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Numerical Simulation of Concrete Carbonation
Process on Meso-scale
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(College of Civil Engineering, Tongji University, Shanghai 200092,
China)

Abstract:
carbonation on meso-scale,

In order to study the problem of concrete
a 3D spherical aggregate
generation method based on the cumulative distribution
function (CDF) is established. The influence of randomness in
this method on the simulation results is analyzed. The
principle of how to determine the parameters such as
maximum diameters, minimum diameters and volume fraction
of aggregate is discussed as well. Based on the previous
method, a simplified numerical model of concrete carbonation
is further proposed. The influence of aggregates on the
concrete carbonation process on macro-scale is analyzed. The
results show that the dilute effect and tortuosity effect caused
by aggregate can decrease the concrete carbonation depth.
Besides, the nonuniform distribution of aggregates in cement
paste will result in the inhomogeneity of concrete carbonation

depth on macro-scale.
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LRI AR —MBE , B 2 X B R
M E O S ET X e — B X S LR IE A —
E B 22 AR SCR B 75858 - 72 SR X A M 38 fin—
E HIAIMEE XI5, S0 7 B DX S A ADLR  R A
FHHEATA FRITo T (B 7R f5 A B R L A5 SRR X
SRR AR, T 22 M A XSG 45 R (&L 3 B
). 5 R R AR L X RO IR TR T AL
EAGSEI, I HALE BT SRR A0, ARYE SCRR[ 4]
BT ST EE R, #MEE X BRI BE LA /N TR B4 B Ok
.
2.3 EEREHIER RIS

e 2. 1 WA, TR 26 IRt i B
T 2 I = RS2 o BE AL AR » PRI 75 2 A A B L
PR _E BRI A 4 AR L X B AL S P
77 T - O R _L AR AR BOR AR O
I AT L B RO K P B R 20 K R RO 15 M ). A
G BEX AR TLUH 3 20 i T = SRR [ e
BORHA AR B AR AL (A 4 B 7). TRLA R,

..Q.. , . ’ ‘ ‘.

B3 iMERETEE

Fig.3 A schematic of compensation zone

FE— PR R, AL X B ) T AR 23 i) 2 i
2B, AN [V Ak 4 B T B O R Y 22
5 3 {EBEE BB 3 B B R AR BB T
—ANEAE I RECS BB AR 2 B AR, X 5 1R
FHREEATIB Y A, — R E LIEY T Bk
I IEB .

B 5 TR T T AR L 4B BB
CDF, Al A& B, BELE X — 2 & kLUBUR %) CDF
BRI B

ERB SRR LR S R, '
BATZ R ZGE BRI, LU BR BEALME X B 24 BR
Tu AT A SRR .

2.4 EERSHMBEER

£ 2. 1 TR BBk BB/ IVRE AR R OORE
BB B MBI RE 3 M EBNS
B SR L, X SE ST LA IR S PR AR R A Y
BRI E . (BIXFMEOEA I 2R R RBISER.



o

T, 55 - 2002 THT () R gk e il AR RS 903

07~ BHEK/N: 60 mmx60 mmx60 mm

RF B 4%
0.6 F/Mpife: 1.0 mm
0.5 BAHRLEE: 30.0 mm
ﬁ 04F N
% 03} i
Z 0oL
= 02 | RHELPHIE
0.1F —o— 5 RILELE(E
ok —a~ 10 YARTLPIMH
- 20 WHILFEI |
-0.1
2004 -0.02 0 0.02 0.04
AEALE /m
a R SECR 40%
ALK/ 60 mmx60 mmx60 mm
IR E 60%
H/MRifE: 1.0 mm
07~ BIKAE: 30.0 mm
0.6 '
0.5F BB
ﬁ 04}
% O 3 -
= N
N R A T
= o 5 KR 44
0.1+ —— 10 YARBF35ME
ol —r— 20 YHARBLTIE
-0.1 1 1 1 ]
2004 -0.02 0 0.02 0.04
AHEALE /m
b BRHMATUI SN 60%

