Proceedings of the first Southern African Geotechnical Conference — Jacobsz (Ed.)
© 2016 Taylor & Francis Group, London, ISBN 978-1-138-02971-2

Assessment of reliability of the hydrometer by examination of sediment
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ABSTRACT: A [undamental aspect of the characterization of any soil is the assessment of its particle
size distribution. While this is relatively easy for the coarse fraction it remains problematic for soil fines
particularly for the fraction less than 2um. Hydrometer analysis has been the standard tool for fines
assessment for many years but there may be serious shortcomings. Nettleship et al. (1997), Savage (2007),
Rodrigues et al. (2011) and many others have pointed to a number of problems facing the hydrometer.
Some of the questions have been addressed by laser scattering techniques e.g. Eshel et al. (2004), but oth-
ers, including completeness of dispersion and the amount of clay carried down with coarser fractions
remain problematic. This investigation assesses some aspects of the reliability of the hydrometer by isolat-
ing and testing the sand and silt fractions after settlement. Microscopic examination is used to compare
the composition of sediment layers with that expected according to hydrometer theory.

1 INTRODUCTION

Hydrometer analysis is widely used internationally
for determination of the clay and silt fraction of
soils in both engineering and soil science practice,
The standard procedure used in South Africa for
Civil Engineering purposes is detailed in SANS
3001 GR3 (SABS 2012). The test has a number
of theoretical weaknesses. It monitors the change
in density of a settling suspension—theoretically
at one level in the suspension. It has been pointed
out, however, (e.g. Rolfe et al. 1960) that it averages
the specific gravity over the submerged part of the
instrument and therefore depends on the shape
and depth of hydrometer submergence, which may
bring errors into the analysis.

Others (e.g. Savage 2007) have noted that
hydrometer analysis relies on Stokes Law (which
assumes all particles to be spherical); it assumes that
all soil particles have the same density; it assumes
complete dispersion of clay particles at the time of
testing; and it assumes that fine particles are not
carried down by coarse particles—all of which
assumptions are dubious. Nettleship et al. (1997)
suggested that hydrolysis of polyphosphate disper-
sants may cause underestimation of clay fraction.
Rodrigues et al. (2011) proposed that soil miner-
alogy should be taken into account and probably
different treatments and different dispersants are
required for different clay types. In addition Keller
and Gee (2006) noted that hydraulic soil property
estimates work best for coarse-textured, structure-
less soils of low clay content.

One of the most problematic aspects of South
African soils (from an insurance claims point of

view, from the point of view of frustration to the
government’s attempts to provide durable low-cost
housing to the poor, and from the point of view of
several aspects of the performance of roads, water
supply conduits, etc.), is the behaviour of expan-
sive clay.

Most of the methods for predicting the severity
of heave which may be expected on a site under-
lain by fine-textured soil rely on an estimate of clay
fraction. As noted above by Keller and Gee, clay is
the soil material which is least amenable to hydrau-
lic methods of analysis, and hydrometer results can
be expected to be particularly unreliable for these
most problematic soils.

Critical aspects of soil behavior depend on clay
mineral content rather than particle size as given
by the hydrometer test. It is assumed that clay par-
ticles range from 2 microns downward, and that
particles larger than 2 microns are silt. There are,
however, some clays whose particles can be con-
siderably larger than 2 microns (e.g. kaolinite, illite
and halloysite) also silt particle sizes may range
down to 1 micron. The range of sizes between
approximately 1 and 2 microns may therefore be
mineralogically either clay or silt.

Stott and Theron (2016) examined suspensions
after preparation for hydrometer testing following
the procedures of SANS 3001 GR3. The suspen-
sions were examined using a light microscope/digital
camera combination. They found three aspects of
incomplete dispersion which suggested that unre-
liable results might be obtained by hydrometer
analysis. The first was adhesion of clay to larger-
sized particles, the second was agglomeration of
clay particles among themselves and the third was



agglomeration of clay and silt particles into groups
of appreciable size. They speculated that these
agglomerations would not precipitate at the rate
expected for clay and would therefore give mislead-
ing results in hydrometer analysis.

The objective of the investigation here described
is to evaluate the hydrometer test for assessing typi-
cal South African clayey soils in light of the above
objections.

