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We conducted laboratory experiments to determine the physical and mechanical properties, and the failure behaviors,
of cements for use as grouting material in a CO,-injection borehole. Samples with four different ratios of water to
cement mass (0.4, 1, 2, and 3) were tested. The analyzed properties {porosity, sonic velocity, modulus, and com-
pressive and tensile strengths) varied systematically as a function of the ratio of water to cement (w/c), showing a
sharp change between w/c ratios of 0.4 and 1. Triaxial compression tests revealed a clear boundary between brittle
and ductile failure depending on the w/c ratioc and confining pressure. The present results can be utilized as input
parameters for numerical models to understand the initial deformation and failure behavior of grouting cements in a
CO;-injection borehole.

Keywords : CO,-injection borehole, grouting cement, water/cement mixing ratio, mechanical properties, failure
behavior
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Table 1. Physical properties of grouting cements with different water/cement (w/c) mixing ratios.

A, . dry unit weight wet unit weight porosity permeability Vi \'A
wie mixing ratio " g\ s, (KN/m®) (m?) (m/sec) (m/sec)
0.4 18.7+0.1 19.6+0.1 8.9+0.7 28x%1077 3899 £+ 154 1790 £ 58
1 13.7£0.2 16.6£0.2 28.7+0.7 3.4 %1077 2663 + 108 1383 £ 31
2 13.0£05 16.1£0.4 322+20 - 2307+ 120 1280 £ 52
3 12.3£03 159+0.2 36.2+3.3 - 2253£192 1296 £ 51
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Fig. 2. Differential stress versus stain in uniaxial and triaxial compression tests at various confining pressures (0, 3, 6, 9,
and 12 MPa) for cements with different water/cement (w/c) mixing ratios.
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Fig. 4. Compressive strength and yield stress at various confining
pressures as a function of the water/cement (w/c) mixing ratio.
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Fig. 6. Tensile strength versus the water/cement (w/c)
mixing ratio.
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Table 2. Input parameters used for numerical modeling.

parameter value

depth 1 km

vertical stress 23 MPa

maximum horizontal stress 38 MPa

minimum horizontal stress 25 MPa

pore pressure 10 MPa

injection pressure 12 MPa
cement cement
(wie=04)(wc =2) "k

Young's modulus (GPa) 15.0 5.1 12.0

Poisson's ratio 0.37 029 025

wet density (kg/m?) 2000 1650 2300

cohesion (MPa) 12 3 -

internal friction coefficient 1.0 0.7 -

uniaxial compressive strength (MPa)  58.2 11.8 -
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Fig. 9. Variations in the effective tangential stress around a grouted injection borehole as a result of rock stress, pore
pressure, and injection pressure for (a) cement with water/cement (w/c) mixing ratio = 0.4, and (b) w/c = 2.
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