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plastic-damage

interfacial transition zone (ITZ)
interface elements

matrix

discretize

lattice

microplane

representative volume element (RVE)
9. simple sequential inhibition

10. non-associated

11. dilatancy

12. return-mapping

13. ABAQUS

14. time discretization

15. mid-point

16. Lamé’s constant

17. trial stress

18. shifted backward-Euler

19. linearization

0 NSO W

£4

/oY
3 /+Y¥
3
3 o
E o
9 (=]
R o
' /0YY o o
5
SR
<
Y

Y. f 3 Ar Yoo Y.

(GPa) 418w eloni 5l Syt

O et (g U canslie s S ol Jode ke SI N JSa

Gl canylae s S £l,] Jode lue 1YY
b 4905 0 aminitan (5,15 Canglin s 4108 oo byl Jyko 3l omny g
Canglia_polio VS5 ol o SBml Vel 418 IS oz dsy
sl s o Gl | baliSon el Joda nls 53 o (saeminita (5Lt
Glts Caglio e JralS el a8 eyl Jode Gl o 352 0
DR 55 Sl el 6la&an el Jode SRbal 353 o o saaita
a3 a7y SN d Syl (o o Solaang b ossi o slSen GLbI s
Sl S5l o0 e Baadae (5L Cuslis s JtalS e s U5 S8 ol
Sobea cnlailiSin el Jyde 51 S oin ool Jyde &5 35 g

20. plastic consistency condition
21. spectral form

22. Heaviside

23. characteristic length
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In the present paper, the detailed mesostructure of con-
crete is geometrically generated and its compressive
strength is numerically estimated using the 3D finite ele-
ment method. The models contain two phases of mortar
and coarse aggregates. The FE models of concrete are
cubic in shape, with a side length of 80 mm. Aggregates
are assumed to be spherical and behave in a linear elastic
manner. The famous Fuller formula is utilized for the
aggregate grading curve, and the simple sequential in-
hibition (SSI) technique is employed to fill the concrete
cubes with the particles. Only aggregates bigger than
4.75 mm in diameter (gravel) are modeled, i.e., the par-
ticles smaller than 4.75 mm in diameter (sand) are not
considered individually and assumed to be part of the
homogenized nonlinear cement paste. A modified ver-
sion of the plastic-damage model, proposed by Lee and
Fenves [J. Lee, G.L. Fenves, International Journal for
Numerical Methods in Engineering 50 (2001) 487-506],
has been adopted to simulate the inelastic response of
the mortar. This constitutive model incorporates two in-
dependent hardening variables, namely; equivalent ten-
sile and compressive plastic strains, and, thus, is capable
of tracing damage evolution due to both tensile crack-
ing and compressive crushing. In the first stage, the
numerical implementation of the plastic-damage model
is presented and then its validity is examined in a 3D
FE element. Next, the effects of aggregate volume frac-

tion, aggregate maximum diameter, and aggregate elas-
tic modulus on concrete compressive strength are stud-
ied. It is shown that: (1) compressive strength remains
constant for specimens with aggregate volume fractions
of up to 50%, and then increases significantly with grain
content, (2) for the range of aggregate volume fractions
studied in this paper, the maximum aggregate size has
little influence on compressive strength, and (3) any in-
crease in the elastic modulus of aggregates accentuates
stress concentration near the aggregates, and, thus, re-
duces the compressive strength of concrete samples. Fi-
nally, the results are satisfactorily compared with those
presented by other researchers.

Key Words: Mesostructure, compressive strength, con-
crete, finite element method, plastic-damage.
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