2 METHODS AND MATERIALS

2.1 Soil samples and treatments

A range of plastic clays from typical roads and
housing projects were tested. Samples were treated
with Sodium Hexametaphosphate and Sodium
Carbonate as per SANS 3001-GR3. For control
purposes examination of untreated samples were
considered to serve as a check on the effectiveness
of the dispersant for each soil. Preliminary tests,
however, showed that without treatment in disper-
sant, agglomerations are so large that meaningful
information would not be obtained.

Samples were prepared in accordance with
SANS 3001-GR3:2012. After being soaked in dis-
persant solution for not less than the prescribed
minimum of 16 hours they were mechanically
stirred at 1570 rpm for a minimum of 15 minutes
and transferred to a settlement container specifi-
cally designed for this investigation. Distilled water
was added to reach the dilution indicated in SANS
3001 GR3.

Samples were left to settle for approximately
two days, excess water was carefully removed by a
suction pipe. Containers were then transferred to
an oven and dried at 45°C until the sediment was
solid enough to be removed from the containers,
The various fractions, which were usually visu-
ally distinct, were separated. SANS 3001 GR3 is
concerned primarily with determining sand and
silt fraction and the last reading which is given as
normal is 12 minutes. The sub 2um fraction can
be deduced by subtraction. An optionl final read-
ing at 12h is mentioned if a reading is required for
the sub 2um fraction. The clay topping was treated
simply as a protective layer to shield the silt layers
from disturbance while removing water from the
container and was not examined. The separated
layers were prepared for microscopic examination
by the addition of de-ionised water.

2.2 Settlement container

A settlement container was designed to be water-
proof while having one side removable for the
extraction of settled samples. Figure 1 shows two

of these containers, one before closure, the other
with water seal and front cover in place.

2.3 Microscopic examination

An optical microscope with 10x, 40x, 60x and
100x objectives was used for this investigation. The
microscope was equipped with a 9 mega-pixel dig-
ital camera.

The combined optical and digital magnifica-
tion was assessed by measurements on a micro
ruler. Magnification can be expressed in various
ways. For example the spacing between 10 micron
graduations on the micro ruler was 60 mm on the
viewing screen when using the 60x objective, indi-
cating a magnification of 6000 times. Alternatively
the magnification can be expressed as the number
of pixels per micron (22.48 for the same objective).
The most useful way of indicating magnification is
by the inclusion of a scale on photographic results.
All photographs shown here have a scale rectangle
30pum x 2um,

After removal of sediment from the container
and separation of the visible layers, small samples
of each layer were suspended in de-ionised water.
A drop of that suspension was placed on a meticu-
lously cleaned microscope slide and covered with
a similarly cleaned cover slip. Photographs were
taken of samples before and after addition of
methylene blue.

Figure 1. Settlement containers: 430 x 50 x 20mm: 0.43L.
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2.4 Methylene blue

Methylene blue—C16H18 N3SCl-—(MB) has been
found to be effective in labeling clay minerals by
replacement of exchangeable cations. Clay miner-
als have Cation Exchange Capacity (CEC) which
depends on their atomic structure and Specific
Surface Area (SSA). The more active clays, like
the smectites. have high CEC and SSA. Such clays
exchange cations with MB readily and become
stained easily. Less active clays like kaolinite and
halloysite have low CEC and SSA and require
higher concentration of MB to become visibly
coloured.

MB staining techniques have been found use-
ful in evaluating possible clay activity and esti-
mation of CEC. Procedures are specified by the
Association Francaise de Normalization (AFNOR)
and by the American Society of Testing Materi-
als (ASTM). Both standards describe procedures
for obtaining a semi-quantitative evaluation of
the activity of a soil and indications of the prob-
able type of clay minerals contained in the soil.
AFNOR (1993) derives the “valeur de bleu” (Vy)
and ASTM (1984) derives a comparable “methyl-
ene blue index™ (MBI).

Chiappone et al. (2004) came to the conclusion
that both procedures can give good estimates of
clay content in certain circumstances.

For the purpose of this investigation a MB
solution with a concentration of 0.5g/t was used
for staining purposes. After examining unstained
samples, small quantities of this MB solution were
progressively added to the soil suspensions and
samples were examined microscopically after cach
addition.

