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Reliable and accurate assessment of dynamic soil behavior curves is necessary for the solution of many soil
dynamic problems, such as the site response analysis. The shear modulus and damping curves of silicate soils under
different conditions have been investigated by many geotechnical researchers.

Carbonate sediments are located in temperate and tropical areas and cover approximately 40% of the ocean
surface. This type of soil is typically observed near offshore hydrocarbon industries, such as the Persian Gulf.
Carbonate sand is the accumulation of pieces of carbonate materials; it usually originates from reworked shell
fragments and skeletal debris of marine organism. Foundation problems associated with carbonate soil deposits,
particularly as experienced by the offshore hydrocarbon industry have led to significant research focused on
understanding the behavior of these soils.

This study focuses on evaluation of dynamic properties of Bushehr calcareous sand. The shear modulus and
damping ratio of the tested sand was measured at small to large shear strains using resonant column and cyclic
triaxial tests. The calcareous sand specimens were tested by a fixed-free type of resonant column apparatus
(SEIKEN model). By using the resonant column apparatus, shear modulus and damping ratio of the calcareous sand
for the shear strain amplitude ranging from about 10-4 % to 10-2 % were measured. The cyclic triaxial tests were
conducted using a fully automated GDS triaxial testing apparatus. The cyclic tests were done on samples with shear
strain amplitudes ranging from about 10-2 % to 1 %. The procedure used to perform the dynamic and cyclic tests
was the multi-stage strain-controlled loading under undrained condition.

The tests were conducted in three levels of initial effective mean confining pressure equal to 40, 200, and 400
kPa. The sand specimens were constructed in relative densities lower than 50 or 80 percent, depends on the initial
effective stress, in order to acquire the target relative densities (i.e. 50 or 80 percent) after consolidation.

The experimental results indicate that with an increased shear strain amplitude, shear modulus decreases and
damping ratio increases. This trend, which was observed for all the tests, is typical behavior of soils under dynamic
loading, as observed in the previous studies.

The effect of mean effective confining pressure and relative density on the normalized shear modulus (G/Gmax)
curves of the Bushehr calcareous sand was investigated. Gmax is the small-strain shear modulus measured at shear
strain amplitude about 10-4 %. The increase in mean effective confining pressure causes the normalized shear
modulus to increase; however, it is more pronounced in low effective confining pressure. Changes of the normalized
shear modulus curves (G/Gmax-y) at the range of 6'm=200-400 kPa is less than that at the range of 6'm=40-200 kPa.
Normalized shear modulus curves are almost independent of the changes in relative density of the sand.

The results also indicate that the increased amount of initial mean effective confining pressure leads to the
smaller damping ratio for the tested sand. It is also observed that damping ratio curves (D-y) are not affected

strongly by relative density changes.


mailto:yjafarianm@iiees.ac.ir

Comparison of the tests results with the ranges and models recommended by the previous researchers reveals
that the normalized shear modulus and damping ratios of the studied calcareous sand are somewhat inconsistent. In
fact, there might be a necessity to modify the previous recommendations for accurate prediction of the dynamic

behavior curves of calcareous sands.

Keywords: Shear Modulus; Damping Ratio; Carbonate Sand; Silicate Sand.





