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ARHEOLOGY MODEL INCORPORATING SCALE EFFECT FOR
GRANULAR MATERIALS AND ITS VALIDATIONS

XIA Ming-tan , XU Yuan-jie , CHU Xi-hua

(School of Civil and Architectural Engineering, Wuhan University, Wuhan, Hubei 430072, China)

Abstract: Viscoplastic models in classical continua theory were unable to incorporate scale effect for granular
materials due to the independence on scale. Cosserat continua theory with the internal length scale provides a
possible approach to incorporate scale effect. A Perzyna’s viscoplastic model is developed based on Cosserat
continua theory to investigate the scale effect on rheology for granular materials. The consistent operator in the
framework of Cosserat continua theory is derived. The constitutive integration algorithm and its closed form of
the consistent tangent modulus are also derived. The code is implemented by User-defined elements (UEL) in
ABAQUS platform. Triaxial compression creep tests of soft rock, creep and stress relaxation tests of rockfill, are
simulated by finite element method. The results using finite element analysis show good agreement with the
experimental data in literatures, which verified the model. Meanwhile, sphericity index, roundness index, and
mean diameter of the particle are adopted as measures of the internal length scale to incorporate the influence of
particle size and shape on axial strain, deviator strain and deviator stress, showing that the pressure-sensitive and
the scale effect on rheology for granular materials can be captured.
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Fig.1 Schematic diagram of micro-structural properties of
two adjacent particles in contact
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Fig.2 Deviator strain of soft rock as a function of time
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Fig.4 Axial strain of rockfill with various sizes as a

function of time
4 ZEig

(1) 7£ Cosserat ZELARIFIRHELE T R AL B
PEASE TR AT DL S50 RO A4 A 1 BT )90 AR 1 s 0 AH 5%
PE, AR CEUEBIUSS R 1628 58 it il 5e By
WINF AR S50, e & FRA R —8E.

(2) Cosserat FEZ A H1 A BLRFIE K BE AT DL S Bk
WORLAA BRI A ML) A B 2R R S 28, FEAH [R]
JE 50 S JARAS TR, ) 128 P 0 A e o R o
AR RO BRI R, 5 A RS W i 55 kY
A N MEA R R IR AR S E T TR R A
MR RIIES.

EEP S

[1] Tatsuoka F. Some new aspects of time effects on the
stress-strain  behaviour of stiff geomaterials, Keynote
Lecture [C]// The Geotechnics of Hard Soils-Soft Rocks,
Prpceedings of The Second International Conference.
Conf. on Hard Soils and Soft Rocks, Napoli, 1998.
Balkema, 2000: 1285—1371.

[2] Augustesen A, Liingaard M, Lade P V. Evaluation of
time-dependent behavior of soils [J]. International Journal
of Geomechanics, 2004, 4(3): 137—156.

(3] ER, BR¥E. AR AR I AU R T i AR R Y
IRFFLLN). A L TAR AR, 2008, 30(7): 959—963.
Wang Haijun, Yin Zongze. Creep tests of rockfill and
double-yield surface creep model [J]. Chinese Journal of
Geotechnical Engineering, 2008, 30(7): 959—963. (in
Chinese)

[4] FEREMK, TLLNR. A RHG AR R IR AT T[], A L
TREZER, 2004, 26(4): 473 —476.



T ®

2 183

[10]

[14]

Cheng Zhanlin, Ding Hongshun. Creep test for rockfill
[J]. Chinese Journal of Geotechnical Engineering, 2004,
26(4): 473—476. (in Chinese)

JEAE, e, e TR B T AR A LR ) = A PR
TCEUEMU]. A 1715, 2006, 27(8): 1389—1397.
Zhou Wei, Chang Xiaolin. Three dimension FEM
numerical simulating of the rockfill creep of high
concrete face rockfill dam [J]. Rock and Soil Mechanics,
2006, 27(8): 1389—1397. (in Chinese)

Perzyna P. Fundamental problems in viscoplasticity [J].
Advances in Applied Mechanics, 1966, 9(4): 244—368.
Desai C S, Zhang D. Viscoplastic model for geologic
materials with generalized flow rule [J]. International
Journal for Numerical and Analytical Methods in
Geomechanics, 1987, 11(6): 603 —620.

Di Prisco C, Imposimato S, Vardoulakis 1. Mechanical
modelling of drained creep triaxial tests on loose sand [J].
Geotechnique, 2000, 50(1): 73—82.

Tong X, Tuan C Y. Viscoplastic cap model for soils under
high strain rate loading [J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2007, 133(2): 206—214.
TR, Ffh, Whek, JE). HER R R
SEROBIE L) A A F S TR, 2010, 29(2):
328—335.

