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Strength and Carbonation Characteristics in OPC Concrete under Long-Term
Exposure Conditions in Various Sea Environments
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Abstract: Compressive strength in concrete has many affecting parameters and varies with exposure conditions. Although the concrete has same mix

proportions, its properties are different with exposure conditions, and sea-environment can be classified into three groups such as tidal, atmospheric,

and sea submerged region particularly. In this study, compressive strength was evaluated on 7-year-cured concrete and the results from previous
equations (KDS, ACI, CEB, and JSCE) were compared with them. Furthermore the strength and carbonation progress were evaluated on concrete
cured for 7 years exposed to three different sea environment. Three levels of w/c (water to cement) ratio (0.37, 0.42, and 0.47) and three different
exposure conditions (tidal, atmospheric, and submerged) were considered. The results from wet-cured condition are all higher than those from the

previously proposed equations, and the results from different sea exposure conditions (tidal, atmospheric, and submerged region) were lower than those

from wet-cured condition. A reduction of strength was evaluated with increasing w/c ratio and the minimum strength was evaluated in the

sea-submerged conditions. Several experimental constants applicable to the previous equations were obtained from regression analysis since the strength
change with w/c ratios were not considered in those equations. Regarding carbonation depth with different exposure conditions, higher carbonation
depth clearly was observed with increasing w/c ratios, and evaluated in the order of atmospheric, submerged, and tidal region. Considerable carbonation
depth was observed in submerged and tidal region due to sulfate ion and dissloved carbon dioxide as well.
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Fig. 1 Temperature and relative humidity variation for 10 years
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Fig. 2 CO, concentration and pH variation in the site

Fig. 3 Photo of exposure site
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Table 1 Mix proportions for test

Unit weight(kg/m®)
Type - S.P
Water  Cement Fine Coarse (%)
Agg. Agg.
OPC-37 168 454 767 952 1.10
OPC-42 168 400 787 976 1.00
OPC-47 168 357 838 960 0.95
W/C : Water to Cement ratio, W : Water, C : Cement,
S.P : Super Plasticizer
Table 2 Chemical properties of OPC
Chemical composition (mass %) Phys1c'a !
properties
Items I Specific Blaine
Si0; ALO; Fe,0; CaO MgO SO; 105;' gavity C 50
Type (g/em’)

OPC 21.96 527 3.44 6341 2.13 196 0.79 3.16 3,214

Table 3 Physical properties of aggregates

Items  Gax Specific Absorption M

Types (mm) gravity (%) o
Fine aggregate - 2.58 1.01 2.90
Coarse aggregate 25 2.64 0.82 6.87

*: Fineness Modulus

4. 238 E big=x=A
HT

41 MF7|ZHof| E %.%";7*5 DA 2

2 oA FAZEE
18l = 2ol A ARE-
Hlashitt. =AM S Eeil@'% = WH2(KDS 1
01), ACIL, CEB, JSCE 59| 83|25 ZALITh 7 2152
7S EE o83t AF ol E U P AR FrAlES ARE
shal glom, E3iA] X3 I EE 1 5HA] Kk g
o] EA gt Table 40 4= 2 AP G5 89
s3I0 0] OPC /g 28Y A =5 7152 2 Fig. 69 =A|
3HATh

OPC "ol A= KDS2] thr] ACI7d-5- A% 284744 73
T A 0.7% S7HS FRJISIAT 4949 o]F= Hu)
14. 0% HAaES FRISIATE =3k CEBOA = 8.5% & T

<, JSCEQ] 73-%- A 14.5% 2] THA-&o] H7F=] At =5

A7|AFE o] BF A4S F0]EUTE ACIA 4 JSCE2

& AL AR A3E UERfloH, BE Ftol 4 KDS4]
< A8 3 gho] g2 ko vlsle] FiF o2 =2 ghe
UERH AT

kﬂ
r lr
o 2
4
oy
b
o
1,
1>

4.2 H{El=ZHo| W Zz EAM

4.2.1 viE=A4 e =S{3E F=EA
OPC v £ EZ th o g2 2o Evjg x|
BE EAL 5] A8 AH 737K AR AR E =

(a) Test setup (b) Cylindrical compressive samples

Fig. 4 Photo for compressive strength
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Fig. 5 Carbonation depth measurement at different conditions
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Table 4 Experimental constants in International Codes

KDS 142010 /o= 0fms 0,0 = exn [ [1- /2|
Type of cement
Wet condition Steam condition
Ordinary Portland 035 0.15
Cement
High Eary Strength
Portland Cement 0.25 0.12
Moderate Heat 0.4

Portland Cement

8,. =0.35 (Ordinary Portland Cement, Wet Condition)

ACI(2008) ()= 57 (s

Moist-cured concrete  Steam-cured concrete

Type of cement

a b a b
Ordinary Portland 0.85 1.0 0.95
Cement
High Eary Strength ) 5= ) 0.7 0.98
Portland Cement
0.5
CEB(2010) Fo= Bl B =exols[1- (2]}
Strength class of 125N 32.5R, 425N 425R,52.5N,
cement 52.5R
S 0.38 0.25 0.20
s =0.25 (Ordinary Portland Cement)
JSCE (2010) £ )= md(%)fzs'
Type of cement a b d(28)
Ordinary Portland Cement 4.5 0.95 1.11
Moderate Heat Portland 62 0.93 115
Cement
High Eary Strength 29 0.97 1.07

Portland Cement

Table 5 Comparison of experimental constants of compressive
strength

KDS ACI
Mix type B,.:0.35 a: 4,b:0.85
B cov a b R’
OPC-37 0452 5968 8485  0.683  0.998
OPC-42 0477  6.812 10.133  0.666  0.996
OPC-47 0.598  7.646 15.788  0.588  0.982
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Fig. 9 Comparison of compressive strength with different exposure
conditions
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Table 6 Carbonation depth and velocity with different conditions

Carbonation depth(mm) (after 7 years) Carbonation velovity(mm/year®®)

Type

Atmospheric Tidal Submerged Atmospheric Tidal Submerged
OPC-37 3.6 3.8 34 1.36 1.44 1.29
OPC-42 8.2 4.7 5.5 3.10 1.78 2.08
OPC-47 11.1 7.6 8.1 4.20 2.87 3.06
0.9 0.9 2 -
OPC-Atmospheric
0.8 ——OPC-Tidal
0.8
0.7 15 | OPC-Submerged
E £
£ 06 — 0.7 € E
o =
50.5 ¥ B E E'
= [ 06 8 T —
E 04 [ [, - P a 2 H
803 05 2 g /
3
~-@-- OPC- KDS -l KDS (bet: 5
0.2 bea) 1 s —_—
0.1 OPC- ACI ——Aci(b)
0 0.3 o
037 0.42 0.47 37 a2 a7
W/C ratio W/b ratio (%)
Fig. 10 Constant variation with mix proportions Fig. 11 Carbonation depth with Various exposure conditions
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