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Measured Soil Load on a Large Concrete Pipe

Mesures de la Charge du Sol sur un Large Tube en Beton
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SYNOPSIS The paper reports the results of a full scale test in the field. A 1600 mm concrete
pipe was placed in a trench 6,4 m deep. Normal and shear stresses in the pipe/soil interface were re
corded by pressure cells in the pipe wall during the period af backfilling and 8 months later. The 
paper compares the measured loads with present design practice. Important conclusions are made concer
ning the lateral support on the pipe.

INTRODUCTION

The soil load on a pipe is usually separated 
into two components, a vertical weight of soil 
over the top of the pipe and a horizontal earth 
support. In the design the two loads are then 
distributed over the width and the height of the 
pipe.

However, basically the soil pressures on the 
pipe surface are normal stresses and shear 
stresses. It is therefore straightforward to 
measure these stresses at various points on the 
pipe perimeter under well known field conditions. 
From the measured stresses the magnitude and the 
distribution of the vertical ana the horizontal 
soil loads can be calculated to check the theo
retical loads.

Such measurements were carried out in a field 
test which was performed near Copenhagen dur
ing the autumn of 1977. The results at two 
stages of backfilling and at the end of the 
test period will be compared with the loads 
calculated according to American and Danish 
design rules.

FIELD CONDITIONS

The trench geometry is shown in figure 1. The 
excavation was made in a firm undisturbed boul
der clay above the groundwater table. The back
filling around the pipe was a medium sand placed 
in 3 layers and compacted with a plate vibrator 
to an average density of 93% Standard Proctor. 
The top fill was the excavated boulder clay, 
which was compacted with a vibratory roller to 
91% S.P. at average.

The pipe was a 1600 mm dia. sewage pipe with 
base made of plain concrete in sections 2 m 
long. In one section 13 Cambridge type pressure 
cells were mounted flush with the outer surface 
of the pipe wall. All the cells had rough pres
sure heads. 3 cells were placed at the base, 7 
cells at one side of the pipe and the remaining 
3 cells at the other side of the pipe to check 
symmetry.

The Cambridge pressure cell enables normal and 
tangential stresses to be measured separately. 
The pressure cells used in this test and their 
accuracy have been described previously by Bagge 
and Fuglsang (1976).
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Fig. 1 Trench profile and longitudinal section
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Fig. 4 Calculated loads, height of fill 
2,4 m above top of pipe

It appears that the vertical load is fairly 
uniform over the width of the pipe, while the 
horizontal load is uniform over the upper half 
of the pipe height and negligible on the lower 
half. This is neglecting one pressure cell that 
gives maximum value in both vertical and hori
zontal pressures after 8 months.

The 3 pressure cells at the base showed very 
different pressures. This is probably correct 
as the stresses here are highly effected by 
small inequalities in the surface of the under
lying gravel. The pressures on the base are 
not shown in the figures.
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Fig. 2 Measured loads, height of fill 2,4 m 
above top of pipe

MEASURED LOADS

The loads measured while the backfilling took 
place are shown in figures 2 and 3 at fill 
heights of 2.4 m and 4.2 m above the top of 
the pipe.

The normal stresses and shear stresses are 
plotted in the left part of the figures as mea
sured with the 7 pressure cells at one side of 
the pipe. It should be noticed that only 1 of 
the 3 cells at the other side of the pipe worked 
satisfactorily and it agreed fairly well with 
the opposing cell. The second cell showed ex
cessive drift and the third did not respond at 
all.
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The two plots show that the shear stresses act 
downwards on the upper part and upwards on the 
lower part of the pipe.

In the right part of figures 2 and 3 the mea
sured stress components are projected on the 
vertical and horizontal directions and trans
ferred to horizontal and vertical loading areas 
respectively.

The pressures measured 8 months after the earth 
works were finished are added with dashed 
lines in figure 3. The pressure cells were un
loaded by removal from the inside of the pipe 
which provided an immediate zero reading. In 
this case the two cells still working at the 
other side of the pipe almost coincided with 
the opposing cells.

The 8 months between the two pressure distribu
tions in figure 3 included a winter season which 
gave 250 mm rain on the actual test site. The 
settlement rate of the earth surface was almost 
zero at the end of the test period, but the sur
face had settled 200 mm in the meantime. It is 
obvious that an alteration of the load on the 
pipe should be expected.

CURRENT DESIGN PRACTICE

The loads computed according to two different 
design methods are shown in figures 4 and 5 
at the heights of fill treated in figures 2 
and 3. Thus figure 4 corresponds with figure
2 and figure 5 with figure 3.

The left part of the figures illustrate the 
loads that are recommended by the American 
Concrete Pipe Association (1970) and the Ame
rican Society of Civil Engineers (1976). The 
vertical load is determined on the basis of 
Marston's theory, assuming that the settle
ment ratio rsd = 0,7 and the shear ratio 
K-p = 0,19. The mean unit weight of the fill 
was 19,7 kN/m3.

The lateral support is the active earth pres
sure at the center level of the pipe, based on 
an earth pressure coefficient K = 0,33. How
ever, the references mentioned do not state 
clearly, if it is permissible to take this 
amount of lateral pressure into account in a 
trench with the actual width.

The right part of the figures show the loads
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Fig. 3 Measured loads, height of fill 4,2 m 
above top of pipe

used in the Danish Code of Practice, DS 437, 
which is based on the method proposed by 
Christensen (1967). The method is a modifica
tion of Marston's theory. Again, the settle
ment and shear ratios mentioned above are 
assumed. According to the code the vertical 
load is distributed over the central 90° 
sector of the pipe.

The horizontal pressure is a proportion of the
earth pressure at rest level with the center
of the pipe. The proportional factor is zero
in case of a trench installation and unity in
a positive projecting embankment installation.
It is assumed that K =0,4.

o

COMPARISON WITH MEASURED LOADS

The actual field conditions are very common 
in pipe construction. It is evident that the 
American design method predicts the measured 
loads fairly well in this case.

The total vertical load is not substantially 
larger in the Danish code, but the distribu
tion is much more conservative.

The test results show a considerable magnitude 
of the lateral support. It clearly exceeds 
the active earth pressure on the upper half 
of the pipe height, while it is minimal on 
lower half.

A computation of the stresses in the concrete 
wall of the pipe shows that the loads of the 
Danish code give critical stresses that are 
more than twice the value of the stresses 
based on the measured loads.

CONCLUSIONS

The test was performed over a period of 8 months.
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Fig. 5 Calculated loads, height of fill 
4,2 m above top of pipe

At the end of this period the settlements in 
the compacted earth fill had stopped. Both 
the vertical and the horizontal pressures 
measured were largest at the end of the test.

The magnitude of the vertical load was fairly 
well predicted by the American design rules, i.e. 
the classical theory of Marston and also by the 
method of Christensen. The load should be distri
buted uniformly over the width of the pipe.

The measured lateral pressures were larger 
than assumed in usual design practice. At least 
the active earth pressure should be included, 
but it is more logical to use the K0 pressure 
on the upper half of the pipe when the trench 
is relatively wide as was the case in the pre
sent test. On the contrary no lateral pressure 
ought to be assumed on the lower part because 
of the difficulties in compacting the fill 
adjacent to the pipe, when the pipe wall in
clines away from the vibrator.
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