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Overview of Collapsible SoilsOverview of Collapsible Soils



Dealing With Collapsible Dealing With Collapsible 
SoilsSoils

• Other Foundation 
Solutions

o Shallow Foundations—furnish a 
system of grade beams to 
distribute the load and mitigate 
the effects of uneven collapse 
of the underlying soils

o Deep foundations—avoid the 
effects of collapsible soils 
altogether by transferring the 
structure load to a more stable 
stratum

• Solutions for Pavements
o Ponding water over the region 

of collapsible soils.
o Infiltration wells.
o Compaction - conventional 

with heavy vibratory roller for 
shallow depths (within 0.3 or 0.6 
m (1 or 2 ft))

o Compaction - dynamic or 
vibratory for deeper deposits of 
more than half a meter (a few 
feet) (could be combined with 
inundation)

o Excavated and replaced.



Expansive SoilsExpansive Soils



Activity 
Index



Regions of Expansive Regions of Expansive 
SoilsSoils



Damage Due to Damage Due to 
Expansive SoilsExpansive Soils



Swell Potential



Swell Potential



Determination of Actual Determination of Actual 
Soil ExpansionSoil Expansion



Basis for CalculationsBasis for Calculations



Van Van derder MerweMerwe MethodMethod



Example of Swell 
Calculation

• Given
– Clay soil, PI = 40, CF = 

55
• Find

– Swell potential
– Amount of vertical 

movement assuming 
only 1 m of soil is 
significant

• Solution
– Compute Activity 

Indices
• A = PI/CF = 40/55 = 0.72
• Am = PI/(CF-5) = 40/50 = 

0.8
– Obtain swell potential

• From Figure 5-27, High, 
approx. 10%

• From van der Merwe’s
chart, Very High

– Compute actual swell 
using van der Merwe’s
Method w/1 layer
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Foundations for Foundations for 
Expansive SoilsExpansive Soils



Shallow Foundations for Shallow Foundations for 
Expansive SoilsExpansive Soils



Use of Drainage Use of Drainage 
TechniquesTechniques



Upward Load Capacity of Upward Load Capacity of 
Belled ShaftsBelled Shafts

Variables for uplift 
capacity

(Pupward)a = ultimate/unfactored
upward load capacity
su = average undrained shear 
strength of the cohesive soil 
between the base of the bell and 
2Bb above the base
σzD = total stress at the bottom of 
the base
Bb = diameter of the enlarged 
base
Bs = diameter of the shaft
Db = depth of embedment of 
enlarged base into bearing 
stratum

Uplift of base only
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Belled Bases for Drilled Belled Bases for Drilled 
ShaftsShafts

Use of an enlarged 
base, in conjunction 
with the shaft 
resistance of the 
straight portion, is a 
common way of 
dealing with expansive 
soils for major 
structures
Enlarged bases offer 
additional uplift 
capacity

Only applicable to clays, since 
sands would usually collapse
Difficult to quantify



Example of Uplift Example of Uplift 
CapacityCapacity

Given
Drilled Shaft as shown

Find
Uplift capacity of shaft

Assume
Factor of safety = 5
Very stiff clay at toe is fissured
Include weight of foundation



Compute Shaft Friction Compute Shaft Friction 
and Nand Nuu

Layer Layer Start su, psf alpha fs, psf
1 0 5 5 1600 0 0 31.41593
2 5 12 7 1600 0.55 880 43.98
3 12 37 25 1400 0.55 770 157.08
4 37 50 13 4000 0.48 1920 81.68
5 50 60 10 4000 0 0 62.83

Total

Perimeter 6.283185307
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Layer 
End

Thickness, 
f t.

As, sq. 
f t.

Top Segment to be 
Ignored
Toe Segment to be 
Ignored

Different from compression
Equal to twice the diameter of the
belled toe
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Compute Uplift CapacityCompute Uplift Capacity
• Compute Weight of 

Foundation and Total 
Uplift Capacity

• Compute Ultimate 
Uplift Capacity of Bell
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