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Particle breakage and creep characteristics
of calcareous sand with lateral confinement
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Abstract: Based on the creep tests with lateral confinement and the close-range photogrammetry tech-
nology, the characteristics of particle breakage and creep of calcareous sand are continually captured
and explored in this study. It is found that the creep deformation of calcareous sand increases with time
which satisfies the Burgers model. The evolution of creep can be divided into two stages, the primary
creep stage with the creep rate decreasing with time and followed by the steady creep stage with a rela-
tively stable creep rate. The creep characteristics of calcareous sand are affected by stress conditions
and particle breakage. The greater the axial creep stress, the greater the creep deformation and creep
rate. Under low stress, the creep strain decreases with the particle size increasing due to the interlocking
between the irregular particles; under relatively high stress, creep deformation and creep rate increase
with the particle size increasing on account of the influence of particle crushing. Under the low stress
(<0.1 MPa), because of the interparticle locking in calcareous sand with irregular particle shape, the in-

terparticle rearrangement is harder to occur, hence a smaller creep deformation is obtained for calcare-
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ous sand compared with siliceous sand. However, with the increase of stress, particles of calcareous

sand begin to crush, and the creep deformation of calcareous sand increases and becomes more signifi-

cant than that of siliceous sand. The particle crushing of calcareous sand increases with the rising of par-

ticle size and stress. The samples with particle sizes larger than 5 mm begin to break around 0.7 MPa of

the vertical stress, and the creep deformation is provided by the rearrangement of intact particles and

broken particles along cracks and pores.

Key words: calcareous sand; particle breakage; creep; Burgers model; close-range photogrammetry
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for different grain groups
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Fig.3 The variation of vertical strain with time

ASEAR PO TR . C1~CS A5 b5 S 4l rk i
ARSI R AR 5 77 AT AR M 22 DL 4. FE R 2%
PR, X TR R AR S B, Rl AR N 7 R B
h, SEAR RGN, A AR ARG K W] I AR N )
T, U AR S %R N (] e B R R L M R A, i
A5 R BE I [A] JE k)N, R AR e AR, BIEE AR T g3
Sy ek 3 0 AR B B AR A I AR A B o — B R R R
P4 i 72 A0 5 D AT A | R S AR I R AR 3 A By
Bl P MIBR AR, RE R R A R IR
PRI, AR SCA 0 5 ek o > 1) G A8 5 — e i 250 b
B EEAS FRAEANTR] AL I A | RS A R AR
(TR = N BT W = 87 N 11 B8 A< s
B & BRAS S b 55 he oD ) 5 A8 Y 45 A Burgers F5L 7

30 2 %o B 2 A D 5 o b i A b 4 R i AR
R AR LR e, AT LA A B4 R D I AR A R T
FEARIY /1 (0.1 MPa) T, Fel JTURD 14 5% A8 W6 K T 455
b P WEAR N ST, #F 0.25 MPalif, 455
00 1y s 722 e R A R R A - T R e B D 1Y
UG8 AR e AR v IO T Jo A A G 7 i G
AR A b R TRESAD, X5 Lv & Y BFSE 45 R
— 5, HFEFHEE, BN, 55
R EAT 2 PRI, RN IR, TR
JEw HAG b f bk, HBORE (] 19 ik [ e & VR R B
B, BEERAS AN, Ik, BRASASE

YN JTIE KT, 55 BT B AR R AR R AR
TR R R B B RD A by R 4, BRI, LR AR
FREAT 2 i 2 10
2.2 NERIMNETSIETERERENZMm

AN TRIAE A28 85 o 0 AN (] 02 T ) g A2 R dn
BIS P AT, fIRRE )R, AR ek o i A% o e
0N, S G U A R /N I A R N R RS
I3, ORLAR B RIS 7 e O, AR AR O
T2 PR kg A SO A OB R S . R 1 BT
N, NIRRT 85 D 1 i AR AL ) T AR SS
R T, BRI R 2GR, B R R AR R,
URL TR R AN ], UK ] e [ 38, ] T
WA HEAT, PRIE, RIAR ARG AR E N, R
055 70 R AR /N LG AR HOR R B E . MmN,
BE R RLAR B, FURLE R ™, BN T iR AR
AT e ST AR R . RT UL, A I AR R R
7[R F 4 1 1 FH RN 3007 A5 A A 1 3 ) R 5 o 5
T ¢ (8] A FH] R RUASE B A 4 2 2 SR A2 5 0 722
JIysEm, AR 6 R .

SRy S i AR A ) IR R AR, AR g
U8 28 o s XA FESEAT 0 4, >R A Hardin 32 H 9

AH XA 7 5 (B) ) A, B E R AR (D) <
0.074 mm A PURLAS B E— 25 7= Az JHORLANE 3 A L 0]
FEHE B4R D=0.074 mm " B 2k . Ok O 26
JEER T 43 R 100% FRRE £ DL SRS Sl BT BB i ARUPR Sy
WIS (B,), 52 7R I 1R R, 9% T h &
591G th 4% F1 D=0.074 mm " £ 2% BT B T FE R A il
4 (B,), B,=B/B,. I 05 ARSI 1Y
AR g AR BAAE N 7 i . BB 7 Rl %0, 85 R
BIARE/INGS, B<O.1, PORCBEAEREEEAR/N, 1l 20
ATE; BEERARREA, BAEYE A, A 0 i i At
FEHEA ;s D>5 mm iR B ORI PR R B A K.
L TR L 15 7 005 78 A8 T T s A 5 e 1 A8 Ak L
A ARG — 2t

1 ANFNLS TG BRD Y S5 A AL 2 B

Table 1 Creep mechanism of calcareous sand under different stresses
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Fig. 4 The creep strains and creep strain rates of six groups of tests under different creep stresses
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Fig. 5 The creep strains and creep strain rates of calcareous sand with different particle sizes under different stresses
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Fig. 6 Schematic diagram of the influence of stress and particle size on creep of calcareous sand
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