
CORRESPONDENCE 

The Secretary, 
The Institution of Civil Engineers. 

DEAR SIR, 
The Paper, “Fundamental shear-strength properties of the Lilla Edet Clay” by Bjerrum 

and Wu (Gbotechnique, 10 : 3 : lOl), brings to our attention that there are at present in use 
several methods of determining the fundamental shear-strength parameters, true cohesion ce, 
and true angle of internal friction &. Because these methods do not necessarily give the same 
results, it is considered important that these procedures and their implications be reviewed. 

The following list shows methods which have been generally used or advocated in the past 
for determining ce and &: 

Reference Test tvbe Failure criterion 
Hvorslev, 1937 
Gibson, 1953 
Bierrum. 1954 

Drainyd 
Drained 
Drained 

(al - aa) max and (al’/oy’) mas 
give the same results. 

Bishop and Henkel, 1957 Undrained (ai - aa) max 
Simons, 1960 Undrained (ur’/ua’) max 
Bjerrum and Wu, 1960 Undrained (aI - us) max 
Kenney, 1960 Undrained (~~'/a~') max 

It will be seen that there are two different test procedures, namely, the drained test and 
the consolidated-undrained test with pore-pressure measurements, and there are two failure 
criteria used, namely (aI - us) max and (ur’/ua’) max. 

It has been shown (Kenney, 1959; Bjerrum and Simons, 1960) that the shear-strength 
parameters mobilized at failure in a drained test are very similar to those mobilized in an 
undrained test at the condition (ui’/aa’) max, but are not necessarily similar to those mobilized 
in an undrained test at the condition (ur - ua) max. In a recent study of the mobilization 
characteristics of ce and & (Schmertmann and Osterberg, 1960), it has been shown that the 
mobilization-strain characteristics of ce and +e are not similar but that for isotropically con- 
solidated samples, ce reaches a maximum value at much smaller strains than does &. These 
observations are illustrated in Fig. 1. If it is accepted that the values of ce and & which are 
mobilized at failure in a drained test are similar to those mobilized in an undrained test at 
(al’/+‘) max, it follows that in the case of soils which fail at very low strains, the values of 
ce and & which are mobilized in an undrained test at ( aI - as) max may differ appreciably 
from those mobilized at (~~'/a~') max. There is little doubt that the study of the mobilized 
parameters at the condition of ( aI - us) max in undrained tests is of much interest and im- 
portance. However, the Writer believes that the parameters measured at this condition are 
not fundamental properties of the soil but are only partially mobilized values of the true 
fundamental parameters cmax, ce, and &. 

For their Paper, Messrs Bjerrum and Wu determined the mobilized value of ce at the con- 
dition of (ai - ua) max in undrained tests by using a relationship such as the following: 

ce, = $(ui - q)(l - sin $e,) - ~a’. sin +e, 
cos +e, 

where cem and +e, denote the mobilized values. The Authors stated that a value of +e, = 20’ 
was used in the calculations, but it follows from the above discussion that if the fullymobilized 
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UNDRAINED TEST 

Fig. 1. Mobilization of e, and .& 

value of +e is equal to 20” a somewhat lower value should have been used in the calculations 
to study conditions at (a1 - ~a) max in order to account for incomplete mobilization of $e. 

It would be appreciated if the Authors would comment on this point and also if they would 
express their views concerning the definitions and the methods of measuring the fundamental 
shear strength parameters of ce and &. 

Yours faithfully, 
T. CAMERON KENNEY 

H. G. Acres & Company Limited, 
Niagara Falls, Canada. 

1 December, 1960. 
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The Secretary, 
The Institution of Civil Engineers. 

DEAR SIR, 

In their Paper “A study of the consolidation characteristics of a clay” (Gbotechnique, 
10 : 2 : 62), Messrs Newland and Allely make the observation that the slope of the “secondary 
tail” is independent of a wide range of factors. In particular, it was concluded from tests on 
Whangamarino clay that this slope is independent of the total void ratio change during a 
given increment (and therefore of the total pressure and pressure increment). 

While an apparent constancy in the slope of the secondary tail is occasionally observed in 
other clays, extensive series of consolidation tests on a wide range of soil types (Ramiah, 1959; 
Girault, 1960; Altschaeffl, 1960) have demonstrated that this is not generally the case. Results 
from a series of tests on undisturbed samples of Mexico City clay are shown in Fig. l(a); 
similar data for an artificially sedimented limestone residual clay are presented in Fig. l(b). 
It is evident that the slope of the secondary tail is not even approximately constant. Further- 
more, there exist systematic relationships between the rate of secondary compression, the 
total pressure, and the pressure increment, as illustrated in Fig. 2 (Ii, is the secondary com- 
pression per cycle of log time). 

The coefficient of consolidation (C,) is much more sensitive to test variables than the 
compression index (Leonards and Ramiah, 1959). In fact, the applicability of the Terzaghi 
theory can be rigorously examined only if the rate of pore-pressure dissipation is measured 
and the effects of side friction are either eliminated or accounted for. Investigations of this 
nature (including studies on the mechanism of secondary compression) are being reported 
elsewhere (Leonards and Girault, 1961). 

Messrs Newland and Allely recommend the use of large-pressure increment ratios to acceler- 
ate consolidation testing. While this procedure has little effect on the straight-line portion 
of the e - logp curve, it does obscure the determination of the effective preconsolidation 
pressure. On the basis of laboratory tests, it has been suggested (Leonards and Ramiah, 1959) 
that a normally consolidated clay will not reduce in volume until a load increment of sufficient 
magnitude has been applied to break the bonds developed by long-term secondary compres- 
sions and thixotropic action (the effective or quasi-preconsolidation pressure). Tests on arti- 
ficially sedimented clays (Altschaeffl, 1960) and field evidence (Hansbo, 1960) are corroborating 
this conclusion. The quasi-preconsolidation pressure can be determined from laboratory test 
data provided small pressure increments are used. In many cases, particularly for deep 
and/or highly compressible clay deposits, this factor has an important bearing on the accuracy 
of the settlement forecast. For Mexico City clay, where the use of net pressures only slightly 
in excess of the quasi-preconsolidation pressure (p,) would result in catastrophic settlements, 
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