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i 9 1.2453 k21 1.2670 i 33 1.2760
ik 10 1.3776 il 22 1.2821 ik 34 1.3194
i 11 1.2615 i 23 1.2542 i35 1.2436
12 1.2728 K24 1.2252 K136 1.2594




AT, ALY @ 4E B AN TR, 36 TR EE LIl F A RECE e R R 3. @ 4R BOBOR, UL R Ay R i ie
M IT %, F ARG ATTE A HLN]

RO @ B BRI TE A IICR UL 13, R ILRBU A de RO A AR5 A1 1 98 Aa
R MTHE R, MR RBGAEN0.84(3K2), J& T RAEM, LU ROy 2), RG] o

TETE 58 Aae BEORINE, BORE 0 A7 AN BN, 25 Ky THI B E o0 A 22 S R s T BB S Ak, AT R R
(AR 25 F — A B DO AN B R 4R, SR MR A 3 i Rk e iR, B8 5 R e
WAL IS T3 B2/, VAL T A7 A BE A X B b s W (E SR ROICRE LB B, D INBE R R, B
FEHURAE (R A2 ), (A REUITE E 2 M ARy &, DI v AR 8o, R ary A s i3,
M 52 28 1) 28003 A T2 25 O R, RS0 4R 0K

5 %5

TRBE L DR IR R, AR IR0 B | Al B ith 4k DA R RS0 A JE 245 BAT BEALIE R B . A 3T
KAWL S22 053k, AL T 36 4L AAT A F A B AT IR BE L LA R, AT BROT o BT RS T
36 2% B B VR T 0 TR B UL T - 10 A G AR il 4R R 36 RS TR . i L 2 R
T N 4 BRAL AR AT RN B AT, G TR A S R R B, il B 2 AR E 0 A
IR COC R, MRS E: (1) ZH MG 58 0] LA Aot R AR B R0 A, T & 4500 28000 A Al
PABEATAR S i) Bk Ak, L 22 5 0 T8 1% e A 5 mT DA 4 b B RO ¥R A0 1 A, S BRI RS0 o3 A1 Y B A
WEFE St T — MR Tk s (2) B ko A 22 B0 T2 38506 50 55 4 e (E 5 B2 I 1R S S OG C &, B
BUor AT @ AEBURIE R SRR R (3) BRI 2 B TR 35 35 50 ), RIEORE A B ST, R g
K, Wetk MW R , Zary™ RN, RO i & 4ER0UN

A AT DL, RE 0 A1 R TR BE - B R e Pk B B2 o A ST T TS AN LB 8 1 BE 0 A1 X TR Bt
LW P AR IR A B S MU, TR B L A A 2 S P BESRORIOT 2P B A TR A

& % X #:

[0 ] kedy, shwss, 4w, 55 . 5 ORk2s 8] 3 A X R B o s 4 5 2 T oAb i 2k e ma e 1 20 A (0] L KR 2 4%
2015, 46(6): 631-639 .

[ 2] UNGER]JF, ECKARDTS . Multiscale modeling of concrete[ J ] . Archives of Computational Methods in Engineer-

ing, 2011, 18(3): 341-393 .

1A, RAE, Rl CRBELEEHLE e ML e R Bl kL, 2014

BN, N, R RBE RN A e R —— R 2 IR ()] IR PR S i (A AR B AD

2003, 31(5): 505-509 .

[ 5] WANGXF, YANGZJ, YATES J R, et al . Monte Carlo simulations of mesoscale fracture modelling of concrete

—
A~ W
[

with random aggregates and pores[ J] . Construction and Building Materials, 2015, 75: 35-45 .

[ 6 ] KIMSM, AL-RUB R K A . Meso-scale computational modeling of the plastic—damage response of cementitious
composites[ J] . Cement & Concrete Research, 2011, 41(3): 339-358 .

[ 7] RENQ, LIQ, YINY . Concrete meso—structure characteristics and mechanical property research with numerical
methods[J] . Construction & Building Materials, 2018, 158: 189-197 .

[ 81 ¥k, ik, A0, 55 . MR EE L a0 0B R R BE ML 19 23 JE 3R TE [T ] . 03 2422 e CH AR R = i)
2011, 39(1): 95-98 .

[ o] Wik#&, EHX, #ER, & RELASWHH KIS E 1] . 4715, 2005, 26(10)
1570-1574 .

L 10 ] WAk, L 30 MR BE -+ A5 B0 RS I A 20 R R AE I 1 L0 ] . R TR 4K, 2005, 38(12): 59-64 .

