
0 0.2 0.4 0.6 0.8

Relative Density D

Fig. 7 Relation between lateral earth pressure coefficient

and relative density D for sand

The physical properties of the sandy clay used are: liquid limit=37%, plastic limit=20.8%,
shrinkage limit=11.1%, specific gravity=2.70, and its grain-size distribution is:

2 ~ 0.05 mm

0.05 ~ 0. 002 mm

< 0. 002 mm

9%
74%
17%

During the test, different water contents of this sample were used under both consolidated
and unconsolidated conditions. Here are the test results of sandy clay:

(1) After vertical load is applied, the horizontal pressure varies with time. At the beginning,

the latter increases a little, and then decreases gradually until a certain constant value is reached.

(2) Fig. 8 shows the relationship between the initial horizontal pressure and its corresponding
vertical pressure under the unconsolidated condition.

The loading curve is also a straight line, usually not passing through the origin (except for
samples with very high water content). The unloading curve does not coincide with the loading
curve, but sometimes intersects with the ordinate axis, somewhat like that of sand but not so

remarkable.

1 { 1

2
p, kg/cm?

Fig. 8 Relation between p, and p, for sandy clay

3
p, kg/cm?

Fig. 9 Relations between p, and p, for sandy
clay with different water contents
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At the same time the author finds that the coefficient of lateral pressure at rest of sandy clay
depends mainly upon its water content as shown in Fig. 9.

If the &values are plotted against their corresponding water contents. it turns to Fig. 10.
From this figure. it is evident that the coefficient of lateral earth pressure increases rapidly as the
water content increases. As soon as the water content of sample approaches its liquid limit, the &
value is approximately equal to unity. -

4 b
3r
E L
~
_541;
= 2r
1k
i () )
0 I 2 3 1 5
Water Content w (%) py kglem?
Fig. 10  Relation between £ value and water content Fig. 11 Relations between p, and p, for sandy clay with
for remoulded sandy clay(unconsolidated) the same initial water content of 30%

(3) Under the consolidated condition Cafter 24 hours), there is also a straight line
relationship existing between the horizontal pressure and its corresponding vertical pressure, and
the straight line intersects with the abscissa axis. The &value obtained by this method is much smaller
than that obtained under the unconsolidated condition, but with the same initial water content. Test

results for samples of 30% water content under these two different conditions are shown in Fig. 11.

Conclusions

(1) The coetficient of lateral earth pressure not only depends upon the kind of soils but also
upon its void ratio. relative density (for sands). water content, loading and consolidation
conditions(in the case of cohesive soils). The coefficient varies within wide limits. so it is
necessary to determine the coefficient in cach case under definite conditions in accordance with
the practical environment.

(2) Terzaghi’s values (&€= 0.4 for loose sand, 0.5 for dense sand, and 0.8 for compacted
sand) and Yaropolsky’s opinion regarding the cocfficient of lateral pressure of sand (i.e. values
of & increase as relative density increases) are entirely contradictory to those data obtained by
Bernatzik, Jinke and the author. Theoretically, the at-rest coefficient should be a little larger
than the coefficient of active earth pressure K,. &values obtained by the author’s experiment are
in agreement with this conclusion. The values of K, for the sand used at void ratiose = 0. 6 and
0. 7(computed from angle of internal friction ¢ which is obtained by box-shear test), and the
corresponding values of £ are tabulated below.

(3) The &-values of sand obtained by the author’s apparatus are very close to those obtained
by Hvorslev in USSR and Jianke in Germany.

(1) The &values of consolidated sandy clay obtained by the author’s apparatus are nearly
equal to those suggested by Hvorslev.



