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Difficult Soils Evaluation

 Difficult soils are considered to be collapsing soils (e.g. Loess, mud 
and debris flow deposits, hydraulic fills and tailings deposits), 
expansive soils, sensitive clays and dispersive clays.

 Collapsing soil deposits have a loose, collapsible structure. When 
saturated and disturbed, collapsing soils can undergo large 
decreases in volume or liquefy with sudden loss of strength.

 The composition of expansive soils is the usual culprit of volume 
change. In the presence of water, clays such as montmorillonite or 
bentonite attract free water and swell; in the absence of water, the 
clays release free water and shrink.

 Sensitive clays lose undrained strength when remolded. Sensitivity 
can be formed by a variety of factors, including metastable fabric, 
cementation leaching, weathering, thixotropic hardening, and 
formation or addition of dispersing agents.

 Dispersive clays are highly erodible because the clay particle 
associations are structurally unstable and easily dispersed. The 
individual particles will spontaneously detach from each other and 
go into suspension in quiet water.
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Expansive Soils

 The composition of expansive 
soils is the usual culprit of 
volume change. In the presence 
of water, clays such as 
montmorillonite or bentonite 
attract free water and swell; in 
the absence of water, the clays 
release free water and shrink.
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Expansive Soils

 According to a 1987 study, expansive 
soils in the United States inflict about $9 
billion in damages per year to buildings, 
roads, airports, pipelines and other 
facilities.

 More than twice the combined damage 
from the disasters listed above.
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Expansive Soils
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NATURE, ORIGIN, AND OCCURRENCE OF EXPANSIVE SOILS

 Most common mechanism  : 
Volume changes that occur as a 
result of changes in moisture 
content of clays or sedimentary 
rocks derived from clays.

 Less common mechanism : Frost 
heave
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NATURE, ORIGIN, AND OCCURRENCE OF EXPANSIVE SOILS

 Clays are fundamentally very different from 
gravels, sands, and silts.

 Gravels, sands and silts consist of relatively 
inert bulky particles and their engineering 
properties depend primarily on the size, shape, 
and texture of these particles.

 In contrast clays are made up of very small 
particles that are usually plate-shaped.

 The engineering properties of clays are strongly 
influenced by the very small size and large 
surface area of these particles and their 
inherent electrical charges.
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What Causes a Clay to Expand?

 Different chemical compositions and crystalline structures 
of clay minerals give each a different susceptibility to 
swelling.

 Swelling occurs when water infiltrates between and 
within the clay particles, causing them to separate.
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What Causes a Clay to Expand?

 Several other forces also act on clay particles:
 Surface tension in the menisci of water 

contained between the particles (tends to pull 
the particles together, compressing the soil).

 Osmotic pressures (tend to bring water in, thus 
pressing the particles further apart and 
expanding the soil).

 Pressures in entrapped air bubbles (tend to 
expand the soil).

 Effective stresses due to external loads (tend to 
compress the soil).

 Van Der Waals intermolecular force (tend to 
compress the soil).
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 Why pavements and slabs-on-grade are so susceptible to 
damage from expansive soils?

 Two most important variables to consider are the initial 
moisture content and the surcharge pressure.

 Remolding a soil into a compacted fill may make it more 
expansive probably because this process breaks up 
cementation in the soil and produces high negative pore 
water pressures that later dissipate.

 Many other factors, especially the methods used to 
compact the fill and the as-compacted moisture content 
and dry unit weight also affect the expansive properties 
of fills.

What Factors Control the 
Amount of Expansion?
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IDENTIFYING, TESTING, AND EVALUATING EXPANSIVE SOILS

Qualitative Evaluation
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IDENTIFYING, TESTING, AND EVALUATING EXPANSIVE SOILS

Qualitative Evaluation
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IDENTIFYING, TESTING, AND EVALUATING EXPANSIVE SOILS

Semi quantitative Evaluation
- Loaded Swell Test
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IDENTIFYING, TESTING, AND EVALUATING EXPANSIVE SOILS

Semi quantitative Evaluation – Loaded Swell Test
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IDENTIFYING, TESTING, AND EVALUATING EXPANSIVE SOILS

Semi quantitative Evaluation
- Expansion Index Test



17

IDENTIFYING, TESTING, AND EVALUATING EXPANSIVE SOILS

Semi quantitative Evaluation
- Expansion Index Test
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IDENTIFYING, TESTING, AND EVALUATING EXPANSIVE SOILS

Semi quantitative Evaluation - Correlations
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IDENTIFYING, TESTING, AND EVALUATING EXPANSIVE SOILS

Semi quantitative Evaluation - Expansion Pressure Test

 Surcharge pressure affects the swelling of a 
soil.

