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DISCUSSION

Undrained monotonic and cyclic simple shear behaviour of
carbonate sand
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S. López-Querol, Universidad de Castilla La Mancha
The authors establish a final strain of 3.75% as the final
criterion of failure. According to the extensive research
available in the literature (i.e. Arulmoli et al., 1992;
Wijewickreme et al., 2005), this value is rather insufficient
for assessing if the sand fails or not, or even the type of
failure, especially for dense samples. In Fig. 18, an example
of what in the discusser’s opinion a liquefaction failure is, is
presented on Fraser River sand (loose sample), in terms of
stress path, shear strain against number of cycles and
development of excess pore water pressure. Conversely, Fig.
19 represents a result for the same sand, under dense initial
conditions. This last result shows a clear cyclic mobility
type of failure, the shear strains at the end of the test
reaching values close to 10%. The main difference between
these failures is not particularly given by the shear strain,
but mainly by the excess pore water pressure evolution. For
liquefaction, at the end of the test, this curve displays a
sudden change of slope, while for cyclic mobility this does
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Fig. 19. Example of cyclic mobility failure on Fraser River sand
under CSS test: initial relative density: 0.81; ó9v0 200 kPa;
CSR 0.25 (after Wijewickreme et al., 2005, test 80-2-25)
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not happen. In the authors’ opinion, Fig. 4 represents a
liquefaction type of failure, while, in the discusser’s opinion,
it might more likely be of cyclic mobility type, as, although
the amplitude of the shear strains increases with the number
of cycles, at the end of the test it still remains a small value.
A higher number of cycles, and a higher strain level, would
be necessary for determining what actually happens. In Fig.
5, the authors show a case of what they call cyclic mobility,
which is not really this kind of failure: when in these tests a
static shear stress is applied, there is no symmetry in the
loading conditions, and consequently the shear strain does
not oscillate around a zero value but around an accumulated
strain as the cycles go on. This fact is because the shear
strength in loading, dependent on the current shear stress
(Papadimitriou et al. 2001), is rather different from unloading situations, and this leads to the accumulation of shear
strain in the loading direction (Wichtmann et al. 2007). If
test C13-L (Fig. 5) would have lasted longer, probably
liquefaction failure would have happened (Qadimi & Coop,
2007).
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Fig. 18. Example of liquefaction failure on Fraser River sand
under CSS test: initial relative density: 0.40; ó9v0 100 kPa;
CSR 0.08 (after Wijewickreme et al., 2005, test CSS100-0.08)
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DISCUSSION

According to the authors, the strong dependence of the
phase transformation line slope on the initial relative density
of the sand, demonstrated by means of extensive experimental research, is denied for the particular case of Quiou sand
(carbonate material), and well justified through cyclic simple
shear test results. Therefore, the dilative behaviour of this
sand is independent of its initial density, which is a rather
particular behaviour, even for carbonate sand. The cyclic
liquefaction or cyclic mobility failure type usually depends
on the phase transformation line location in the ó9–ô plane,
for cyclic simple shear tests results: the smaller the slope,
the denser the sand, and the more dilative behaviour would
be expected, closer to cyclic mobility failure type
(López-Querol & Blázquez, 2006).
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behaviour pattern of calcareous soils, as exhaustively pointed
out by Mao & Fahey ( 2003). This feature should be considered as a peculiar characteristic of calcareous soils, as it is
not observed in silica sands.
As an example, Fig. 20 shows the correspondence between undrained monotonic and cyclic PT lines gathered by
the authors in companion simple shear (SS) tests carried out
on a well-documented Italian silica sand, namely Ticino sand
(TS), with similar grain size distribution to Quiou sand
(QS).
The results gathered by the authors in the tests described
in the paper indicate that the cyclic PT line of QS is poorly
dependent on initial void ratio. These findings are supported
by similar conclusions drawn by Mao & Fahey (2003) from
undrained cyclic simple shear tests carried out on three
calcareous soils. It is important to remember that the PTmon
line represents a key element in determining the observed
undrained cyclic response of carbonate soils under both
simple shear and triaxial conditions (Hyodo et al., 1998).
The results reported in the authors’ paper show that, for
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Authors’ reply
The discussion focuses on two major issues. The first one
regards ‘liquefaction definition and triggering criteria’
adopted by the authors in the text. The second concerns the
uniqueness of the phase transformation (PT) line irrespective
of initial relative density of tested sand (Quiou).
With regard to the first issue, the authors refer to the
specific terminology recommended by the National Centre
for Earthquake Engineering Research (NCEER) (1997)
Workshop to describe ‘cyclic softening’ phenomena. The
authors have already mentioned in the paper that the criterion adopted to define undrained cyclic strength at the
occurrence of a 3.75% maximum (total) shear strain (within
a cycle) was mainly due to the need for a better control of
undrained/constant volume test conditions in the adopted
NGI type SS apparatus. However, it is worth noting that a
similar criterion has been adopted by several researchers,
such as Ishihara (1993) and Seed et al. (2003).
From a general standpoint the authors agree with the
discussers that it would have been more appropriate to
terminate tests at higher shear strain levels in order to better
recognise the pattern of behaviour exhibited by the sample
for a higher number of cycles. This can be particularly
relevant for specific problems, such as the response of
offshore structures subjected to repeated loading under a
large number of cycles, or for problems involving sloping
ground conditions (Wu et al. 2004).
The second aspect raised by the discussers concerns the
uniqueness of the PT line, irrespective of the initial relative
density of tested sand (Quiou). First, the authors want to
stress that for the tested sand, the monotonic phase transformation (PTmon ) line and cyclic phase transformation (PTcyc )
line are significantly different, which seems to be a general
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Fig. 21. Phase transformation line gathered from undrained
monotonic triaxial compression tests carried out on Quiou sand
at different initial void ratios (loose and dense) and consolidation stress states (isotropic and K0 )
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DISCUSSION
Quiou sand, the PTmon line is relatively unaffected by initial
density state. This feature is confirmed by recent results
gathered by the authors from undrained monotonic triaxial
compression tests carried out on specimens of Quiou sand
(loose ¼ LD and dense ¼ HD), prepared by the same reconstitution method (water sedimentation) adopted in SS tests.
Triaxial tests were conducted under both isotropic and K0
consolidation stress state. Fig. 21 clearly reveals that the
PTmon envelope is not influenced by relative density nor by
consolidation stress state.
In any case, the authors believe that further research and
efforts are required to have a better insight into the different
behaviours observed in undrained monotonic and cyclic tests
carried out on carbonate and silica soils.

REFERENCES
Hyodo, M., Hyde, A. F. L. & Aramaki, N. (1998). Liquefaction of
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