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Undrained analysis

• Undrained bearing capacity

• Immediate settlements

Clay
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Tresca model

• Clay under undrained conditions

• Two parameters: su and G (may vary with depth)

• Reasonable for both deformations (with 

adequate G, e.g. G50) and ultimate capacity

• Theoretical basis: can be derived from effective 

stress Mohr-Coulomb model (for plane strain)

q

eaxial

3G

2su



AUS

4

Tresca model

• Clay under undrained conditions

• Two parameters: su and G (may vary with depth)

• Reasonable for both deformations (with 

adequate G, e.g. G50) and ultimate capacity

• Theoretical basis: can be derived from effective 

stress Mohr-Coulomb model (for plane strain)

q

eaxial

3G

2su



AUS

5

Tresca model

• Clay under undrained conditions

• Two parameters: su and G (may vary with depth)

• Reasonable for both deformations (with 

adequate G, e.g. G50) and ultimate capacity

• Theoretical basis: can be derived from effective 

stress Mohr-Coulomb model (for plane strain)

q

eaxial

3G

2su



AUS

6

Tresca model

• Clay under undrained conditions

• Two parameters: su and G (may vary with depth)

• Reasonable for both deformations (with 

adequate G, e.g. G50) and ultimate capacity

• Theoretical basis: can be derived from effective 

stress Mohr-Coulomb model (for plane strain)

q

eaxial

3G

2su



AUS

7

Tresca model

• Clay under undrained conditions

• Two parameters: su and G (may vary with depth)

• Reasonable for both deformations (with 

adequate G, e.g. G50) and ultimate capacity

• Theoretical basis: can be derived from effective 

stress Mohr-Coulomb model (for plane strain)

q

eaxial

3G

2su



AUS

8

Undrained shear strength

Triaxial compression test

3 0ps =3 0ps =

1 0ps =
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Undrained shear strength

Triaxial extension test

Failure (TC): 

3 0ps =3 0ps =

1 0p qs = -

Failure (TE): 

1 1
1 32 2 ucq s− = =s s

s s1 1
1 32 2 ueq s− = =

Questions:

ue ucs s=1. Do we have                 ?
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Undrained shear strength

Triaxial extension test

Failure (TC): 

3 0ps =3 0ps =

1 0p qs = -

Failure (TE): 

1 1
1 32 2 ucq s− = =s s

s s1 1
1 32 2 ueq s− = =

Questions:

ue ucs s=1. Do we have                 ?

ue ucs s=2. Do we expect                 ?
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Tresca

suc = su

sue = su
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Tresca

sue < suc

suc
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Tresca

sue < suc

sucAssuming isotropic 

material behaviour
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Tresca

sue < suc

suc

Generalized Tresca (suc, sue)

Assuming isotropic 

material behaviour



AUS

21

Generalized Tresca

1 3 1 2( / 1)( ) 2u ue uc ucF s s ss s s s= - + - - -

Limitation: 
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Generalized Tresca

1 3 1 2( / 1)( ) 2u ue uc ucF s s ss s s s= - + - - -

Limitation: 

Shape Size
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Generalized Tresca

1 3 1 2( / 1)( ) 2u ue uc ucF s s ss s s s= - + - - -
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sue to suc (Won 2013)
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sue to suc (Won 2013)

Tresca

GT
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sue to suc (Won 2013)

Tresca

GT

?
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Mohr-Coulomb

' '
1 3 1 3( ) sin 2 cosF cs s s s f f= - - + -
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Mohr-Coulomb

' '
1 3 1 3( ) sin 2 cosF cs s s s f f= - - + -

Undrained (linear elastic/perfectly plastic, zero dilation):

'
0'p p=
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Mohr-Coulomb
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Mohr-Coulomb
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sue to suc (Won 2013)

Tresca

GT
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sue to suc (Won 2013)

Tresca

GT

f  15

f  45
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Yield surface

Undrained true triaxial tests on NC Edgar Plastic Kaolinite (Lade 1990)

sue/suc = 0.7

Assuming isotropic 

material behaviour
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Tunnel face stability



