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Compression of alluvial deposits due to wetting
Compression des alluvions apres immersion
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SYNOPSIS

Settlement of soils due to wetting with or without additional loading is a wide-

spread phenomenon and it is not confined to a particular soil type. Settlement due to wetting which
is generally termed "collapse" usually occurs in loose granular materials such as rockfills, com-
pacted sand-gravel fills, or natural loess, silt, sand or gravel deposits at low water content.
Various types of clays may also experience compression under load when wetted provided that certain
initial conditions are satisfied. The case study presented in this paper aims to illustrate the
behaviour of dry alluvial deposits upon reservoir filling.

INTRODUCTION

An actual case of compression of thick natural
dry alluvial deposits due to wetting was inves-
tigated by the authors. The aim of the investi-
gation and the experimental study was to under-
stand the behavior of dry alluvial deposits on
the reservoir area of Karakaya Dam being con-
structed on Euphrates River which flows through
southeast Turkey. It was decided to construct a
new railroad bridge at the reservoir area of
the dam to meet the new requirements of the
maximum water level of the reservoir lake.
Studies conducted made it necessary to design
and construct a viaduct 2030 m long, with two
abutments and twenty eight towers spaced 70 m
center to center. Some towers as tall as 65 m
above the base are to be constructed at the
locations where the existing alluvial deposit
is very thick and the groundwater at great
depth. Considering the potential settlement of
the dry alluvion upon reservoir filling the
following alternative design solutions were
studied:

a) Construction of bridge towers directly on dry
alluvion by shallow foundations,

b) Construction of towers on foundations
supported by piles constructed in dry
alluvion,

c) Construction of towers on foundations sup-
ported by piles whose tips extend below
original groundwater,

d) Replacement of viaduct at the deep dry allu-
vion zone with a high rockfill embankment.

In order to decide on one of the alternatives
mentioned above, the compression behavior of
the dry alluvion due to wetting upon reservoir
filling when the dam under construction is in
service will have to be investigated. For this
purpose, field and laboratory tests were car-
ried out in order to predict the percent com-
pression of the alluvion. After studying the
behavior of many earth and rockfill dams, and
conducting one dimensional compression tests

it was concluded that various factors may be
the cause of the compression induced by wetting
(Nobari and Duncan, 1972). Initial conditions
such as initial water content and initial dry
density, amount of fines, uniformity of grada-
tion, maximum particle size, type of aggregate
and type of loading may be listed among such
factors. At Karakaya Viaduct construction site,
the initial water content and dry density, and
gradation of the dry deposit are believed to be
the main factors affecting compression due to
wetting.

SOILS OF THE CONSTRUCTION SITE

The study was made at two different but typical
locations at the site, namely the tower No.l2
and No.22 locations. As it can be seen in
Figures 1 and 2 that very thick medium to very
dense alluvial deposits cover the construction
area. The thickness of the alluvion varies
between 10 m below the riverbed and more than
70 m at the left bank of the river. The ground-
water table ranges from low to very low, conse-
quently the upper part of the alluvion is dry.
The thickness of the dry alluvion increases at
the tower locations near the left bank of the
valley where the groundwater is as deep as 25m
from the present ground surface. The Standard
Penetration Tests have been made where soil
conditions permitted and the pressuremeter
tests have been carried out in alluvion using
Menard GA type pressuremeter and 77 mm and 58 mm
diameter probes. SPT and pressuremeter tests
revealed that the alluvion was in a medium to
very dense condition. The relationship between

the Pressuremeter Modulus EM and the Limit

Pressure Py of the alluvions as shown in

Figure 3 is an indication of dense to very
dense granular material. Figure 3 has been
prepared using the results of the pressure-
meter tests made in borehole at maximum 100 m
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Fig.l. So0il Profile and in-situ Test
Results at No.l2 Tower Location

distance from the center of No.l12 and No.22
towers.

The typical viaduct tower which is shown
schematically in Fiqgure 4 was planned as a
reinforced concrete box shaped vertical shaft
resting on a reinforced concrete footing pad
which in turns will be supported by soil if
predicted future sectlements following reser-
voir filling are acceptably small or by large
diameter piles if settlements are excessive.

FIELD TESTS

In addition to SPT and pressuremeter tests made
in boreholes, three types of plate loading
tests were carried out at 3,5 m depth at No.l2
and No.22 tower locations. The first type of
test was carried out on natural or dry soil.
The second type of test was made loading in dry
condition up to 300 kN/m2 and continuing after
flooding at 300 kN/m2. The third type of test
was run by flooding the soil at the beginningof
the test. Foundation soil in all tests was
loaded by using a circular plate of 750 mm
diameter. Loods were applied by a heavy duty
hydraulic jack and settlement readings were
taken using 0.001 mm accurate dial gauges.
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Fig.5. Plate Load Test on Natural Soil at

Tower 12 (YiUksel Proje A.S.)

