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Contribution by Katia Vanessa Bicalho, Jean-Marie Fleureau and Yu-Jun Cui 

The authors have presented a thorough carefully review about laboratory tests and other 

approaches employed in the determination of the consistency limits of clayey soils, 

highlighting their use and misuse for fine-grained soil classification purposes and in existing 

correlations. The discussers appreciate the contributions that the authors have made on 

improving the fundamental interpretations of the Atterberg limits and quantitative 

relationships between their values and soil parameters. 

The discussers would like to include some additional comments on poor precision of the 

thread-rolling plastic limit (PL) measurements and evaluations of PL values of different clay 

minerals. It has been recognized in the literature that the procedures specified by the thread-

rolling method is excessive reliant on operator skill and judgment. To investigate this point 

the authors present PLs determined by different laboratories for 11 inorganic fine-grained 

soils of intermediate to very high plasticity. The maximum difference between the smallest 

and largest measured PLs in the set presented by the authors for a given soil type was 8% 

with an average PL of 33.8%.  Previous publications reported variation up to 20% in the PLs 

determined in different laboratories for a given soil (Whyte, 1982). The observed differences 

in PLs measurements can be significant since the published data of the PLs show relatively 

little typical water content range in comparison with corresponding data of Atterberg liquid 

limits (LLs) for any clay mineral. White (1949) presented the Atterberg LL and LP values 

collected from the same source for two montmorillonites types: one carrying sodium as the 

exchangeable cation and the other carrying calcium. Note that the LPs of the two 

montmorillonites were about the same, but there was a great difference in the LLs which was 

probably due to the type of exchangeable cation, and the two montmorillonites types may 

exhibit a wide range of engineering properties. These results show that the influence of PL 
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values on the plasticity index PI (i.e., LL - PL) and the activity (Skempton, 1953) values in 

expansive clay minerals may be practically insignificant. It is then suggested caution in using 

PLs collected from different sources for future empirical relationships between PLs values 

and corresponding soil parameters. 

Regarding the correlations relating liquid limits obtained by the percussion (Casagrande cup 

apparatus), LLcup, and penetration (fall-cone), LLFC, methods, the authors determined four 

different nonlinear empirical correlations using a large database assembled from the literature 

with LL obtained by different standards adopting different devices. The general empirical 

correlation between LLcup and LLFC proposed by the authors can be written as: 

                                     LLcup = K LLFC
 N

                                                                        (15) 

where K and N are fitting constants. The authors show that fitting constants varied 

systematically with material and hardness of the Casagrande apparatus base. The observed 

differences were minimal for LL < 60%. The cone and percussion methods give LL values 

which differ by more than 15% for LLcup = 120% (Figure 11). 

Application of the authors´ correlations to some experimental data of LLcup and LLFC values 

ranging from 14% to 98%, for different natural low plasticity inorganic clays from Brazil is 

illustrated in Figure 11. The LLcup tests reported by Bicalho et al. (2014) were performed for 

the hard rubber base cup and the LLFC obtained for the 30
o
–80g fall-cone. The Atterberg 

limits of the natural clays lie on the A-line (Casagrande 1948) in the classical plasticity chart. 

The low plasticity clays are essentially kaolinites and illites. LLcup values are generally 2.7% 

lower than LLFC (LLFC = LLcup+ 2.7, R
2
= 0.98). Di Matteo (2012) reported similar results for 

low plasticity inorganic fluvial-lacustrine soils from Central Italy (LLFC = LLcup+ 2.2) with 

liquid limit values between 20 and 50%. 
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Experimental results obtained by Bicalho et al. (2017) on bentonite-silica fine sand mixtures 

with clay fraction higher than 60% (C > 60%) are also presented in Figure 11, which indicate 

that compared with the hard rubber base Casagrande apparatus, the cone penetrometer gives 

significantly higher results for high plastic clays (LLFC = 0.9LLcup - 9, R
2
= 0.98). At least 

three replicate LL tests were performed by the same operator on each clay-sand mixture using 

the same method. The soil mixtures samples were firstly homogenized, conditioned to a high 

moisture content, and left to equilibrate into sealing plastic bags for several days (> 7). In 

general, the results were very consistent for a given soil mixture and method, varying within 

a range of about 1% in any particular set of data. The Atterberg limits of the bentonite-sand 

mixtures lie on the U-line defined as PI=0.9 (LLcup-0.8) in the classical plasticity Casagrande 

chart. It is assumed that for C > 60% the bentonite dominates the behavior of clay-sand 

mixtures by preventing direct inter particle contact of the sand particles. 

