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Horizontal soil movements in excavations protected by sheet-pile cut-offs 
Mouvements de sol horizontaux dus à des excavations protégées par des rideaux de palplanches

E.Dapena & A.Perucho -  Laboralono de Geotecnia, Cedex, Spain
C.Gonzâlez & C.H.del Norte -  Ministerio de Medioambiente, Spain

ABSTRACT: This paper reports on the measurements taken of horizontal movement during the excavation of a 5-m deep and 7-m 
wide trench created for the installation of 5 x 3 metre concrete caissons to channel water from two streams running in the vicinity. 
The alluvial deposit in the stream at the excavation site consists of gravel with a sufficiently thick clayey matrix to enable a sheet- 
pile cut-off wall to be sunk over three metres down. The construction process used consisted of driving the sheet pile in by vibration 
to a depth of over 3 m beneath the bottom of the excavation, digging an 0.60-m pit to fix bracing at the head of the cut-off and 
excavating down to 5 metres. Once the caissons were in place, the trench was refilled and the sheet pile removed. The excavation 
site was on an urban street, making it necessary to assess the extent and scale of any possible horizontal movement, in order to take 
the appropriate steps to prevent problems occurring in adjoining buildings. Measurements were taken during the excavation work of 
the horizontal movement occurring. The paper reports on the results.

RÉSUME : Ce compte-rendu contient les mesures des mouvements de sol horizontaux qui ont été réalisées pendant l’excavation 
d ’une tranchée de 5 m de profondeur et de 7 m de largeur destinée à recevoir une canalisation de béton de 5 x 3 m pour l’écoulement 
des eaux de deux ruisseaux du voisinage. Les alluvions où a lieu l’excavation sont formées de gravillons de texture argileuse d’une 
épaisseur suffisante pour pouvoir obtenir un rideau de palplanches de plus de trois mètres. Le processus de construction utilisé a 
consisté à enfoncer par vibrations un rideau de palplanches jusqu’à une profondeur de plus de 3 m au-dessous du fond de 
l’excavation, à effectuer une excavation de 0,60 m pour la mise en place d ’un contreventement à la tête du rideau de palplanches et à 
continuer l’excavation jusqu’à 5 m. Une fois les canalisations terminées, on a rempli la tranchée et extrait les rideaux de palplanches. 
L’excavation était située dans une rue en zone urbaine, d’où la nécessité de connaître l’extension et l’amplitude des possibles 
mouvements horizontaux afin de prendre les mesures nécessaires pour éviter les répercussions sur les immeubles voisins. Les 
mesures des mouvements horizontaux ont été réalisées pendant l’exécution des travaux d ’excavation ; elles figurent dans le présent 
compte-rendu.

1. INTRODUCCIÓN

The trench to channel the Sorravides Stream on its course 
through the town of Torrelavega at the point where it is joined 
by the Indiana Stream was designed to have two different 
sections depending on the distance involved from the existing 
buildings to the works.

In the sections where the distance between the excavation and 
the surrounding buildings was more than one and a half times 
the depth of the excavation the trench was executed using sheet 
piles to be able to install the precast caissons. The end stage of 
the process consisted of filling the excavation and removing the 
sheet pile.

When the adjoining buildings stood very close and the 
foundations were generally less than a depth and a half away 
from the excavation planned, the channel trench was built using 
screen walls with a top deck, leaving subsequent excavation of 
the channel between screens and construction of the base to the 
last stage.

Table 1 gives the sections into which the channel was divided, 
by type of section applied, and the lengths involved.

This paper reports on the geotechnical aspects involved in 
construction of Section VI running between km points 0+875 
and 1+103.2.

2. GENERAL CHARACTERISTICS OF THE SECTION

The general characteristics of the section can be summarised as 
follows:

total excavation depth: 5.00 m 
soil type to be excavated:

0 to 1 m down: man-made fill
1 to 5 m down: gravel with a sandy silt matrix 

water table level: -2.50
minimum distance between excavation and existing buildings:
6 m
precast concrete caisson
gravel fill between caisson and excavation walls.

