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“We experimentalists are not like theorists: the originality 
of an idea is not for being presented in a paper but for 
being shown in implementation of an original 
experiment.”

Patrick M. S. Blackett, London, 1962 
(from plaque outside lecture hall)
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True- Triaxial (polyaxial) testing

σ1

Load cell

Biaxial 
cell

Polyaxial 
apparatus

Hydraulic 
fluid

Rock
specimen  

σ2

σ3

True-triaxial 
testing apparatus

σ1

σ2

σ3

Strength criterion:
σ1 = f(σ2 ,σ3)

(Mises, Nadai, 
Mogi)



332233MicaMica
2020ClayClay
68682828QuartzQuartz
101025256666FeldsparFeldspar

TCDP siltstone TCDP siltstone 
(sedimentary)(sedimentary)

KTB amphibolite KTB amphibolite 
(metamorphic)(metamorphic)

Westerly granite Westerly granite 
(igneous)(igneous)

Volume percentage (%)Volume percentage (%)

MineralMineral

AmphiboleAmphibole 5858

Three rocks tested

PropertyProperty Westerly Westerly 
granitegranite

KTB KTB 
amphiboliteamphibolite

TCDP siltstoneTCDP siltstone

Density, kg/mDensity, kg/m33 26302630 29202920 25942594

Porosity, %Porosity, % 0.90.9 0.70.7 6.96.9

UCS, MPaUCS, MPa 201201 164164 8080

Elastic Modulus, Elastic Modulus, 
GPaGPa

5959 9595 1414



True triaxial strengths (peak σ1) 
of three tested rocks
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 τ = 3.036 * p0.739

       R2 = 0.990    

TCDP Siltstone
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Typical fault planes under true triaxial stress
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Fracture dip angle 
increases with σ2 (for 

given σ3)
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Band Angle Predictions
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Comparison of band angle predictions vs. deviatoric stress state for 
Rudnicki-Rice (Drucker Prager) with constitutive relation derived from Haimson 
strength criterion.  
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Band angle data against 
deviatoric stress state with 
predictions for fixed mean 
normal stress.
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ConclusionsConclusions

The intermediate principal stress The intermediate principal stress σσ22 affects all aspects of mechanical affects all aspects of mechanical 
behavior of rock under compressive stresses.behavior of rock under compressive stresses.

The strength is wellThe strength is well--described by a relation described by a relation τ = τ = ΑΑppBB (neither Mohr(neither Mohr--
Coulomb nor Coulomb nor Drucker Prager Drucker Prager (RR)).(RR)).

Fault dip angle increases steadily as Fault dip angle increases steadily as σσ22 is raised for a given is raised for a given σσ3 3 
(prediction based on (prediction based on τ =τ = ΑΑppBB modelsmodels trends with mean stress and trends with mean stress and 
deviatoric deviatoric stress state adequately but, in general, angles are less than stress state adequately but, in general, angles are less than 
observed).observed).

True triaxial testing is True triaxial testing is essential essential for constraining constitutive relations for constraining constitutive relations 
for applications and numerical calculationsfor applications and numerical calculations..

True triaxial testing provides the opportunity to True triaxial testing provides the opportunity to interrogateinterrogate the role of the role of 
constitutive behavior in predicting failure strength and fault constitutive behavior in predicting failure strength and fault 
orientation. orientation. 
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