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An Experimental Study on the Fundamental Characteristics of

Antiwashout Underwater Concrete with Variation of Water-cement Ratio

2 Y 4 o M = M oy of & Y+
Kim, Myung-Sik Eo, Young-Sun Yoon, Jae-Bum Lee, Sang-Myung

ABSTRACT

In this study, an experiment was performed to analyze the influence of water-cement
ratio on the fundamental characteristics of antiwashout underwater concrete using
blended sand (sea sand : river sand = 1 : 1). The water-cement ratio (45%., 50%. 55%,
60%). antiwashout underwater agent contents (0.82%, 1.00%, 1.14% of water contents
per unit volume of concrete)., and superplasticizer contents (1.5%, 2.0%, 2.5% of cement
contents per unit volume of concrete) were chosen as the experimental parameters.

The experimental results show that the underwater segregation resistance, unit weight
of hardening concrete and compressive strength were increased as the water-cement ratio
decreased and as the antiwashout underwater agent contents increased. On the other
hand, the flowability(slump flow) was increased to the 55% of the increase of
water-cement ratio, however, it was decreased at the ratio of 60%.

From this study. the antiwashout underwater concrete can potentially be used as a
materials underwater work of ocean if the water-cement ratio and chemical admixture

contents for the suitable balance between cost and performance are properly selected.

Keywords : Antiwashout underwater concrete, blended sand, underwater segregation
resistance, unit weight, flowability. water—cement ratio. underwater work of ocean
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Table 1 Physical properties and chemical composition of

cement

Physical properties

Chemical composition (%)

Speciiic 1:%, I%%ﬂ) Si02 | AL2Os |Fex05| Ca0 | MgO| 505
314 [11] 07 |213] 47 [ 31 [63.1]3.0] 20
2.1.2 34
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Table 2 Physical properties of aggregates

Chloride

Item | Water Unit (Shell| cont.

S.G.| abs. |FM |weight|cont.|(X10°%)

Kinds (mm) (%) (ke/m)| (%) acll or

Riverl .~ 12.58| 1.80 |2.66) 1540 | - | - | -
Finei Sea | _ |, & e

e |y 2.62| 1.80 |2.75| 1569 | 7.2 | 2.6 |2.0

Mix .

Mix| - 1258] 1.80 [2.73) 1535 [ 3.9 | 1.4 |12
Coarse | o5 19 6ol 1,16 6.83 1583 | - | - | -
ags.
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Table 3 Physical & chemical properties of admixtures

Items ’ Specific Main
Kinds Phase gravity pH ingredient
Antiwashout R
underwater White 1.07 71 HZ?}I‘%Y
(ﬁ%nﬁ\t) powder ' ' celluloss
Super- Light- High
plasticizer brown 1.23 112.0|condensate
(SP) ligquid tri-azin
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Table 4 Mix proportion of antiwashout underwater concrete

Unit weight (kg/m) Admixtures
0k Grmax Slump Air S/a | W/C -
) ) flow |content| e 3 AWA ap
ks i | 5 ) % / ) 3 AV W
(kef/cry | (om) (cm) (%) (% (%) W C iver Son C (W) | (%%
sand sand
At45 220 301.5 301.5 967
2 489 | 301.5 . §:0.82 | 1:15
B:50 220 440 309.5 309.5 983
240 | 25 | 50+5 4 40 Mi1.00 | [:2.0
[ORE5151 220 400 316.0 316.0 1004
11 125
D6 | 220 367 3215 321.5 1021 Ll 14 =25
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Table 5 Experimental data of fresh concrete
Suspension | Slump flow Air content Suspension Slump flow Air content
Symbol | pH 1 /) (em) %) Symbol | pH &/ 1) (em) (%)
AS1 11.6 1.333 49.0 1.6 CSli 12.2 2.333 55.5 25
ASTI 120 1.333 50.4 2.6 Csll 12.2 2.167 56.3 2.3
ASI 11.8 0.667 52.3 2.8 Csi 121 1.833 54.0 2.6
AMI 115 0.833 48.0 2.3 CMI1 119 1.170 53.3 2.7
AMT 11.5 0.667 48.5 2.7 CMI 12.1 1.333 50.5 2.4
AMII 1.7 0.500 47.8 3.0 CMII 12.0 1.333 510 2.7
AL 1 115 0.500 46.3 2.7 CLI 11.9 1.000 43.0 2.8
ALI 114 0.500 46.3 2.7 CLI 12.1 L.167 47.8 2.6
ALT 1.7 0.333 44.3 31 CLI 12.0 1.167 47.3 2.8
BS 1 12.0 1.500 51.3 2.4 DS1 12.0 2.500 55.5 1.8
BSli 12.1 1.830 54.3 26 DSl 121 2.500 53.8 2.2
BSII 12.0 1333 53.0 1.7 DS 121 2.500 53.8 2.3
BMI 11.8 1.000 50.0 2.5 DMI 1.7 1.500 50.8 1.9
BMI 11.9 1.000 49.6 27 DMI 121 1.833 48.0 2.3
BMII 119 1.167 49.0 1.8 DM 12.1 2.000 48.0 24
BLI 1.7 0.667 47.0 2.7 DL1 116 1.333 46.5 2.0
BL1 119 1.000 49.6 2.7 DL 120 1.500 45.5 2.3
BLI 11.9 1.000 45.8 2.0 DL 12.0 1.833 45.5 2.6
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Table 6 Experimental data of hardened concrete

