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Monte Carlo Simulations for Meso-scale Heterogeneity of Concrete
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Monte Calro simulations are carried out to investigate the influence of the heterogeneity with
respect to the grain size of coarse aggregates in concrete on the fracture properties. The concrete
is regarded as three-phase composite materials composed of mortar, aggregates, and the interface.
A damage model that allows a kind of mesh-free finite element analysis is used for modeling

cohesive crack growth.
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(a) Three-phase composite bar (initial state)
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(b) Three-phase composite bar (damage state)
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_é_O.QE) mm

150 mm

FE GPa v & Gf N/mm k
Mortar 20 0.2 0.0002 0.08 10
Aggregete 50 0.2 — — —
Interface 10 0.2 0.0002 0.08 10

Fig. 2 3> 27U — MDD 3 iyl

3. FBMEMICEAYTIEVFAILAYIaL—YaY

URT, MHEMORZEE M REELIEZEY T IR
VIalb—yavETW, a2 U—hDAJ AT =D
RN BT 2 HEMOREIZ DWW TR T 5.

FRMTRIS1E, Fig. 2 10RTE2a 20— bo 3 il
FilERE 9%, MEOHEMZ2 I VA LIIRBEIESZ LT
BNz 7)) — MDAV AT =)Wz BT BIEENEE €
TULT 5. HEMORERKRE 50%& L, ¥E% 2 mm, 6
mm & U7z 27— AW UT, ofitkikE 5 v X8
HHETILEFNFN600 N —EKL, EY I 2L —
T avE600x 2 AEMET 5. AREREHICHNZAY Y
NRE =V EMBAS XA —=&1%, Fig. 2/ZRTEY T 5.

AT 600 [F] 3 RTOffE— 2 BEE%E Fig. 3 IZRT.
Ko RfRIE, 2T — X &2 U - mE-2NBEFRER LT
W3, HEMOOHEROE NI LT, E52DH 3N
BERFLSNTEY, BROESDEEFMTErYIalL—
YavOEEENPERTHENS.

Fig. 4 1, BEBRE (RKME) OLA NI LABLT
EEE L B 2 R LT WS, 2T 7 RMEr S, HEMD
FEPRREWVIZY, RAMEIKREL, E52FD0REDL X
ELBoTVWBEI W05, HBEMOTENAEVWE, F
T DR DB E DB 5 720, OO BN DR A7 B
BREDIESDENKELRD, FNIT & > THBERE XK
BIANF—DRREL o EZONS.

4. BbYIC

V7V — hOEEERIZETEIEYTAVEY I alb—
T avETW, HEMOSENARE L RE L, WEREDY
B BN RE L 0D Z L 2 REITRU .

AER B23EGANZEY VRY D LEEBES (2020%5A8)

- T T
60 r =2 mm
—— : 600 analyses
__40f .
z —— : Average
= L ]
3
Q
= 20} 1
oL | L L ]
0 0.1 0.2
Displacement (mm)
- T T
60 r =6 mm
—— : 600 analyses
~ 40r A )
z —— : Average
= L ]
3
3
= 20t 1
U L L ]
0 0.1 0.2
Displacement (mm)
Fig. 3 &7 —ADfE—ZAHEGK
r =2 mm r = 6 mm
0.3 0.3
z iey
£02 Zozf
z z
L 0.1
= 2
[a¥ a9
0 0
40 50 60 40 50 60
Maximum load (N) Maximum load (N)
r (mm) | Maximum load (N) | Standard deviation (N)
2 46.4 1.48
6 52.0 1.71

Fig. 4 HEMO~FEIRZ 256 OMERE (BAME)
DA NI T LB &K OEYE & EHE R D LR

SE IR
1) BREREE, MERE, ExARER B EE R L 28
BHETNVOEANME L VEREMEE, LARFRECE A2 (EH
J1%) , Vol.75, No.1, pp. 47-54, 2019.
2) de Vree JHP, Brekelmans WAM, van Gils MAJ: Com-

parison of nonlocal approaches in continuum damage
mechanics, Comput. Struct., Vol.55, pp.581-588, 1995.

- P02-04 -



