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Abstract

A three-dimensional mesoscale finite element model encompassing aggregate, matrix and interfacial
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transition zone (ITZ) was established on the basis of a voxelized multiphase mesoscale modeling
framework. Idealized spherical models with a volume fraction ranging from 17% to 35% were adopted
to simulate the aggregate. The effect of aggregate densification on the compressive process of concrete
was investigated by means of the control variable method. Moreover, a characterization method of
damage dissipation energy was introduced to conduct a quantitative analysis of the energy evolution
process and the dominant failure mechanism. The results show that with the increase of aggregate
volume fraction, the macroscopic compressive strength of concrete is significantly improved, while
the crack initiation occurs obviously in advance; the total damage dissipation energy increases non-
linearly, and the ITZ gradually becomes the main energy dissipation region.
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Figure 1. Aggregates generated by secondary devel-
opment
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Figure 2. Voxelized mesh of concrete multiphase
material
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Figure 3. Energy curves of (ALLKE)/(ALLIE)
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Figure 5. Comparison of macroscopic thermodynamic energy
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Figure 6. Macroscopic stress-strain responses of mesoscale concrete specimens with differ-
ent aggregate volume fractions under uniaxial compression

B 6. FEIBRHARS R RERBLIR A EREE TR S - RSN R
4.2. BGFESRESHAFE
wnz BURIIEIA, RS FEEEE(ALLDMD)TESEIT I BRARAS Y, B2 S ERAEL M. A, AT HE
W RS HE R E R AR L VIR AE R 2, B GH) B GE Rl E E 0N J i R A UK. Rk, A&
SN BN TY ) S AR AR FE R RE BE A AL A2 AT A AL ) # R 3E4T T 3R S (d(ALLDMD)/du), MISREL R St 2 1)
WG FEEC 2R, XTR A B ASAE AT UK

‘ 17.43%
200004 | — 24.58%
——— 34.35%
< 15000
pyiv]
Jm
et |
W
.k\g
ux 10000
i
5000 -
0 — T v .
0.06 0.08 0.10

£7# (mm)

Figure 7. Evolution law of total damage dissipation energy under different ag-
gregate volume fractions
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Figure 8. Damage dissipation energy and interface damage domination of
mesoscale concrete at ultimate bearing capacity
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