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ABSTRACT: Excavation for installation of sewer pipes in soft clay often require the use of retaining walls
and in Sweden the most commonly used method is sheet piling. A few weeks after installation, the sewer pipe
often show considerable settlement and the effect is more pronounced for trenches supported by sheet piles
compared to shallow open excavations. The settlement sometimes results in reinstallation of the pipes causing
extensive costs for both the contractor and the owner. This paper presents_results from a full-scale test in soft
clay, where 30-meters of sewer pipes were installed in a 3 m deep trench supported by sheet piles. The
instrumentation included inclinometers, bellow-hose-settlement-gauges, and piezometers. Measurements were
made through the different stages of installation up to 19 weeks after completion. The purposes of the
measurements were mainly to study the following elements; elastic heave, deformations of the retaining wall,
settlements and time effects.

1 INTRODUCTION investigated in a large full-scale field test where
extensive measurements were made. The
measurements included heave, vertical settlement,
horizontal deformation and pore pressures.
Measurements were taken at different times
throughout the whole construction process.

Pipes used for sewage and surface runoff water must
have a minimum inclination to avoid sedimentation
and thus guarantee the free flow of water. Moderate
settlement of the pipes can easily jeopardise this and
therefor the requirements regarding differential
settlement for the pipes are rather strict.

Usually the placing of pipes in open cuts in soft
clay down to 2m or slightly more results in small and
acceptable settlements. However, in urban areas,
where the cuts usually are somewhat deeper, perhaps
3 m or more, sheet pile walls must be used. Then the
settlement in many cases has become too large and
resulted in the need for reopening of the cut and a
costly relocation of the pipe. Alternative procedures
for supporting the trench and also in terms of
backfill material have been used but, partly due to
lack of understanding of the goveming phenomena,
no satisfactory explanation or solution to the
problem has been presented.

2 OBJECTIVE OF THE STUDY

The objective of the study reported in this paper has
been to find the underlying cause of the settlements
and when in the process they occur. Furthermore
different prevention methods have been considered
in order to reduce or minimise the settlements. Some

of these methods and also procedures have been

3 FULL-SCALE FIELD TESTS

3.1 Test site

The test site was located in Molndal, 10 km south of
Gothenburg, see Figure 1.

The soil strata consist of clay to a depth of 25- to
30 meters. The shear strength of the clay is typically
10 kPa at z = 3 m, with an increase of about 0.4 kPa
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Figure 1. Location of the test site
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Figure 2. Soil profile of the site
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Figure 3. Layout of the trench

per meter for depths between 3 and 10 meters below
the ground surface. For greater depths the increase
will be about 1,5 kPa per meter. The clay is normal
or slightly overconsolidated according to the results
from the CRS-tests.

The pore-water pressure is close to hydrostatic and
the ground water level is situated about l.5 meters
below the ground surface.

3.2 Description of trench

30-meters of sewer pipes with the dimension of 300
mm were installed in a 3 m deep trench supported by
sheet piles. The trench was 2 meter wide. Struts and
ridge beam were installed at ground level and at 2
meters depth, see Figure 3. The bottom of the trench
was shortly after the excavation covered with a 70
mm thick layer of concrete and filling material (0
18 nnn). Coarser filling material (0 - 60mm) were
used when the trench was refilled after installation of

the pipes and the measurement equipment. The
lower trench beam was removed before the trench
was refilled.

3.3 Instrumentation of trench

In order to study the movements due to the different
stages in the installation procedure for the sewer
pipes; excavation, filling and removal of the sheet
piles, the trench was instmmented with bellow-hose
settlement-gauges, inclinometers, settlement gauges
and piezometers _

Bellow-hose-settlement-gauges, which enable
measurements of settlement at different depths, were
used to monitor the movement of the trench base.
Three plastic pipes with a diameter of 50 mm and 35
meter long were installed at the trench base and
measuring equipment with an accuracy of i 2-3 mm
were used. Measurements were made every meter
along the trench. The movement of the ground
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Figure 4. Instrumentation of the test trench
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Figure 5. View of the trench.

adjacent to the trench was measured using two
additional plastic pipes, installed 30 cm below the
ground surface, 2 and 4 meters from the trench. The
results from these measurements are not included in

this paper.
The horizontal movements of the soil close to the

sheet piles were measured using 4 inclinometers.
Fixed measuring points were installed at 1.5, 2.25, 3,
4, 5, 6, 8 and 11 meters below the ground surface.

The heave of the base of the trench was monitored

during the excavation using settlement gauges
installed below the trench base, and connected to the
groundlevel with steel pipes. The movements were
registered using a levelling instrument with an
accuracy of i 0.2 mm.

