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- The Thixotropy of Clays
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The Mohr-Coulomb Failure Criterion.

Mohr presented in 1900 a theory of rupture of materials, that wastheresult of a combination of
both normal and shear stresses. The shear stressat failureisthus,

t, =f(s)

SX
Although the failure curveisaquadratic — 1t
function, it can berepresented linearly as, Y

t: =c+stanf

t
where c = cohesion, and S
f =angleof internal friction y
| |
This equation is known asthe Mohr-Coulomb failure plane

Failure Criterion.
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Comparison between the M ohr’s failure envelope and the M ohr-Coulomb failure criterion.



Theinclination angle of the plane of failure caused by shear isfound by joining two well known equations,

S1+S3 Si1-Ss
= +

cos2q
2 2 |
and } oo ti=c+stanf
tf=¥sin2q
)
and recall that Shear stress
—45+f—
q=5%5

Therefore, /f/
!
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s, =s, tan’ 45°+g +2ctan 45°+g
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Mohr’scircle and the failure envelope



The Shear Failurein Saturated Soils.

S=S®U thedoe , =c+s@nf=c+(s-u)tanf

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

Soil type f (degrees)

Sand: 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 forc

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



Shear stress

Shear displacement

Changein height
of sample during

Shear displacement
test

Plots of shear stress and change in height of a specimen ver sus shear displacement.






Drained direct shear test on saturated sand and clay results in thisfailure envel ope.



Variation of (the angle of internal friction) for different materials.
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A triaxial un-drained test were performed on clay samplestaken from the stratum shown below. Thetest were taken with pore
water pressure measurements, and yielded ac’ = 20 kN/m?, and = 24°,

Find: (1) theclay shear strength at mid-stratum, and
(2) theeffective, and total stresses at that same level acting on a vertical face of a soil element.
H=4
m Sandy Gravel
n=.30
H=13m
kN
' Gy =16
H=7m Clay
: g =17 .6 kN3
m
IMPERMEABLE ROCK s = 9% 6 kN2
i , kN m
Solution Gsr = ga*+ng, =16 +0.3710]=19 — KN
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The Triaxial Test
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A view of a high
chamber pressure
tri-axial testing
machine.



Threelarge-diameter tri-axial testing
machines.



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

TheCD test isstarted by increasing the confining pressure S,

in all thetriaxial chamber. AsS;isincreased, the pore water
pressure U also increases (provided drainage is prevented).

Thisincreasein U isusually expressed asthe Skempton
parameter B,

For saturated soft soils, B is approximately equal to 1;
for saturated stiff soilsB < 1.

Asdrainageisallowed, the excess pore pressureisdissipated
and consolidation occurs.

In time, u, becomes zero.

Sd
S, ¢
¢ I S,
S, — = S;=- =S,
B bs,
S, A
Sy



¢ =45 + /2
834—- / — S3
total=effectiv
f stress failure
envelope

— ( S |

Sa)kt

A plot of the effective failure envelope from drained tests on sands and nor mally consolidated clays.



Second Condition: Unconsolidated-undrained (UU) test.

u=u,+ Duy but sinceu,=B s;and Lu,; = A Ds, sotherefore,
U:BSS+ADSd = BS3+A(81'SS)

Thistest depends on avery important strength characteristic if the soil isfully saturated. The

failure envelope become horizontal, and hence =0and £; = C, wherec, istheun-drained
shear strength and is equal to theradius of the Mohr’scircles.

Shear | Total stress
Mohr’s circles
at fallure

— Normal stress

Total stress Mohr’s circles and failure envelope (£ = 0) obtained from unconsolidated-undrained tests.



Thereason for obtaining the same added axial stress (Ds ), regardless of the confining pressure can

be explained asfollows. If a sample (No. 1) isconsolidated at a chamber pressure S ; and then
sheared to failure without allowing drainage, the total stress conditions at failure can be represented
by Mohr’scircle Pin thefigure. The pore pressure developed in the sample at failureisequal to
(Dugy);- Thus, the major and minor principal effective stresses at failure are,

S =[S3+(DSy)] - (DUy) = S;-(DUy)y and S'3=S; - (Duy);

Shear stress

|
/E f Total stress

Mohr'scircle
at failure

\‘ Normal stress




The Unconfined Compressive Test



Unconfined compression test.



Condition Three: The Unconfined Compressive (UC) test on saturated clays.

S
tf — _1 — % — CU
2 2
Sr
Shear stress
A
‘
e s,
Total stress Mohr’s
/ circle at failure
CU
‘ = Normal stress
S;=0 S;:=0,

A plot of the unconfined compression test.



General Relationship of Consistency and Unconfined Compression Strength of Clays.

Ay
Consistency ton/ft2 KN/n?
Very Soft 0-0.25 0-24
Soft 0.25-0.5 24 - 48
Medium 05-1 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 triaxial test dataisthrough diagrams called stress paths. A stress path
isalinethat connects a series of points, each of which represents a successive stress state
experienced during atest. Lamb (1964) suggested a new coor dinate system of p’ versusq’ where,

p©:5‘|2'5 and q@cs S5

Consider a normally consolidated clay subjected to an isotropically consolidated-drained triaxial
test. At the beginning of the test, the deviatoric stresss,’ =s3 =s;, SO

+ -
p@zs 253 =s;=5, and q@z%

© ©
3

=0

and the p’ and g’ will plot aspoint | in the figure on the next slide. Astheload isincreased, the
deviatoricstressS;'=S3 + S,and S5 =S, and the Mohr circle A correspondsto that state.

pE& 51©';5§©: (55+ D‘Zd)+s§®:5§®+ D;d =5, + D‘Zd
1o (55+Ds,)- 57 _Ds,

2 2



Shear stress

These two equations plot aspoint D’ at thetop of the Mohr circle A. Each successive plot of p’ and g’
will continuethis straight linethat isat 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 hasreached the modified failure
envelope). From this,

g& p@ana






The Sensitivity and Thixotropy of Clays.

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

g = Y- undisturbed

qu- remol ded

There are certain claysthat 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.



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

Sensitivity, S (log scale) 64 Extra quick
Very quick
32
Slightly quick
16
Very sensitive
8
Medium sensitive
4
Slightly sensitive
1

(Insensitive)



Theloss of strength of clay soilsdueto remolding isprimarily dueto the destruction of the clay
particle structure that was developed during the original process of sedimentation.

If, however, after remolding a soil specimen iskept in an undisturbed state (that is, without
any change of moisture content), it will continueto gain strength with time. This phenomenon
isreferred to as thixotropy.

An example of a thixotropic material is paint. Just before painting, theinstructions say to
thoroughly agitate or stir the paint slurry. The brush keepsthe paint in a state of low shear
strength. However, when the paint isleft alone, its strength quickly increases and adheresto
thewall or object painted (that is, it does not run down thewall in aliquid state = no shear
strength).



