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Fig. 1 Random aggregate model
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Fig. 2 Mesh generation of random aggregate model
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Table 1 Mechanical parameters of various materials L —
2B )[R JJ:LL e & [
a a mm l :
30.0 0.17 150 mm l—100 mm—4 150 mm
26.0 0.22 2.47 0.053 400 mm
55.5 0.16 5.37 0.053
25.0 0.16 1.16 0.030 3
Fig. 3 Uniaxial tensile specimen of concrete
(AVAVAVAVAVAAYAY it
SR Tarir Vs el
<] Y?WAVAVAW IR O
D ATA Vi i sty
i acess:: e
'4"'% Tar gl z'evﬁﬁﬁ'
Darodfonisiss ek
v LR
VAT T "
ARAVRVAVAVATiri s
SV VAVaVAVA VA aTA VATt
4
Fig. 4 Mesh generation of model
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Fig. 5 Relationship between stress and

crack width
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Fig. 6 Relationship between uniaxial tensile stress and strain
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Fig. 7 Damage distribution of random aggregate model under unaxial tensile load
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Fig. 9 Relationship between load and
displacement under bending load
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Fig. 10 Damage distribution of random aggregate models under bending load

20
1.8 ¢
1.6 |

N F1/MPa
o

mm 2mm 10:1 0.4
01% 3% 5% 7%

30 0 01 02 03 04 05 06 07 08 09 10
- Ri7E/107

1 _ 11

Fig. 11 Relationship between stress and strain of

concrete specimens with different pore contents
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under uniaxial tension
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Fig. 12 Damage distribution of concrete specimens with different pore contents under uniaxial tension
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Fig. 13 Relationship between load and
displacement of concrete specimen with different

pore contents under bending load
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Fig. 14 Damage distribution of concrete specimens with different pore contents under bending load
4.2
3% - - 15 2
16

15 3% 2 0.4 MPa



71

B PR 2L B

1.8

1.6 sor

14 50+
£ 1.2 -
=E B N z 400 [
= 10 N, =< /s N
B 08 ® 30

0.6 . Sl f N

04 N gy T

o2¢ T T 10

0 01 02 03 04 05 06 07 08 09 0 0.05 0.10 0.15 0.20 0.25
/107 £t
(a) sty 41 1 (b) & Prag AT
15 3% - -
Fig. 15 Stress-strain and load-displacement curves of concrete specimens with defects of 3%
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Fig. 16 Damage distribution of concrete specimen with
3% penny cracks under different forms of load
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Numerical simulation of meso-damage and failure process of
concrete with defects

YAO Ting' DU Cheng-bin® SUN Li-guo’
1. Jiangsu Bote New Materials Co. Lid. Nanjing 210008 China
2. College of Mechanics and Materials Hohai University ~Nanjing 210098  China

Abstract The concrete was regarded as a kind of four-phase composite material consisting of aggregate mortar

interfacial transition and random micro-defects. The defects were characterized as circular pores and penny cracks. The
stress-crack width model was employed to depict the nonlinear constitutive relationship among the aggregate mortar and
interfacial transition. The stress-strain curves of specimens during failure process under uniaxial tensile load as well as the
load-displacement curves under bending tension were obtained. The influences of the circular pores and penny cracks as
well as their contents on the failure process and the ultimate load of concrete were analyzed. The results show that the
ultimate load of concrete specimens with circular aggregate is larger than that with arbitrary polygon aggregate. The
defects can weaken the macro-mechanical properties of concrete. The penny cracks are more disadvantageous than the

circular pores.

Key words concrete circular pore penny crack numerical simulation four-phase composite material fracture





