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Abstract: Coral sand in complex geological environments exhibits significant anisotropic characteris-
tics, with the sedimentation direction of the particles significantly affecting its dynamic properties. Res-
onant column tests with uniform consolidation were conducted on coral sand from Nansha Islands to
explore the effects of the deposition orientations (¢) (the angle between the deposition plane and the
horizontal plane) and the initial effective confining pressure (¢)) on its dynamic shear modulus G and
damping ratio A. At a given ¢, the rate at which G decreased with increasing shear strain amplitude y,
increased with increasing o¢. At a given o, the rate at which G decreased with increasing v, first de-
creased and then increased with increasing ¢, with the G-y, curve reaching its lowest position at ¢ =

60°. Furthermore, the maximum shear modulus (G,) exhibited an initial decrease followed by an in-
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crease as ¢ increased, and the influence of ¢ on G, diminished with increasing o). A modified Hardin's

model, which incorporated the influence of ¢ and o), was established. The deviations between the

measured and predicted G, values were within 10%. The G/G,~y, curve was insensitive to ¢, with de-

viations between the measured and predicted G values by both the modified Hardin's model and Da-

videnkov's skeleton curve falling within 15%. A correction term considering the influence of ¢ was in-

troduced into the damping ratio empirical model proposed by Cheng Guoxing et al. (2006), with the

deviation between the predicted and measured A values being less than 20%.

Keywords: coral sand; inherent anisotropy; deposition orientation; dynamic shear modulus; damping

ratio

0 5

[l

B 00 S T R S 5 90 %6 LA L TR AR )
R B B R R A, I A3 A T R B R R R b
i 30° ] By AT I BT 10 U B S AR R U VA 4 IR
Bl R o AR T TR G T S 5 AEE A 1 N
U IF % 55 H AR R, 4 1 g 165 90 i A ) R K it 2
7B R B2 2% W00 TR IR L Ol T R UE B 4 ik R
B (R ) S R B 2 4 RIS
S SRD 49 Bl T R R AR R A EE Y

] P A b 7% ¢ B A o A R A I B D Ak
PR A R MR R E M B R 1 KT
I 280 D 5 i ST AL ) A2 A% VR PR R R N T R S I 8
5 () DT R e M 76 B D 37 Wb o AT 6 R O it R 1
AN AT Sk G b T I S D R A A T A R
KB YIEE G, . 3 87 YIS & G AIBH S L A Bl 59 i AR
W FL . 19 56 2R i 4 R e B AR 1 = 3l ) 22 Rt S 8
JE A 5 b T TR ) R o B R TR R O
FET e S G

G385 ] 38 o R AR O 2386 A i e 5
W', FEHEFEMDE L G RYIRES
B Can A5 8% R o/, FLBR H e AR X 25 B D,) F AL kL
SRR S R C, CFBRLAR d KL 5 3 FC
TR IE R OB 4R RN B4 ) HEAT T T2 W F
g R A BRI K 60 C, . dsy B AL B
WA+ G/G—y, M A—y, i LR A 3 25 i [
FL AR KR 2 DA A x4,
WEARDN G/G—y, M A—y, KR M 2R T K,
AR G/G—y, L2 K % RANE T W
7

536

O W T A 05 v S 3 400 R 8 TR B 2% 2 R
AT L ELA R R 1 R W LR R AR
DU LB E R ORI 2\ B B R L B I 4 SRR A
MBS 37 M 0 A ) SR R R 7
T HE M B S KT A S A A
b, KR b AR B B A i DURR O 1 v AN TR
Hb 55 AL I 0 A R A A B 2

OB 1] £ o AT 52 SR TR T 9 26 )y 1) 5 1%
NN e T I S B e 2 O e T
] F o X I 07 2% 1 R 0 52 M 2E AT T R S Y 3K 56 A
5% . J. R.F. Arthur % % 3 o A [6] B9 T b 4 #E 3
B R 20t B N A 22 AR K, HLBE o BYHS K, K3
JO7 A% 5 A B R N B B . ML Oda ™ & B
1 4 8 il 1oy A K T 3 6 A i K U] R A5 B o 348 KT
B o VR S D AT B 5 B R PTVR Ab 5R BB
B8R RRARG 5 A ) o 5T, B B ) ek A 28 18 285 1L o0 1Y
B K0P 45 1) SRR R, KL Zeng
XT EA AN o i A 2E A7 57 U0k 5, e 9 I B b
1) JEE 48 11 oo N 445 P B o0 100 /IN TG D8 /N o SR 4
XF S84 T AR O 1) A 1 B 1 R M I BIE 58 AH X A
A Tk e i B R R AR R R R A
B A A 4

A% SC o il A N R @ 09 B IR IR T @
o X 10 o 55 VI & G AR JE L A RS2, i
WHEST T 2% 18 o 2 M B G A A ik =, ml
I 30 15 EE S b 1) R M 43 BT SRR M AR DT A 4 L
P

1 KT E

1.1 K564
0 I I T R VDA I G S kW AR O3 B 2



R HBRR S (CaCO,) & H 28 90.28 %, &
WE™ AR B R E G, = 2.80, oK R/NLERHE
SR 1.72 F10.99, ¥R 42 dy, = 0.31 mm, R
SIREC, = 4.67, M EREC. = 086, Wby
TR A7 il 2 S H R A T an 1B L B

100
dy, | G | C
M, 8071031 (2.80]4.67
E:
H% 60F
s
Eeel 40t
b
e
<20t
0 PN O L | I
0.001  0.01 0.1 1
#i4% / mm
(a) ST £ (b) B