The variation in pore-pressure during the filling
and removal of the sheet piles were measured using
two piezometers installed 1 and 2 meters below the
trench base. The accuracy of the equipment was i
0.2 kPa.

3.4 Test procedure

The trench was divided into 5 sections, as shown in
Figure 4, each section representing different
configurations either in the design of the retaining
wall or in the installation procedure for the sheet pile
wall.

In section A, 7-meter long sheet piles were
installed, to study the influence of sheet pile length
on the settlement of the sewer pipe.

ln section B1, the sheet piles were cut-off at the
base of the trench base as removal of the sheet piles
could create cavities in the clay below the trench

base, which in turn would cause horizontal
deformations resulting in settlement of the trench
base. This might be possible to avoid by leaving the
lower parts of the sheet piles in the soil.

Section B2 was used as a reference section with
normal procedure using 5-meter long sheet piles.

In section C, the sheet piles were removed after
re-filling the excavation halfway and consequently
minimise the stress increase on the sewer pipe and
hence also the settlement.

In section D, small diameter wooden piles were
installed immediately after removal of the sheet
piles. The purpose was to fill out a volume in the
clay equal to the volume that the sheet piles
previously had occupied.

Measurements were carried out during the
excavation, installation of sewer pipe, refilling and
removal of the sheet piles. The monitoring of the
movements of the trench base was continued for a
period of 19 weeks after the removal of the sheet
piles.

4 RESULTS

The results corresponding to the different stages in
the installation procedure are presented below.

4.1 Excavation

The settlement gauges installed below the trench
base before the excavation in sections B2 and D
were mainly used to monitor the heave during
excavation and installation of sheet piles.

The settlement gauges indicated 4-5 mm heave
even before the sheet pile installation. At this point
0.7 m of the topsoil had been removed to facilitate
the sheet piling.

When the excavation was completed the
settlement gauges showed 10 - 15 mm heave. Figure
6 shows the displacement of the settlement gauges
during sheet piling and excavation.

According to the inclinometers the displacement
of the retaining wall during excavation was 2 - 5
mm inwards against the trench. The largest
displacement was measured approximately 1 m
below the trench base.

Pore pressures monitored below the trench base
decreased during the excavation phase. The
difference was 18 kPa and 13 kPa at one and two
meters beneath the trench base respectively.

4.2 Rejilling;
When full excavation depth was reached a concrete
slab was casted and the settlement gauges were cast
into the concrete slab. Consequently the settlement
gauges from this stage and onwards monitors the
movement of the concrete base of the trench.
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Figure 6. Measured heave during the installation of
sheet piles and excavation.
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Figure 7. Total settlement measured by the bellow
hose settlement gauges after re-filling.

After refilling in section A - C the settlement
gauge in section B showed that the entire heave had
regressed and additional 7 - 12 mm of settlement
had developed. Measurement 4 days later showed
additional settlement of 3 - 4 mm.

The settlement measured with the bellow-hose
settlement gauges varied between 18 mm for section
A and 32 mm for section D, see Figure 7.

The horizontal displacement of the sheet piles was
mainly in the direction outwards from the trench
except for the part above the former trench base,
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Figure 8. Total settlement measured by the bellow
hose-settlement -gauges after removal of sheet piles.

were the sheet piles moved inwards. This movement
was probably caused by the removal of ridge- and
strut beams. The displacement was in the magnitude
of 0 to 5 mm.

Pore water pressures increased during this phase,
but were still 8 and 15 kPa lower than original.

4.3 Removal of the sheet piles

During the removal of the sheet piles the two
settlements gauges in section B2 settled 13 and 15
mm respectively. Ir1 section D the corresponding
movement was 9 mrn upwards.

Settlements monitored by _ the bellow-hose
settlement-gauges showed settlement between 13 
16 mm for sections Bl, B2 and C see Figure 8. In
section A the settlement was 30 mm. In section D

the sheet piles were replaced with wooden piles with
the same volume as the sheet piles. The settlement in
this section was 8 mm.

No distinct change in pore water pressure was
monitored during this phase.

4.4 Time effects

Two months after removing the sheet piles the
settlement gauges had settled 24 mm further in
section B2 and 17 mm in section D.

During the first two weeks after completion of the
trench, the settlement were about 4 to 9 mm for all
sections except D. In section D the settlement was
18 mm.

