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Dl SPERSI VE CLAY SO LS

| NTRODUCT| ON

Di spersive clay soils can be a problem for many practices or
structures. |In appearance, they are |ike normal clays that are
stabl e and sonmewhat resistant to erosion, but in reality they can
be highly erosive and subject to severe damage or failure. It is
inportant to understand the nature of these soils and to be able
to identify themso they can be treated or avoi ded.

PROPERTI ES OF DI SPERSI VE CLAYS

Di spersive clays differ fromordinary, erosion resistant clays
because they have a higher relative content of dissolved sodi um
in the pore water. O dinary clays have a preponderance of

cal cium and magnesi um di ssolved in the pore water.

Ordinary clays have a floccul ated or aggregated structure because
of the electrochemcal attraction of the particles to each other
and to water. This accounts for these soils' cohesive,
noner osi ve behavi or.

Di spersive clays have an inbalance in the el ectrochem cal forces
bet ween particles. This inbalance causes the m nute soil
particles in a dispersive clay to be repul sed rather than
attracted to one another. Consequently, dispersive clay
particles tend to react as single-grained particles and not as an
aggregat ed mass of particles.

Di spersive clays are nost easily eroded by water that is lowin
ion concentration, such as rain water. Runoff water has the
opportunity to attain ions fromland surface contact making it
nmore in ionic balance with the dispersive clays and | ess erosive.

Typically, dispersive clays are low to nmediumplasticity and
classify as CL in the Unified Soil C assification System (USCS)
O her USCS cl asses that may contain dispersive clays are M., CL-
M., and CH. Soils classifying as MHd rarely contain di spersive
clay fines.

| NVESTI GATI NG AND SAMPLI NG FOR DI SPERSI VE CLAYS

(bservation of the project area for dispersed soils indicators,
such as "badl and" erosion or multiple rills with cl ose spacing,
shoul d al ways be a part of the investigation process for a
structure. Local know edge of a project area is often the best
source of information on the existence of soils with a dispersive
behavi or.
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Color is not a reliable distinguishing feature for identifying
di spersive soils.

Sanpling for dispersion testing should recognize that dispersive
cl ays often occur as randomlenses in soil profiles. A nunber of
sanples may be required to determ ne the extent of dispersive
soils in a project area.

A m ni mum of 10 pounds of noist soil nust be coll ected.

Sanpl es coll ected for dispersion tests nust be maintained at
their natural water content until tests can be perforned.
Col | ected sanpl es should i Mmedi ately be placed in a good quality
pl astic bag that can be seal ed for shipping.

TESTS FOR DI SPERSI ON AND RESULT | NTERPRETATI ON

Standard soil nechanics tests, such as gradation and Atterberg
limts, do not distinguish dispersive clays fromordinary clays.
A special group of tests is needed to identify dispersive clays.

1. Crunb test
The crunb test is the sinplest of the tests used for
detecting dispersive clays. Crunb tests are often perforned
during an investigation to supplenent |aboratory information
on sanpl es col | ect ed.

The test is performed by gently placing a clod of soil about
1/4 to 3/8 inch in dianmeter into a transparent plastic gl ass
partly filled with distilled water. Using dem neralized

wat er or other substitutes gives m sleading test results.
Typi cal gl asses have a capacity of 9 fluid ounces. The clod
or crunmb should be at natural water content unless the soi
is very wet. Very wet soils may be air-dried to about their
plastic limt before performng the test. The crunb is
dropped at the edge of the glass bottomand left in the

gl ass undi sturbed for a mninmumof 1 hour. At the end of
the waiting period, the clod and water are observed and the
presence of any colloidal cloud in the water is eval uated.

A second observation is recommended after |eaving the clod
in the glass overnight. Sone soils have no reaction after 1
hour, but have a significant reaction after the |onger
waiting tinme.

A grade is assigned to the test result using the foll ow ng
criteria:

1. No col |l oi dal cloud devel ops. Even though the crunb may
sl ake and particles spread away fromthe original clod
because of this slaking activity, no trace of a coll oi dal
cloud is observed in the water.
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2. A colloidal cloud is observable, but only imrediately
surrounding the original clod. The cloud has not spread any
appreci abl e di stance fromthe crunb.

3. A col l oidal cloud emanates an appreci abl e di stance from
the crunb. However, the cloud does not cover the bottom of
the glass, and it does not neet on the opposite side of the
gl ass bottom fromthe crunb.

4. The coll oidal cloud spreads conpletely around the
circunference of the glass. The cloud may not conpletely
obscure the bottom of the glass, but the cloud does
conpletely cover the circunference of the glass. In extrene
cases, the entire bottomof the glass is covered by the
col | oi dal cl oud.

Figure 1 illustrates the four grades of the crunb test.

The crunb test is a good positive indicator for dispersive
characteristics, but may be a poor negative indicator. Soils
that have a 3 or 4 reaction in this test are al nost al ways

di spersive in other tests and in field performance. Speci al
design features should be incorporated if these soils are to be
used in a project.

Soils that have a 1 or 2 crunb test reaction occasionally are
shown to be dispersive in other tests or field perfornmance.

A second test, such as the double hydroneter test, should be
performed to verify the dispersion characteristics of soils
grading as a 3 or 4 in the crunb test and to detect any

di spersive properties of soils grading as a 1 or 2.

2. SCS doubl e hydroneter test
This test is perfornmed in the |laboratory. Basically, the
test conpares the neasured percentage of clay in a sanple
that has been artificially dispersed to that of a conpanion
sanpl e which has no artificial dispersing agent added.

Based on SCS experience correlating test results and field
performance, the follow ng general guidelines have been
devel oped for interpreting the test results:

% Di spersion >60 - The soil is probably dispersive. Avoid
use of the soil or incorporate special design features in
t he project.

