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Time-dependent unified hardening model for granular materials

FANG Yu-fei', YAO Yang-ping', SHU Wen-jun’
(1. School of Transportation Science and Engineering, Beihang University, Beijing, 100083, China; 2. Beijing Glory PKPM Technology
Co., Ltd., Beijing 100013, China)
Abstract: In recent years, the construction of regional airports in mountainous areas is increasing. The high-fill engineering
projects have large fill volume and use local materials, which contain soil, sand, rockfill materials and other geotechnical
materials. Accurate prediction of the post-construction settlements of hill-fill foundations affects the safety and normal running
of the airports. Compared with those of clay, the properties of granular materials are often more complex, such as particle
crushing. Most of the existing viscoelastic-plastic constitutive models are only for the clay, and cannot be directly used to
calculate the rheological deformation of granular materials. A time-dependent unified hardening model suitable for granular
material is proposed, which can describe the stress-strain-time characteristics of clay and granular materials in a unified way.
The process to develop the new constitutive model in ABAQUS by using the user subroutine is given and implemented. Finally,
the new model is validated through test results, including triaxial drained creep tests on clays and triaxial undrained tests on
sand. It is shown that the model can well describe the stress-strain-time relationships of clay and granular materials.
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Table 1 Material parameters

MEZ% M A K v N B fymin  Z(Hip,) /kPa X m
TR T 127 0.2 0.04 0.1 2.1 0.0046 1 2.1/0 0 0
Toyoura > 1.25 0.133 0.04 0.3 1.973 0.0018 60 0.934/2200 0.55 1.8
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Fig. 2 Predicted results of ABAQUS and MATLAB

3 IR IEE

B 3 S0 e 1 [ 45 A S ME TR TR AN [F) (1)
MAFZ (15%/h, 1.5%/h 1 0.15%/h) F3EAT =Ml B
AR R 4RI R 06 4 U 5 R T 45 SR EE
B3 (a) NmR ) 55N AR RE, B3 (b) Mimk
J1T5PIIERN )R R o A A SCHR H I A0 gk

TTE, MESEINE PR, mE4 B LUE
LR S T VA 3 i 2 A VA W T El
AR LB S) g RO RIS SRR, B4R
b B, 132 AHEK BUBY 5 R

PR RsR
15%/Mmh — o
1.5%h ——— >
0.15%/h - - ----- A
0 5 10 15 20
&4l%

(a) fRBLS - BHRIAERR

500

TR KRR
15%/h ——— o
400 1.5%/h S
0.15%/Mh - - - - - - A
300 [
5 6~
S AA&Q E\
200} RV
BOR
AR\
100 ‘A
\“A%
1 1 1 “\% 1
0 100 200 300 400 500

PlkPa
(b) MRLS) - FHIERSRFR

3 FEAENEETZMAHKERFAR LR ST
HERIEEE

Fig. 3 Comparisons of measured datal”

and predicted results of

triaxial undrained compression tests on clay at different

axial strain rates
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Fig. 4 Comparisons of measured data” and predicted results of

triaxial undrained tests on sand

4 % B

ARSCHENE T 25 FERT TR ZRSLFPRDIR A RHE) UH ARAY,
AR R AERS G5 — MR B AR RN g - R3S
- ISR R . FRELEG UMAT 3HT IR R, KR
MAFIG R CH M ABAQUS . &5, LA
[F) AR 22 = Bl AN HE 7K e il 30 i 56 45 SR 5 Tl 45
S5 H R A = A HE AR 56 1 5 45 SR S AR
MEE R IRT LG, BLBH T A SCEET 1) 28 R I 1) Z00OR 1)
BORA RN UH A8 BB B i b iR v 1= . 2 g
71 - B - IR R

SEH

[1] YAO Y P, KONG L M, ZHOU A N, et al. Time-dependent

Engineering Mechanics, 2014, 141(6): 04014162.

[2] FENG W Q, YIN J H. A new simplified Hypothesis B method
for calculating consolidation settlements of double soil layers
exhibiting creep[J]. International Journal for Numerical and
Analytical Methods in Geomechanics, 2017, 41(6): 899 -
917.

3] BhF, x| bk, B VT, Bbhi UH B AT
223, 2016, 38(12): 2147 - 2153. (YAO Yang-ping, LIU Lin,
LUO Ting. UH model for sands[J]. Chinese Journal of
Geotechnical Engineering, 2016, 38(12): 2147 - 2153. (in
Chinese))

(4] WRAPF, JrREE. R GUR AR R S AR ). A
TFE244R, 2017, 40(10): 1759 - 1765. (YAO Yang-ping,
FANG Yu-fei. Properties of negative creep and its
constitutive model for soils[J]. Chinese Journal of
Geotechnical Engineering, 2017, 40(10): 1759 - 1765. (in
Chinese))

[51 YAO Y P, FANG Y F. Negative creep of soils[J]. Canadian
Geotechnical Journal. http://doi.org/10.1139/cgj-2018-0624.

[6] YAO Y P, HOU W, ZHOU A N. UH model:
three-dimensional ~ unified model for

overconsolidated clays[J]. Géotechnique, 2009, 59(5): 451 -

469.

hardening

[77 ZHU J G Experimental study and elastic visco-plastic
modelling of the time-dependent stress-strain behaviour of
Hong Kong marine deposits|D]. Hong Kong: The Hong
Kong Polytechnic University, 2000.

[8] MESRI G VARDHANABHUTI B. Compression of granular
materials[J]. Canadian Geotechnical Journal, 2009, 46(4):
369 - 392.

[9] VERDUGO R, ISHIHARA K. The steady state of sandy
soils[J]. Soil and Foundations, 1996, 36: 81 - 91.

(Tidh: PMRIZD