The percussion and the cone LL methods respond differently depending upon the soil clay 

mineralogy. If all LL experimental data are included (low and high plasticity clays) one can 

see in Figure 11 that the correlation between LLcup and LLFC is not linear at all. Although it is 

observed in Figure 11 that for the particular experimental data some points do not coincide 

with the empirical correlation suggested for LLFC versus ASTM ‘hard base’ cup (LLASTM 

cup) full range of LL (low and high plasticity clays), i.e. K=1.90 and N=0.85 in Eq. (15). It is 

notable that the nonlinear calibrations proposed by the authors represent well the very large 

database, especially if one considers that the equations suggested by the authors were defined 

from data for fine-grained soils with very different geological formations and geotechnical 

properties using different testing procedures by different operators and laboratories. 
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Authors’ reply 

The authors thank the discussers for their interest in the review paper (O’Kelly et al., 2018) 

and in this reply give more elaboration and clarification on some of the key points raised. 

Correlating fall-cone LL with Casagrande LL 

Regarding the correlations relating LLs obtained by the British Standard (BS) fall-cone 

(LLFC) and the percussion cup apparatuses (LLBScup and LLASTMcup) (reported as Equations 8–

11 in the paper under discussion), the authors wish to make the following observations. 

 It is good to see that the discussers found the nonlinear calibrations given by Equations 10 

and 11 represented well the LLFC–LLASTMcup datasets of 52 natural inorganic clays from 

Brazil (Bicalho et al., 2014) and four silica fine sand–bentonite mixtures (Bicalho et al., 

2017), neither of which were employed in the formulation of these equations. This is 

particularly satisfying for the authors since these equations were derived from reported 

data for fine-grained soils with very different geological formations and geotechnical 

properties, employing several LL test standards (codes) and performed by numerous 

operators in different laboratories. 

 As per Figure 11 produced by the discussers, the plotted LLASTMcup–LLFC results for the 

four sand–bentonite mixtures (LLASTMcup ≥115%) reported in Bicalho et al. (2017) 

indicate that compared with the hard rubber base Casagrande apparatus, the BS fall-cone 

approach gives somewhat lower LL results for extremely-high plasticity clays (not the 

“significantly higher results” as stated by the discussers), as predicted by Equations 10 

and 11. 

 For an LL value of 120%, the largest difference in LLs predicted using the pertinent 

Equations 9 and 11 occurs for the LLFC–LLBScup combination at 10.6%, compared to 1.4% 

for the LLFC–LLASTMcup combination — that is, not the “more than 15%” value reported 

by the discussers. Nevertheless, as this clearly demonstrates, the predicted differences can 

be considerable for higher LL values, especially in the case of the LLFC–LLBScup 

combination, proving the potentially significant importance of applying these correlations 

— for instance, in obtaining LLcup from measured LLFC for the purposes of deducing other 

soil parameters employing existing correlations derived based on LLcup. 
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Influence of mineralogy 

While the ratio between percussion and fall-cone liquid limits is generally greater than one 

for montmorillonitic soils and close to unity for kaolinitic soils, this does not imply, as the 

discussers state, that “the percussion and cone LL methods respond differently depending on 

the soil clay mineralogy”. As can be seen from Figure 11 presented in the discussion, the 

relationship between LL values is a continuous function across liquid limits, with no 

separation being seen between clays of different mineralogies, albeit that montmorillonitic 

soils tend to have high LL values. As shown by Haigh (2012), the increasing ratio between 

cup and cone LL values can be derived based on the mechanics of the two tests, cup LL being 

dependent on dynamic slope stability and hence affected by soil density as well as strength. 

