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Mechanical properties and crack closure evolution pattern of caesious sandstone-mortar
composites under triaxial compression
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Abstract: To explore the influence of different stress states and angles of inclination of bonding surface on the mechanical properties of
caesious sandstone-mortar composites during tunnel construction, triaxial compression tests on caesious sandstone-mortar composites
under different angles of inclination and confining pressures were carried out. The evolution patterns of the strength, deformation
characteristics, and damage modes of these composites were analyzed. Based on the crack closure effect, anaxial crack closure model of
the composites was developed, and its rationality was verified. The results show that as the confining pressure increases, the yielding
behavior of the caesious sandstone-mortar composites becomes less obvious. In addition, the confining pressure has the greatest effect
on improving the strength of the composite with an angle of inclination of 60°. The peak strain and elastic modulus are positively
correlated with the confining pressure. As the angle of inclination increases, the peak strength and cohesion change in an “N” -shaped
manner. The composite with an angle of inclination of 60° has the lowest peak strength. Under high confining pressure, the composite
with an angle of inclination of 60° experiences overall slip instability along the contact surface, but other composites with different
angles of inclination undergo shear damage penetrated with a single main crack. The established axial crack closure model of the
composites can effectively describe the relationship between the pre-peak axial stress and strain curves.
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Table 1 Parameters of triaxial compression test of caesious sandstone-mortar composites

R d/mm H/mm o./MPa £,/1073 o4/ MPa E/GPa

ZHT-0°-5 50. 64 99.74 106. 58 9.49 86. 60 15. 61
ZHT-0°-15 50.43 100. 48 140. 03 14.09 115. 86 16.29
ZHT-0°-30 50. 65 100. 12 187.76 14.53 84.98 17.17
ZHT-30°-5 50. 02 99.91 130. 21 9.27 65.25 16. 86
ZHT-30°-15 50. 12 100. 19 147.31 12.95 101. 16 15.92
ZHT-30°-30 50. 64 100. 36 189. 39 17.86 112.68 17.71
ZHT-45°-5 50. 46 100. 45 111.58 10. 12 118.76 15.48
ZHT-45°-15 50. 48 100. 21 137.77 10. 56 88. 48 16. 62
ZHT-45°-30 50. 54 100. 87 185. 69 14. 50 89. 35 18.03
ZHT-60°-5 50. 90 100. 03 99.32 8.89 163. 56 17.49
ZHT-60°-15 50. 48 100. 42 135. 02 11.04 138.38 18.78
ZHT-60°-30 50. 46 100. 40 182.19 14. 04 123.71 17. 83
ZHT-90°-5 50. 02 100. 57 146. 83 9.49 122. 40 19. 00
ZHT-90°-15 50.38 100. 32 188. 07 12.17 122. 48 20.37
ZHT-90°-30 49.90 99.90 219.13 13.48 165. 44 21.16
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Fig.8 Axial crack strain fitting curve and damage curve of caesious sandstone-mortar composites
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Table 3 Fitting parameters of axial crack closure models

v =22 £1../107 0o ./MPa o../MPa R} R;
ZHT-0°-15 0.278 48.326 140. 025 0.981 0.987
ZHT-30°-15 0.512 36. 305 147.298 0.985 0.997
ZHT-45°-15 0.180 42,825 137.772 0.979 0.991
ZHT-60°-15 0. 460 42.811 135. 019 0.951 0.992
ZHT-90°-15 0. 629 95.711 188. 035 0.991 0.998
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