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Measurement of the Influence of Lateral Earth Pressure 

on Pile Foundations
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M esure  de l ’influence des poussées des terres su r des fo n d a tio n s su r pieux

L. HEYMAN, Chief Engineer, Soil Mechanics Department, Amsterdam Public Works, Amsterdam, Netherlands

S U M M A R Y

A road embankment of 1 km, consisting of a 4-m-high sand 

fill, had to be constructed along existing buildings founded on 

precast reinforced concrete piles. The overload on the saturated 

peat and clay layers reaching to 12 m depth caused lateral 

deformations of the subsoil resulting in a considerable lateral 

earth pressure on the piles. Vertical sand drains and relieving 

platforms were used to prevent overloading of the foundation 

piles. While work was in progress the effective bending moments 
were measured with steel test piles equipped with electrical 

strain gauges. The subsoil displacements and the horizontal 

reaction at the top of the test piles were recorded. A way of 
roughly estimating the bending moments occurring in the piles 

by measuring the horizontal reaction forces is suggested. The 

observations on the test piles will be continued.

SO M M A IR E

Un remblai de sable de 4 m de hauteur et 1 km de longueur 

est construit à proximité de bâtiments fondés sur des pieux 

préfabriqués en béton armé. La surcharge sur les couches de 
tourbe et d’argile saturées atteignant 12 m de profondeur cause 

des déformations latérales du sous-sol produisant une poussée 

de terre considérable contre les pieux. Des drains de sable 

verticaux et des plates-formes de décharge sont construits pour 

protéger les fondations. Pendant l’exécution du remblai les 

moments fléchissants dans les pieux sont contrôlés par des 

mesures sur des pieux d’essai en acier équipés d’extensomètres 
électriques. Les déplacements du sous-sol et les forces d’appui 

à la tête des pieux sont enregistrés. Une méthode pour estimer 

approximativement les moments fléchissants dans les pieux par 

mesure des forces d’appui est proposée. Les observations des 
pieux d’essai seront continuées.

M E A S U R E M E N T  O F T H E IN F U E N C E  O F LA TERA L EARTH  

PR E SSU R E  O N  P IL E  FO U N D A T IO N S

i n  t h e  w e s t e r n  c i t y  e x t e n s i o n  of Amsterdam a sand 

embankment 1,000 m long and 4 m high had to be con
structed along groups of houses built on concrete pile 
foundations. Since the subsoil to a depth of about 12 m 
below ground level was weak, and warned by the results of

full-scale tests on steel piles subjected to lateral earth pres
sure in similar soil conditions (Heyman and Boersma, 1961), 
a considerable lateral earth pressure was expected to en
danger the stability of the pile foundations of the adjacent 

buildings. Thus the Department of Public Works of Amster
dam, in charge of the project, decided to take ample pre
cautions to prevent any damage to the existing buildings

f i g . 1 . Situation of road embankment with two buildings and test piles.
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2. Schematic cross-sections of embankment as 

indicated on Fig. 1.
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The toe of the embankment comes within 12 m of the 
100 m long buildings parallel to the road, as shown in 
Fig. 2 (section A-A); the distance to the front wall of the 
buildings situated at a right angle with the others is only 3 m.

Fig. 3 shows the soil layers to a depth of 15 m. On top 
of 1.50 m of peat, which formed the original surface layer 
in the polder, a sand layer of 2.10 to 2.50 m has been 
applied recently by hydraulic fill for consolidation of the 
soft subsoil. The reference level indicated on the drawings 
is the normal Amsterdam level (N .A.L.). The groundwater 
level is about 1.25 m below N.A.L. The peat and all the 
underlaying clay and sand layers are saturated with water; 
thus the values of water content in the second column of 
Fig. 3 represent, in fact, the porosity of the soil. The effective 
angle of shearing resistance </>' varies between 22° to 25°, 
for the clay layers, to 30° for the silty sand layers. The 
cohesion c' of the soft clay layer at a depth of 4.20 to 4.50 
m does not exceed 0.1 kg/sq.cm; for the other layers it 

varies between 0.1 and 0.3 kg/sq.cm.
The peat layer, 2.70 to 4.20 m below N.A.L., has been 

somewhat consolidated by the weight of the hydraulic sand 

fill; in its original state it contained more than 90 per cent 
water. Fig. 4 shows the diagram of a corresponding static 
cone penetration test with the Dutch cone (10 sq.cm. section) 
and a constant rate of penetration of 2 cm/sec; apart from 
the top sand layer the cone resistance of all the soil layers 

to the depth of 12 m is very low.

CONE RESISTANCE IN kg/cm2

f ig . 3. Boring profile near the test piles.

and to take measurements that would enable an evaluation 
to be made of the influence of the lateral subsoil displace
ments on the pile foundations occurring while the construc
tion was in progress.

Fig. 1 shows a section of the embankment; it is designed 
for a high level road and has a width of 65 m at the base.

f ig . 4. Cone penetration diagram.

The piles under the buildings, of precast reinforced con
crete, are 13 m long, with an enlarged point bearing in the 
deeper sand layer. Because of the vertical load resulting 
from the construction of the road embankment, a lateral 
displacement of the subsoil will occur. Thus, where the 
buildings are near the embankment, movements of the
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REACTION FORCE AT THE TOP OF PILE IN TONS

f ig . 5. Horizontal strut reaction related to the load 
of the embankment.

subsoil, however small they may be, will cause the con
crete foundation piles to bend. Since the resistance of the 
piles to bending moments is limited, the lateral earth pressure 
against these piles had to be reduced as much as possible. 

