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Tresca model

e Clay under undrained conditions

* Two parameters: s, and G (may vary with depth)
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Undrained shear strength

Triaxial compression test
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Undrained shear strength

Triaxial compression test

Failure (TC):
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Undrained shear strength

Triaxial extension test

Failure (TC):
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Undrained shear strength

Triaxial extension test
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Undrained shear strength

Triaxial extension test
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Undrained shear strength

Triaxial extension test

Failure (TC):
%|Sl _S3|=%q=5uc

Failure (TE):

s, —s,|=21g=s

2 ue

Questions:

1. Dowe have s, =5, ?

uc

2. Do we expect 5, =5, °?

uc

14












uc

Assuming isotropic PY °
material behaviour

<S

ue uc

TE

18



uc

Assuming isotropic
material behaviour

<S

ue uc

TE

19



uc

Assuming isotropic
material behaviour

<S

ue uc

TE

Generalized Tresca (s, S,.)

20



Generalized Tresca
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Generalised Tresca criterion for undrained total stress analysis 2 Suc

K. KRABBENHOFT* and A. V. LYAMIN*

Anew failure criterion, the generalised Tresca criterion, for undrained total stress analysis is presented.
The criterion is consistent with an underlying effective stress Mohr-Coulomb model. It involves two
parameters: the undrained shear strengths in triaxial compression and extension. As such, the model
predicts different strengths in compression and extension without introducing any physical anisotropy
due to layering, direction of deposition and so on. The model is applied to a number of boundary value
problems, where the effects of an extension/compression shear strength ratio less than unity generally
turns out to be relatively moderate.
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Generalized Tresca
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Mohr-Coulomb

F=s5,-5,-(s;+s,)sinf - 2ccosf

Undrained (linear elastic/perfectly plastic, zero dilation):
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Mohr-Coulomb
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INTRODUCTION

Mohr-Coulomb
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Mohr-Coulomb
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Mohr-Coulomb
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Mohr-Coulomb
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Mohr-Coulomb
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Mohr-Coulomb
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sue to suc (Won 2013)
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Yield surface
Undrained true triaxial tests on NC Edgar Plastic Kaolinite (Lade 1990)

Assuming isotropic
material behaviour
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Tunnel face stability — collapse
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Strength predictions
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Strength predictions
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Strength predictions
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Strength predictions
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Strength predictions
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Anisotropy

* Considerable confusion in the soil mechanics literature
* Sometimes taken to mean different properties in different directions, e.g.

vertically vs horizontally
* Sometimes taken to mean different strengths in extension and compression
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Anisotropy
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Anisotropy

66



Anisotropy
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Anisotropy
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Extension/compression
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Extension/compression
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Extension/compression

1 Lode angle: 6 =-30°
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Extension/compression

I Lode angle: 6 = +30°
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| Summary

* Different strengths in extension and compression — standard feature of
isotropic frictional materials
e Strength may depend on direction of load application, e.g. vertically vs

horizontally — anisotropy

Anisotropy

Extension/compression
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NGI-ADP (Plaxis)

Zz (TX)E XX
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NGI-ADP (Plaxis)

5 (TX)E XX

S,e/S,c < 1 for an ideal isotropic material!
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Yield surface
Undrained true triaxial tests on NC Edgar Plastic Kaolinite (Lade 1990)
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Yield surface
Undrained true triaxial tests on NC Edgar Plastic Kaolinite (Lade 1990)
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Anisotropy

Cross-anisotropy
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Anisotropy

Cross-anisotropy

79



Anisotropy

Cross-anisotropy
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Anisotropy

Cross-anisotropy
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Anisotropy

Cross-anisotropy
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Anisotropy
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Figure 4.9: Undrained strength
anisotropy of Boston Blue clay
(Seah (1990))
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Anisotropy

Assume cross-anisotropy with plane of anisotropy being ortho to z-axis:

<

‘ 0, = 28y

Igz = 284

TE
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Strength predictions
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Anisotropy — AUS

NGI-ADP approach oS
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Anisotropy — AUS

NGI-ADP approach
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Anisotropy — AUS

o 6k

v V3(1+1/p)cosf —3(1 —1/p)sinf
G=1/3Js
l, = 15" D3

8
m = (1,1,1,0,0,0)"

bl JZ: zsuc Uz: 23ue
D = diag(1,1,1,2,2,2)" —_—
1T - w
p=3zma z

T'I(%,%,—l,O,O,O)T z
6 = L arcsin (3\/5 j3 )

=3zar 5 332 X

2 JQ/

5 = 811822833 + 2812803851 — 819833 — 33511 — 83,522 y @) ) o X
Three parameters: Can be related uniquely to three strengths:
* k-—size * s, — triaxial compression
* a-shift * s, — triaxial extension
* p-—shape * s, —simple shear
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Anisotropy — AUS

Fu=(.?_ @
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é — Larcsin (_3\/5 j3 )
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2 JQ/

5 = 811822833 + 2812803851 — 819833 — 33511 — 83,522 y @) ) o X
Three parameters: Can be related uniquely to three strengths:
* k-—size * s, — triaxial compression
* a-shift * s, — triaxial extension

* p-—shape * s, —simple shear
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AUS admissibility
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Strength predictions
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Strength predictions
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AUS admissibility
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Isotropic: s, .and s
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Anisotropy — AUS
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Anisotropy — AUS
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Figure 4.9: Undrained strength
anisotropy of Boston Blue clay
(Seah (1990))
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Hardening — AUS
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Hardening — AUS

Vardanega & Bolton approach: strain at half the failure load as a hardening param.

1.00 [l Data in the region close fo M = 1 can
l correspond to =a/z.50 greater than 25
0.90 ¢ (generally no higher than 10); these clays
H  have a high ductility and exhibit higher
0.80 H strains at failure than the model would
i predict.
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Flow rule — AUS
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Elasticity — Hooke

Shear modulus:

S
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Parameters
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Fit to data
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Fit to data
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Monopile (PISA Project)

AUS clay




Monopile (PISA Project)
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Monopile (PISA Project)




Monopile (PISA Project)
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Monopile (PISA Project)
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Monopile (PISA Project)
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Conclusions

e AUS: simple model and reliable model easy to calibrate to typical data
available from S| data
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Conclusions

* AUS: simple model and reliable model easy to calibrate to typical data
available from S| data

* Isotropic material: different extension and compression strengths; anisotropy:
additional parameter — simple shear strength
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Conclusions

* AUS: simple model and reliable model easy to calibrate to typical data
available from S| data

* Isotropic material: different extension and compression strengths; anisotropy:
additional parameter — simple shear strength

* Both GT and AUS available in OPTUM G2 and OPTUM G3 (www.optumce.com)
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Conclusions

* AUS: simple model and reliable model easy to calibrate to typical data
available from Sl data

* Isotropic material: different extension and compression strengths; anisotropy:
additional parameter — simple shear strength

* Both GT and AUS available in OPTUM G2 and OPTUM G3 (www.optumce.com)
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