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Type of sand Gs emin emax

D50

[mm]

Monterey #0 Sand
(Silver et al., 1976)

2.65 0.56 0.85 0.36

Monterey #0/30 Sand
(This study)

2.64 0.585 0.837 0.59

Table 1. Index properties of Monterey Sand.Introduction

In 2010 and 2011 a series of earthquakes hit the central region of Canterbury,
New Zealand, triggering widespread and damaging liquefaction in the area of
Christchurch. Liquefaction occurred in natural clean sand deposits, but also in
silty (fines-containing) sand deposits of fluvial origin. Comprehensive research
efforts have been subsequently undertaken to identify key factors that influenced
liquefaction triggering and severity of its manifestation.

This research aims at evaluating the effects of fines content, fabric and layered
structure on the cyclic undrained response of silty soils from Christchurch using
Direct Simple Shear (DSS) tests. This poster outlines preliminary calibration and
verification DSS tests performed on a clean sand to ensure reliability of testing
procedures before these are applied to Christchurch soils.

Why cyclic DSS testing?

Seismic response of level-ground free-field soils deposits involves a simple shear
mode of deformation. Nevertheless, past studies on liquefaction resistance of
cohesionless soils have often made use of the cyclic triaxial device, as this type of
testing apparatus is commonly available in research laboratories and is of relative
simple use.

The conversion of triaxial test data to simple shear conditions has traditionally
been described in terms of cyclic stress ratio (CSR) using equation (1):
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where the stress terms are defined in Figure 1. This equation, however, does not
account for all the factors influencing the relationship between triaxial and free-
field cyclic liquefaction resistances, which include the tested soil, amplitude of
imposed cyclic stresses, and soil fabric, among others (Tatsuoka et al., 1986).

DSS testing was conceived as a means to more realistically simulate in situ
stresses imposed by earthquakes. A DSS test ideally resembles a planar state of
strain, with the soil specimen undergoing shear strains in the vertical plane while
subjected to shear stresses in the horizontal plane; constant height, volume and
total vertical load are enforced during the shearing.
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Figure 1. Comparison between triaxial and idealized simple shear modes of deformation.

The DSS device used in this experimental work was built at the University of
California, Berkeley. Tested specimens are cylindrical in shape, 61 mm in
diameter and 15 mm in height, and laterally confined by a plain latex membrane.
The device is provided with a pressure chamber, where compressed air is used to
apply confining stresses to the specimen, and makes use of back pressure for
saturation.

Experimental Programme and Procedures

Five cyclic DSS tests were performed on moist-tamped Monterey #0/30 sand
specimens. Testing on a clean sand is deemed to provide a useful basis to validate
testing procedures and assess capabilities of testing equipment before further
testing is carried out on soils from Christchurch.

Monterey #0/30 sand, is a clean, uniform, medium grain-sized sand with sub-
rounded particles from Monterey, California. This sand, together with Monterey
#0 sand, has been extensively employed in past laboratory studies on liquefaction,
so it provides a good benchmark in the development of testing protocols.
Monterey #0 and #0/30 sands are very similar to each other and their liquefaction
strengths can be compared.

Sand specimens were prepared with the moist-temping technique: moist sand,
mixed at 8% water content, is tamped within a split mould using a tamping rod.

Figure 2. Top: Schematic diagram of DSS device used in this study (modified, after
Boulanger, 1990). Bottom: UCB-DSS Device (left); detail with specimen enclosed in
pressure chamber (right).

Saturation was achieved by first percolating carbon dioxide (90 minutes),
followed by percolation of de-aired water, and final application of a back pressure
of 250 kPa. Specimens were consolidated at ��

� = 100 kPa, with ��
� /��

� = 0.5.

Before shearing, the vertical piston was clamped in position to enforce a constant
height condition, and undrained conditions were then imposed. A sinusoidal
cyclic shear load of pre-determined amplitude was applied by the servo-control
system at a frequency of 0.05 Hz. The cyclic shearing phase took place at
constant total horizontal stress, ��. Typical time histories of shear stress, shear
strain and excess pore water pressure for a DSS test are shown below.

Figure 3. Different stages in the preparation of specimens using the moist tamping method:
sand is placed inside a split mould and tamped using a tamping rod (left) before the
specimen is trimmed to the desired height (right).

Results

Figure 5 shows the experimental results in terms of number of cycles necessary to
develop 15% double amplitude (DA, i.e. peak-to-peak) shear strain (in DSS test)
against imposed CSR, which corresponds to 10% DA axial strain in triaxial test.

Figure 4. Typical time histories of shear stress, shear strain and excess pore water pressure
for DSS test (Test MTS_SM16, DR = 73%, CSR = 0.18).

Conclusions

Cyclic DSS tests on moist-tamped specimens of Monterey #0/30 sand were
performed for comprehensive calibration of the testing device and testing
procedures developed as part of a study on the liquefaction behaviour of
Christchurch soils. Mutual consistency among test results, and good agreement
with data from the literature for the same soil support validity and reliability of
adopted testing procedures.
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Specimens subjected to higher CSR reach a condition of initial liquefaction in a
smaller number of cycles, demonstrating internal consistency for this test series.
These results agree well with those reported by Tatsuoka et al. (1980), confirming
the quality of results obtained in our study. Comparison between DSS test and
triaxial test results from other authors also provides further evidence of significant
difference in the liquefaction resistance between these two test conditions.

Figure 5. Liquefaction Resistance Curves of moist tamped Monterey #0/30 (solid symbols)
and #0 (empty symbols) sand at 60% relative density from DSS and triaxial tests.