The trench excavated prior to installation of the precast 
caisson was 5 m deep and was executed after sheet piling had 
been driven in which was sunk beneath the gravel layer and 
braced at the head.
The minimum distance between existing buildings and the 
excavation was 6 m, but during execution of the works the 
layout varied, coming closer to the right bank and in some parts

Table 1.- Channel Type Designed for the Different Sections

Km Point
Precast 
Caisson 

Length (m)

Continuous
Cut-off

(m)
Section I 0+000 to 0+607.4 607 -

Section II 0+607.4 to 0+655 - 47.6
Section III 0+655 to 0+670 - 15
Section IV 0+670 to 0+719 49 -

Section V 0+719 to 0+875 - 256
Section VI 0+875 to 1 + 103.2 128.2 -

Section VII 1+103.2 to 1+289.8 - 186.6
Section VIII 1+289.8 to 1+565 275,2 -

TOTAL 1,059.8 405.2
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Table 2.- Soil Properties Used in the Plaxis Program.

Clay Sand Gravel
40.000_

Density y KN/m3 19.0 19.0 16.0

Poisson Ratio 0.30 0.30 0.30 _
Deformation Modulus E KN/m2 5,000 50,000 200,000 -

Cohesion C KN/m2 1.0 0.1 0.1

Angle of friction (p° 27 32 37

this reduced the separation between sheet pile cut-off and the 
buildings. In one short section in particular, the sheet pile 
cut-off was erected at a distance of 3.70 m from the downstream 
comer and 4.50 m from the upstream comer of a building.

The soil in which this section was constructed is composed of 
gravel with a clay matrix, covered by a 1-m thick layer of fill. 
In some parts the top layer of gravel consisted of a dark 
coloured band of sandy silt with a 2-m internal thickness.

3. CONSTRUCTION PROCESS

The layer of gravel with a clayey matrix was thick enough to 
allow the sheetpiling to be driven in below the planned 
excavation to sufficient depth for it to be considered sunk in and 
a single band of bracing was installed at street level.

The construction process involved the following stages:

1. sheet piling driven in (10 m approx.)
2. initial pit dug down to a depth of 0.60 m
3. head bracing installed at street level
4. vertical slope excavation down to 5 m
5. caisson bottom installed
6. caisson top installed
7. uncompacted crushed gravel fill up to gradient elevation
8. top braces removed
9. sheetpiling removed.

It was originally planned to excavate to an initial depth of
3.10 m before the sheetpiling was braced. Earth movement was 
calculated using the Plaxis finite elements program, assuming 
the ground consisted of a 2-m top layer of sandy clay below 
which was a further 2-m layer of sand followed by a gravel bed 
stretching down beneath the excavation. Table 2 gives the 
properties of each of these layers as used in the calculation.

According to this calculation, the maximum soil movements 
occurred next to the sheetpiling head and at the moment of 
conclusion of the excavation work initially planned to a depth of
3.10 m and would reach a scale of 34 mm.

This total displacement of 34 mm corresponded to a 22-m 
settlement and a horizontal displacement of 25 mm. On the 
ground surface the plasticised area reached 4 m measured from 
the head of the sheetpiling, (Fig. 1).

In view of these results, it was decided to cut back the depth 
of the initial excavation to 0.60 m in the particular section under 
study, as reported in Stage 2 of the construction process 
employed.

4. MEASURING OF MOVEMENT

The purpose for monitoring the movement from the start of 
construction for the section was to assess the extent o f the area 
affected by horizontal movement caused by the excavation 
between the sheet piles and the scale of this movement.

In addition, this monitoring would mean the appropriate steps 
could be taken to prevent problems occurring in the existing 
buildings in the event that such movement interfered with the 
construction existing in the vicinity.

The surface monitoring points for measuring horizontal and 
vertical movement were situated as follows:

30.000

20. 000

10.000

Figure 1.- Finite element calculation of movement for the 
original assumption of the 3.10-m depth unrestrained excavation

t ® t @ T r

Figure 2.- Position of the reference points for measurement and 
identification purposes as per area of distance between points.

1. 10-m long sections.
2. Measuring points at 2 and 6 m from the sheet-pile cut-off 

and on the façade of the buildings, points labelled a, b and 
d respectively in Figure 2.

