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Elastoplastic two—surface model for overconsolidated unsaturated soils

LI Xiaoxuan, LI Tao, LI Jian
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: In order to investigate the complex mechanical characteristics of overconsolidated unsaturated co-
hesive soils such as strain—hardening and shear dilatancy, an elastoplastic two—surface model for overconsoli-
dated unsaturated soils under static and cyclic loading is established in the framework of elastoplastic theo-
ry by combining the Barcelona Basic Model (BBM) and a hardening rule describing the cyclic plasticity of
materials. The proposed model contains a bounding surface and a loading surface, which evolve according
to the loading and unloading conditions in the stress space. Radial mapping rule and principle of mobile
memory center are adopted to reflect the cyclic plastic characteristics of overconsolidated unsaturated cohe-
sive soils. The model takes into account the influence of suction and overconsolidated ratio (OCR). More-
over, the proposed model is able to be changed into the elastoplastic two—surface model for saturated cohe-
sive soils and BBM while the suction of overconsolidated unsaturated cohesive soils is zero and the consoli-
dation behaviour of unsaturated cohesive soils disappears respectively. The comparison between static experi-
mental results and model simulations shows that the proposed model is capable of describing the static me-
chanical behaviour of overconsolidated unsaturated cohesive soils. In addition, some typical dynamic mechan-
ical behaviour of overconsolidated unsaturated cohesive soils under cyclic loading is predicted.

Keywords: elastoplastic two—surface model; hardening criterion; unsaturated soils; matric suction; OCR
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Fractal study of random distribution of concrete aggregate

and its effect on damage characteristics

REN Qingwen]' 0 YIN Yajuanz, SHEN Lei'
(1. Department of Engineering Mechanics, Hohai University, Nanjing 210098, China;
2. College of Hydraulic Conservation and Hydropower Engineering, Hohai University, Nanjing 210098, China)

Abstract: The damage characteristics and patterns of concrete have obvious dispersion and randomness,
and the random distribution form of aggregate is one of the important influencing factors. However, the
quantitative characterization of aggregate distribution has always been a tricky issue. Assuming that concrete
is a three-phase composite material composed of aggregate, mortar, and the interface between the two, the
mechanical model of mesoscopic concrete is established in this paper. The uniaxial tensile mechanical behav-
ior of 36 groups of concrete specimens with different aggregate distributions was numerically studied. The
box dimension and multifractal spectrum are used to characterize the aggregate distribution, in order to
study its random distribution law, as well as its influence on the failure characteristics of concrete. It is
found that the multifractal spectrum can extract local detail features better than box dimension, which pro-
vides a new method for quantitative study of aggregate distribution. Furthermore, the correlations of the mul-
tifractal spectral width of aggregate distribution with tensile strength, softening section curve (brittleness)
and the box dimension of crack distribution are analyzed. The results show that the multifractal spectral
width of aggregate distribution is negatively correlated with tensile strength and brittleness, but positively
correlated with the box dimension of crack distribution. This means that the smaller the multifractal spec-
trum width of the aggregate distribution, the more uniform the aggregate distribution, the larger the peak
stress, the more obvious the brittleness, the more regular the crack growth, and the smaller the box dimen-
sion of the crack distribution. This research is helpful to deepen the understanding of concrete damage char-
acleristics and cracking patterns.

Keywords: meso-concrete; aggregate distribution; multifractal spectrum; box dimension; damage character-
istics
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