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A new cyclic constitutive model for granular soil considering reversible and
irreversible dilatancy
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Abstract: A new cyclic constitutive model for granular soil material has been presented within the general framework of bounding surface
plasticity. In this model the volumetric strain due to stress-dilatancy for a granular material is composed of reversible and irreversible
dilatancy components. The former is characterized by its reversibility and dependency on the magnitude and direction of the current shear

stress, and conversely, the latter by its irreversibility and dependency on past shear history. New mechanisms and formulation have been
observed results.

—_

presented for description of the reversible and irreversible dilatancy. Influence of the irreversible and reversible dilatancy component on the
A

stress-strain response was also investigated. The effectiveness of the model was verified with comparison between the calculated and
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Fig.2 Variation in reversible and irreversible dilatancy components

during cyclic drained shear test under a constant confining stress
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Fig. 4 Results of cyclic drained torsion shear test (D, =62%)

AT 2 BRI S AR Sl P, AR SCHR HE T LA

FEARN ) AR 7 AR B BT D) B i 2 2K

Hn=GhC{ELI{E] -q! (25)
Mo P
Cy =exp(acyy; ) » (26)

b by n Rl AR ZH. C) BB PEAS RT3 0 K A
WA R AL, MRIES e BUE. i, AT BAo) 5l R
LA IS . X (25) 270 F bk AR A 28
By U R A ISR 2 E oy, M SUES
AN T RN SE T VAR ZH n. ntES
B 1 R A R R

!=1+!Osin§ , (27)

Herb @ 20 247 BY Ny 89 57 1) 5 d s — N ) SR i
(RIBY NS4 BT A, Lo RS H

" R=100 kPa %-1.06% |

40 D=62% P

1
e !
80 i
=12 -0.8 -04 0.0 04 0.8 1.2
%
() 0 1 78— TRy

00 o
0.2+ w
04
0.6

08 |

1.0}
1.2+ %ﬁ
—

&%

-
~ Eﬂf
T —
[ S S S S SH S S S
-1.2 -0.8 -0.4 0.0 04 0.8 1.2

e

(D) DY R AE AR 7R

0.0 T

02 - _,-ir-—"""'

04 -
%-Ziiiiizgj:;:;
0s - Eﬁ

L0 -

&%

1.2 -
14 ~
1.6 -
1.8 L L L s L
-80 -60 -40 -20 0 20 40
T/kPa
()BT~ 7
[ 5 #{EELILE R (D=62%)

Fig. 5 The results of model simulation(D,=62%)
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Table 1 Model parameters for toyoura sand
LLBIESS D, =62% D, = 69% D,=72%
n 1.72 1.72 1.72
Gy 70 70 70
v 0.3 0.3 0.3
h 0.045 0.012 0.030
n 1.6 1.6 1.6
a 30 20 30
Io 0.1 0.1 0.1
u 1.8 1.8 1.8
My 03 0.3 0.3
B 200 50 200
dy 0.025 0.010 0.015
pa 85 20 75
Ce 0.02 0.02 0.02
2 0.01 0.01 0.01
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Fig. 6 Results of cyclic drained torsion shear test (D,=69%)
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Fig. 8 Results of cyclic drained torsion shear test (D, = 72%)

207 p_30 kP %=10% |
D, =729 |

=12 =08 -0.4 0.0 0.4 0.8 12

e
(A i TE D 1 Ay

% oaf WEEE%%:::::?

08k %‘-\—_:_—"—_‘:7
%j—f?
tof %—_ﬁ
————
1.2+ —
-1.2 -0.8 0.4 0.0 0.4 0.8 1.2
Hie
(b)Y 1 75— 7E
-0.2
0.0 —-
q““-h-:_:.:—xi:
02 —
& e
= 04f \______“—-—-h__,_i
D
061 :—\-““:——--"—““*
,“‘:HE__,,_,::_}-: -
0.8+ ——
Sk
- i =]
-
12 T -
1 1 L 1
=30 =20 =10 0 10 20 n

/kPa
(SIUINE F3— AR
E 9 BERBLER (D, = 72%)

Fig. 9 The results of model simulation(D, = 72%)



184 o+

L 2005 “F

B3 3wk -

[1] Krieg R D. A practical two-surface plasticity theory[J]. Journal
of Applied Mechanics, ASME, 1975, 42: 641 - 46.

[2] Dafalias Y F, Popov E P. Plastic internal variables formalism
of cyclic plasticity[J]. Journal of applied mechanics, ASME,
1976,43: 645 - 51.