Loading increments of 50 kN/m2 were used during
the tests, and at each load step readings were
taken every 5 minutes for a minimum of 30
minutes. To saturate the soil tested, the pit
was flooded for twelve hours by keeping a 0.3 m
constant water height in the pit throughout the
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Fig.6. Plate Load Test on Soil Flooded at

300 kN/m2 (Yiiksel Proje A.S.)

test. All tests were carried out up to 1000kN/1'n2
or failure load. The subsequent unloading was
made in three steps.

Load test results obtained through the first
and second type test series at No.l2 tower loca*
tion are given in Figures 5 and 6 respectively.

Comparison of the test results indicated that
the rate of settlement increased upon wetting.
It may also be observed that the settlements
increased suddenly after 600 kN/m2 load in the
dry test, and after 250 kN/m2 in the second type
of lest. At No.22 location alluvion was found
to be very dense and no failure was observed at
1000 kN/mZ load in either of the test series.
In the third type of test at No.22 location, a
settlement of 0.33 mm was recorded after wetting
at 300 kN/m2 load.

LABORATORY TESTS

One dimensional compression tests were run on
the undisturbed and compacted soil samples
taken from the same location and depth where
the field load tests were made. Some physical
properties of the soils taken by large molds
are given in Table I.

Samples taken from the field were tested in the
laboratory in a large diameter consolidation
unit (permeability apparatus) consisting of
mainly of a steel mold with an inside diameter
of 204 mm, a height of 204 mm and a wall
thickness of 5 mm. The specimen which is
completely confined by the metal mold was
placed on a lower porous stone and covered by
an upper porous stone. The compression was
measured by two dial gauges fastened to the

top porous stone. The specimen was loaded by
means of a heavy duty hydraulic jack, and after
each load increment the nuts on the loading
plate were tightened in order to keep a constant
load on soil sample. Load on soil was measured
by a gauge attached to the jack. The load
observed was fairly constant despite small
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TABLE I

Properties of Soils Taken from No.l2 and
No.22 tower locations
No.22 Location

Soil Property No.l2 Location

Silt and Clay (%) 10 18
Sand (%) 66 69
Gravel and

Cobble (%) 24 13
Natural Water

Content (%) 5.8 5.4
Bulk Unit

Weight (kN/ma) 19.5 19.8
Void Ratio (%) 40 40

deformations of the spring due to compression of
the soil sample. The soil sample was saturated
from the lower porous stone when wetting was
required. The loading steps used during the test
were 25,50,100,200,400 and 800 kN/mZ2. The mini-
mum waiting period at each load increament was

30 minutes. The samples were flooded at 400 kNm@
in three tests and 800 kN/m2 in one test.
Results of the large diameter consolidation
tests are given in Figures 7,8,9 and 10.
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Compacted samples were tried to be prepared at
about in-situ unit weight. It may be seen from
the figures that a considerable compression
takes place after saturating the soil. Amount

of the percent compression due to wetting varies
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between 1.33% and 2.75% for the specimens
flooded at 400 kN/m2. The sample saturated at
800 kN/m“ experienced a considerably large
percent compression of 3.76%.

CONCLUSIONS

Both field load tests and laboratory consolida-
tion tests indicate that dry alluvion above the
present groundwater will experience consider-
able amount of compression when saturated
during reservoir filling. It may be concluded
that:
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a) the viaduct towers will settle excessively
if they are supported by shallow founda-
tions constructed on dry alluvion,

b) the towers will settle excessively if they
are supported by piles not extending below
present groundwater,

c) the railroad if constructed on a rockfill
embankment which may partly replace the
viaduct will settle excessively partly due
to compression of the dry alluvion and
partly due to compression of the rockfill
itself.

The amount of the settlement in any of the
three alternative solutions cited above depends
largely on the thickness of the dry alluvion
and the height of the rockfill, and their
relative density. In any case, however, percent
compression as determined by tests is rather
large and the resulting settlement cannot be
tolerated. Predicted percent compression by
tests is compatible with the values obtained

by other investigators in similar soil
conditions.

Ir. order to overcome the settlement problem it
was decided to design and construct a viaduct
to cross throughout the valley and support its
towers in alluvion zone by thick mat founda-
tions resting on 900 mm and 1200 mm diameter
drilled piers extending below present ground-
water. Drilled piers were selected because they
have many advantages in medium to very dense
alluvions in which other types of piles can be
hardly driven or constructed. Some theoretical
analysis were made to evaluate the load bearing
capacity of drilled piers considering potential
negative skin friction and group action reduc-
tion. Then series of load tests on actual drill
piers constructed were made to determine experi-
mentally the vertical and horizontal load
bearing capacity of 900 mm and 1200 mm piers.
After having considered the theoretical approach
and the results of compressive, uplift and
lateral pier tests, and various methods of
interpretation of pier load test results, the
design loads as listed in Table II were
recommended :
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TABLE 1II
Design Loads of Drilled Piers

Diameter of Allowable Axial Allowable
Drilled Pier Compressive Load Horizontal
{mm) (kN) Load (kN)
900 1300 to 1500 80 to 120
1200 2500 to 3000 120 to 170

All drilled piers are to be extended a minimum
of 5 mm below present groundwater.
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