 Higher pressures provide more restraint, and a 
certain pressure, called the expansion 
pressure, or swell pressure, prevents all swell.

 One method is to measure the expansion 
pressure at the end of a loaded swell test by 
simply increasing the normal load in 
increments until the sample returns to its 
original volume.

 Another method is to use a modified 
consolidometer that allows no vertical strain.
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IDENTIFYING, TESTING, AND EVALUATING EXPANSIVE SOILS

Semi quantitative Evaluation - Expansion Pressure Test
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IDENTIFYING, TESTING, AND EVALUATING EXPANSIVE SOILS

Semi quantitative Evaluation - Expansion Pressure Test
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IDENTIFYING, TESTING, AND EVALUATING EXPANSIVE SOILS

Quantitative Evaluation

 This approach has not yet been 
developed in detail and is not 
commonly used in practice. 
However, it will probably become 
much more dominant in the future.
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 The most common foundation problem with frozen soils 
is frost heave, which is a rising of the ground when it 
freezes.

 When water freezes, it expands about 9 percent in 
volume.

 If the soil is saturated and has a typical porosity (say, 40 
percent), it will expand about 9% x 40% '" 4% in volume 
when it freezes.

 There is a second, more insidious source of frost heave. 
If the groundwater table is relatively shallow, capillary 
action can draw water up to the frozen zone and form ice 
lenses. 

 In some soils, this mechanism can move large quantities 
of water, so it is not unusual for these lenses to produce 
ground surface heaves of 300 mm (1 ft) or more.

FROST HEAVE
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When a soil is frost-susceptible?

FROST HEAVE
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Collapsing Soil

 Collapsing soil deposits have a 
loose, collapsible structure. 
When saturated and 
disturbed, collapsing soils can 
undergo large decreases in 
volume or liquefy with sudden 
loss of strength.
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ORIGIN AND OCCURRENCE OF 
COLLAPSIBLE SOILS

 Collapsible soils consist predominantly of sand and silt 
size particles arranged in a loose "honeycomb" structure.

 This loose structure is held together by small amounts of 
water-softening cementing agents, such as clay or 
calcium carbonate.

 As long as the soil remains dry, these cements produce a 
strong soil that is able to carry large loads.

 However, if the soil becomes wet, these cementing 
agents soften and the honeycomb structure collapses.

 Various geologic processes can produce collapsible soils.
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ORIGIN AND OCCURRENCE OF 
COLLAPSIBLE SOILS
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1- Collapsible Alluvial and Colluvial Soils

 Some alluvial soils (soils transported by water) and some 
collulvial soils (soils transported by gravity) can be highly 
collapsible.

 In arid and Semiarid areas, short bursts of intense 
precipitation often induces rapid downslope movements 
of soil known as flows.

 While they are moving, these soils are nearly saturated 
and have a high void ratio.

 Upon reaching their destination, they dry quickly by 
evaporation, and capillary tension draws the pore water 
toward the particle contact points, bringing clay and silt 
particles and soluble salts with it.

 Once the soil becomes dry, these materials bond the 
sand particles together, thus forming the honeycomb 
structure.

 When the next flow occurs, more honeycomb-structured 
soil forms.
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2- Collapsible Aeolian Soils
 Soils deposited by winds are known as aeolian soils.
 These include windblown sand dunes, loess, volcanic 

dust deposits, as well as other forms.
 Loess (an aeolian silt or sandy silt) is the most common 

aeolian soil and it covers much of the earth's surface.
 Collapsible loess has a very high porosity (typically on 

the order of 50 percent) and a correspondingly low unit 
weight (typically 11-14 kN/m3).

 The individual particles are usually coated with clay, 
which acts as a cementing agent to maintain the loose 
structure.

 This cementation is often not as strong as that in many 
alluvial soils, so collapse can occur either by wetting 
under a moderate normal stress or by subjecting the soil 
to higher normal stresses without wetting it.
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3- Collapsible Residual Soils

 Residual soils are those formed in-place by the 
weathering of rock.

