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Experimental investigation on dynamic shear modulus and
damping ratio of biocemented coral sand
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Abstract: The microbially induced calcite precipitation (MICP) technique can effectively enhance the mechanical properties of coral
sand. To investigate the small-strain dynamic characteristics of MICP-treated coral sand, resonant column tests were conducted on
specimens with varying biocementation cycles My and effective confining pressures ¢; and the development laws of dynamic shear
modulus G and damping ratio 4 were comparatively analyzed. The test results reveal that: at small strains, the dynamic shear modulus
G increases significantly with both Ny and ¢;. The maximum dynamic shear modulus Gmax exhibits a linear correlation with Ny and a
power-law correlation with op. A significant power-law relationship exists between Gmax and unconfined compressive strength (gycs)-
As Nb increases, the reference strain ), decreases gradually while the G/Gmax-} curves shift downward, indicating enhanced
nonlinearity. Both minimum and maximum damping ratios increase, with the A-y; curve moving upward and characterized by greater
energy dissipation. In contrast, increasing oy produces opposite trends in both G/Gmax-% and A-3 curves, exhibiting reduced
nonlinearity and energy dissipation. Empirical relationships are established to quantify the nonlinear dynamic behavior and energy
dissipation characteristics of MICP-treated coral sand. Scanning electron microscope (SEM) observations reveal that stiffness
improvement primarily results from three mechanisms: contact cementation between sand grains, grain coating by calcite precipitates,
and matrix supporting through pore filling.
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Fig.1 Particle size distribution of coral sand
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Table 1 Physical indexes of coral sand
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Table 2 Resonant column test conditions

N, oA

«E =g 0
No P JnE R e, e, /kPa
1 0 0.828 0.821 25
2 0 S ] 0.829 0.819 50
3 0 0.828 0.812 100
4 4 0.735 0.729 25
5 4 BBy i 0.734 0.725 50
6 4 0.737 0.722 100
7 6 0.684 0.679 25
8 6 LRy 0.683 0.675 50
9 6 0.685 0.671 100
10 8 0.628 0.624 25
11 8 SN 0.627 0.620 50
12 3 0.625 0.615 100
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Table 3 Test results and model parameters

No, O ucs ¢ " A e
/ MPa / MPa /% /%

1 50.7 — 0.95 1.94x10* 0.71 21.28 1.60
2 65.7 — 0.95 2.40x10™* 0.66 20.18 1.60
3 95.4 — 0.95 3.81x10* 0.61 18.51 1.60
4 1259 0.077 0.95 1.40x10* 131 2194 1.60
5 149.5 0.096 0.95 1.73x107* 1.22 2046 1.60
6 225.2 0.159 0.95 2.06x107* 1.13 18.77 1.60
7 164.4 0.370 0.95 1.15x10™* 1.44 2349 1.60
8 192.5 0.446 0.95 1.36x10* 135 2197 1.60
9 262.4 0.560 0.95 1.46x10* 1.27 19.84  1.60
10 204.3 1.101 0.95 0.86x107* 1.62 2558 1.60

236.5 1.286 0.95 0.93x10* 1.52 2328 1.60
12 300.5 1.510 0.95 1.14x10* 1.43 2127 1.60
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