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thermoclgnamic state (Pure solids)

Helmholtz free energy f = f(ef;)

Rates of internal variables ¢¢. (€5, Copl e " ey 6l )
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failure state (Pure solids)

Summarg. Under the ?o”owing three assumlotions:

(1) energy cﬂependent only on elastic strain;
(2) rate incﬂependence; and
3) steaclg state,

we find esilo) 0

p’

‘failure criterion’ Files) = (




thermodynamic state (gcneral s0ils)
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thermodgnamic state (‘classical’ soils)

Helmholtz free energy f = f(o¢;)

Rates of internal variables o = oé,
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thermodgnamic state (‘classical’ soils)

%) From CC]Uat:ons land 2 € (0,0i5,€i5) =0

since €, =0 = €5 (0,04,€6) =0

4) Rate incﬂependc—:nce €5 (0,045, Aés) = Aef; (0,045,€5) =0




critical state (‘classical’ soils)

Summarg. Under the Fo”owingt

M energy dependent one

Nree assumptions:

astic strain and clensitg;

(2) rate inclependence; anc
3) stcaclg state,
we find
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critical state (the ‘o’ soil)

Summarg. Under the Fo”owingt

M energy dependent one

and a vector of internal

Nree assumptions:

astic strain and clensitg

variables a;;

(2) i inclel:)enclence; and

(3) stead y state,
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critical state (‘crushablc’ soils)

Summarg. Under the Fo”owingtﬂree assumptions:

(D energy clepenclent on elastic strain and clensitg
and breakage B;

(2) rate inclel:)enclence; and

(%) Steaclg state,

h’

critical state ‘eld’ iF' {0, 0¢;, B




critical state (‘crushable’ soils)
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critical state (‘crushable’ soils)
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critical state (‘crushable’ soils)

® B, =014-023
B B =031-035
v B, =042-047




sub-conclusions

3 ‘Critical State Theorg’ (CST) builds on
the assumption that stead9 state will
eventuate at large strains uncler very low

shear rates

A critical state is necessari|9 clel:)enclent on

the form of tlﬂermoclgnamic energy
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non-critical state (stick-slip) -




non-critical state (5tic|<~5|il:>)

update u(I) ?




non-critical state (5‘cic|<~5|il:>)

- | — Rigid
— Spring K = 0.841 N.mm ™!
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non-critical state (5tic|<~5|il:>)




non-critical state (5tic|<~5|il:>)

- what will CST predict? - constant force
- u[z}c&a&e w(1) ? - but no uniqueness




non-Co

(rate and state friction law)

Fig. 2.18. Schematic diagram showing
the response to e-fold velocity changes

and defining the terms in the rate-
state friction law.
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thermodgnamic state (granular 50ils)
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Granular Solids chlroclgnamics

Helmholtz free encig i e, L)
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conclusions

& CST builds on the assuml:)tion that steaclg

state wi“ eventuate uncler very Iow shear rates

D W
O

hich violates transient stick—-slil:)

bservations

3 aclcling granular temperature to describe

thermoclgnamic state can resolve this issue