B4 BEHIUETEESEE ESHMERS AR
Fig.4 Influence of randomness on aggregate area

fraction in different sections

—_
[
1

I .y
T

¥ W E

s z=-0.02m

e z=—0.01 m

& z= 0m

v z= 0.0l m
z= 0.02m

ALK /N: 60 mmx60 mmx60 mm
- B/MRifR: 1.0 mm
AR 30.0 mm

1

0.01 0.62 0.63
BHERIR / m

E5 BENENTREE EEHRRESH R
Fig.5 Influence of

< o <
- =)} =]
T T

T B REOR SR B 43 A R 4
o

(=]

randomness on cumulative
distribution function of aggregate in different

sections

T U BAIX — AR B S B TR R A B R R K
KA 30. 0 mm, RFECH 50 %, FEAI K /Ny 60
mm X 60 mm X 60 mm, N 24 & /N4 5]k 5. 0,
2.0,1.0,0. 1 B, B BHBURL £ 43 51 2 260, 1 755,
11 913,2 183 171. W] LA & BH, Ffi & fe/INBL AR A A %

15 B T B B R BURL 0K SURIBE . Hh 55
TR E R /NAR — R EEIAR]0. 125 mm
CEEXT 4B B =) » B, AR IR RO A LA T Z
2 X TETHE AL AR MESL L.

X 40U T AR TR B T AR AT S B Rt
XYY BN R R FENMANREZ— 5
FLERE LG, 4B B Y By S Bs AR i S ma /)y, IR
WA ST PRI P AT L2 5/ VR AR B B LA AR B 3K
FHFEFENE, WK RHAR D EORNEET
SEPRE AT, B E Z RIS R K

Y. = sz pasv(D)AD /JZT psv(D)AD y: =

(D))" — (Do)"

(D)™ — (Dg)"
KA Dy 1y, 53500 52 Br TR AR R B s/
R FRTR 585 Do F . 23 50 R BB H R
FH BB B/ NRLAR FR LB

Ya €);

3 AMEMERETHRLTEREREMY

3.1 BB ELEER
TREE T il B EZW R LT 4 M bR
Ca(OH), 4+ CO, — CaCO; + H, 0O
C;S; H; + 3CO; — 3CaCO; « 2Si0;, « 3H; O
C;S+3CO; + yH, O — SiO; » yH;O + 3CaCO;
C,S+2CO; + yH, O — SiO; » yH;O + 2CaCO;
MR Y5 Papadakis %5 A™ #8538 AR o7 0, 5
Ca(OH) (LA T fii#x CH) 5 CO, M WAt , C—
S—H 5 CO, HyR M # fE3E 5 %18 , IF Bz Jf
ANEEZ IR EE T LR pH {H ; oAb, T d rk
FREK B CS 1 Co S F iR A, BRI 5 B Fh
A2 %o B A B Aot AR A 2 T 4, 43 BRE.L 25
LR M —Fh AL, BT L H 2% & CH #1 CO,
Z B) B A2 SN
R 5 ) o o &t <7 1H € A, AT 4S5 CH A
CO, MEERITRGESP RN PRITRGEINER 1
R H
9,{p(1 —9[CO (]} =
div{D¢o,p grad[CO, () 1} —@sfcen (9
3,[CH(s)] =—o¢sfccn (10
K HIREE T FLBRAR; s RFLBRMIFIBE , Do, 0 N
CO, WARBY B HRE AT SCBRL12]80 &5 fo.on M
B Ak SR8, ARHE A2 SR 3l ) 2 ) — R,
Se.cu=rkc,culCHD JLCO, (D ], HH kc,cu A ib2E R



904 [l ¥ K 2 2 4R &R B2 RO

40 %

MR AR HEER]L ) 10D Fr s i3 i 7 7
2R CO, (o) M CH ) AR, Tk
A2 87 R 2 AR R 2 CO, (DA CH(D B R4
. R, A T AT TR RR R, WEESL AW A
LS Z B R. H, 32 CO, (o) FiE
& CO, (DZIAMRFR B Henry Ef4 H
[CO,(D] = HRT[CO: ()] an
X :H ly Henry %40 R UK HG T AR
BE. 7S CH() 5% RS CHD Z BRI R RN
[CH(D] =
[CHD ],
%[CH(s) ]/os = [CHO
[CH(s)]/gs
M[CH(s) 1/os <[CHD ],
X :[CHD Jo ABEMFERET WS CH W
WE(FEZIR T8 25 mol » m™).

