E- - -

Chinese Journal of Geotechnical Engineering

A EIEZE KR TR IR AR SR S AR

FENC, AW, ERCC, BREE
(L AR TR T TRARR A BRI, HRE A 350118, 2. rhebighkab iR IR AW AT, HiZk HM 350015
3. WEFE LA LATR R, M M 350118)

B PR R i R U T R R, B T B 52 BN (R 45 AR A 4 AR, B AN R
SERRAT TS ST e SR AT AL HO S 00 52 ST A5 U A R I8 YT 5K o AT FCIE R IT e 4 FPORs 2 S B2 4 i [E 45
AR B =l [ 25 HER BT UG, PR T8 SR FURLAR T4 I DR 245 1A 7R IBC AR o o 5 B A RO LR R . TSR B
ARFRIIHEH 1.00 J/N2E 0.45, 4550 D BY D) i FRASORLAF X B R 3R BRAIG, 0T 82 1 1 SRR ELIRIn, 1l FOIR A R A R
i, BRI FORAS L S DUE I B e eSS . RIS, FA7 7 AR 25 AR N AT 28 B 7 L A RECRee - i 77 FL BT L F) 7 9
A, THEAR RN LR EEBIME 20 SEIE K 0.8-1.2 fif o K5I N A ARFSADGBIICAAR, 5 th 2% B ] 45 B A2 5 )
FRIES BT RIR A AH DR AU A KRR R o AR TR R A% Y A ol R 5 S D AN TR I 46 17 0 B A A TR S BE AN AN [ 82 37K 1 ey B
OISR . AN IR [ 45 % A5 R E 25 15 0 51 fBURLDRERE E 22 57, S BUTN) JEr B oD s R3S 2 AR e e 1) 2 2

58
REIA): ESPURDs MOERAR: ImFUIRAS: BORIRRE; AR
hESES: TU4ll MERFRIREG: A NERS:

{EZ & : FAH1989—), 55, T ko, B H0R, 12 NGBk b My R AT, BG40, 55 77 T (I F 7 - E-mail: whdndx@fjut.edu.cn.

Study on the evolution of critical state and ¢dnstitutive modeling for calcareous sand
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Abstract: Calcareous sand is the primary~foundation material used for reef construction in the South China Sea, where it is
subjected to construction loads dlong various consolidation stress paths. Understanding the critical state evolution of calcareous
sand under various consolidation{paths is essential for developing an accurate constitutive model. By conducting triaxial
consolidation drained shear/tests\with four relative densities and four consolidation paths, the intrinsic relationship between
particle breakage and thesevolution of critical state line under varying consolidation stress paths is investigated. The results
indicate that, as the/effective principal stress ratio decreases from 1.00 to 0.45, the relative particle breakage rate of calcareous
sand decreases, the'cortesponding critical state void ratio increases, and the slope of the critical state line decreases, indicating a
counterclockwise rotation trend. Meanwhile, a quantitative relationship between the effective principal stress ratio, relative
breakage rate, and critical state void ratio under different consolidation paths was established. The predicted values of the
critical state void ratio were approximately 0.8 to 1.2 times the measured values. This relationship was incorporated into the
state-dependent dilatancy equation for sandy soils, enabling the development of a state-dependent constitutive model for
calcareous sand that accounts for the influence of consolidation paths. The proposed model accurately describes the shear
characteristics of calcareous sand under varying consolidation paths, densities, and stress levels. Differences in particle
breakage caused by varying consolidation paths and consolidation pressures —

are the primary reason for the rotation of the critical state line in calcareous HEEWA: HEERBAESTH (NO. 41672278);
WA AR R S ((No.o2022J01925

No. 2022J05186)
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Fig. 1 Particle size distribution curves of calcareous sand
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Table 1 Fundamental physical parameters of calcareous sand

specimens
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Table 2 Different consolidation path test program
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Fig. 3 Typical gradation curves.ofcalcareous sand
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Table 3 Fundamentalphysical properties of calcareous sand specimens and material parameters
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Table 4 Basic physical properties of calcareous sand specimens

