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Basic premise of Cam Clay (OCC & MCC)
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Soil behaviour in isotropic compression

03/
605/MT
e 604/MT
606/MT
601/MT

-___\_\_\_\_\H"'-nn.._,_ _ "~

666/PV
0-7 1 —
— T 2

— 665/PV

== $——, 661/PV

641/MT

%
664/PV
06 '_:____'_'_‘:_:_——-—“__ﬂ_ £

Void ratio

! Test number ,
: (PV = pluviated)

l €min = 0-521 (MT = moist temped)

—————h "'~-—-,.__jeo7/MI_ PNCL

,___._EBZ/PV T 663/PV LDUL-1/PV

_\_\_\_‘_\-I-
667/PV LDUL-3/PV

Sample preparation

10 100 1000

Void ratio

0-85

0-84

0-83

0-82

0-81

0-80

0-79

0-78
10

T ¥ \ \
100 1000

Mean stress, p:kPa

February 11, 2016



Soil behaviour in isotropic compression
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Soil behaviour in isotropic compression
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O’Tooles corollary to Murphy’s Law

§ NOT CRITICAL STATE A
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Image condition... DP =0
(violates ADP/Ag =0)
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Casagrande’s results as math

Casagrande...
\ w0 as &0

In(p)




i sffective stres | p| l n (p )
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One more idea...

In(p)




And the measured behaviour is...

deviator stress, q: kPa

volumetric strain: %

1400

1200 A

1000 -

800 -

600 -

400 A

200 A

axi

10

Al strain: %

1
—_
1

2 4

4
-5 1
-6 -

\ D

min

Dmin

-0.5 +

-0.3 +

-0.2 +

-0.1 +

SandDilation_r10.xIs

Brasted Sand
(data from Cornforth, 1961)

-0.25

0.2 -0.15 -0.1 -0.05
state parameter ¥ at D,




NorSand (basic)

deviator stress, q: kPa

300 1

250 -

200 -

150

100 -

50

pi:H(pmx

Pmx=P eXp(—X ';”/M)
OCR

50

100

150 200 250 300
mean effective stress, p': kPa

350

400

450

February 11, 2016

12




Hvorslev Surface

deviator stress, q: kPa
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Original Cam Clay vs NorSand

Flowrule Dp =M—77 Dp :M_n
Yield Surface

T _ml 2 /My ﬁ]
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Hardening i .
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K

K= 2G(1+v)
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Over to you

m Make copy of drained OCC worksheet as ‘NS Calcs’

m Set graphs to address NS results

m Addin ...

m Soil properties H =200, x=3.5,G =60 MPa, v=0.2
m Column for p,,,
m Calculation for

= Modify

m Column labels

m Set: p;,, initial = p, / SpacingRatio

m Calc of p_dot/p;, (for new hardening law)
m Calc of H ( now just a constant)

m Calc of K (see top of sheet)
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Add soil prop
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Drained OCC to NS... modifications
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CID 667 (by freezing method

Then honour the measured initial void ratio in this test




Computed soil response for simple NS
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Let’s get NorSand working
(and then we will tweak)




Tweaks

m There is an element of shear hardening when matching
pure theory to data
mFIX: H=Hp/pjg

m The coefficient ‘M’ (or ¢,) is not a constant in
stress-dilatancy theory
m Known since ~1963
m Dafalias 1997 suggests M(y)
m Nova's flowrule best for peak strength... N
mFIX:M=M-Nywy
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Stress dilatancy
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Fit to test
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“Horses for courses”

m “Cam Clay is crap”
m OCC “fine for soft clays”
m NS “best in class” for sands

m CSSM
m Based on axioms and derivations
m No specification or role for soil gradation (or fines... )
m “clay” is just a different set of soil properties from “sand”

m OCC is a specific (degenerate) case of NS

mN=0
B Y = AK
m H=1/(Ax)

m G = large number & v set to small number to recover k
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OCC as special case of NS

350 350

o 900 7 300 -
%
5 250 1 250
%) PR
2 200 - NorSand 200 A
5 ©  OCC 'closed form'
S 150 150
©
(?) 100 - 100 -
©

50 50 A

0 ! 0 T T

0 1 2 0 200 400 600
. L
axial strain, & % mean effective stress, p' : kPa
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