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input random parameters:
specimen sizes, aggregate grading, the size range of pores,
the aggregate area fraction, the porosity, shape parameters
(the aspect ratio range for ellipses, the number of sides
for polygonal aggregates)
]

| generate aggregates: random sizes and positions ‘
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y
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generate pores:
random sizes and
positions
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1s there any overlapping
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aggregates?
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existing pores?

is the target aggregate
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Fig. 1 The flowchart to model random aggregates and voids
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Fig. 2 The minimum distance between Fig. 3 The meso-structure of concrete
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Fig. 4 The diagram of random ellipses
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Fig. 5 Intersection and overlap Fig. 6 The meso-structure of concrete

checking for ellipses with elliptical aggregates
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Fig. 7 The generated typical polygons
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Fig. 8 Poor situation of polygonal aggregates
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Fig. 9 The diagram of random polygonal Fig. 10 The meso-structure of polygonal-aggregate

aggregates concrete
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Fig. 11  Intersection and overlap checking between circles and ellipses
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Fig. 12 Meso-structures of concrete with different aspect ratios
(Pagg =45%, P,, = 2% )
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(a) FIEALB (b) ML AL
(a) Circular pores (b) Elliptical pores
B 13 AR S 2 AR ARFIE RS
Fig. 13 Intersection and overlap checking between polygonal

aggregates and different shapes of voids

(a) LB (b) HHIRIE AL
(a) Circular pores (b) Elliptical pores
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Fig. 14 Meso-structures of concretes with polygonal aggregates and different

shapes of voids (P,

agg

= 40%, P, = 2%)
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Table 1  Computing time to generate meso-structures of concretes

with different shapes of aggregates(unit: s)

area fraction round aggregates elliptical aggregates polygonal aggregates
P, =10% 0.049 0.072 0.526
e = 20% 0.058 0.140 1.209
P, =30% 0.070 0.217 2.582
P = 40% 0.099 0.432 10.926
P, = 50% 0.171 0.998 129.433
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R 2 T LB RHREE LTI ) (A )
Table 2 Computing time to generate meso-structures of concretes with different

shapes of aggregates and voids(unit: s)

aren fraction elliptical aggregates polygonal aggregates polygonal aggregates

and circular pores and circular pores and elliptical pores
P = 10%,P,, = 3% 0.392 0.674 0.486
P, = 10%.,P,, = 6% 1.421 1.361 0.673
P, = 20%.,P,, = 3% 0.514 1.375 1.037
P, = 20%.P,, = 6% 1.551 2.152 1.379
P =30%,P,, =3% 0.685 2.967 2.659
P =30%,P,, = 6% 1.836 4.426 3.021
P, = 40%.,P,. = 3% 1.120 10.587 9.900
P, = 40%.P,. = 6% 2.520 11.272 10.998
P =50%,P,, =3% 1.822 167.817 134.998
P =50%,P,, = 6% 4.315 288.357 168.766
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damaget D

(avg:75%)
1.000

(a) FEA— (b) A (c) HEA=
(a) Specimen 1 (b) Specimen 2 (¢) Specimen 3
15 A fLEBTRL 1 i1k 1A

Fig. 15 Failure patterns of polygonal aggregates and circular pores
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1.667E-1
8.333E-2
(a) HEA— (b) HAZ (¢) A=
(a) Specimen 1 (b) Specimen 2 (¢) Specimen 3
B 16 i BRI pIRpE
Fig. 16  Failure patterns of polygonal aggregates
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Fig. 17 The concrete uniaxial compression stress-strain curve Fig. 18 Comparison of calculation and experiment
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IO R {EL

®3 MWL MRS

Table 3 Mechanical properties of phases in concrete

Young’ s modulus Poisson’ s ratio compressive strength tensile strength
material . )
E /GPa v f. /MPa f, /MPa

mortar matrix 25 0.2 35 3.5

1TZ 18 0.2 20 3.0

aggregate 43 0.23 - -
+: M\
74 Te

FETIRBE LA RHILES F R , AR SO AR G Y TR B L A WU A5 VA AT AR FIGE , 3 1Y
T — & F T A FEAR BB AL A 7320 AR FE Bk A U 5 R — SR o5 - 2 U B A
DA R

1) 38 i R/ FLBR A 5 R I 5 — MR R o BEOC AR AOR R R TR O, i bk
RIRGE RAAFRIREE 18 = A A TS 2 ) P D A S B, AL RE RS AU B 22 0 52 P
37 FH )

2) BEXTEIE MBI A2 08 R A K BE A BOE FLBR, 45 40 B85 125, I FE
AT B R LB AR AR BE - 75 00~ 1 BE A 52 S A3 T A A LAl

3) Ar IR EE AR S W AR SCHR N 0 AR R TR RCR & R PR A, )
T B AR AIE I T SRR R BT P, ELSRA) A i A AT BIR ST AR 5 T e b DL 5 L A
TESRAIIR A T RS Ve Re  HAb i A o BRI 1l i T 2R SE LI K AR, 448 BHE fL
BT AR, FLER X BE L AR Bt AR A AR A M.
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Study on a 2D Mesoscopic Modeling
Method for Concrete With Voids

CHEN Qingging, ZHANG Yuhang, ZHANG Jie, WANG Zhiyong, WANG Zhihua

(Institute of Applied Mechanics, College of Mechanical and Vehicle Engineering;
Shanxi Key Laboratory of Material Strength & Structural Impact
Taiyuan University of Technology, Taiyuan 030024, P.R.China)

Abstract: According to the meso-structure of concrete, a high-efficiency stepwise overlap
checking method was proposed based on traditional 2D modeling. Voids were introduced direct-
ly into the models and different concrete meso-structures were generated. The method involves
various models containing circular, elliptical or polygonal aggregates and circular or elliptical
voids. Meanwhile, several modeling examples based on different area fractions and different
shapes of aggregates and voids were given to prove the computation efficiency of the proposed
algorithm. At last, the mechanical behaviors of standard concrete specimens under uniaxial
compression were simulated. The effects of internal voids on the main paths of crack propaga-

tion, concrete failure modes and macroscopic mechanical performances were analyzed.
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