3. Measurements were taken of settlement and horizontal 
displacement.

4. Measurements continued to be taken until pavement laying 
was complete.

5. RIGHT BANK MOVEMENT 

5.1 Sheet-pile Convergence

The sheet-pile convergence values at the end of the excavation 
process and on removal of the bracing are given in Figure 3. 
The end values obtained after the bracing was removed ranged 
between 10 and 53 mm (Figure 4) so that 30 mm could be taken 
as the representative average value.
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Figure 3.- Sheetpiling convergence values measured on completion of the excavation x and on removal of the bracing +.
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Figure 4.- Distribution of sheetpiling convergence values 
after removal of the bracing.
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Figure 5.- Movement in the right bank adjacent to the 
sheetpiling up until the time the bracing was removed

5.2 Horizontal Movement Adjacent to the Sheet-pile

The separation occurring between the sheet-pile and Point a, 
two metres away, was measured until the time when the sheet- 
pile was removed. The measurements taken ranged from 8 to 
31mm (Figure 5), meaning that 16 mm could be taken to 
represent the average value.

Horizontal Movement between Points a and b

The changes to occur in the horizontal movements between 
Points a and b were measured at different times. After the 
bracing was removed very little horizontal movement was 
recorded.
Figure 6 gives the movement recorded in each section when the 
sheetpiling was removed and Figure 7 showed the way it was 
distributed. The latter indicates that the values ranged from
11 to 36 mm, meaning that the representative average value 
could be taken to be 18 mm.

Finally, measurements were taken of the separation occurring 
between Points a and b over the course of the works. Figure 6 
gives these measurements recorded two months after the 
sheetpiling was removed.

Substantial movement of over 55 mm was recorded in the 
section at km point 0+902 and between km points 0+975 and 
0+995. It must be stated however that a 1-m deep gas pipe 
trench was dug in this area alongside the pedestrian footway 
which could constitute the motive for this increase in 
movement.

The distribution of the values obtained in each individual 
section is shown in Figure 8. They range between 20 and 
66 mm, meaning that 35 mm could be taken to represent the 
average value.

6. SPECIAL MEASURES USED TO PREVENT HORI
ZONTAL MOVEMENT

Excavation in the end portion of this section came closer to the 
buildings, running at an actual distance of less than 5 m from 
them.

Already knowing the soil movement that would occur with 
application of the construction process as described meant that 
modifications were introduced to avoid the possibility of 
damaging the structure of the buildings. The sheet pile was not 
removed in this area and the gravel fill was replaced by a 
concrete fill.

7. SUMMARY AND CONCLUSIONS

Section VI of the channelling process for the Sorravides Stream, 
between km points 0+875 and 1+103, was built by excavating a 
trench for the channel using sunk sheetpiling with head bracing.

The depth of excavation was 5 m and the sheetpiling was sunk 
down a further 5 m beneath the bottom of the excavation.

Once the caisson and fill had been executed, the sheetpiling 
was removed using a vibration process.

The horizontal movement occurring over the course of the 
construction process was measured and produced the following 
results:

a) On removal of the bracing, the sheetpiling convergence 
came between 20 and 53 mm, meaning that 30 mm could be 
taken to represent the average value.

b) Horizontal movement in the area lying between 0 and 2 m 
away from the sheetpiling, immediately prior to its 
removal, was in the range of 8 to 31 mm, meaning that 
16 mm could be taken to represent the average value.

c) Monitoring of the horizontal movement occurring between 
Points a and b, situated between 2 and 4 m approximately 
from the sheetpiling, indicated a gradual separation 
between them over the construction process. This increased 
separation immediately after removal of the sheetpiling 
was in the range of 11 to 36 mm, meaning that 18 mm
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Figure 6.- Horizontal movement in Section A on removal o f sheetpiling Dand two months later ^ .
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Figure 8.- Distribution o f the increased separation between 
Points a and b two months after removal o f the sheetpiling.

Figure 7.- Distribution of the increased separation between the 
points situated at a distance of 2 and 4 m from the sheetpiling, 
once this was removed.

could be taken to represent the average value.
d) The separation between Points a and b gradually increased 

over the course of the works, reaching values of between 
20 and 66 mm, meaning that 35 mm could be taken to 
represent the average value.

e) As the extent of these measurements was known in 
advance, the sheetpiling was not removed in an area where 
the buildings stood at a distance of 4 m from the 
excavation and the gravel fill there was replaced by a 
concrete fill.
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