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Relationship between Carbonation Rate and Compressive Strength in
Concrete with Unclear Local Aggregate Qualities
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When concrete with slag powder or fly ash is under an accelerated carbonation test at early age, a very complicated
carbonation behavior occurs since several reactions covering cement hydration, pozzolanic reaction, and carbonation reaction
occu simultaneously. In particular, fine and coarse aggregates with poor quality were used, the trend with strength
development and carbonation behavior was not clear. In this study, concrete samples with three design strength grade(24
MPa, 27 MPa, and 30 MPa) were manufactured with different aggregates site(A, B, and C). Compressive strength test were
performed considering curing ages(7 and 28 days), and the accelerated carbonation tests were performed for 8 weeks for
evaluating carbonation rate. The relationship between compressive strength and carbonation rate was analyzed considering
mix properties and the aggregate site conditions. In addition, the minimum cover depth satisfying intended service life was
obtained through carbonation design based on Domestic Design Code, and the necessities for improving design parameters
(direction coefficient and effective water-binder ratio) were suggested.
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Table 1. Chemical reaction of CO, with hydrates and unhydrates

. oo Produced
Types Chemical reaction it
Cacium hydrates
(solid or dissolved CH (soraq) + C—CC+ H CaCO;, H,0
conditions)
CaCO;,
“S-H gel _ _
CSHeel | ont s Con ot sH,+ (- | Silica gel,
(various C/S ratio)
Water
Ettringite CA + 3CS « 32H+3C i‘?cg(e)f
-AL-S Iy —3CC+3CCH,+ AH,+ (26— z)H e
(C-Al-S hydrates) 2 A+ ( z) Water
2 (C9) + (x—y)C+ zH C-S-H gel,
GS and GS —yCSH. + (z—y)COC (z = 2,3) CaCO;

*Note: CaO(C), SiOx(S), ALOy(A), COx C), SO5(S)

partially carbonated fully carbonated
CO: intrusion pH >12.5 CO: intrusion pH <10.5

CO,(g) CO,(g)

Pore water Pore water Pore water
H,0 CO,(aq) CO,(aq)
HCO, HCO;
N H ’ 4 i '
H,CO; H,CO;
. 2 2.

ca' co;

initial stage pH > 12.5

Ca(OH,(s) cd' oW

Ca(OH),(s) CaCOy(s) CaCOy(s)

Fig. 1. Carbonation process with CO, intrusion
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Table 2. Mixing proportions for test

; Unit weight (kg/m’)

ls\fr‘e’i;; G | WB Sha e e S, S, G | AD
(MPa) (%) %) W C e powder FA Crushed | Natural 25 mm (Binder

sand sand *%)
24 46.7 49 168 252 - 108 - 636 265 953 0.9
27 A 43.7 43 168 270 - 115 - 616 256 959 0.9
30 40.3 46 165 287 - 32 41 581 242 982 0.9
24 46.7 49 168 180 180 - - 437 437 931 0.9
27 B 43.7 43 168 193 192 - - 423 426 923 0.9
30 40.8 46 165 122 243 - 41 400 403 945 0.9
24 46.7 53 168 216 - 144 - 665 285 874 0.9
27 C 43.7 52 168 231 - 154 - 645 277 850 0.9
30 40.8 50 165 267 - 102 41 611 262 873 0.9

Table 20| 24211 0|2%E Y 2,90 (g/cm’)Q| 35
E2t0jojAls Y= 222 (g/cm’) 252 MESIACH B 740,
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Fig. 2. Photos for concrete slump test
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(b) Carbonation test

(a) Compressive strength

Fig. 3. Photos for strength and carbonation test
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Fig. 4. Results of slump and air content test
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Table 3. Results of compressive strength

Compressive strength (MPa)
gj;:; A site B site C site
7 days |28 days | 7 days |28 days| 7 days |28 days
24 37.5 53.0 23.6 36.9 26.2 44.0
27 339 48.1 22.0 39.5 32.8 47.1
30 354 51.5 25.0 35.1 35.0 54.7

QHEZE Wriel 0FEIXE 37he] BXHZE J1l Kiejol chst
of 4%, 80| 7 B rf».r NS 422 Zois Tetle 491 2
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Table 4. Carbonation depth with exposed period(4 and 8 weeks)

Strength Carbonation depth (mm)
grade A site B site C site
(MPa) 1 4 weeks | 8 weeks |4 wecks | 8 weeks | 4 weeks |8 weeks
24 4.5 6 7.5 12.0 35 9.3
27 45 5.8 7.3 113 35 4.8
30 35 5.8 8.8 9.8 2.8 43
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Fig. 6. Regression analysis of carbonation depth
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Table 5. Carbonation velocity and determination coefficient

Carbonation velocity (mm/week”)
Strength A site B site C site
grade
Velocity | R? Velocity R? Velocity R?
24 2.16 0.998 4.08 0.997 2.78 0.936
27 2.12 0.998 3.88 0.998 1.71 0.999
30 1.95 0.995 3.78 0.987 1.48 0.998
12
) WA site
g 0 > @ B site
'.é; Csite
£ ® o
£
£ [ ] [ ]
0
30 35 40 45 50 55 60

Compressive strength (MPa)

(a) Carbonation depth and compressive strength(4 weeks)
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Fig. 7. Relationship between compressive strength and carbonation
behavior
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24 51.69 36.5 33.0
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Csite | 27 49.59 335 29
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60
Site A Site B Site C
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w
s
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Fig. 8. Minimum cover depth for required service life with effective
W/B ratio
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