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5. Examples and Discussion



Rotating sand box simulation (Visage)
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From seminar 4: Yield loci & elastic region
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Cam Clay Model

We assume a particularly simple form of the yield loci:
Ellipses with constant eccentricity (shape conserving), passing
through the origin and critical mean effective stress (prev. called p0)
Further we assume associated flow.

p

q

O pcpc /2

b

Different conventions exist for defining
b (they all amount to the same).
Following Wood:
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describes a family of ellipses as prescribed



Cam Clay Model
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In the general formulation, we described the
yield loci (equal to plastic potentials now) by:

f (p, q, pc) = 0.

For Cam Clay this becomes
0)]([22  pppMqfg c

Also recall the expressions for plastic strain increments and hardening rule:



Cam Clay Model
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With our assumed form for NCL & URL:
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Inserting these expressions into the (ugly) formula for the hardening
parameter, we get
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(pc0 = initial radius, and v0 = v(pc0). )



Cam Clay Model

p

q

O pcpc /2

b

The expansion of the yield locus is then
given by:
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M is the slope of the red line connecting
the ”top-point” of the ellipses, and can
be calculated from the MC-criterion
friction angle.



Parameter estimation
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The bulk modulus, K (compressibility-1) is
a suitable parameter (often measured).
When using the Cam Clay model with real
data, it can be advantageous to approximate
the data with a smooth curve, e.g.
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For real data, λ can be estimated by

where p1 and p2 are chosen to fit data in
appropriate stress-range



Curve fitting: a1 depends on K0?

Correlation a vs. Ko
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Variants of Drucker-Prager
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A popular model is a combination (approx) of
Cam Clay and Mohr-Coulomb, often called
MC with a cap. (Modified or extended D-P.)

Shear failure is then described qualitatively
as in MC, while expansion of the yield loci
is qualitatively as in Cam Clay.

The Drucker-Prager model has many
extensions / variations over this theme.

(Visage) Chalk model carries this even
further, but is technically complicated
without shedding new light on the theory...

Shear failure

”Cap”



How do our idealized models
compare to the real world?
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Field GS, Weak sandstone
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Field F, Weak sandstone
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Young’s Modulus & Poisson’s ratio – constant?
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Bulk Modulus measured & polynomial approximation

Unconsolidated Sand

150,00

160,00

170,00

180,00

190,00

200,00

210,00

220,00

0,00 5,00 10,00 15,00 20,00 25,00

Mean eff. stress (MPa)

K
 (M

Pa
)

K0=159, a=4, b=-0.015

Weak Sandstone

0,00

100,00

200,00

300,00

400,00

500,00

600,00

0,00 5,00 10,00 15,00 20,00 25,00

Mean eff. stress (MPa)

K 
(M

Pa
)

K0=164, a=47, b=-1.6

Sandstone

6000,00

7000,00

8000,00

9000,00

10000,00

11000,00

12000,00

13000,00

14000,00

15000,00

0,00 5,00 10,00 15,00 20,00 25,00 30,00 35,00

Mean eff. stress (MPa)

K
 (M

Pa
)

K0=7550, a=300, b=-3.0

Weak Sandstone -- irregular

0,00

20000,00

40000,00

60000,00

80000,00

100000,00

120000,00

0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00

Mean eff. stress (MPa)

K
 (M

P
a)

K0 < 0, a=4600, b=-80



GF Weak Sandstone
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Comparison measured vs. linear elastic & Cam Clay



Comparison measured vs. linear elastic & Cam Clay
SPS#6
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Static strain rate: Elastic or plastic behaviour?
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Experiment: Apply load and leave alone,
observe change in strain with time.
Recall: 
Elastic: Δ tied to stress increments

(Constant   constant )
Plastic: Δ tied to stress

( can change when  is constant)
GB: Elastic  plastic (normal behaviour)
S: Elastic  Failure (brittle)
GS: No elastic, immediate plastic on load