AUS

43

Tunnel face stability – blowout 
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Tunnel face stability – collapse 



AUS

45

Tunnel face stability – collapse 

sue/suc = 1 (Tresca)
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Tunnel face stability – collapse 

sue/suc = 0.9
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Tunnel face stability – collapse 

sue/suc = 0.8
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Tunnel face stability – collapse 

sue/suc = 0.7
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Tunnel face stability – collapse 

sue/suc = 0.6
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Tunnel face stability – collapse 

sue/suc = 0.5
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Tunnel face stability – collapse 
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Tunnel face stability – blowout

Any sue/suc
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Strength predictions

Generalized Tresca:

suc: any value  0

sue : any value between 0.5suc and suc

sus = (0.5/suc + 0.5/sue)-1

For example: 

suc = 100 kPa

sue = 60 kPa

sus = 75 kPa



AUS

54

Strength predictions

Generalized Tresca:

suc: any value  0

sue : any value between 0.5suc and suc

sus = (0.5/suc + 0.5/sue)-1

For example: 

suc = 100 kPa

sue = 60 kPa

sus = 75 kPa



AUS

55

Strength predictions
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Strength predictions

Ladd (1990)

GT
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Strength predictions

Karlsrud & Hernandez-Martinez (2013)
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Strength predictions

Karlsrud & Hernandez-Martinez (2013)

sue /suc = 0.5 (f = 90)
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Strength predictions

Karlsrud & Hernandez-Martinez (2013)

sus /suc = 0.67

sue /suc = 0.5 (f = 90)
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Strength predictions

GT

f  15

f  45
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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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Extension/compression
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Extension/compression
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Extension/compression

Lode angle: q = -30
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Extension/compression

Lode angle: q = +30



AUS

73

Summary

• Different strengths in extension and compression – standard feature of 

isotropic frictional materials

• Strength may depend on direction of load application, e.g. vertically vs 

horizontally – anisotropy 

Extension/compression Anisotropy
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NGI-ADP (Plaxis)
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NGI-ADP (Plaxis)

sue

suc

sue/suc < 1 for an ideal isotropic material!
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Yield surface

Undrained true triaxial tests on NC Edgar Plastic Kaolinite (Lade 1990)

sue/suc = 0.7
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Yield surface

Undrained true triaxial tests on NC Edgar Plastic Kaolinite (Lade 1990)

sue/suc = 0.7

NGI-ADP
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Anisotropy

Cross-anisotropy
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Anisotropy

Cross-anisotropy
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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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Anisotropy

TC TE
DSS

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

Karlsrud & Hernandez-Martinez (2013)

sue /suc = 0.5 

sus /suc = 0.67
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Anisotropy – AUS 

zs

xs ys

NGI-ADP approach
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Anisotropy – AUS 

zs

xs ys

NGI-ADP approach
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Anisotropy – AUS 

Three parameters:

• k – size

• a - shift

• r – shape

Can be related uniquely to three strengths: 

• suc – triaxial compression

• sue – triaxial extension

• sus – simple shear
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AUS admissibility



AUS

91

Strength predictions

Karlsrud & Hernandez-Martinez (2013)
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Strength predictions

Karlsrud & Hernandez-Martinez (2013)
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AUS admissibility
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AUS

Isotropic: suc and sue Anisotropic: suc, sue , and sus 

sus = (0.5/suc + 0.5/sue)-1
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Anisotropy – AUS 

sus = 0.5(suc + sue)
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Anisotropy – AUS 
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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. 

q/(2suc)
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Flow rule – AUS 

Mises
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Elasticity – Hooke

Shear modulus:

50

,50

10 10
3

uc

c

s
G G

e
» =
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Parameters
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Fit to data
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Fit to data



AUS

104

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

sus = 0.5(suc + sue)
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Conclusions

• AUS: simple model and reliable model easy to calibrate to typical data 
available from SI data
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