3 PHOTOGRAPHS AND FINDINGS

3.1 Sand layer

The sand layers were expected to contain small
quantities of silt and clay present at the lower part
of the containers at the start of precipitation. This
expectation was met, as can be seen in Figure 2, a
photograph of material from the sand layer from
an active clayey soil from Bloemfontein. A small
quantity of Methylene Blue has been added. A
scale-rectangle of 30 x 2 microns has been included
in all of the microscope images. Some photographs
show conditions before, others after, addition of
MB.

A fewsilt and clay particles are visible in Figure2.
The silt-size particle within the white circle is com-
pletely covered by particles of approximately 2
microns which show very little Methylene Blue
staining and are probably kaolinite. Almost all of
the sand particles have a thin covering of extremely

small, deeply blue-stained particles which are
probably montmorillonite. The two sand grains at
upper left appear to be joined by a solid bridge of
these clay particles (within the white rectangle) and
at the lower left there is a silt-size arc (within the
white pentagon) which appears to be entirely made
up of the same minute clay particles.

Figure 3 is a view of a grain of coarse sand from
the lowest deposition layer of a clayey soil from a
roads project in Thaba Nchu.

The sand grains visible in this photograph show
fuzzy blue-stained edges consisting of very small,
deeply stained clay particles (probably montmo-
rillonite). The larger sand grain has a marked
projection of these particles near the upper right
corner and a more tenuous projection on the upper
left side.

Figure 4 is from the sand layer of a soil from a
housing project in Kimberley. The hydrometer anal-
ysis performed as part of the geotechnical inves-
tigation for the project indicated very little clay.
Heave damage, however, indicated significant clay.

Figure 2. Sand layer from Bloemfontein soil.

Sand layer from Thaba Nchu soil.

Figure 3.
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Figure 7. Coarse silt layer, Bloemfontein soil.

Figure 8. Coarse slit layer of Bloemfontein soil.

agglomerations precipitate more slowly than single
particles of similar size.

3.3 Fine silt layer

Figure 10 shows the fine silt layer from the Bloem-
fontein soil of Figures 6,7 and 8. The agglomera-
tions are again larger than the clean silt particles.
Some fine silt particles appear to be fully coated
with very fine, deeply stained clay particles. Some
of the agglomerations appear to be clay particles
with no silt core, the largest agglomerations proba-
bly do have silt cores. Genuine fine silt particles do
not appear to make up the majority of the material
present.

_

Figure 9. Coarse silt layer of Thaba Nchu soil.
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Figure 10, Fine silt layer of Bloemfontein soil.

Figure 11 is a photograph from the fine silt
layer of a soil from Wepener in the Free State. A
large part of this layer appears to be made up of
agglomerations of clay without silt cores.

Many of these agglomerations appear to be
tenuous sting-like structures, in some cases up to
100um long. Observation of their movement under
the microscope suggests that their bonds, though
flexible enough to allow them to bend easily, are
strong enough to hold the structures together
robustly.

The silt particles present are completely coated
by fine, high CEC/SSA clay which is deeply stained
by the small quantity of methylene blue added to
the suspension. A large proportion of the material
appears to be clay.




Figure 11.

Fine silt layer: Wepener soil.

4 CONCLUSIONS

The investigation tends to confirm the widely held
view that hydrometer analysis is not always reliable,
particularly for high clay-content soils. A number
of the queries raised by Savage (2007) can be seen
to be justified. The photographs generally indicate
relatively few free clay particles in the sand layer
but a noticeable increase in the silt layers. The fine
silt layer has generally more free clay particles than
the coarser layers (Figures 10 and 11), suggest-
ing that smaller particles may be more effective in
carrying clay particles down with them than large
particles.

Almost all sand and silt particles were seen to
have at least a few attached clay particles. The coat-
ing of clay noted in the sand-layer was generally
quite thin in comparison with the size of the sand
grains and therefore unlikely to make up a large
fraction of the material in this layer. Hydrometer
analysis might therefore be expected to give an
acceptable assessment of the sand fraction in many
cases.

The silt layers, on the other hand were fre-
quently found to be made up of agglomerations of
fine sill and clay, or in some cases, of clay alone.
These agglomerations were frequently larger than
the bare particles of the host layers, suggesting that
the agglomerations settle more slowly than single
particles of their aggregate size, but more quickly
than the individual small particles of which they
are made.
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In the analysis of high clay content soils it
seems likely that the hydrometer will over-estimate
the amount of silt to a considerable extent. Con-
sequently the clay content will almost always be
under-estimated.
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