
Appraisal of novel power-based extrusion methodology 
for consistency limits determinations of fine-grained soils

Dr. Brendan C. O’Kelly
Associate Professor, Department of Civil, Structural and Environmental Engineering

26th August 2022

Cite this publication as follows:

O’Kelly, B.C. (2022) Appraisal of novel power-based
extrusion methodology for consistency limits
determinations of fine-grained soils. In: Proceedings
of the Civil Engineering Research in Ireland 2022
Conference, 25–26 August 2022, Dublin, Ireland
(Holmes, N., de Paor, C., and West, R.P. (Eds.)). Civil
Engineering Research Association of Ireland. Vol. 1,
pp. 317–322.



Trinity College Dublin, The University of Dublin

Presentation Overview
• Consistency limits

Their conventional determination

Undrained strength at the consistency limits

• Previous extrusion approaches for fine-grained soil testing

• The extrusion pressure – water content relationship

• Extrusion pressure and the consistency limits? 

• Consider the power needed to deform soil at its consistency limits

Basis of new experimental testing approach?

• Conclusions
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Consistency limits and their conventional determination

Thread-rolling method (Atterberg)
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Fall-cone method

(or Casagrande percussion-cup method)
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Undrained shear strength (su) and consistency limits
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(after O’Kelly et al., 2018)

Increasing water content

LLPC = Casagrande LL LLFC = fall-cone LL

PLHR = Atterberg PL  (i.e., the brittle/ductile state transition)

PL100 = plastic strength limit [su@PL100 = 100  su@LLFC]

For PL25, su@PL25 = 25  su@LLFC
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Previous extrusion approaches for fine-grained soil testing

Direct
extrusion
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Reverse extrusion in axial loading machine

Reverse
extrusion

(Verástegui-Flores and Di Emidio, 2014) (Kayabali and Ozdemir, 2013)
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The extrusion pressure – water content relationship
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Extrusion force against die displacement
for various water contents in plastic range

Extrusion pressure (pe) against water content
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(A = bore area of cylinder chamber)

Reverse extrusion of high plasticity soil (LLFC = 61%; PL = 24%) for R = 

40·1 and v = 1 mm/min (after Kayabali et al., 2015)
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Extrusion pressure and consistency limits?
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• Extrusion pressure related to the soil ‘flow’ stress

• ‘Flow’ stress taken as (or a proxy for) the soil undrained shear strength

 Extrusion approach should work for LL determination 

 Extrusion will not work for Atterberg PL (latter not strength based)

Hypothesis: Consider the work done in deforming the soil by extrusion occurring 
over specified time period; i.e., [Applied force  die displacement/extrusion time] 
(Manafighorabaei, 2017)

For given extrusion apparatus, can consistency limits of all fine-grained soils be 
defined in terms of unique power values? If yes, then could possibly determine the 
consistency limits for calibrated power values

Work done/time = Power



Trinity College Dublin, The University of Dublin
8

Both direct
extrusion

Manafi et al. (2022)

Trinity College Dublin extrusion apparatus (20152017)

University of Adelaide extrusion apparatus 

(20182022)

Hypothesis investigated using two experimental apparatus

Manafighorabaei (2017)

O’Kelly (2022)
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Basis of new consistency limits determination approach?
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• According to Manafi et al., Yes, for both LL and PL

• B O’Kelly’s viewpoint  Yes for LL, but No for PL

‒ Power-based approach can also be considered as essential a strength test, 
and the LL is strength-based (but not the PL)

‒ An important consideration is the remoulding toughness at the PL can vary 
over a wide range for different fine-grained soils

‒ So, for example, when performing the thread-rolling PL test, the hand 
pressure (force) applied to the rolling soil thread, and also the number of 
back-and-forth rolling actions necessary to reach/cause crumbling 
condition, can both vary significantly between different soil plasticity 
classes Qualitative measure

of work done and time to remould soil



Conclusions
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• Extrusion method has potential for soil strength measurement

And also for LL determination

• Extrusion approach is not appropriate for Atterberg PL determination

• Hypothesised power-based extrusion approach not appropriate for 
Atterberg PL determination (BO’Kelly’s viewpoint)

As this hypothesis overlooks the fact that the remoulding toughness can 
varying significantly between different soil plasticity classes

• Atterberg PL uniquely determined by the standard thread-rolling test



Thank You



12

• Haigh SK (2012) Mechanics of the Casagrande liquid limit test. Canadian Geotechnical Journal 49(9): 1015–1023, https://doi.org/10.1139/t2012-066

• Haigh SK, Vardanega PJ and Bolton MD (2013) The plastic limit of clays. Géotechnique 63(6): 435–440, https://doi.org/10.1680/geot.11.P.123

• Kayabali K and Ozdemir A (2013) Use of reverse extrusion method to determine undrained shear strength. Geotechnical and Geological Engineering

31(2): 719–727, https://doi.org/10.1007/s10706-013-9621-y

• Kayabali K, Akturk O, Fener M, Dikmen O and Harputlugil FH (2015) Revisiting the Bjerrum’s correction factor: use of the liquidity index for assessing the 

effect of soil plasticity on undrained shear strength. Journal of Rock Mechanics and Geotechnical Engineering 7(6): 716–721, 

https://doi.org/10.1016/j.jrmge.2015.07.003

• Manafighorabaei S (2017) Soil Plasticity Determination Using Manafi Method and Apparatus. MSc thesis, Trinity College Dublin, Dublin, Ireland, 

http://hdl.handle.net/2262/81676

• Manafi MSG, Deng A, Taheri A, Jaksa MB and HB N (2022) Determining soil plasticity utilizing Manafi method and apparatus. Geotechnical Testing 

Journal 45(4): 797–818, https://doi.org/10.1520/GTJ20210235

• O’Kelly BC, Vardanega PJ and Haigh SK (2018) Use of fall cones to determine Atterberg limits: a review. Géotechnique 68(10): 843–856, 

https://doi.org/10.1680/jgeot.17.R.039

• O’Kelly BC (2022) — i.e., the presented paper published in the CERI2022 Conference Proceedings

• Verástegui-Flores RD Di Emidio G (2014) Assessment of clay consistency through conventional methods and indirect extrusion tests. Applied Clay 

Science 101: 632–636, https://doi.org/10.1016/j.clay.2014.09.033

References

https://doi.org/10.1139/t2012-066
https://doi.org/10.1680/geot.11.P.123
https://doi.org/10.1007/s10706-013-9621-y
https://doi.org/10.1016/j.jrmge.2015.07.003
http://hdl.handle.net/2262/81676
https://doi.org/10.1520/GTJ20210235
https://doi.org/10.1680/jgeot.17.R.039
https://doi.org/10.1016/j.clay.2014.09.033

