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Cement Paste & Mortar (Micro-scale)

FhayEhibal EHMS} 2P OpRAE/YE 2
~
@
MIXING e
= XRD
CEM
@2  CO,7IM/E2+FY  Micro-CT TGA

Concrete Material (Meso-scale)
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Concrete Member & Structure (Macro-scale)

4R BUEHY FHY Y

Network (RBSN)

Kaife edge™ BB Con gauge

Virtual Element Method(VEM)

+ I s

I 1F Machine Learning

HEH Y AUTYEHE

EHATH PR Y AEAAY 7

|

[441%] T

45Ht

[1MI5]
HZ7H 2

Ef0lEfAfol2tA
Chs A 24

EHMSL QR 7] 8l
EtANH T2|FHAE Exf FZf

dERuse

A

=

NEE FA AT (Fe= 1)

C AT 4 SATY EAAE A 9 5E

gt

2 9ist vinky Wl L (A 39)
3. gLEE
B AT AL AT 4L §3ste] ANEE U

Phase-field H|MH =80 7yt L E SNk |
Fracture Model OlMI7E WS WY% D I32E
(PFM) iy oy

I 1F Machine Learning

UR/E 2= oY

Za|F|AE SR/
232 2 Y

Finite Element
Method (FEM)

pring

Z1E 2 HO[H AO[AA 7]EH TS AHY 24 AL

FMAMTEZS H36H A4S 12023 5



— RSN

2 ZE}FZ (micro-scale), £33 2 E A& (meso-scale), T3
E B3] 9 ZZ(macro-scale)S o2 FE|9 Ho|E AL
ojAA 78t} thF A Y(multi-scale) 4] 7S &-&
sto] A7 ST oj9h 2L PAS Fa) BA T
o3t FFe TARt 2A DA FEH o ® BASo] 71
AR B SARE AFEA A F Ee o
ool A4 = A GAlof 7]ofskaia} gtk Zh AR
HAS] A8 1™ 29 Zh

3.1 J}SEISE 282X U 2302 285
EATY BIAE HE|E TH
ARIA 1(89: AR FEA @e)olAE 7
Gasle B 2AE Auo) A5H0] FEL 1

A7} gl B HEAUES T <pEn
2 8o, TG 2UIE GHOR ST E
53 AEe BATY PAS AT Yot ST
3te] 245 thfsHAl MSAIAZI Aol HANHS Al
A\ o] Yol A H7 ST 2AL FYsA Bt &
Wsjol o AR 4Re WIkE P SIsh] 9
TGA, XRD 59 W& AMg-ohH, ghitatsl Azof ofgt
ZIYE W mAFx WIS 45171 98] SEM}
micro-CTE &-83t Hlo|g Afo|dA 7|9 FYHEEE
(Miehe et al., 2015) A Z3H4S 5P} (Han et al., 2023).
F7H o, 7Geiteld SEEAE 3D 2AFE =Y
goll 2-8sto] gy ZAES Y 7S Eelst
7, A%4 24 4 4T 24 ZUURL B 7L
4

T2 AgolH.

=

e

3.2 AT 232E ASO| MY U oY 24

AR 239 AL W% B SHEA
Sl SoHA 9] ARGl wE EAES] #A Fsa -3l
4 QAZ £ BAT, ASHunE <82 29
Foll g A EQ] SAET ofy EAet A
Atol9] A %Y < (interfacial transition zone)2] 8}
BE AFALR & A5 sAddo] s E

o

A 7 ATTIAE EQI5ta 7M. A7 H(virtual element
method)& &3t X514 Sl AT HSEHH(Brezzi

6 Computational Structural Engineering Vol. 36 No. 4 1 2023

et al,, 2013). T3, ¥HESHEo] o3t AT FAZES
5= ERIst7] Aol cohesive-zone 719 W& HE FX
Sfj4lo] =P, ZAE ] A& (meso-scale) 4 I
oflA] B9t WHRALRE Yetr] fof oty 8478t
7HER4 7S B8 ot HIFHoRE ©ATIE
ZIYES B 45 H7HE Yol wisds o= 4
-5 71 vlu-HSE FFotaAt it