AR (O A0 Fros sk T2 w5 T 5
FA PRI M Fortran90 ++& 2 % CarbonTria.
7E153) CH #1 CO, ¥REMIT ARG, 7T T X
— B EBRALEE -

7. =1L0—[CH(/[CH(® ], (3
KA :[CH() Jo AWIRIRAET , IR EE L&A 1
A CH() ¥R .

®1 BRIBABEEBRABOAMRSE

Tab.1 Unit system for numerical model of

12)

concrete carbonation

DERE | B aX ZH]
T mol « m™3 %gg};ﬂgﬁgl;wq:ﬁ [CO: (2]
" L ERREERERALEN S [COD]
AR mol e ™ty i e [CH(D]
g molem g EERBUREETEA rone)

3.2 EHERAIEIE
Y R B R AR Y B AT AT M, 8 A SCER[ 13 ]

AR R B A IR B A T B E. e i Y KR T
BEHH 0.5, 5K CERHR & 5K VB BT & 1Y HU (D
R 3.0, IR P15 A AE XSV BE Ry 0. 65, IR SR 300
KRR B HE M CO, MRSECR 50%, 8 TR
FAASCH TR B R A 711 58 R AR R A B AL
* 1 P

[CO(g)]=10.5X1000m® «m3/

22.4m™® « mol™ = 22,32 mol e m™® (14)
FH.0.5 8 CO, BIIEFRS%0;22. 4 m™2 »« mol™' K
AR SRR EE SRR, BEE I R E IR RS
R AE SCHR[ 14 5 5E.

6 25 T kB 45 R 5 BRI S R B X L,
A] LA o) P T R AR 0 1o b S i DR Bk AL 1K 5
A5 BE TR AL IR BE 45 R

[ KRFEL: 0.5 .
L BRI E L 3.0
L AN 0.65

—

AR BEBUERERISE R / mm

2 4 6 8 1012 14 16 18
PRIEBAIRBE AR SR / mm

6 EWRBEIKXERIE

Fig.6 Experimental verification of simplified

(=] NN RO
T T T

73

numerical model

3.3 BRxER e E RN ma

FIFH BITRE A BRIT BT, 8 T8k
SR G AR AL AR B R . B SRR R A A RS
4375, BEEIK /N K 45 mm X 45 mm X 90 mm, - kHE
KRR 20. 0 mm, Fe/INRIAER 2. 0 mm, (R34
R 52%. T AR BRI K K B R 0. 39, &S
CH #1842 1300 mol « m™3U%, CO, ¥IiEH &
h 03 KA CO, PV BE He BR SCHR[ 15 T3 B

Bl 74 1 T ¢ =150,1004F i 1R B + B £k B 1

&
.

= /m

=100 4E
B 7 BRxRE R RN (S Am)

Fig.7 Influence of aggregate on concrete

carbonation process(unit: m)



o

T, 55 - 2002 THT () R gk e il AR RS 905

BEER. T HATRT e, RIAESR A CarbonTria 727
AT KRR CREBRD BRRALEE. X, 7T
LA :

(DB RXHEEE bt #2 A BRASVE AL X FhBH
AR R EARBE G REXT CO. ¥ 8t 72 B #i Bl
AL A5 B A . BT U8 R R AR (dilute
effect) , 248 BB 5K RIEARMIBEAREILT CO, 7£
Z2 SR IR B0 T 3500 (tortuosity effect)
MR H TREEATBE, S CO, VBEERERR
i MU EORHR TSR0 1 S B B 38 i Bk
FIIESE T CO, My BUI . LR ERX Yy #
P41 0 R 200 IO AL S5 L 2275 1) T R B TE BT,

