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Collapse at permeation for a compacted non-plastic till
Effondrement sous percolation d'un till compacté non-plastique

G.LEFEBVRE, Université de Sherbrooke, Sherbrooke, Québec, Canada
M.BEN BELFADHEL, Université de Sherbrooke, Sherbrooke, Québec, Canada

SYNOPSIS: Depending on the density and water content at placement, soils can collapse at perme-

ation, exhibiting a change of volume sufficient to create a significant settlement.

This paper

presents the results of a laboratory investigation on a glacial till to study the collapse
phenomenon as a function of various placement conditions.

1 INTRODUCTION

When infiltrated by water, unsaturated soils
can collapse to a lesser volume depending on
their initial water content and density. In
Eastern Canada, cores of rock or earth dams
are most often built from glacial till which
can be described as a silty sand. The phe-
nomenon of collapse in the till cores at
impoundment 1is not gdgenerally a problem since
the material is compacted to a high density
and placed at or close to the optimum water
content. For various reasons however, lo-
calized zones 1in the core can show rela-
tively low water content and density. Good
examples are presented by Boncopain, Paré
and Levay (1989), for the James Bay Project
in Eastern Canada. They report the formation
of sinkholes at impoundment in the crest of
till core dams at the location where instru-
mentation tubings exit. This paper presents
and discusses the results of one dimensional
compression tests on specimens of till com-
pacted at various densities and water con-
tents in which inflow of water was allowed
once a given vertical load was reached.

2 EXPERIMENTAL PROGRAM

2.1 Description of material

The material was homogenized and separated
on the 5 mm sieve. The grain size distribu-
tion is typical of the James Bay till with a
silt portion of the order of 30%, a clay
size fraction of only 3 or 4% and a unifor-
mity coefficient of 17. The maximum density
in the Standard Proctor (SP) test was used
as the reference density in the testing
program.

2.2 Testing program

The specimens were compacted to different
densities and different water contents,
submitted to one dimensional compression up
to a certain pressure and then permeated
with water. 1In a first series of tests, the
specimens were loaded up to 1000 kPa and

permeated under this pressure. The speci-
mens were prepared at densities of 82, 86,
90, 94 and 98% SP and at water contents of
0.3, 2.4, 5.5, 6.6 and 8.1%; the values of
0.3 and 8.1% represent respectively the
water content of air dried soil and the SP
optimum water content. For each density an
additional test was performed on a dry spec-
imen which was permeated at the beginning of
the test under a vertical pressure of only
12 kPa. For this material, densities of 82
and 98% SP are equivalent to density indices
of 50 and 90% respectively, assuming that
the maximum density corresponds to the
maximum in the Modified Proctor.

In a second series of tests, the specimens
were all compacted to 86% SP, but permeated
under pressure of 12, 60, 125 and 250 kPa.

The material was compacted in an oedometer
ring 102 mm in diameter and 38 mm high by
tamping in several layers following a proce-
dure previously calibrated to obtain the
desired density. The drainage was allowed
by the top of the specimens while, at the
base, the opening of a valve permitted, when
desired, a flow of water through the speci-
men under an hydraulic head of 7 kPa.

3 TEST RESULTS

For the first series of tests, where the
specimens were permeated under a pressure of
1000 kPa, typical curves are presented in
Figure 1 for specimens prepared at B86% 5P
For the second series of tests, where the
specimens were all prepared at 86% SP and
permeated under different loads, typical
curves are presented in Figure 2 for speci-
mens prepared at a water content of 8.1%.

3.1 Compressibility

The effect of the placement water content on
compressibility is illustrated in Table 1
where the compression deformation is evalu-
ated for two ranges of 1loading and for
various conditions of initial density and
water content. For the same density, com-
pressibility can vary depending of the water
content by a factor of 5 to 10.
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Table 1. Effect of water content and density
at placement on compressibility

Figure 1. One dimensional compression curves
for specimens prepared at 86% Standard
Proctor. Permeation at 1000 kPa
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Figure 2. One dimensional compression curves
for specimens prepared at 86% Standard
Proctor and w = 8.1% and permeated at
different pressures

3.2 Collapse at permeation

The collapse deformation is expressed as a
function of placement water content for
different initial densities in Figure 3 and
as a function of the stress at permeation
for a density of 86% SP in Figure 4. At low
densities, maximum collapses were recorded
for initial water content of 2.4% and de-
creased rapidly with increasing water con-
tent. At high densities (94 and 98% SP),
collapse deformations were recorded only for
the initially dry specimens. Except for the
specimens prepared at optimum water content,
the collapse deformation was about the same
whether the specimens were permeated at
pressures of 125, 250 or 1000 kPa but appre-
ciably lower when permeated at lower pres-
sures. For the specimens prepared at opti-
mum water content, collapse deformation
significantly decreases when the stress at
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Figure 3. Collapse deformation at permeation
under 1000 kPa as a function of placement
water content

3.3 Air expulsion during collapse

In order to better qualify the phenomenon of
collapse, three triaxial consolidation tests
were performed with a system which allows
verification if water or air, or both, are
expelled during compression of the speci-
mens. The triaxial specimens, 10 cm by 5 cm
in diameter, were consolidated with a stress
ratio 03/0 of 0.53 up to a vertical pres-
sure of 1060 kPa and then permeated. The
first specimen was prepared at a density of
80% SP and w = 2.4%, the second at 88% and
w = 8.1% and the third at 100% SP and
w = 8.1%.

