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A Study on Change in Cement Mortar Characteristics under Carbonation
Based on Tests for Hydration and Porosity
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ABSTRACT Due to the increasing significance of durability, much researches on carbonation, one of the major deterioration
phenomena are carried out. However, conventional researches based on fully hardened concrete are focused on prediction of car-
bonation depth and they sometimes cause errors. In contrast with steel members, behaviors in early-aged concrete such as porosity
and hydrates (calcium hydroxide) are very important and may be changed under carbonation process. Because transportation of
deteriorating factors is mainly dependent on porosity and saturation, it is desirable to consider these changes in behaviors in early-
aged concrete under carbonation for reasonable analysis of durability in long term exposure or combined deterioration. As for
porosity, unless the decrease in CO, diffusion due to change in porosity is considered, the results from the prediction is over-
estimated. The carbonation depth and characteristics of pore water are mainly determined by amount of calcium hydroxide, and
bound chloride content in carbonated concrete is also affected. So Analysis based on test for hydration and porosity is recently car-
ried out for evaluation of carbonation characteristics. In this study, changes in porosity and hydrate (Ca(OH),) under carbonation
process are performed through the tests. Mercury Intrusion Porosimetry (MIP) for changed porosity, Thermogravimetric Analysis
(TGA) for amount of Ca(OH), are carried out respectively and analysis technique for porosity and hydrates under carbonation is
developed utilizing modeling for behavior in early-aged concrete such as multi component hydration heat model (MCHHM) and
micro pore structure formation model (MPSFM). The results from developed technique is in reasonable agreement with exper-
imental data, respectively and they are evaluated to be used for analysis of chloride behavior in carbonated concrete.
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- Specimens with cement mortar
- Acoelerated carbonation test (WC 56% 65%

y
|

Non-carbonated area @

Intrusion of CQ, -

Carbonated area

Porosity CalOH)z

. Poosiy Analysis | MP

+ Change in CalOH)

- Porosity analysis for carbonated under carbonation
and non—carbonated area - Mix characteristics
- Curing condition (28day, 3Month) (WIC 5%, 65%)

Modeling for consumed hydrated
under carbonation using Hydration
and carponation model (18)

Modeling for porosity under carbonation
using MPSFM (18)

Fig. 1 Scheme for modeling and tests in this study

Table 1 Mix proportion in cement mortar

WiC C w G S S/a
%) | keim) | (kgm’) | (kg’) | (kgfm)) | (%)
55 485 | 267 - 1353 | 100
65 410 | 267 - 1445 | 100




Table 2 Condition for accelerated carbonation test

| RH.
(%)

65

Temp.
(O

Concentration of CO,
(%)

Measuring
period (week)
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Table 3 Condition of MIP test

Mercury
filling
pressure

Evacuation
pressure

Contact
angle

Hg surface
tension

w/C

55

s 50 Hg

1.33 psi | 130 degree | 485 dynes/cm

28day-curing, 3month-curing, carbonated after 28days

© WIC §5%: 3month curing
& WIC 55%: carbonation

6 0 4 WC 55%: 28days curing
g o ® A
g o
24 omd
S £ =
e
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a

0.01

0.1 1 10 100 1000
pore size(pm)
(a) WIC 55%
10 |
| OWIC 85%: 3 month curing]
] WWIC 65%: carbonation
8 o &7 7 A WIC 65%: Z8days curing
.
A
> & | i
§4 S 5 % A S
0 |

pore size(pm)
(o) WIC 65%

Fig. 2 Porosity distribution for specimens
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Fig. 3 Accumulated pore volume for specimens
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Table 4 Porosity measured through MIP test

3 month
curing

17.386
20.583
0.1009
0.1251

28days
curing

20.561
24363
0.1050
0.1333

Type w/C Carbonation

55%
65%
55%
65%

17.876
19.548
0.0867
0.0975

Total capillary
potosity

Total intrusion

volume(ml/g)
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Fig. 4. Distribution of porosity in volume
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Fig. 11 Change in Ca(OH), under carbonation (W/C 65%)
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