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The Mohr-Coulomb Failure Cr iter ion.
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Mohr presented in 1900 a theory of rupture of mater ials, that was the result of a combination of 
both normal and shear stresses. The shear stress at failure is thus,
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Although the failure curve is a quadratic 
function, it can be represented linear ly as,

ssssy ssssy

tttt

tttt
sx

failure plane 

ssss f

tttt f

where c = cohesion, and
ffff = angle of internal fr iction
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This equation is known as the Mohr-Coulomb 
Failure Criterion.



Shear stress 
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Compar ison between the Mohr ’s failure envelope and the Mohr-Coulomb failure cr iter ion.



The inclination angle � of the plane of failure caused by shear is found by joining two well known equations,
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The Shear Failure in Saturated Soils.

©us s= + ( )©tan tanf c c ut s f s f= + = + -therefore,

Typical Values of the drained angle of internal fr iction for sands and silts:

Soil type                  ffff (degrees)

Sand:  Rounded grainsSand:  Rounded grains

Loose                                  27-30
Medium                              30-35
Dense                                  35-38

Sand:  Angular Grains

Loose                                  30-35
Medium                             35-40                            
Dense                                 40-45
Gravel with some sand 34-48
Silts 26-35 



The Direct Shear Test



Normal force

Shear force

A sketch of the elements of a direct 
shear test apparatus.



Shear stress �

Shear displacement

Plots of shear stress and change in height of a specimen versus shear displacement.
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Drained direct shear test on saturated sand and clay results in this failure envelope.
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Variation of � (the angle of internal friction) for different materials.
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A tr iaxial un-drained test were per formed on clay samples taken from the stratum shown below. The test were taken with pore 
water pressure measurements, and yielded a c’ = 20 kN/m2, and � = 24o.

Find: (1)  the clay shear strength at mid-stratum, and 

(2)  the effective, and total stresses at that same level acting on a ver tical face of a soil element.
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The Triaxial Test





A view of a high 
chamber pressure 
tr i-axial testing 
machine.



Three large-diameter tr i-axial testing 
machines.



First Condition: Consolidated-drained (CD) triaxial test.

The CD test is star ted by increasing the confining pressure ssss 3

in all the tr iaxial chamber. As ssss 3 is increased, the pore water 

pressure u also increases (provided drainage is prevented). 

This increase in u is usually expressed as the Skempton 
parameter B,
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For saturated soft soils, B is approximately equal to 1; 
for saturated stiff soils B < 1.

As drainage is allowed, the excess pore pressure is dissipated 
and consolidation occurs. 

In time, uc becomes zero.
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A plot of the effective failure envelope from drained tests on sands and normally consolidated clays.
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Second Condition: Unconsolidated-undrained (UU) test.

u = uc + DDDDud but since uc = B ssss3 and DDDDud =  A DsDsDsDsd so therefore,

u = B ssss3 + A DsDsDsDsd =  B ssss3 + A (ssss1 - ssss3)

This test depends on a very impor tant strength character istic if the soil is fully saturated. The 

failure envelope become hor izontal, and hence � = 0 and tttt f = cu where cu is the un-drained 
shear strength and is equal to the radius of the Mohr ’s circles.

Total stress Mohr ’s circles and failure envelope (ffff = 0) obtained from unconsolidated-undrained tests.
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The reason for obtaining the same added axial stress (DsDsDsDsd)f regardless of the confining pressure can 

be explained as follows. I f a sample (No. 1) is consolidated at a chamber pressure ssss 3 and then 
sheared to failure without allowing drainage, the total stress conditions at failure can be represented 
by Mohr ’s circle P in the figure.  The pore pressure developed in the sample at failure is equal to 
(DDDDud)f.  Thus, the major and minor pr incipal effective stresses at failure are,

ssss ‘1 = [ssss 3 + (DDDDssss d)f] - (DDDDud)f =  ssss 1 - (DDDDud)f and  ssss ‘3 = ssss 3 - (DDDDud)f
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The Unconfined Compressive Test



Unconfined compression test.
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Condition Three: The Unconfined Compressive (UC) test on saturated clays.
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A plot of the unconfined compression test.
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General Relationship of Consistency and Unconfined Compression Strength of Clays.

qu

Consistency ton/ft2 kN/m2

Very Soft 0 - 0.25 0 - 24

Soft 0.25 - 0.5 24 - 48Soft 0.25 - 0.5 24 - 48

Medium 0.5 - 1 48 - 96

Stiff 1 - 2 96 - 192

Very Stiff 2 - 4 192- 383

Hard > 4 > 383



The stress path concept.

A convenient way of plotting tr iaxial test data is through diagrams called stress paths. A stress path 
is a line that connects a ser ies of points, each of which represents a successive stress state 
exper ienced dur ing a test. Lamb (1964) suggested a new coordinate system of p’  versus q’  where,
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Consider a normally consolidated clay subjected to an isotropically consolidated-drained tr iaxial 
test. At the  beginning of the test, the deviator ic stress ssss1’ = ssss3’ = ssss3,  so
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and the p’ and q’ will plot as point I  in the figure on the next slide. As the load is increased, the 

deviator ic stress ssss 1’ = ssss 3’ + � ssss d and ssss 3’ = ssss 3, and the Mohr circle A corresponds to that state.
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These two equations plot as point D’ at the top of the Mohr circle A. Each successive plot of p’ and q’ 
will continue this straight line that is at an angle of 45� with respect to the p’ axis. Eventually we will 
reach the point D on the Mohr circle B, and the sample fails (it has reached the modified failure 
envelope). From this,
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The Sensitivity and Thixotropy of Clays.

The sensitivity ratio Sof most clays ranges from 1 to 8. However, highly flocculent 
marine clay deposits show sensitivities ratios ranging from 10 to as high as 80!

There are certain clays that turn into viscous fluids upon remolding. These are found 
mostly in previously glaciated areas such as Northern USA and Canada, Scandinavia, etc. 
These are referred to as “quic”  clays.

u undisturbed

u remolded

q
S

q
-

-

=



Rosenqvist (1953) classified clays on the basis of their  sensitivity.

Sensitivity, St  (log scale) 64          Extra quick

Very quick 

32              
Slightly quick

16
Very sensitiveVery sensitive

8

Medium sensitive 

4

Slightly sensitive

1
(Insensitive)



The loss of strength of clay soils due to remolding is pr imar ily due to the destruction of the clay 
par ticle structure that was developed dur ing the or iginal process of sedimentation. 

I f, however, after remolding a soil specimen is kept in an undisturbed state (that is, without 
any change of moisture content), it will continue to gain strength with time. This phenomenon 
is refer red to as thixotropy.

An example of a thixotropic mater ial is paint. Just before painting, the instructions say to 
thoroughly agitate or stir  the paint slur ry. The brush keeps the paint in a state of low shear 
strength. However, when the paint is left alone, its strength quickly increases and adheres to 
the wall or object painted (that is, it does not run down the wall in a liquid state = no shear 
strength).strength).


