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Micro-and macro-mechanical behavior of crushable calcareous
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Abstract: To develop offshore facilities in South China Sea, it is vital to understand the characteristics of particle shape and breakage
properties of the calcareous sand. As a result, micro- and macro-mechanical behaviors of crushable calcareous sand sampled from
South China Sea are addressed in this study. Firstly, calcareous sand particles are scanned by electron microscope and analyzed by an
image processing software (i.e., ImageJ). Based on the processed image, two shape parameters, namely circularity and solidity, are
defined and quantified. Secondly, drained triaxial tests on calcareous sand at various confining stresses are carried out, so as to
investigate the effects of particle breakage on deformation, shear strength and energy dissipation of the calcareous sand. Results show
that the shape of the calcareous sand with relatively large particle size (diameter greater than 2 mm) and relatively small particle size
(diameter less than 0.5 mm) tend to be circular and the particle surface is relatively smooth. Comparatively, shape of calcareous sand
with moderate-size diameter (grain diameter ranged between 0.5 and 2 mm) is more irregular, and sand particles have more surface
edges. Particle breakage is identified to occur in triaxial tests, leading to a better graded sand packing. With the increasing initial
confining pressure, the degree of particle breakage and the energy dissipation due to the breakage both increase. In the meantime,
dilation of the sand is partially suppressed by the breakage. Under two conditions only considering friction dissipation and
considering both friction and volume dissipation, the dissipated energy resulting from breakage in the triaxial tests with relatively
high (600 kPa) initial confining stresses could account for 25% and 18% of the total plastic energy input, respectively.
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Fig.1 Atypical particle scanning under
electrical microscope
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Fig.2 Particle size distribution of the calcareous sand
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Table 1 Basic physical parameters of calcareous sand
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Fig.3 Particle image processing of calcareous
sand particles
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Table 2 Basic dimensional parameters of particles
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Fig.4 Aschematic diagram defining dimensions
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Table 3 Mean values and standard deviations of shape
parameters for calcareous sand with different grain sizes
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Fig.5 Triaxial testing results of calcareous sand
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R, A3EILLT E AL

(D e Fox ki CRiAR KT 2mm). A
Fifz Chife -+ 05~2.0 mm Z[a) F/hkifE Chi
/T 0.5 mm) F ISR BB ST 45 R, &
W NNIRANY R ot 2 U5 o i 2l AN L v K
X, M0 EREAR A RS AR ASREI, KT 4%
AL . X RERE TP ARSI R IR TR /D
RAREG RS 2 18], fEdiE . RIS A
A PEARANRRRRE T OREF T el B AR

(2) 5B EHK =B BT U R v R A,
MR T R RIRTRIZRAC . BEA A R R G K,
BRI RERE IR BARRIIE 1.0 mm DLERIK
FIURE EL I8N, 1.0 mm DR FRORURE L 58, BT 7]
JrAR B ) C B A T [V A R o AT T rh R 2%
Mo RAF RS iR CRIARTER: 0~2.0 mm) FRATRL
TR 2/ T SBR[ 7] 7P B RO R e 22 OhiAR
JWHIDN 0~2.0 mm) HIE5ERY . X — K BLAHEER M
e R4 B B AR A, HIANE S
KL

(3) HEK =6 85 BT B BT K 1 5 446
JEFEVIMR . WIS/ 400 kPa i, #55RbR
BUMSEBI AR B, X5 % LA B IR 1 o N —
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B 4WIAE FEE KT 400 kPa i, 4B bE BEAS
BIY)IERE PR I PSRBT A LR, i SRR
f Sl AR g AN TR] o 3 DR Ay i R 75 A D R B e
S T Ry ER A e 4 AL, AT AV % Jo b B A<
B

(4) FORLRBAAERR T T5 3 85 o iR A 70 A1 S B
AREFPESL, B TIN T SN RERFEHL, RIUBREAEAL.
BT =Rk g 45 RARE R ST AEK AT, ATRAHES
FHEMREE (WIAG IS 7079 50 75 kPa) BIY)id
REFF,  URLAN R FE I RE R AN R I X =l o B
NIBVETIE) 5%; 1M 4E = Bl (RGN 600 kPa)
B RE R, W T SRR, 5 RN 5 8 R
B BRHOXPIAM S DL, THEAS 2 1 B K RORL A
AR HICRE 70 9l T I8 - A g N 2B PR T 1Y) 259% A1
18%. [t BYUIME AN, BRAAERE DT o5 R LA T B
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