For high LL soils, the lower soil densities seen at LL result in lower strengths being required 

for stability relative to those for low LL soils. Water contents higher than the fall-cone LL are 

hence seen at the percussion LL, with the form of the relationship being predictable based on 

analysis of the test mechanics which also explain the difference between results from hard 

and soft base Casagrande devices, as described by Haigh (2016). While mineralogy may well 

play a key role in the varying strength of clays with water content, and hence the high LL 

values of montmorillonitic soils, the two LL methodologies do not respond in any way to 

mineralogy, rather they measure two differing physical quantities. 

Repeatability of the thread-rolling test 

In Table 1 of the paper under discussion, the authors presented an example case of 

consistency limits data originally reported in Sivakumar et al. (2015) for 11 inorganic-

intermediate to very high plasticity fine-grained soils obtained through four independent 

geotechnical laboratories (mean PL ranging 16.0–33.8%). For these soils, the maximum 

difference in the measured PLs for a given soil type of 8 percentage points occurred for the 
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Kaolin sample investigated, (standard deviation (SD) of 3.6 and coefficient of variation 

(COV) of 10.6), although it was pointed out in the paper under discussion that Sherwood 

(1970) reported an even larger variation in measured PL for engineering practice. The 

discussers comment on the poor precision of the PL measurements, using the example case of 

Whyte (1982) to suggest a variation of up to 20 percentage points in the PLs determined in 

different laboratories for a given soil; he reported a clay with mean PL of 23% produced PL 

results ranging from as low as 19% to as high as 39%. No other information was reported in 

Whyte (1982) for the single clay material tested. Sherwood (1970) investigated the 

reproducibility of various geotechnical laboratory tests, including the PL, for prepared clayey 

sand, Gault clay and Weald clay samples having mean PLs of 18%, 25% and 25%, 

respectively (based on the results of PL testing by 41 operators from different laboratories 

across the UK). Sherwood (1970) found that for these three soils, the difference from the 

mean PL ranged from –7 to +14 percentage points, corresponding to an SD = 2.4–3.2% and 

COV = 12.7–13.1% (SD and COV were much lower for a single operator), comparable with 

the findings of the Sivakumar et al. (2015) investigation. Sherwood and Ryley (1970) 

reported COV values for 8 operators performing 80g–30° fall-cone LL tests on sandy clay, 

Gault clay and Weald clay samples (mean LLs of 36.1%, 73.5% and 65.4%, respectively) 

ranging from 0.93% to 3.3%. The fall-cone approach for LL is clearly less variable between 

operators than the thread-rolling PL test, but some measurement variation is present for both 

tests. While a range of values due to measurement error and operator judgement at PL is 

expected, the test remains the only way of establishing the plastic-brittle transition point 

(Haigh et al., 2013). 
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Correlations between PL and other soil properties? 

Referring to the example of consistency limits reported in White (1949) for sodium and 

calcium montmorillonites, with similar PLs but a great difference in their values of LL, the 

discussers make the point that the influence of PL values on the plasticity index (IP) and 

activity values for expansive clay minerals may be practically insignificant. The authors 

agree that caution is required in using PL values collected from different sources for future 

empirical relationships between PL and other soil parameters. As reported in the paper under 

discussion, useful consistency-limit based correlations are invariably established on LL, IP or 

liquidity index (IL); for example, see Equations 2–5 in the original paper. Given the better 

repeatability of the fall-cone LL test, one could argue that if there is a choice in selecting LL 

or PL (or IP) as a predictor for a geotechnical correlation, then LL is preferred — however LL 

does not indicate the range of plastic behaviour, simply an assigned liquid to plastic transition 

point, and therefore it is not surprising that the PL (usually used to compute the IP) is also 

needed for many geotechnical correlations (cf. Kulhawy and Mayne 1990). 
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Figure captions 

 

Figure 11. Relationships between the liquid limit values obtained by the fall-cone and 

percussion (hard base and soft base Casagrande cup apparatus) methods proposed by 

Kelly et al. (2018) and experimental results reported by Bicalho et al. (2014, 2017) for 

low and high plasticity clays. 
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