1 B b 9 G 2k S v B 4
Fig.1 Photos of particle grading curve and electron micro-

scope scan for coral sand

12 {EEERFR

R AL 28 K FH 26 B GCTS 2w #F il 19 TSH-
100 B IEHRAEAL (& 2) o 050 St 3 Ay [ - ey 28 0
P A 33, A A 8 3 4R 2h AR 0N A R Y S R A
R e R A 3 56 A A D N 5K, R B
[URIE S N ERUIBURAW ok e o) | BT Y: R L AUl Neh]
F R AR 8 5 0 T 1 R R

|2
7
o, o R 8 B R AR SR PR AR s H oA R B
Sy 27 R 2 T ek A R K, W) R U
I

(1)

t = 2
mtany=- (2)

A, o RRE B sh A58 i 5 1, O T 3K 30 &R SE 5% 3h
Ui

|

—_

R T 3 R A SR DN AT B B el iR B0 O I A 3
IS LB L A

PR )
4r® + 67

Sof Lo BB . B T R A5 ) B 0
K107 ~ 10 R G il A

1.3 KHEH &

B R S0 B AE A 1/ H = 100 mm, &

%'715%&1*%%% A

K2 GCTS TSH-100 83 4R AE L5 3
Fig.2  Schematic of GCTS TSH-100 resonant column appa-

ratus

#d =50 mm. MR o X WHIE B G F AR5
ey, A A P13 0 Al Bl 1 4 58 AN () @ A 3R T 4
HAA Y R B CIE3) S+ (1) 38 4l B o) A 1 4 4
A AL B AR 90— JF [ 5 , O UE 1l A 455 2 v il 2
5K T L 90" @5 (2) R H T2 Bk il A, A
FH I <k AR R 5 Oy A ) BT A BB D AR T 2
A A HIFERL RN 38 5 4 bR i it 2R N VK R
5 i U RE 19 W) 46 AR X 9% BE A D, = 45% , ] I R E
il B A5 L PN 3 3 0 %) T BRI A 2 KO 5 (3) X
A4S L o A IR o R A E S 4k 2k
FE 5 (4) il 8 15 BN [F] o 3R 5] 4 7R .

X o = 90" (UK P ) By il A il 4 , #5702
e AN IFERLEL N5 (B 5) |, AT ik & R
Y8353 B 5 A5 Ay 00 ) A 30 Aok s S 2R A )2 o Al S ()
o BT B AR A R R S, Ge g i Ay R LA R

(a) HIFERLA

(b) MiFHEI e A (c) AR L

OF4% s iR

i B 5 h
(d) A HH AR 4 el

(e) W TERR
B3 AN IRI TR TS 1 A S 3 i ) A2 B

Fig.3  Steps for preparing coral sand specimens with different

() WFRB T R E

deposition orientation

537



(a)p=0°

) p=30"  (c)p=45  (d)p=60"
K4 R ol kRS
Fig.4 Photographs of specimens with different ¢

(e) p=90°

Sp= jn [Fdy = ;—r

8= I:Jrz"'_v: dy = %

T Sp, S AR A BRIIER
a, RGeS L BT #ER .

K5 rERARE
Fig.5 Diagram of the layered mold

TR M0 B2 A SRR B R 58 4
il AR R B ) SE I @ = 90°AYIURE I £ . o>
J2E AL i M 07 il o B e B R B 1R
BUARAE , RIE AR 42 19 D JEA AR o AHTA] og T [
45 )5 B9 AR X 3 D, FEA A R (6 1), 2 W R 14 7l
BRI K& — 20 .

14 KBHFE

3 M T 45 TRE < 8 A A 1 R 22 A TR
TS JBE |, T 5 1 2 L %% TR Bl ke B R A S AL SR A i
P2, B 1% %R @ IR FEK K 4T o) = 50,
100,200,300 kPa i #4451 25 50 T o0 W3R 1.

T E B G [ 45 B 3] A 20 F 100 min, 78 38 il 1]
JOE7AE A NTF 1< 10 % /min B, o] Ry [ 45 58 i . [
5552 WU L SE R COA LTS B Rt R 45 B 1 Hz
AL FI 9, 199038 Bl N 50~150 Hz, B % e S 4R
WS WA AR 5 R A B 0.2 Haz 40 808 #— W K
B 44 2 R O PR AT R 45 R SRR A R A5 D
Ja L #EABRE HaR 56 A e AL AR A5 1k AR B, T A B —
4 1 FR IR 20 5 00 2R B I nT A R R B B HE
Ao BRARTHEAR S, T IAFIAESE 10° ~ 10 " H %
N7 AE WEAE R /Y G AME, I 30 55 3 GBI 1 48 0 1)

538

F1 HIERFRBAE

Table 1 Scheme of the resonant column test

No. /(%) ol/kPa D./% e.
1 0 50 46.1 1.38
2 0 100 48.0 1.37
3 0 200 49.6 1.36
4 0 300 51.3 1.35
5) 30 50 46.4 1.38
6 30 100 48.1 1.37
7 30 200 50.0 1.36
8 30 300 51.5 1.34
9 45 50 45.9 1.38
10 45 100 47.7 1.37
11 45 200 50.4 1.35
12 45 300 51.1 1.35
13 60 50 46.2 1.38
14 60 100 48.3 1.37
15 60 200 50.3 1.35
16 60 300 51.6 1.34
17 90 50 46.4 1.38
18 90 100 48.5 1.37
19 90 200 50.1 1.35
20 90 300 51.8 1.34
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