[3] Hashiguchi K. Constitutive equations of elastoplastic materials
with  elastic-plastic  transition[J].Journal  of

Mechanics, ASME, 1980, 47: 266 - 72 .

Applied

[4] Dafalias Y F.A novel bounding surface constitutive law for the
monotonic and cyclic hardening response of metals[A]. 6th
International Conference on SmiRT[C]. Paris, France, 1981.

[5] Tseng N T, Lee G C .Simple plasticity model of two-surface
type[J]. Journal of Engineering Mechanics, ASCE, 1983,109:
795 - 810.

[6] Fardis M N, Alibe B, Tassoulas J L. Monotonic and cyclic
constitutive law for concrete[J]. Journal of Engineering
Mechanics, ASCE, 1983 109, (EM4): 516 - 536.

[7] Yang B L, Dafalias Y F, Herrmann L R . A bounding surface
plasticity model for concrete[J]. Journal of Engineering
Mechanics, ASCE, 1985,111: 359 - 380.

[8] Aboim C A, Roth W H. Bounding-surface-plasticity theory
applied to cyclic loading of sand[A]. Proceeding International
Symposium on Numerical Models in Geomechanics[C].
Switzerland.

[9] Bardet J F. Application of plasticity theory to soil behavior: a
new sand model[D]. California Institute of Technology, 1983.

[10] Dafalias Y F.A model for soil behavior under monotonic and

cyclic loading conditions[A]. 5th International conference[C].

West Berlin, Germany, 1979.

[11] Dafalias Y F, Herrmann L R. Bounding surface formulation of
soil plasticity[A]. Soil Mechnics—Transient and Cyclic
Loads[M]. Pande G N , Zienkiewicz O C, Eds .Chichester:
John Wiley and Sons, 1982.

[12] Mcvay M , Taesiri Y, Cyclic behavior of pavement base
materials[J]. Journal of Geotechnical Engineering, ASCE,
1985, 111(1): 1 - 17.

[13] Mroz Z V A Norris, Zienkiewicz O C. Application of an

anisotropic hardening model in the analysis of elasoplastic

deformation of soils[J]. Geotechnique, 1967, 29, 1 - 34.

[14] Mroz Z, Zienkiewicz O C. Uniformformulation of
constitutive equations for clays and sands[A]. Mechanics of
Engineering Materials[M]. Desai C S , Gallagher R H, Eds.
Chichester: John Wiley and Sons , 1984.

[15] Dafalias Y F. Bounding surface plasticity I: Mathematical
foundation and hypoplasticity[J]. Journal of Engineering
Mechanics, 112 (9): 966 - 987.

[16] Wang Z L, Dafalias Y F, Shen C K. Bounding surface
hypoplasticity model for sand[J]. Journal of Engineering
Mechanics, 1990,116(5): 983 - 1001.

[17] Zhang J M, Transient shear strength of saturated sand under
cyclic loading considering strain rate effect[J]. Soils and
Foundations, 1994, 34(4): 51 - 65.

[18] Zhang J M, Shamoto Y, Tokimatsu K. Moving critical and
phase-transformation stress state lines of saturated sand
during undrained cyclic shear[J]. Soils and Foundations,
1997, 37(2): 51 - 59.

[19] Zhang J M, Shamoto Y, Tokimatsu K. Cyclic critical stress
states of sand with nonfrictional effects[J]. Journal of
Engineering Mechanics, ASCE, 1999, 125(10): 1106 - 1115.

[20] oA B Wb 6 nl G R AS ] 3 4k B AR (D). 2 TR
“F42, 2000, 22(1): 12 - 17.

[21] Shamoto Y, Zhang J M, Goto S. Mechanism of large
post-liquefaction deformation in saturated sand[J]. Soils and
Foundations, 1997, 37(2): 71 - 80.

[22] Shamoto Y Zhang J M. Evaluation of seismic settlement
potential of saturated sandy ground based on concept of
relative compression[J]. Soils and Foundations, 1998,38(2):
57 - 68.

[23] Richart F E, Jr Hall ] R ,Woods R D. Vibrations of soils and
foundations[R].Nanjing:Prentice-Hall Inc Englewood Cliffs,
1970.

[24] Roscoe K H, Schofield A N, Thurairajah A. Yielding of clays
in states wetter than critical[J]. Geotechnique, 1963,13(3):
211 - 240.

(25] VEBRIL. S T b L A A8 A S5 i PE R R (A T
A 3 Iy R B SUEE(C)L K, 1998.