3.3 Etttel QYU IES EFet By
O27HAE EXf i

ekt OpaS EO Sheng 2IE TepA
MEE ERE g AHE $34HS 37of| o] 4kshet
£ FYUsh= A =4 eAkSKactive carbonation)S &-8&5}7]
91t 712 AlQtekalA} sh, o] fIs 2 YA ol4tatE
A (supercritical carbon dioxide) S-2 OJAISlEtA LS5
Bgsto] 2azlE 34 U P ] B8 Aot
o] oA AR} o Y WA= HFS 8=
2430 @Yol 2g317] 4 AU At 7]
S AARIE. AN S 71de) Axke selsh] 9
e AlRZAA e ZHEeatst S 28t

o ffo

T,

N

=]
ox,
4
L,
o
[H
)
)
[>
|m
o
=
e
)
L)
ot
k=
i)
ool

[o

f
ol

=2 O
S A%E A ek TeAAE RAS AEL B
1 AA 2 (rigid body spring network)S ARg-510] o4

o HlZEAe AW e

oo

ojt |

34 Etany 23CE g5 & +& S S
H|DIE /Pls HE

ARTHA 4@ SUAE P4 BH)IAE ZaE
T2 BAslES AP0 B 4 9k Hn 2
A WS Aoty Y 297 L wdd 57 2

obUet 27] 4, SRS L HE WE 5o BL 3
Soksh 71He A Folck. vlnhy AL WEe dolg
Aol 7l B4 A8 sto] thg AAUA EAME
o wWE FEIIIL, HAEA B 9 S 283} 7]
22 P83t W Ao G2 Y74 Woho] el AT

Folth. B8, G414 EAEY AU BAAIE 99



3D 221} A7 AJAE|(C-scan ultrasonic imaging) 2]
|5t insitu B4 FPT Aot}

»
o
T
9
o

N
M

——

4

A

L L3S W olustes NE
Pl & dRA 8

00
KL
=2

oo

i)
)
I

X,
i
Hu
o
m
1o
>4
2
N,
i
HE
=
)
i
RN
—|>:'
ek o tob -

U
N

)
=)
i)
o,
N
Nk
i

[o
>
rO
&
o
f

[u—

. Brezzi, F., Cangiani, A., Manzini, G., Marini, L., & Russo, A.
(2013). “Basic principles of virtual element methods”,
Mathematical Models and Methods in Applied Sciences,
Vol. 23, 199-214.

2. Chinzorigt, G., Lim, M., Yu, M., Lee, H., Enkbold, O., &
Choi, D. (2020), “Strength, shrinkage and creep and durability
aspects of concrete including CO, treated recycled fine
aggregate”, Cement and Concrete Research, Vol. 136,
106062.

3. Han, T. Eum, D., Kim, S., Kim, J., Lim, J. H., Park, K., &
Stephan, D. (2023). “Multi-scale analysis framework for
predicting tensile strength of cement paste by combining
experiments and simulations”, Cement and Concrete Com-
posites, Vol. 139, 105006.

4. Kurda, R., de Brito, J., & Silvestre, J. D. (2019), “Carbonation
of concrete made with high amount of fly ash and recycled
concrete aggregates for utilization of CO,”, Journal of CO,
Utilization, Vol. 29, 12-19.

5. Li, S, Liu, G., & Yu, Q. (2021), “The role of carbonated steel

slag on mechanical performance of ultra-high performance
concrete containing coarse aggregates”, Construction and
Building Materials, Vol. 307, 124903.

. Miehe, C., Schaenzel, L., & Ulmer, H. (2015). “Phase field

modeling of fracture in multi-physics problems. Part I.
Balance of crack surface and failure criteria for brittle crack
propagation in thermo-elastic solids”, Computer Methods in
Applied Mechanics and Engineering, Vol.294, 449-485.

. Ravikumar, D., Zhang, D., Keoleian, G., Miller, S., Sick, V.,

& Li, V. (2021), “Carbon dioxide utilization in concrete
curing or mixing might not produce a net climate benefit”,
Nature Communications, Vol. 12, 1-13.[A2]

MAREZS R36H K45 12023 7