- WIgHILBREL  [EZhEAE AEXT R IR SELBR L N R
eo K B: e
T VI D VD T I S D 0.10 0.40 0.019~0.075  0.923~0.994 4 o iy S 30
[RehiEarRnE iy 0.99~1.28 1.00 0.055~0.115  0.821~1.151 18 WU Y Z&015)
P A LA 0.93~1.00 1.00 0.019~0.163  0.886~1.060 12 FIEAR AR
TV O 0.98 1.00 0.003~0.018  0.924~1.145 10 PENG W K %019
P A LA 0.88~1.13 1.00 0.014~0.120  0.881~1.190 16 FRIE AR
FA VDR S A 0.90 1.00 0.030~0.181  0.538~0.973 6 ZHANG J R 012
T VI D VD T S5 S D 0.10 0.50~1.00  0.098~0.163  0.843~0.983 9 rE AR
P A LA 0.91~0.98  0.22~1.00 0.010~0.101  0.756~1.130 9 HE S H %5201




s + T

4.2 AMIERISI0IF

AR T TR v PRI T SN [ [ 25 642 T 1 B )
ARTY, SR Y BE 5 5E 175 8 [ 45 B AR R M (K A R R
G, KA Li SEOE H b A SR BT KT R R ik

d :do(ew —L] (6)
MC
Heh, d IR, doF1om NEIRKBH, AR
o phEiRES R, REAR (7 5

y=e—e, (7

TEAR () W, e KA REWS 5 FEIE 45 8 ) I 155
WA (3) AR (4) 5. #E—H5] N Li &
SEIIHD AR R

dg)] [3G 0

{¢f}:{0 K}_
h(L) {9Gz _MKGHﬁ%} ®
3G-nKd+K,|3KGd —nK’d ||de,

HH, (L) Heaviside F#2, 24 L>0 B, A(L)=1,
HL<OW, h(L)=0. G. K Fl K, 5 Aok 8y s
& SRR E R AR, i A (9)
20 A

_ 2
G:GO.M. [p'-P )

I+e,
K:(;.M (10)
3(1+v)
szhG(M°—e”"’] (1)
n

Go WMBFRHL, eo IHIUGHUBREL, v J9iakatL, &
A n A S . 2 d B0, 230 (6) arEfe
NrA 2)e £ MK TE T, BRIRES HyAn
I BERN 202D, BT T H BT K S5 m.

m=Lin (12)
y M,

AR QD EEENPIRET (K=0) wJ#iA
AR (13D, BHUEER PR T HPRE S Eyp MR 7
AN AR (13), HEMLSE .

1. M
n=—In—2=
4 n

TEHK KT, 28/, BRI/ 3|4

N(14), RIEBIIK S E do 7T AR HEev-eq M SR AT RS

de
dgv ~d=d, (e””” —Mic)

q

(13)

(14)

e, FIHAR (PSNKEMEL S h, FERE
AN (16) IKRUE hid Hde

euferony (M- |
9.4 hG, n (15)
~ hG; :
de, (1+e)(1—3;7)

h=h—he (16

R LR, SIS 7 AR, [H
BBE. G FORERN TR s S R, BRI S50
I SRS S HL BT K S BRI REL S5, J3t 18 NSk
Z:I0 O A SCHER 0 B K 2 HORTE Ak 2 50 74 A Y [ O
13160 gE A IS ST A, AR L MRS
BB IR 5 K 6 Fin.

K Matlab 1 5 g il AR THEAR T, BLUA
I [i] &35 )97 7 B A% T R4 b — i [ 5 HE /K B D056
Wit 5 B 5iR0G 45 B th 28T K 12, IR
i, AU A BRI E AR g-g thiZEF0
ev-&a MR 5 ST T R FE AW & o ZAE TR E M. 5L
B, AT ZEIE L 0 A BY U 56 U (19 S0URL AR
WESH, At AES BN UHER b S AN [ B 7 B8 4% 45
W B YA TR

* 5 ZRESREFINERY ARG FRSE LS H

Table 5 Critical state stress ratio parameters of calcareous sand in constitutive model incorporating consolidation path effects
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Fig. 12 Comparison of results from simulation and tests
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