[11] CAO M, REN Q, QIAO P . Macroecology of the host determines microecology of endobionts: protozoal faunas

— 1276 —



[12]

[13]

[14]

[15]

[16]
[17]

[ 18]
[19]

[22]

[23]

[ 24]

[25]

[26]

[27]

[ 28]

[29]

[ 30]

[31]

[32]

[35]
[ 36]
[37]

vary with wild ruminant feeding type and body mass[J] . Journal of Zoology, 2015, 283(3): 169-185 .
YA T, A, TR L 32 R kA R BE R R R A R A B AT L] . DR 4%, 2002, 19(10) ¢
123-129.
MANDELBROT B B, AIZENMAN M . Fractals: form, chance, and dimension[]J] . Physics Today, 1979, 32
(5): 65-66.
INNAURATO N, OGGERI C, ORESTE P P, et al . Experimental and numerical studies on rock breaking with
TBM tools under high stress confinement[ J] . Rock Mechanics and Rock Engineering, 2007, 40(5): 429-451 .
JIANG Y, TANABASHI Y, LI B, et al . Influence of geometrical distribution of rock joints on deformational be-
havior of underground opening[ J] . Tunnelling and Underground Space Technology incorporating Trenchless Tech-
nology Research, 2006, 21(5): 485-491 .
LIU H, KOU S, LINDQVIST P, et al . Numerical simulation of the rock fragmentation process induced by indent-
ers[ J] . International Journal of Rock Mechanics & Mining Sciences, 2002, 39(4): 491-505 .
KB IEIM] L b s SRR A A, 1995 .
I ZE YRR AT RAID] . et b 22 k%, 2008 .
GAO Y, JIANG J, DE SCHUTTER G, et al . Fractal and multifractal analysis on pore structure in cement paste
[J] . Construction and Building Materials, 2014, 69: 253-261 .
EBRAHIMKHANLOU A, FARHIDZADEH A, SALAMONE S . Multifractal analysis of two—dimensional images
for damage assessment of reinforced concrete structures| C ]//Smart Structures/ NDT 2015 . 2015 .
A, AR, BRER, S i OR R U SR 2 40 T ORI AR e R ARAE ()] . b Rk R AR R
2017, 46(5): 1007-1013 .
IV, ATV, R A AR Z E SIS ] L, 2011, 18(3): 247-252.
ATy, 43 TR 2 RO ) A BB A IR B 1 ) R E 5 [0 ] . TR 7%, 2011, 28(S1): 151-155.
SHEN L, REN Q, XIA N, et al . Mesoscopic numerical simulation of effective thermal conductivity of tensile
cracked concrete[ J] . Construction and Building Materials, 2015, 95: 467-475 .
BAZANT Z P . Size effect on structural strength: a review|[J ] . Archive of Applied Mechanics, 1999, 69(9-10) :
703-725 .
LUBLINER J, OLIVER J, OLLER S, et al . A plastic—-damage model for concrete[J] . International Journal of
Solids & Structures, 1989, 25(3): 299-326 .
LEE ] H,FENVES G L . Plastic-damage model for cyclic loading of concrete structures[J] . Journal of Engineer-
ing Mechanics—Asce, 1998, 124(8): 892-900 .
YAJUAN Y, QINGWEN R . Studying the representative volume of concrete using the entropy weight—grey correla-
tion model[ J] . Magazine of Concrete Research, 2018, 70(15): 757-769 .
SCRIVENER K L, CRUMBIE A K, LAUGESEN P . The interfacial transition zone (ITZ) between cement paste
and aggregate in concretel J] . Interface Science, 2004, 12(4): 411-421 .
XIAO J, LI W, CORR D J, et al . Effects of interfacial transition zones on the stress—strain behavior of modeled
recycled aggregate concrete[ ]| . Cement and Concrete Research, 2013, 52: 82-99 .
SAVIJA B, LUKOVIC M, PACHECO J, et al . Cracking of the concrete cover due to reinforcement corrosion: A
two—dimensional lattice model study[ J] . Construction and Building Materials, 2013, 44: 626-638 .
ZHOU X Q, HAO H . Modelling of compressive behaviour of concrete—like materials at high strain rate[ J] . Inter-
national Journal of Solids and Structures, 2008, 45(17): 4648-4661 .
DU X, JIN L, MA G . Numerical simulation of dynamic tensile—failure of concrete at meso—scale[ J] . Internation-
al Journal of Impact Engineering, 2013, 66(4): 5-17 .
SEART, W, L, S ORI ST E PR R S e R s AL R R TR AT (0] L R TR S TR RS,
2015, 35(3): 111-118..
FEWET, REW . ZHESTEAE AR R AL B, 1999, 28(6): 342,
PRUESE, R YR, BRMES TN 2 AT R G R AP SR ZET] L RGELRE, 2009(3): 62-65 .
Pt AR, X R TR N B B AR R S ] L R AR AR L 1988, 21(4): 9-23 .

(F#% 1288 )

— 1277 —



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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