(2) BRMEE /K U8 JR A4 Hh I AN 3 5 4345 1 AL T Tk
RN REENES S 0. X —ERE LR
T AES P 5L b & PR [R] — A4 4 (1 an YR o -
Fa TR AR FEA [ A B A TR FE AN [R) R B A2

4 ZEig

AT BRHTOR B BB 57 T =
HERRIT B RHIBERLAE 17 25 R MBI T 10
TR A G5 T

(L) FRF A BT 47 9 — 4 T £ B BB
Xt BT RN SO MR K, X =4 B L 43
BRI B/, o T TR BEBLYE K B, B B
UM AT T 1T XSS
T,

(@) B R + B B — R B
FEERIE A R T b KRS P T ey
Pl A MR - 2 R TR B RN Tk
VA5 BPRHI R T8 A IR CO, 3 B2
ST CO, FrHy I PR i 72

(O BARTEAIMR T | H03E 45 5K 50R
R BRALRRE 5L B AR 51 466, B A 0K
WA GE 4T 8 2 T A8 B L TR
RS

S 30Hk:

[1] Papadakis VG, Vayenas C G, Fardis, M N. A reaction

engineering approach to the problem of concrete carbonation
[J]. AIChE Journal, 1989, 35(10): 1639.

[27] Saetta AV, Vitaliani R V. Experimental investigation and
numerical modeling of carbonation process in reinforced
concrete structures Part I. theoretical formulation [ J J.
Cement and Concrete Research, 2004, 34(4). 571.

[3] Park D C. Carbonation of concrete in relation to CO:
permeability and degradation of coatings[J]. Construction and
Building Materials, 2008, 22(11): 2260.

[4] Z=EH. REEL A0V G5 ) — 4 BB B Bt 3000 43 BT

[D]. 4t db s8Ry EARBA TR, 2002.
LI Xuemei. The two-dimensional computer-simulation and
study of wall effect for mesoscopic structure of concrete[ D].
Beijing: Northern Jiaotong University. College of Civil
Engineering and Architecture, 2002.

(5] =8 FmELHRERIBE L MERETIID]. i . #iiL

Tl K2R T RSB, 2005.
JIANG Lu. Structural characteristics of ITZ and prediction of
elastic modulus of concrete [ D]. Hangzhou: Zhejiang
University of Technology. College of Civil Engineering and
Architecture, 2005.

[6] Walraven J C. Aggregate interlock: a theoretical and
experimental analysis [D]. Amsterdam: Delft University.
Department of Civil Engineering and Geosciences, 1980.

[77] PanZC, Chen A R. Numerical simulation of chloride diffusion
process on meso-scale; effect of aggregate on the chloride
effective diffusion coefficient [ C/CD]//Proceedings of the
Second International Symposium on Life-Cycle Civil
Engineering. Taibei: Taiwan Tech, 2010.

[87] Kreijger P C. The skin of concrete composition and properties
[J]. Materials and Structures, 1984, 17 (4): 275.

[9] Peter M A, Muntean A, Meier S A. Competition of several
carbonation reactions in concrete: a parametric study [ J].
Cement and Concrete Research, 2008, 38(12). 1385.

[10] Papadakis V G, Vayenas C G, Fardis M N. Physical and
chemical characteristics affecting the durability of concrete
[J]. ACI Materials Journal, 1991, 88(2). 186.

[11] Papadakis V G, Vayenas C G, Fardis M N. Fundamental
modeling and experimental investigation of concrete
carbonation[J]. ACI Materials Journal, 1991, 88(4): 363.

[12] Hansen T C. Physical structure of hardened cement paste. a
classical approach[J]. Materials and Structures, 1986, 19
(6): 423.

[13] Stewart M G, Wang X M, Nguyenc M N. Climate change
impact and risks of concrete infrastructure deterioration.
Engineering Structures, 2011,33(4): 1326.

[14] Yang C C, Su J K. Approximate migration coefficient of
interfacial transition zone and the effect of aggregate content
on the migration coefficient of mortar [J]. Cement and
Concrete Research, 2002, 32(10): 1559.