During fhe next 3 weeks the settlement of the
sewer pipe varied between 17 and 24 mm in sections
A, Bl, B2 and C. In section D only marginal
settlement were noticed, see Figure 9
An interesting thing occurred after 10 weeks.
Reductions in settlement were monitored, indicating
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Figure 9. Total settlement measured by the bellow
hose-settlement gauges 5 weeks after completion of
the trench.

that the pipe was moving upwards. When the full
scale test was terminated, 19 weeks after the sheet
piles .were removed, the pipe had moved
approximately 10 mm upwards.

4.5 Summary of results

When the test was interrupted the settlement gauges
showed a total subsidence of 47 to 53 mm in section
B2 and 33 mm in section D.

According to bellow-hose settlement gauges the
total settlement of the trench base was 50 - 70 mm

with the largest settlement in section A, see Figure
10.

In section A the dominating part of the settlement
occurred during removal of the sheet piles, while
refilling caused the largest settlement in the other
sections. The results indicate that time is another
important factors. 10 weeks after installation the
pore water pressures were almost the same as before
the test.

5 DISCUSSION

According to Magnusson, (1975), the magnitude of
trench base heave is govemed by changes in the
shear stress in the clay and the factor of safety
against heave of the bottom. Depending on the
magnitude of the shear stress the heave is either
elastic or plastic. The geometry of the excavation in
this project indicates that the heave to be largely
elastic; i.e. when the load is brought back the trench
base will settle elastically.

The use of sheet piles prevents the excavation
from failing and will have the effect of reducing the
mobilised shear strength. Consequently further

penetration of the sheet piles should result in smaller
heave. This is confirmed by the results in section A
compared to the rest of the sections. Increasing the
sheet pile length consequently has a positive effect
and thus reducing the settlement.

On the other hand considering the volume that the
sheet piles occupy below the trench base. The
horizontal movement that is required to fill the
cavity when the sheet piles are removed will result in
vertical deformations and consequently settlement of
the sewer pipe will occur. Hence, to minimise the
settlement caused by the removal of sheet piles the
length of the sheet piles should be as small as
possible.

It is obvious that these two phenomena counteract
each other. The results from the field tests show that

during refilling the settlement in section A, where
the sheet pile length below trench base was 4 m, is
about 25 percent of the total settlement measured
five weeks after the installations was completed. The
corresponding settlement for the remaining sections
is between 40 and 60 percent.

When the sheet piles were removed the amount of
settlement was about 40 percent in section A
compared with 15 to 25 percent for the remaining
sections.

In section B1 the sheet piles were cut-off at the
trench base level and the lower part was left in the
ground. One could expect that there would be hardly
any settlement when the sheet piles were removed,
but that was not the case. One explanation could be
that this section was only 3.5 m in length and the
adjacent sections influenced the results. Another
phenomenon to take into consideration is that the
filling instantaneously loses its support from the
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Figure 10. Measured settlement for the different
sections.



surrounding soil when the sheet piles are removed.
This can cause substantial stress concentrations
under the pipe and therefore deformations in the
trench base.

Another observation made when evaluating the
results from the full-scale test was that in the
sections where the workers had to walk on the trench

base before the protecting concrete layer was in
place the initial settlement during refilling was
slightly larger. This is probably caused by
disturbance of the clay.

In section D one can see a minor effect of the
replacement of the sheet piles with wooden piles.
Seen over time this measure taken reduced the
settlement by about 10 mm.

6 CONCLUSION

The settlement of sewer pipes installed in sheet pile
supported trenches is not governed by a single
phenomenon. The measurement showed that at least
two of the stages of the installation procedure
counteract in minimising the total settlement.
Optimising the installation procedure involves both
balancing the retaining wall design according to
safety, heave of the trench base and effects of the
removal phase and also the execution procedure
according to, for instance, trench base disturbance
and restoration of the previous effective stress level.

ln the design phase the main task is to:

» Optimise the length of the sheet piles
» Calculate the expected heave and estimate the

following settlement and adjust the prescribed
level accordingly.

It is most important that these measures are done
bearing in mind the safety of the workers and the
functionality of the entire sewer system.

During the installation there are a few things to
consider:

» The sheet piles should have the same length
along the entire trench.

» The excavation should not be done to full
depth until it is time to install the pipe, i.e.
save some soil at the trench base to protect the
final base from disturbance.

Q Refilling should be done with the aim or
restoring the original effective stress level. If
this is impossible, consider using a soft mat
slightly above the pipe to minimise the stress
concentration under the pipe.

The effective stress is dependent of the pore water
pressure. If the ground surface will be paved after
the sewer pipe installation it should be noted that
this could jeopardise the natural restoration of the
effective stress level due to lower pore water
pressures.
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