Unit weight Compressive Strength Unit weight Compressive Strength 0 /o,
Symbol (kg/m) (kaf/cnt) Symbol (kg/nf) (kef/ert) (%)
7days 28days 7days 28days 7days | 28days 7days 28days 7days | 28days

AFS | 2360 2360 271 321 ASS | 2310 2330 19 250 72 78
AFSII 2360 236() 257 382 ASSTI 2310 2340 170 256 66 67
AFSII 2350 2360 253 374 ASSII 2330 2330 200 234 79 76
AFM | 2360 2360 229 320 ASM | 2310 2340 206 262 90 82
AFMI 2350 2370 267 339 ASM I 2330 2330 216 261 81 7
AFMII 2340 2360 275 363 ASMI 2310 2350 223 287 81 79
AFL [ 2340 236() 264 315 ASL 1 2320 2330 218 296 81 94
AFLII 234() 2350 244 345 ASL1I 2320 2320 222 34 9 88
AFLI 2350 2370 287 360 ASLI 2310 2330 238 306 83 85
BFS | 234() 2370 139 283 BSS 1 2300 2330 117 184 84 65
BFSI 2360 2370 294 46 BSS I 2310 2330 159 211 54 61
BFSII 2360 2370 248 201 BSSl 2320 2330 161 218 65 75
BFM | 2350) 2350 246 324 BSM | 2310 232() 172 220 70 68
BFMII 2360 2360 252 291 BSMII 2320 2330 169 221 67 76
BFMIII 2350 2360 241 301 BSMII 2310 2340 188 241 78 80
BFL | 234() 2360 244 323 BSL | 2310 2330 177 255 7 79
BFL i 2340 2350 267 299 BSL I 2320 2320 184 251 69 84
BFLIN 2340 2350 222 285 BSLIl 2310 2310 198 265 89 93
CFS | 2330 236(0) 135 302 CSS 1 2300 2310 113 133 84 44
CFsll 2350 2370 177 344 Css i 2300 2320 99 155 56 45
CFs 2350 23610) 204 138 cssi 2310 2320 106 147 52 77
CFM I 2330 2350 191 292 CSM | 2300 2320 126 190 66 09
CFMII 2330 2350 179 250 CSM I 2300 2310 131 190 73 76
CFMII 2330 2340 196 235 CSMII 2310 2310 137 193 70 82
CFL | 2340 2360 201 362 CSL 1 2300 2320 149 210 74 58
CFLIl 2350 2350 201 315 CSL1 2310 2310 151 211 68 67
CFLII 2340 2350 211 253 CSLl 2300 2310 150 197 71 78
DFS | 2330 235() 173 248 DSS | 2280) 229() 107 129 62 52
DFSI 2330 2340 153 225 DSS1 2290 2290 78 133 51 59
DFSII 2310 2340) 119 204 DSSII 2300 2300 63 92 53 45
DFM I 234() 2340 187 188 DSM | 2280 2300 125 135 67 72
DFMII 2330 2330 144 194 DSM 1] 2290 2300 114 163 79 84
DFMII 2320 2330 142 197 DSMII 2290 2290 % 132 67 67
DFL | 2340 2340 203 271 DSL | 2290 2310 132 157 65 58
DFLII 2320 2340 170 244 DSLII 2290 2300 119 171 70 70
DFLII 2320 2330 164 242 DSL 2290 2290 100 155 61 64
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