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Experimental study on permeability characteristics of hydraulic
reclamation calcareous clay in coral reef island
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(Key Laboratory of New Technology for Construction of Cities in Moutain Area, Ministry of Education;

School of Civil Engineering, Chongging University, Chongqing 400045, P. R. China)

Abstract: Calcareous clay is a kind of hydraulic reclamation coral foundation soil, whose permeability is of
great significance for the construction of coral reef island projects. Based on the GDSPERM automatic
environmental geotechnical permeability test system, a series of consolidation and permeability joint tests of
calcareous clay of an reef island in the South China Sea were carried out, and the effects of void ratio,
consolidation history, consolidation pressure, hydraulic gradient and pore fluid ion concentration on the
permeability characteristics of calcareous clay were studied. The fitting analysis of the nonlinear
relationship between the void ratio and the permeability coefficient of the calcareous clay was carried out,

and a series of permeability laws of the calcareous clay have been summarized. The results show that the
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permeability coefficient of calcareous clay is about 107% ¢cm/s, and it does not change with the change of

hydraulic gradient. There is an initial hydraulic gradient in its permeation; The consolidation history has a

great influence on the permeability of calcareous clay. Under the same void ratio, unconsolidated soil

samples show lower permeability; The permeability coefficient of calcareous clay decreases with the

increase of consolidation pressure, and the decrease does not exceed an order of magnitude; As the void

ratio increases, the permeability coefficient of the calcareous clay increases accordingly, and the relationship

between the two is nonlinear. The "lg[ £, (1+e) ]-1g ¢" model has a better fitting effect, which is considered

to be the optimal nonlinear permeability model for calcareous clay; The permeability coefficient of

calcareous clay decreases with the increase of NaCl concentration of pore solution.

Keywords: coral reef; calcareous clay; permeability; permeability coefficient; permeation test
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Fig. 1 Calcareous clay from a flood filling site on

an reef in the South China Sea
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Table 1 Basic physical properties of calcareous clay

Tk I/ wE A5 HES
K/%  (geem™®) EX EX 40
36. 41 1. 854 2,77 6. 86 1. 35
. ) YA K&/ e
W/ % IR/ % N
BH (gecm ?) KK/ %
27. 38 14. 67 12.71 1.76 16. 57
X100 - L
¥ T
= %0
@ 60
k=2
+ 40
@
H; 0 | L |\ L
< 1 01 001  0.001

TR EAR/m
2 SBRERHAES T RRE L

Fg. 2 Cumulative-size distribution curves of calcareous clay
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Fig. 3 SEM images of micro-morphology of calcareous clay
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Table 2 Parament setting of experimental variables

s ) BB NaCl HILAFLBR 45 1 BB
RS SR [E 4 .
/% I eo (BEMHE) /kPa 2 /kPa

CCo01-1/2/3/4/5 s 0 0.6,0.8,1.0.1.2.1. 4 100 20
CC02-1/2/3/4 P 0 1.0 50,100,200,400 20
CC03-1/2/3/4/5 i 0 1.0 100 20,40.,60,80,100
CCo4-1/2/3/4/5 % 0 1.0 100 20.40,60.,80,100
CCo05-1/2/3/4/5 P 0.4.8.12.16 1.0 100 20
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Table 3 Permeability of the calcareous clay determined

with GDSPERM system

g EHE WAL EABER BiERR/
4 G Lt eo AIFLBR L o (10 % cme s 1)
1 0. 61 0. 60 0. 86
2 0. 70 0. 66 1.32
CC-01 3 0. 80 0.74 1.49
4 0. 90 0. 83 1.63
S 1. 00 0.93 1. 99
1 1. 00 0. 97 2.37
2 1. 00 0.93 1. 99
CC-02
3 1. 00 0. 88 1. 20
4 1. 00 0. 83 0. 59
1 1. 00 0.93 1. 99
2 1. 00 0. 94 2.22
CC-03 3 1. 00 0. 94 2.52
4 1. 00 0. 95 2.57
5 1. 00 0. 95 2. 62
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CC-04 3 1. 00 0. 94 1. 59
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Fig. 5 Variation of the void ratio of the sample under

each osmotic pressure
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Fig.7 Variation of void ratio with consolidation pressure
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Fig. 8 Variation of permeability coefficient with

consolidation pressure
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Fig. 10 Variation of permeability coefficient with void ratio
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