 Sometimes this process involves decomposition 
of rock minerals into clay minerals that may be 
removed by leaching, leaving a honeycomb 
structure and a high void ratio.

 When this structure develops, the soil is prone 
to collapse.
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IDENTIFICATION, SAMPLING, AND 
TESTING Collapsible Residual Soils

Two categories: indirect and direct methods.

 Indirect methods assess collapse potential by 
correlating it with other engineering properties 
such as unit weight, Atterberg limits, or percent 
clay particles.

 The result of such efforts is usually a qualitative 
classification of collapsibility, such as "highly 
collapsible."

 Many engineers prefer to use direct methods of 
evaluating potentially collapsible soils.

 These methods involve actually wetting the soil, 
either in the laboratory or in-situ, and measuring 
the corresponding strain.
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Double Oedometer Test
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Single Oedometer Test
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Evaluation of Laboratory 
Collapse Test Results
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Liquefaction Evaluation

 Loose, saturated sands are susceptible to liquefaction 
or lateral spreading if subjected to earthquake motion.

 The development of excess pore water pressures and 
the subsequent loss of soil strength associated with 
liquefaction can result in ground settlement, lateral 
spreading, and/or loss of foundation support.

 The potential liquefaction hazards at a site can be 
evaluated by considering the following questions:

1. Is the soil susceptible to liquefaction?

2. If the soil is susceptible, will liquefaction be 
triggered?

3. If liquefaction is triggered, will damage occur?
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What is Liquefaction?
 Liquefaction is a phenomenon caused by earthquake shaking or other rapid loading 

in which an otherwise normal soil behaves like a fluid, losing some or all of its 
strength and stiffness.

 Liquefaction only occurs in soils already saturated before the earthquake strikes.
 One has to look at how the particles of soil interact with each other to understand 

liquefaction.
 The water in-between soil particles always exerts some amount of pressure on the 

particles, influencing how tightly the particles themselves are pressed together.
 Prior to an earthquake, the static water pressure in the soil is relatively low.
 However, earthquake shaking can cause the soil to attempt to compress, which will 

in turn cause the water pressure to increase.
 In the extreme, the water pressure will become equal to or greater than the total 

vertical pressure, thus reducing the effective overburden pressure to zero.
 This means that there is no longer any force between soil particles.
 As the strength of sandy soils is directly proportional to the effective overburden 

pressure, those soils will thus lose their shear strength and the soil particles can 
readily move with respect to each other.

 Liquefaction can occur most commonly in sandy and silty soils.
 Also, the soils that are looser have a greater propensity to compress due to shaking 

and are thus more susceptible to liquefaction.
 Soils containing clays are not generally believed to be prone to liquefy.
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Evaluation of Liquefaction Potential

 The most common technique is to use the Standard Penetration Test blow 
count.

 Researchers have developed liquefaction prediction techniques using the 
expected seismic stresses in the soil from a given design earthquake, and 
the N value soil resistance.

 If the N-value is great enough, liquefaction would not be expected to 
occur for a given seismic stress.

 For sandy soils at sites in the most seismically active areas, the N-value 
would generally need to be greater than 30 to not have liquefaction.

 Liquefaction prediction techniques have also been developed based on 
correlations with Cone Penetration Tests (CPTs).

 CPTs are becoming more preferred by Geotechnical professionals as they 
provide essentially continuous soundings of the soil profile, whereas N-
values can only provide discreet resistance values at intervals of several 
feet.

 Current evaluation techniques can also predict the magnitude of 
liquefaction-induced settlement.

 Evaluation techniques are also available to analyze the magnitude of 
lateral spreading if there are ground slopes.
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Look Closer?



39

Types of Failure

 Cyclic Mobility

 Overturning

 Sand Boiling
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Cyclic Mobility
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Overturning
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Sand Boiling
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Sensitive Clays

 Sensitive clays lose undrained strength when remolded. Sensitivity 
can be formed by a variety of factors, including metastable fabric, 
cementation leaching, weathering, thixotropic hardening, and 
formation or addition of dispersing agents.
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Dispersive Clays

 Dispersive clays are highly erodible because the clay particle 
associations are structurally unstable and easily dispersed. The 
individual particles will spontaneously detach from each other and 
go into suspension in quiet water.