% Di spersion <30 - The soil is probably not dispersive.
30% to 60% Di spersion - Oher tests may be needed to
establish whether the sanple is significantly dispersive.

The soil shoul d be considered dispersive for design
pur poses.
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Grade 1 - No reaction Grade 2 - Slight Reaction

Grade 3 - Moderate Reaction Grade 4 - Severe Reaction

Figure 1. Typical Crumb Test Reactions
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Pi nhol e test

The pinhole test is perforned in the |aboratory and is a
direct, or performance, test. Conparison of field
performance to pinhole test results have indicated an
excel l ent correlation.

Anot her inportant use of the pinhole test is to determ ne
efficiency of chem cal anmendnents for dispersive clays.

Soil sanples are prepared with a range of treatnent rates of
a chemcal additive, and the pinhole test is used to
determ ne what rate of treatnent is necessary to achieve
erodibility reduction.

In the pinhole test, a sanple of soil at its natural water
content is conpacted into a plastic cylinder. A hole is
formed in the specinen by inserting a needle through the
center of the specinen. Distilled water under specified
heads flows through the hole in the specinmen. The water is
carefully observed for turbidity, and the flowrate is
closely nonitored to determne if the hole in the sanple is
enl argi ng by erosion.

Di spersive clays will rapidly erode as water flows through
the 1 mllineter hole under a small water head pressure.
Rapi d enl argenment of the hole is reflected in an increasing
flowrate and the turbidity of the collected water

Pinhole tests results are recorded and interpreted using the
foll om ng system

Arating of D1 or D2 indicates the soils are dispersive
enough to require special designs if the soils nust be used
in the project.

A rating of ND-1 indicates the soil is not dispersive.

A rating of ND-2, ND-3, or ND-4 indicates the soils are
slightly to noderately dispersive. Sone defensive nmeasures
may need to be incorporated into the design.

Chem cal test

This | aboratory test is the | east frequently performed of
the dispersion tests. In this test, a sanple of pore water
is extracted froma saturated slurry of a soil sanple and
anal yzed for cations.

At normal salt concentrations, soils with nore than 60
percent of their total salts being sodiumare dispersive.
Soils with less than 40 percent of their total salts being
sodium are usually not dispersive. Soils with 40 to 60
percent sodiumare transition in dispersive characteristics.
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ENG NEERI NG PROBLEMS ASSOCI ATED W TH DI SPERSI VE SO LS

Di spersive clay soils have contributed to the failure of many
conservation practices. These problens range fromthe conplete
breachi ng of enbanknent, to severe erosion of earth fills and
excavations. The problenms may be placed into two broad

cat egori es.

Erosion of external soil sl opes

Rai nfall and runoff on exposed sl opes of dispersive clays can
cause severe erosion. Cut slopes in natural soils and sl opes of
earthfills may both be affected. The erosion usually results in
severe rilling and gullying on the sl opes.

Clay liners are often constructed in aninal waste storage ponds
to prevent seepage of the wastes to groundwater. Cay liners
that contain dispersive soils may erode rapidly and | ose

ef fectiveness.

| nt ernal erosion

Earthfills constructed of dispersive clays have fail ed because of
internal erosion through cracks or other openings in the fill.
Water flowi ng through a crack rapidly enlarges the crack,
creating an irregularly shaped tunnel through the fill. The

pri mary causes of cracking in earthfills are drying, differtial
settlenment, and poor conpaction around conduits. Failures

usual ly occur when the fills are first subjected to water

st or age.

DESI GN MEASURES FOR DI SPERSI VE CLAYS

When di spersive clays are detected in a site investigation and
verified by testing, defensive neasures nust be incorporated into
the design. The designer nust base any special design features
on the severity of the dispersive characteristics of the soil.
Sonme of these neasures are sunmarized bel ow.

Enbanknent s
| f nondi spersive soils can be | ocated, designate that borrow
source for construction of the entire enbanknment. If the volune

of nondi spersive soils in the borrow area is not adequate to
construct the entire enbanknent, the construction plans should
desi gnat e nondi spersive materials as a bl anket for the
enbanknment. The bl anket thickness should be 12 inches. The
bl anket protects the underlying dispersive clays fromdrying
cracks and erosion by rainfall.

Internal erosion will still need to be addressed. The nost
effective design neasure for preventing internal erosion of
earthfills is a sand chimmey filter. Sand di aphragns around the
conduit are an effective nethod of controlling internal
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erosion in that area. Detailed procedures for designing sand
filters are given in Soil Mechanics Note SM 1.

Pl acenent of dispersive soils into specified zones of an
enbanknment may be incorporated in the design if the zone is not
relied upon as a barrier to seepage or internal erosion. |If this
is not the case, sufficient quantities of nondi spersive clays
nmust be |l ocated to construct a | ow perneability foundation cutoff
and core zone in the earthfill.

Exposed sl opes of the fill can be treated with chem cal
anendnents to alter dispersive clays and nake them suitable for
use on external slopes of enbanknments. Laboratory pinhole tests
are needed to determ ne the amobunt of chem cal to be added to the
soil to achieve the desired result. Sonme chem cal anendnents
that may be considered are hydrated linme, alum fly ash, gypsum
agricultural linme, and magnesi um chl ori de.

Waste storage pond liners and excavated sl opes

Di spersive soils can be overexcavated and repl aced or bl anketed
w th nondi spersive soils to the Iines and grades required on the
construction plans. This is the recommended design feature for
wast e storage ponds.

Chemi cal amendnents described under "Enbanknents" may be used to
treat exposed di spersive soils on excavated slopes. This
treatnent is not recomended for waste storage ponds.
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