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Experimental investigation on the dynamic characteristics of calcareous sand
from the reclaimed coral reef islands in the South China Sea
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Abstract: The South China Sea shows strategic significance for China's economic development, resource exploitation, and
maintenance of national land integrity. At present, China has built a series of coral reef islands in the South China Sea by the means of
reclamation. A number of structures, such as buildings, breakwaters and airports etc., have been built on these reclaimed coral reef
islands. As the foundation materials, calcareous sand’s response to extreme ocean wave and strong seismic wave play an important
role in evaluating the stability of these structures on these reclaimed islands. In this study, taking the coral reef island reclamation
project in the South China Sea as the engineering background, a series of tri-axial cyclic tests is performed for the calcareous sands
sampled from reclaimed islands, to investigate their dynamic mechanical properties. The experimental results show that the
calcareous could become partially liquefied under cyclic loading in undrained condition. While they can’t become liquefied in drained
condition. In undrained condition, the relationship between normalized residual pore pressure u/ o, and cycle times ratio N/N¢is
found in accordance with the inverse sine development model proposed by Seed. Furthermore, the relationship curves between the
dynamic deformation modulus of all calcareous sand samples and their corresponding normalized strain &, /& all overlap on one
hyperbolic line, indicating that the relationship between the dynamic deformation modulus and normalized strain &,/¢; of calcareous
sand is independent on dry density, particles size gradation.
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Fig.1 Average particles grading curve of coral calcareous
sand from reef islands in South China Sea
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Table 1 Basic physical properties of the calcareous sand
from reef islands in South China Sea used in the tests
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/mm /mm  /mm  XEE /(g/em®) /(g/em®)
0.47 022 0076 273 1.73 127
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Table 2  Variable parameters in the experiment
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1 JAR 1.38 & 2
2 J5UIR 1.38 i 2
3 JEUHR 1.45 2 2
4 J5R 1.45 i 2
5 0.10~0.25 1.30 P 2
6 0.10~0.25 1.30 i 2
7 0.10~0.25 1.38 P 2
8 0.10~0.25 1.38 i 2
9 0.25~0.50 1.30 P 2
10 0.25~0.50 1.30 i 2
11 0.25~0.50 1.38 P 2
12 0.25~0.50 1.38 i 2
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Fig.2 Typical test results of the drained dynamic triaxial test of the calcareous sand from the reef

islands in South China Sea (test 5)
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Fig.3 Typical test results of undrained dynamic triaxial test of the calcareous sand from the reef

islands in South China Sea (test 2)
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Fig.4 Relationship between the cumulative pore pressure
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and time in the dynamic test (CD) of the calcareous sand
from the reef islands in South China Sea (1 000 times
loading cycles)
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Fig.5 Relationship between the cumulative pore pressure

u/c’y and time in the undrained dynamic test (CU) of the
calcareous sand from the reef islands in South China Sea
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Table 3  Fitting results of parameter Ny and « for the calcareous sand from the reef islands in South China Sea based on
equation (1) (test 1 and test 2 are parallel tests)

T/ (gl $i4%/mm 2 s L

Wi 1 Wik 2 R 1 Wik 2 R 1 Wi 2
1.30 0.10~0.25 0.4952 2.574 100 265 0.991 6 0.966 2
1.30 0.25~0.50 1.7390 1.015 500 550 0.992 4 09752
1.38 0.10~0.25 1.6850 1.391 250 560 0.984 6 0.996 2
1.38 0.25~0.50 0.618 1 2.007 480 150 0.948 0 0.960 2
1.38 JEUPR 1.3240 1.600 80 80 0.960 8 09714
1.45 JUPR 1.5540 2.219 140 290 09933 0.991 8

3.2.2 BRULEIK ) 58 NAR O &R

FET IS IR, B DRI il i A b A
I fur 24 FH T ALK s ) 55 8l & AR 2 8] (1) 5%
Fo XX RBFLBUKE ) AT IH— AR 2], K
— B G ) BRI 5% e 2L )
R BRAUER UAEICAE wig,  TRIREZIRIGIR
M KN AR &, (BINVARIRAED . K7 JERT 12
AN BT S5 B SR RE SR I e SN AR € 2
IO FR. BT LURBL: S HEes b & AR A
I 25 B AR IR M AE 0.5%~ 2% [8); 1 HAEWAL
2T S TS B RE SR ) w5 BN ARRAE &, 2 18]
MK R, BRALBRE ) LT, B5RRb I A
BN DI BEA,  BUBYDIRIEE DS, TS5 B8 AR R
TEAHE K o 12 B8 7S B RIS OB AY: it 1) w/um 5530

