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Why this matters – GISTM & TSF stability

• Notorious for low shear strength,  high compressibility and heave.

• Testing challenges (Grading and strength determination)

• Drained and undrained conditions need to be considered.
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Reworked Residual Norite
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Due to the high swell 
and shrinkage 
potential, remulching 
is common which 
results in the presence 
of slickensides. These 
planes are not aligned 
and non-continuous 
which is characteristic 
of residual soils



Testing Database

• Different laboratories (South Africa and overseas)

• Mostly undisturbed samples (block samples)

• Foundation Indicator - 26 samples

• Oedometer - 3 specimens

• Triaxial permeability - 2 specimens

• Consolidated Undrained Triaxial - 71 specimens

• Direct Simple Shear - 3 specimens

• Ring shear - 3 specimens

• The study should not be considered for design purposes due to the inherent 
variability of the material and site-specific investigation, according to SAICE 
Investigation Code of Practice, shall be followed



Index & Classification

• Clay with high plasticity (CH)

• Permeability at 1x10-8 m/s 



Stiffness Behaviour



Critical-State Framework for Clays



Consolidated Undrained Triaxial Results



Direct Simple Shear Results



Residual Strength – Bromhead 
Ring Shear



Conclusions & 
Practical 

Implications

• GISTM requirement

• Large dataset – site-specific assessment 
required

• High clay content, high PI, low permeability

• Overconsolidated clay → nonlinear failure 
envelope at lower stresses

• Yield stress ≈ 800 kPa → nonlinear 
behaviour below ~800 kPa, linear above

• Mesri & Abdel-Ghaffar (1993) envelope 
applied to capture this nonlinearity

• Extensive multi-laboratory testing confirms 
trends across wide effective stress range

• Residual φ’ = 8.5 but slickensides are not 
aligned
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