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Experimental study on capillary rise and influencing factors in calcareous sand

HU Ming—jianl, ZHANG Chen—yangl’ 23 cul Xiangl, LI Kun—yaol, TANG Jian—jianl’ 23
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan, Hubei 430071, China; 2. College of Civil Engineering, Guangxi University, Nanning, Guangxi 530004, China;
3. College of Ocean, Guangxi University, Nanning, Guangxi 530004, China)

Abstract: Calcareous sand is a special medium with high calcium carbonate content or other insoluble carbonates, and has
characteristics of irregular shape, porous and rich in inner pores. Capillary rise is a universal phenomenon in soil due to the pores. The
tube inside rhizome is like a very fine plant capillary, which can absorb water from the soil. Therefore, the study on height of
capillary rise in the calcareous sand has great significance to the ecological construction of the reef island. In this paper, the vertical
tube tests are carried out to study the influence of gradation, particle size, dry density and salinity on the capillary rise in calcareous
sand. Results show that the finer the particles and better gradation, the higher capillary water rise in the continuous graded calcareous
sand. The height of capillary water rise decreases with increasing particle size in the single-sized calcareous sand. The capillary water
rise decreases when the particle size is less than 0.075 mm with increasing dry density of the single-sized calcareous sand, while the
height gradually increases with the particle size of 0.075-0.250 mm. Compared with fresh water, the NaCl solution inhibits the
capillary water rise at low salinity, and the seawater promotes the capillary water rise but only weakly. The relationship between the
height of capillary rise and time in calcareous sand fits well with the quadratic polynomial relationship in double logarithmic
coordinates, and the physical properties of calcareous sand and the solution type are related to the parameters.
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Table 1 Samples parameters and height of capillary rise
c c d, dy /%
B ¢ / mm / mm 1 2 0.5 1.0 025 050 0.10 0.25 0.075 0.100 /cm
JP1 2 1.5 0.393 75 0.2 11.0 10.0 14.0 55.0 10.0 54.9
JP2 4 1.5 0.546 25 0.4 16.0 17.0 37.0 20.0 10.0 47.7
JP3 6 1.5 0.661 25 0.6 225 25.5 27.0 15.0 10.0 44.5
JP4 8 1.5 0.770 25 0.8 31.0 28.0 18.0 13.0 10.0 45.4
JP5 10 1.5 0.858 50 1.0 40.0 24.0 14.0 12.0 10.0 47.2
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3 Int-Inh
Table 3 Parameters of the Int-Inh regression equation
on capillary rise simulating

Inh=a(lnt)2+b(Int)+c
[1]

h cm f
a b c 5
h=0cm d a b c R

P1 JP1 0.001 51 021375 3.064 86 0.996 79

P2 0.001 93 0.243 86 2.783 77 0.996 29

0 30 5 30 10 30d P3 0.008 85 0.202 61 2.744 72 0.987 33

a b ¢ P4 0.00160  0.249 07 2.753 45 0.998 98

60 d b PS5 0.00288 021979 2.853 56 0.996 73

9 5 30d DYl  -0.01833 0.327 76 3.738 59 0.999 73

60 d DY2  -0.00132  0.19076 323184 0.994 43

DY3 001972  0.18447 2.401 90 0.998 83

0 30d DY4 0.02135 0.247 82 2.169 14 0.998 45

10 DY5 0.024 71 0.290 55 1.849 51 0.998 68

30d 33 GM11 0.007 41 0.154 69 3.13294 0.997 61

GM12 0.002 13 0.150 23 3.221 88 0.989 23

3 GM13 0.00138  0.14786 3.266 66 0.995 26

a0 b c 4 GM14 0.00080  0.15231 3.302 62 0.991 90

GM15 0.000 55 0.176 03 3.325 88 0.996 20

GM21  -0.02867 034377 3.945 46 0.999 85

GM22  -0.03731 0.363 07 3.683 42 0.999 37

a=0.054-0.000 08C, +0.014d,,—-0.041y, —0.012p GM23 002676 0.33554 3.583 84 0.998 59

b=0.039-0.003C, +0.115d,, +0.085y, +0.005p M2 CODIOIS03TO0L 30076 099936

c¢=1.546-0.004C, - 0.962d,, +1.350y, +0.219p YDI1 000154 017218  3.13688 0.994 54

> YDI2  -0.00527  0.163 53 3.080 10 0.989 85

3 YD13 000327  0.17259 2.881 82 0.988 21

Va g/cm P YDI4  —0.00228 0.146 62 3.106 29 0.993 26

0 1 YD21 0.018 85 0.200 98 2.483 06 0.999 67

YD22 001966  0.20229 245021 0.999 63

YD23 0.01888  0.18953 2.434 92 0.999 57

2 YD24 001994  0.19382 2.446 50 0.999 76

Table 2 Correlation table with the calculated

and measured capillary rise YD31  -0.003 71 0.157 34 3.283 29 0.992 20

YD32  -0.00533 0.167 02 3.268 98 0.991 70

0 30d 5 30d 10 30d 60 d YD33  -0.00469  0.17208 3.264 44 0.994 52

/% % % YD34  —0.00449  0.16539 3.275 61 0.992 81

Pl 5004 89 5520 071 5663 314 549 YD35  -0.00515 0.169 73 3.28105 0.992 98

P2 4256 108 4613 328 4633 287 477 YD36  —0.00552  0.16970 3.291 44 0.994 05
JP3 4137 70 4454 010 4658  4.68 445 P 2 DY 3

P4 4470 15 4310 507 4279 575 454 GM 4 5 YD

JP5 44.78 5.1 45.54 3.52 46.90 0.64 472 6 8
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