AR £, Z TRIADAT £5 G1 N XU 2R R«

u Em

Uy =G+Hgm

b Go HAWASHG

T 4 1.38 glem®, Kif2A 0.1~0.25 mm
T N 1.45 g/em?® [ JERAS TS 1K A AN HEK
RIGHAEME N AR, %X (2) HATHRRRLA,
KRGS RPL%] 099 LU L. % 4 Fal 748
12 ANARHERES bR S RS H X 28 (2) 14
HER, R B/AMEN 0.735 7, HEHHSKT 0.9,
WIRTHTA, TR0 B 4 A 19 ) L, A0 £ A
PEhIAFAEERE, BT LA 7 o BB o wlum 5 en 2
[ (R R AS S AR AT

(2




3904 b + 5 % 2019 4
1.0 o e °
L[] ' o
G el e
& ..
0.8 [ o ©®
¥ e
[N
0.6 o pu=1.3glem® 0.10~0.25 mm 3
g s
5 e py=1.3g/em’, 0.25~0.50 mm S
S ! & 3 s e pa=1.38g/em’,0.10~0.25 mm
0.4 pa=1.38 g/cm’, 0.10~0.25 mm 0.4 5
] PALY —
o pu=138 glem’, 0.25~0.50 mm ML R _?I?Zyz
y ° =1.45 g/em’, [
02 o pg=138 glem®, J5UIR 02 ’ﬁdA ‘g )
o pi=145glem®, Utk Atk R*=0.996 8
O 0 | 1 1 1 1 1 1 1 1 00 1 1 1 1 1 1 1 1 J
00 05 1.0 1.5 20 25 3.0 35 40 45 00 05 1.0 1.5 20 25 3.0 35 40 45
&n/% &n/%

(a) H— AL L

(b) WG4 HK

Kl 7

P SRS AN HAK BRI T w0 KRR LS

Fig.7 Relationship between u/u,, and &, in the undrained dynamic test of the calcareous sand from the
reef islands in South China Sea

#4

iSRS w6, RASE 6. HRIEER A% 1. {5 2 EFWAFTERE)
Table 4 Fitting results of parameter G and H for the calcareous sand from the reef islands in South China Sea
(test 1 and test 2 are parallel tests)

FEE/gen®)  KIfE/mm G H s

B 1 B 2 g 1 g 2 ol 1 )
130 0.10~0.25 0.065 54 0.147 90 0.8547 0.949 7 0.9309 0.862 5
130 0.25~0.50 0.024 70 0.111 70 0.970 3 0.706 9 0.999 2 0.7357
138 0.10~0.25 0.030 60 0.027 01 1.040 0 0.9528 0.992 5 0.999 8
138 0.25~0.50 0.042 10 0.028 54 1.005 0 1.026 0 0.999 2 0.994 6
138 5Ltk 0.049 47 0.043 82 1.102 0 10170 0.991 1 0.993 5
1.45 5k 0.044 78 0.028 98 1.027.0 1.049 0 0.996 8 0.992 0
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Table 5 Fitting results of parameters 4 and B for the calcareous sand from the reef islands in South China Sea based on
equation (3) (test 1 and test 2 are parallel tests)

R iE 3 - A B R
/ey KA /mm W 1 W 2 R 1 W 2 R 1 W 2
1.30 0.10~0.25 0.1747 0.324 0 0.926 0 0.708 0 0.989 4 0.9727
1.30 0.25~0.50 0.147 3 0.1392 0.766 8 0.757 1 0.986 2 0.989 2
1.38 0.10~0.25 0.0239 0.146 8 0916 4 0.773 8 0.988 1 0.9856
1.38 0.25~0.50 0.120 1 0.2819 0.8423 0.690 5 0.987 0 0.980 9
1.38 JEUHR 0.188 9 0.1577 0.844 7 0.8714 0.997 4 0.9955
1.45 JEUHR -0.102 2 0.1379 09343 0.906 4 09873 0.996 5
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Fig.11 Variation regulation of the damping coefficient A in the undrained dynamic test of the calcareous sand
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Table 6 Fitting results of parameters a, b, c, d for the calcareous sand from the reef islands in South China Sea
TR ) a b c d R
5, Riff/mm
/(g/em’) w5 1 oW | W5 2 a4 1 W5 2 [ a5 2 w5 1 R 2
1.30 0.10~0.25 0.10710 0.03155 0.598 1 1.1770 -1.382 -3.149 -0.063 36 -0.089 63 0.996 4 0.986 2
1.30 0.25~0.50 0.06685 0.04268 0.9875 1.064 0 -1.610 -2.321 -0.05527 -0.072 51 0.996 6 0.990 7
1.38 0.10~0.25 0.061 84 0.05008 0.641 6 0.806 8 -1.467 -1.338 -0.061 54 -0.044 60 0.998 8 0.999 4
1.38 0.25~0.50 0.11480 0.02796  0.6320 1.2830 -1.552 -3.051 -0.082 79 -0.084 06 0.996 1 0.990 8
1.38 BN 0.03925 0.05689 0.8079 0.6857 -2.162 -1.584 -0.108 40 —0.083 88 0.991 8 0.996 6
1.45 N 0.02789 0.06253 0.9548 0.607 7 -3.370 -1.254 -0.116 70 -0.065 89 0.986 7 0.997 4
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