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Service Life Parameters of Carbonated Concrete

S o] M*
—_

LS

* o/c—/[/yof_z/ J{Aix-l_.‘_g ﬂ/ _,/5

.M B E4o] thilshy] wEe] A7 B2 SeHl Fol
WA 4 glone HAQ wAYZe WA 4 9

eete REO 25UAI B8 Iy g5 o
of AFE AE, Ao, AHYL, Bt @ As)et Qoo ehatste] mdste) 49, AY AL AY
D&ERO 2L YTue] ok AR AR T o BE TRBL Sl AR, ol daole YR
zAst o, Ao AR 714 B Aglo] A of Avke JFe vlH 5 vk T wanE ZagE
A, AL 9 AT SAY REE o274 BUA o ol HR| gt A7k 33 B Agolth
oh EgE AR 9fte] wlshel AME MR A Telo] a8 WA Aol Ao westy] st gt
AR oz 25Yd Hol Atk 1 AnE Aol g B GUOR AF F4AL, Gol AL, G
FaZo] Buste] AAE hdmeo] that AelHo] BA k] Wste] gt olshvt Basit
of maEo] o3 glon] 1 Yo Qs FEBY 44 s, 2avEe] FRH WA AA AAHS A
we) ulgo] FEoAct s17] a4l Aol o] WRel aFe AL Az o

FrEo gATelL A% uAYZ 7Y U oS4 W4E AUsts AL wEA "ashy ok WA
B AZA R ATAE Go) 2L SAS Azko] ) SWo)A SaElofof GTh1Y 1. whebd, YT A4 o)
ste] AWACRE ATk FAHG. T ZaE  AUSE AWE @ BaNE A2 B3 K4 7)u] 7]
chpet R} TAAAL Telste] B v 2AE  lste] FeHoR Hojuolof W Tt o5 AR uAw
YR B4R AU gAT gAUZ ofF Ao i AUEA ARO) SEESoR AT AUE A8 ]
obd BAle] BFHOoR dofth Ao BEAolth 2A B3 P& B4, TAY EAR, o]0 BHolE A4
PE R YREAC oat A¥d ATE ARRYS 5o 7kl A solo} gk
oJzdoz wuskshy] $istel 4T Y% 7178 A a4 £ Aol EaEY F3) AR AR
Eo] A3t o] Yukxolw FALEL BRAHL AR BUS AL BASL dd AR ApEs 3,
5UT T3 2 B40] ohyy] WEe] oldT DWE  @ole IS, FRODAS, 94 % UA Aol
Ao o gk AnHon Zagee Gejdel 21 L 5o AL G AAH Aol DT

RMARZTE H26H M45(013.12) 45



HERQN)

=

Physical factor - Integrated - Chemical factor
< Computational
Micro-climatic condition l—y Surface CI content Foil Whl'k J w7

Vol. of cement paste
Vol. of Agg.
Vol. of water

Permeability Coff.

i
|
|
|
|
I
i
|

Cl- diffusivity i
|
|
I
I
|

Microscale

* Micro-structural properties

* Mixing proportion

- type/ content of cement - porevolume
- W/Cratio - poresize dist.
-vaol. - tortuosity

- etc.

* Microcracking fbridging
* Primary crack effect
+ITZ effect

+Agquaphase * C-5-H nano grains
- poresolution - Nanostructure
- multi-comp. electrolyte properties - H/S ratio =B i
- content - CfSratio | p———
- content -

+Solid phase H
- typeof hydration |/
- individual contents

+ Thermo-dynamics of hydration

13 1 Multi-scaling approach for computation on service life prediction of concrete structures

12 2 Interaction between CO; and CI™ in concrete
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‘ Carbonation of concrete ‘

Changing of Chemical Properties Changing of Physical Properties

« Decreasing pH of pore solution >
reinforcement corrosion

+ Changing of micro-structure >
Changing of densification =
Changing of service life parameters
« Decomposition of hydrates
(AFt/AFm /CH/ RS/ C-S-H) >
decreasing Cl- binding capacity

+ Crack healing - increasing
durability temporarily

« Changing of pore solution =
content of pore water / cation or
anion

18l 3 Effect of carbonation
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(a) Ionic Diffusivity in Water

(c) Tortuosity

Aggressive
¢ substance

¢d = Brexp(-6r)dInr

{0 A p
(b) Properties of Pore Str.

Chloride Diffusivity
Doy = F(Dy) . F(5TMicra) - Fi(t];) . F(H)
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Flgh=1-2104g+2.05%p - 025

Effective pore dia,

Hing _ o "
(d) Hindrance effect FHindrance) = /187" (@)

12l 4 Multi-factor function on chloride diffusivity
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1 5 Effect of carbonation on chloride diffusivity
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12 6 Effect of carbonation on water permeability coefficient
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12 7 Effect of carbonation on Gas permeability coefficient of
carbonated concrete
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1% 8 Relationship between gas permeabilty coeff. and water
permeability coeff. for cement paste

oe AXA Hd 4 (), @B 2ol FIFHF a7l

2% 89f] o3 AJHE Ho|AE A F-AHEN| e}

W SA S4TSR
AL 91 4~ 9=t Klinkenberg?] A&y} 7Z+e Ay}
£ Hel Aoltt.

a9 ZAYENA FAE Hlugt Aaolt. 17

9=
81} A}o|s}A| Klinkenberg S 37} AHE A 93ty &, A
E w0 ~E0] H9AY £\ ART Earsu) 2
& B9l RS FUE ALY ABPAL
B

o,

2agse

Fae e Basks o Qaoled golE 27 9%

< Rk 2y gabehr) EE 2o YA Faol
& w2 A At S39 =2 A™elth 18 102
oA daoleekol T Yot vH|EAEE ZIE
of A% HtAoz of 040%(NHE FHH) 2 o
A daoleFe AN, SRS R EE A Fadt
= = 7 Atk ol e Hd AHMIE Fo]AEQ
Ze] o] ofsto] AAE ALEH | FEejuifo] vty
EojA A ga o] 2ol HA Ho] RAEHE AL
Z 4T 4 ok dutdo s FAEY 549 pHe
13~1441919 7H& ztoy Ak e ™ pH 11.54)
ool A Aef FAjo] AZteh & Aol A= pH 1157+
15 gAitske F32E9 F549 pHE 7HF5ke

1.E-10
Ow/c 0.45
Ow/c 0.50
8.E-11
Aw/c0.55
Z
T 6.E-11
18
[}
£
g
o 4.E-11
©
G)
2.E-11
0.E+00

0.E+00 1.E-12 2.E-12 3.E-12 4.E-12 5.E-12 6.E-12

Water permeability

12 9 Relationship between gas permeabilty coeff, and water
permeability coeff. for concrete

Non-carbonated concrete
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Critical chloride content (% by cement Wt)
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12l 10 Critical chloride content of (non)carbonated concrete[5]
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&l 12 Adsorption density of CaCOs with elapsed time
1.0

(f0D0eD b/jow H-3x) Ajsusp uondiospy

50

el 2= 2171

40

30
Time (years)

e} sgro] ofu] h3]x|gl]

: 0.50
—8— Non-carbonated con'c
—&—pH 13.0
—A—pH 12.5
——pH 12.0
—-O—pH 11.5
20

A

0.00 T2

w/c

[g/gconc ’ 1E'2]

A

10

0.12 A
0.04 -
0.02 A

0.14
T2 11 Effect of carbonation on critical chloride content(w/c 0.50)
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