Hua Junjie, Zhou Wei, Chang Xiaolin, Zhou Chuangbing.
Study of scale effect on stress and deformation of rockfill
[J]. Chinese Journal of Rock Mechanics and Engineering,
2010, 29(2): 328 —335. (in Chinese)

De Borst R. A generalization of J2-flow theory for polar
continua [J]. Computer Methods in Applied Mechanics
and Engineering, 1993, 103(3): 347—362.

Gracio J J. The double effect of grain size on the work
hardening behaviour of polycrystalline copper [J]. Scripta
Metallurgica et Materialia, 1994, 31(4): 487—489.

Abu Al-Rub R K, Voyiadjis G Z. Analytical and
experimental determination of the material intrinsic
length scale of strain gradient plasticity theory from
micro-and nano-indentation experiments [J]. International
Journal of Plasticity, 2004, 20(6): 1139—1182.

Liu X, Scarpas A, Kasbergen C. A micropolar

formulation of the Desai hierarchical model for
elastoplastic porous media [J]. International Journal of
Solids and Structures, 2007, 44(9): 2695—2714.
Voyiadjis G Z, Alsaleh M I, Alshibli K A. Evolving
internal length scales in plastic strain localization for
granular materials [J]. International Journal of Plasticity,
2005, 21(10): 2000—2024.

Yin Z Y, Chang C S, Karstunen M, et al. An anisotropic
elastic—viscoplastic model for soft clays [J]. International
Journal of Solids and Structures, 2010, 47(5): 665—677.
By, RIEA. ETIRRECEILEEX MC #EN S
DP % 51l E W VT K 5% R AT 52 [J]. & £ J02%%, 2009,
30(10): 2985—2990.

[20]

[21]

[24]

[26]

[28]

Chu Xihua, Xu Yuanjie. Studies on transformation from
M-C criterion to Drucker-Prager criterions based on
distortion energy density [J]. Rock and Soil Mechanics,
2009, 30(10): 2985—2990. (in Chinese)

Duncan J M. State of the art: limit equilibrium and
finite-element analysis of slopes [J]. Journal of
Geotechnical Engineering, 1996, 122(7): 577—596.
Katona M G. Evaluation of viscoplastic cap model [J].
Journal of Geotechnical Engineering, 1984, 110(8):
1106—1125.

Abaqus Analysis User’s Manual Version 6.10. Providence,
RI, USA: Dassault Systemes Simulia Corporation, 2010,
Volume IV: 1059—1076.

K Akai, T Adachi, K Nishi, Mechanical properties of soft
rocks [C]// 9th Conference on Soil Mechanics Foundation
Engineering, Tokyo: 1977: 7—10.

Muhlhaus H B, Vardoulakis I. The thickness of shear
bands in granular materials [J]. Geotechnique, 1987,
37(3): 271—283.

R, e, KES 5 A WA IR IR 1)
SEIGHFFC[T]. LA F1%, 2012, 30(4): 288—293.

Zhang Lei,
Experimental investigation on the creep—damage-rupture

Wang Guijun, Zhang Yuwen, et al.
characteristics of salt rock [J]. Engineering Mechanics,
2012, 30(4): 288—293. (in Chinese)

B E, e, BN, S BE R R IE G AR A
TR SEIR AT AC[T]. AR J1%%, 2013, 30(4): 249—253.
Zeng Guowei, Yang Xinhua, Bai Fan, et al. Experimental
researches on a visco-elastoplastic creep damage
constitutive model of asphalt mastic [J]. Engineering
Mechanics, 2013, 30(4): 249—253. (in Chinese)

SR, K. T RS ARG S5 S R T TR ).
TR S1%4, 2012, 29(2): 182—185.

Cai Yizhou, Ye Yong. Researches on viscoelastic
mechanics behavior of asphalt sand mixture [J].
Engineering Mechanics, 2012, 29(2): 182 — 185. (in
Chinese)

EE, By, Hror ) =Aia b sin ). YIRS
SR CTARREEIR), 2011, 43(1): 27—30.

Wang Chen, Zhan Chuanni. Triaxial relaxation tests of
rockfill [J]. Journal of Sichuan University (Engineering
Science Edition), 2011, 43(1): 27—30. (in Chinese)
FEKIR, REREAR, TLLIG, 5. e RHG AR T VAT
FUT). KITRFEBEBE R, 2009, 26(12): 63—65.

Zuo Yongzhen, Cheng Zhanlin, Ding Hongshun, et al.
Method research for rockfill creep test [J]. Journal of
Yangtze River Scientific Research Institute, 2009, 26(12):
63 —65. (in Chinese)

W, FTESR, B, & HRDRER Y =Rk i) R~
RONHFIE[]. & F15, 2008, 2938 1): 563 —566.

Li Chong, He Changrong, Wang Chen, et al. Study of
scale effect of large-scale triaxial test of coarse-grained
materials [J]. Rock and Soil Mechanics, 2008, 29(Suppl 1):
563 —566. (in Chinese)