For that purpose three measures were taken. First of 
all, it was decided to apply the sand fill in three stages, each 

stage being formed by a layer 1.40 m high. Between the 
stages, a period of several months was allowed so as to 
let the subsoil consolidate gradually. To improve the rate 
of consolidation four rows of vertical sand drains, at 3 m 
centres, were made to a depth of 12 m before the first sand

N AL

BENDING MOMENTS IN TON-METRES

fig. 6. Bending moments in test

layer was applied. By these means the occurrence of high 
excess pore water pressure at the toe of the embankment 
was avoided. With the use of electrical pore water pressure 

meters at several places along the embankment the effective
ness of the drainage was controlled.

It was feared that the piles under the front walls of the 
buildings, which were only 3 m from the embankment, 

would still be overloaded by horizontal pressure, therefore 
30-m-wide protecting concrete slabs on wooden piles were 
constructed in front of these buildings. The slabs located 
under the slope of the sand fill had to take over the vertical 
load of the sand in the most critical area.

To estimate the effective stresses in the foundation piles 
of the buildings at a 12-m distance from the embankment 

two test piles were driven in an open area near one of the 
buildings (Fig. 1). Fig. 2 (section B-B) shows test pile
I, 12 m distant from the toe of the embankment; the second 
test pile is located right at the toe, 15 m along from the 

first one. Both piles were driven to a depth of 13 m before 
the construction of the road embankment started.

The test piles are the same as described in Heyman and 
Boersma (1961)— steel tubes, 12.50 m long, with a rec
tangular cross-section of 30 by 30 cm, and 6 mm steel thick
ness. They have the same bending resistance as normal 

reinforced concrete piles of the same external dimensions, 
which is the type used for the foundation of the buildings.

Both piles are equipped with electrical strain gauges on
6 sections ranged from 2.20 m to 6.70 m from the top 
of the pile. Near the top each pile is supported by a free 

horizontal support equipped with an electric dynamometer 
and a hydraulic jack. With accurate measurement it was 
possible to maintain the top of the piles exactly in their 
original position by using the hydraulic jacks to compensate 

the small displacements of the struts formed by steel frames 
and batter piles. Before driving, both piles had been gauged 
by means of a bending test as a horizontal girder on two 

supports. With this arrangement the bending moments in the

NAL

MOMENTS IN TON-METRES

at the 3 steps of sand fill.
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piles and the reaction forces at the top of the piles have been 
measured throughout the construction of the embankment.

In Figs. 5 and 6 the results of the measurements are 
indicated; in the diagrams, the numbers I, II, and III corre
spond to the three consecutive phases of the sand fill, 

the first, second, and third layer of sand, each 1.40 m thick. 
Fig. 5 gives the relation of the vertical sand load corre
sponding to the three phases with the observed reaction 
forces of both piles on their supports. Fig. 6 shows the 
bending moments in the test piles, derived from the strain 
gauge recordings. For phases I and II, two lines are indicated, 
the lower value corresponding to the stresses immediately 

after application of the load, the higher value being recorded 
approximately two months later before increasing the sand
load with another layer. (For the third phase the second 
line was not available at the time of submission of this 
paper.) According to the experience with the two first steps 
no increase of the stresses is expected after a period of 

two months.
The lateral displacements in the subsoil have been re

corded with an inclinometer lowered in 12-m-long flexible 
tubes, placed in the subsoil near the test piles and near the 
buildings. It was observed that the displacements at the 
toe of the embankment, as well as at a distance of 12 m, 
were practically uniform in all the subsoil layers to a depth 
of 10 to 11 m below the surface, ranging from 1.5 cm 
at a 12 m distance to 3.0 cm at the toe of the embankment. 
By repeated sequences of inclinometer recordings the 

accuracy of the measurements proved to be around 5 mm.
The test measurements have demonstrated that under 

the given circumstances the foundation piles 12 m distant 
from the embankment are not subject to bending moments 
exceeding the breaking point. Although the observed maxi
mum bending moment of 2.45 ton-metres in test pile I can 
be expected to increase slightly in the first months after 
completion of the embankment— the concrete piles under 

the buildings are less vulnerable due to their rigid support at

the top. The recording of stresses and deformations will be 

further continued.
The maximum bending moment of test pile II, 6.75 ton- 

metres, seems rather high at first sight in relation to the 

comparatively small horizontal displacement of the soil. 
However, a simple static computation of the deflection of 
an equivalent beam, 10 m long, fixed at one end and with 
a free support at the other end, comparable with the test 
pile fixed at its lower end in the stiff soil layers and sup
ported by the strut at its top, and loaded with a constant 
load, shows that a deflection of 3 cm corresponds with the 
registered maximum bending moment. This comparison 
is possible if it is assumed that the maximum deflection of 
the pile is equal to the observed soil displacement, which 
may be valid for small horizontal deformations of the soil.

If the lateral load is assumed to be constant and to act 
on the upper 10 m of the pile, the value of this constant 
load that corresponds with the measured reaction force of 
4.45 tons is 1.2 tons per metre. The same assumption leads 
to a calculated bending moment of 8 ton-metres, a value 
that is in agreement with the measured bending moment 
within a limit of 20 per cent.

From these results it may be concluded that, at least in 
cases where only small deformations of the subsoil occur, a 
reasonable estimation of the effective bending moments due 
to lateral earth pressure could be obtained from the measure
ment of the reaction forces at the top of the piles. This 
could, for instance, be done by driving a normal pile in 
front of an existing building and placing a dynamometer in 

between. A simultaneous check on the subsoil displacements 
by the inclinometer method would be advisable.
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