During the consolidation stage up to a
vertical stress of 1000 kPa and during the
collapse at permeation, only air was ob-
served to escape from the three specimens
and the collapse stopped as soon as water
was observed to flow through the specimens.
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Figure 4. Collapse deformation at permeation
under different pressures as a function of
placement water content for specimens pre-
pared at 86% Standard Proctor

These observations confirm those of Clayton
(1980) and Krutov et al (1980) that collapse
at permeation is basically related to air
expulsion from the specimen.

4 DISCUSSION
4.1 Densification at permeation

The increase in density due to consolidation
and collapse at permeation is illustrated in
Figure 5 for specimens initially compacted
at 86% (Fig. 5a) and at 94% SP (Fig. 5b).

4.2 Conditions to initiate collapse

Since only air escapes during collapse,
the water content or degree of saturation
must be such that air can move freely out of
the soil. It is generally understood that
below the occlusion degree of saturation,
air can escape freely from the pores. Above
the occlusion degree of saturation, air
still exists in the pores but is occluded in
the pore water and can be expelled only at
the same time as the pore water. The opti-
mum water content in compaction tests is
generally accepted as approximately repre-
senting the occlusion degree of saturation.
This is evidenced by pore water starting to
permeate out of the soil in a compaction
test at or just above the optimum water
content. For the silty sand used in this
study, the degree of saturation correspond-
ing to optimum water content is in the order
of 65-68%. Loose specimens, prepared at
water content of 8.1%, which is the optimum
water content for the Standard Proctor, have
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Figure 5. Changes in density during compres-
sion to 1000 kPa and during collapse

collapsed up to about 3% (Fig. 2). However,
if the line of optimum is extended down to a
density corresponding to 86% Standard Proc-
tor, one realizes that the optimum water
content for this density is of the order of
12% and that in fact a water content of 8.1%
at this density corresponds to a degree of
saturation of about 40%.

Another condition for a soil to collapse
is that permeation decreases the interparti-
cle shearing resistance thus allowing inter-
particle slidings under the existing state
of stress and density. For the non-plastic
soil used in this study, the dominant fac-
tors causing a reduction in the interpar-
ticle shearing resistance at permeation are
a slight decrease in the friction angle for
the dried specimen and a decrease in suction
for the humid specimens. Those factors make
the soil less compressible before permeation
due to a larger interparticle shearing
resistance. Collapse can then be understood
as a sudden reajustment following a decrease
in the interparticle shearing resistance at
permeation.

The influence of those factors on the
compressibility before permeation can readi-
ly be appreciated by comparing the compress-
ibility before permeation with the compres-
sibility of specimen at the same density but

permeated at the beginning of the tests
(Figure 1 and Table 1). The additional
shearing resistance due to suction, which

restrains compression under low stress, is
however overcome by high compaction energy
and does not decrease anymore at permeation;
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consequently, no significant collapse was
recorded for humid specimens compacted at 94
and 98% of the Standard Proctor. However,
for air dried specimens, the interparticle
shearing resistance always decreases at
permeation and a compression collapse has
been observed even for specimens compacted
at 98% SP.

4.3 Evaluation of collapse at any pressure

Jennings and Knight (1957) have proposed
the double oedometer technique to evaluate
collapse under permeation at any pressure.
In this procedure, two unremolded specimens
are prepared at natural water content; a
first oedometric compression curve is
obtained for a specimen at natural water
content and a second curve for a specimen
permeated at the beginning of the test. The
collapse at any pressure is then evaluated
from the compression difference between the
two oedometric curves. In the first series
of tests of the present investigation, the
specimens permeated at the beginning of the
test (at a pressure of 12 kPa) were all
prepared dry. And as seen in Figure 1, at
permeation at a vertical stress of 1000 kPa,
only the specimens prepared dry collapsed to
a void ratio which coIncides with the oedo-
metric curve of the specimen permeated at
the beginning of the test. For the second
series of tests, the specimens permeated at
the beginning of the test were prepared at
the same water content as those permeated at
different pressures. The double oedometer
test works well for compacted soils under
the condition that the specimens be prepared
at the same water content since the initial
water content influences the collapse either
at the beginning of the test or at any pres-
sure.

5 CONCLUSIONS

The conclusions for this glacial till can be
summarized as follows.

1° The compaction water content has a large
influence on the compressibility at any
density pointing out the importance of cor-
rectly modeling the placement water content
when determining the deformation parameters
on laboratory specimens.

2° At permeation under a vertical stress of
1000 kPa, no significant collapses were
observed on specimens compacted at densities
of or higher than 94% SP, except for air
dried specimens where collapse of 1.3% was
recorded even at a density of 98% SP.

3° For specimens compacted at 82 and 86% SP,
the maximum collapse deformation at permea-
tion under a vertical stress of 1000 kPa was
of the order of 6% and was recorded for
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specimens compacted at a water content of
2.4%. The collapse deformation decreased
with increasing water content.

4° For specimens compacted at 86% SP, the
collapse deformations were about the same
whether the specimens were permeated at 125,
250 or 1000 kPa, except for specimens pre-
pared at the SP optimum water content, where
the collapse deformation was much more
important at permeation under a vertical
stress of 250 kPa than at 1000 kPa.

5° Two conditions have been identified for
initiating a collapse at permeation of a
compacted soil. First, the degree of satu-
ration must be 1lower than the occlusion
degree of saturation roughly corresponding
to the line of optimum in compaction tests.
Secondly, the interparticle shearing resis-
tance must decrease at permeation. For the
non plastic soil tested in this study, this
was related either to a slight decrease in
the friction angle for the dry specimens or
to a decrease in suction for the humid
specimens.

6° The double oedometer technigues proposed
by Jennings and Knight (1967) to evaluate
collapse at any pressure for unremolded soil
works well for compacted soils under the
condition that the two specimens be prepared
at the same initial water content.
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