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Abstract

Recently the use of the antiwashout underwater concrete with the antiwashout

admixture is increased considerably. Antiwashout underwater concrete is quite different in

concept from conventional underwater concrete. By mixing an antiwashout admixture with

concrete, the viscosity of the concrete is increased and its resistance to segregation under

the washing action of water is enhanced. The aims of this research is statistically

evaluated to mix proportion factor of antiwashout underwater concrete. Experiment was

performed to analyze the influence variables(cement, water, and antiwashout admixture)

on fundamental characteristics of antiwashout underwater concrete. The influence variables

can be considered for use in a wide range of underwater work where their have

statistically significant effect on the characteristics(fluidity, filling ability, resistance to

washout, etc.) of antiwashout underwater concrete.
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Table 1 Mix proportions
Antiwashout i
No. | S/a(%) | Clke/m) | W(ke/ni) | G(ke/m) | S(ke/ni) admi’;t‘u‘”rzs( k‘:; " Supazl}arsr?)cxzer
-1 25 78
— 390 210 932 700
I-2 275 78
i 390 220 917 689 23 78
-2 “ 275 78
m-1 ' 25 8.4
] 420 210 917 689
m-2 275 8.4
V-1 25 8.4
—_— 420 220 903 678 >
V-2 275 8.4
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Table 2 Physical properties of aggregates

Specific gravity Absorption
Aggregates FM
g Bulk [Bulk(SSD)| Apparent (%)
Coarse 290 261 2.83 0.35 -
Fine 2.59 260 2.63 0.67 2.99

Table 3 Properties of antiwashout admixture

. Specific | Viscosity | Cl content
Ingredient | Appearance gravity (Ps) (%)
White
Hydroxyethyl 40,000
celluose(HEC) | €A% | 131 _ggqp |less than 1
powder
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Table 4 Test result of air content(%)

Mix
Replicated No.
I-1 I-2 I-1 -2 m-1 m-2 V-1 V-2
1 6.10 7.40 5.50 7.40 5.50 7.40 5.50 5.90
2 5.80 6.90 5.00 6.80 5.20 7.10 5.30 5.80
Average 5.95 7.15 5.25 7.1 5.35 7.25 54 5.85

Table 5 Analysis of variance for air content

Source Sum of squares | Degrees of freedom Mean square F-Ratio P-Value
A 0.125 1 0.125 0.444 0.626
B 0.281 1 0.281 1.000 0.500
C 4.500 1 4.500 16.000 0.156

AXB 0.180 1 0.180 0.640 0.570

AXC 0.211 1 0.211 0.751 0.545

BxC 0.245 1 0.245 0.871 0.522

Error 5.824 7 0.832

A Cement © B Water © C° Antiwashout admixture
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Table 6 Test result of pH and turbidity

Test Replicated Mix
No. I-1 I-2 I-1 I-2 m-1 | m-2 | N-1 | N-2
1 10.95 10.88 11.03 1101 11.00 10.94 11.07 11.02
pH 2 11.00 10.96 11.10 11.07 11.07 10.97 1112 11.06
Average 10.98 10.92 11.07 11.04 11.04 1096 | 11.10 | 11.04
1 70.00 59.00 83.00 62.00 85.00 67.00 98.00 81.00
Turbidity (ppm) 2 75.00 62.00 78.00 71.00 86.00 6100 | 107.00 | 84.00
Average 72.50 60.50 80.50 66.50 85.50 64.00 | 10250 | 82.50
Table 7 Analysis of variance for pH
Source Sum of squares Degrees of freedom Mean suare F-Ratio P-Value
A* 1.953E-03 1 1.953E-03 625.000 0.025
B* 1.575E-02 1 1.575E-02 5041.000 0.009
c* 5.778E-03 1 5.778E-03 1849.000 0.015
A xB* 5.281E-04 1 5.281E-04 169.000 0.049
AXC 3.781E-04 1 3.781E-04 121.000 0.058
BxC 3.781E-04 1 3.781E-04 121.000 0.058
Error 2.477E-02 7 3.538E-03
* . Statically significant at the 95% level
A : Cement : B: Water : C: Antiwashout admixture
Table 8 Analysis of variance for turbidity
Source Sum of squares Degrees of freedom Mean square F-Ratio P-Value
A* 371.281 1 371.281 242469 0.041
B* 306.281 1 306.281 200.020 0.045
c* 569.531 1 569.531 371.939 0.033
AXB 57.781 1 57.781 37.735 0.166
AXC 30.031 1 30.031 19.612 0.103
BxC 31.250 1 31.250 0.020 0.910
Error 1,336.469 7 190.924

* . Gtatically significant at the 95% level
A : Cement : B: Water : C: Antiwashout admixture
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Table 9 Test result of

slump flow(cm)

. Mix
Replicated No. -1 12 -1 T2 -1 Mz | 1 | W2
1 52.50 50.00 55.50 53.00 49.00 47.00 52.00 50.50
2 54.00 52.00 56,50 55.50 50.00 47.00 52.00 52.00
Average 53.25 51.00 56.00 54.25 49.50 47.00 52.00 51.25
Table 10 Analysis of variance for slump flow
Source Sum of squares | Degrees of freedom Mean square F-Ratio P-Value
A 27.195 1 27.195 139.240 0.054
B 20.320 1 20.320 104.040 0.062
C 6.570 1 6.570 33.640 0.109
AXB 7.031E-02 1 7.031E-02 0.360 0.656
AXC 7.031E-02 1 7.031E-02 0.360 0.656
BxC 0.633 1 0.633 3.240 0.323
Error 55.055 7 7.865
* . Statiscally significant at the 95% level
Table 11 Test results of U-type box(cm)
. Mix
Replicated No. T34 [ 12 | 01 [ 12 | ma | m2 [ N1 | Nz
After 5 1 8.50 450 12.00 8.50 10.00 6.50 13.00 9.50
minutes 2 9.00 6.50 14.00 10.00 11.50 7.50 14.50 8.00
Average 9.75 5.50 13.00 9.25 10.75 7.00 13.75 8.75
After 10 1 7.50 3.50 11.00 8.00 9.00 5.50 11.50 8.50
minutes 2 7.50 5.00 11.00 9.00 10.50 6.00 12.00 7.00
Average 7.50 4.25 11.00 8.50 9.75 5.75 11.75 7.75
Table 12 Analysis of variance for U-type box test
Source I Sum of squares l Degrees of freedom | Mean square l F-Ratio | P-Value
U-type box test value (After 5 minutes)
A 0.945 1 0.945 2.469 0.361
B 17.258 1 17.258 45.082 0.094
C 35.070 1 35.070 91,612 0.066
AXB 0.633 1 0.633 1.653 0.421
AXC 7.031E-02 1 7.031E-02 0.184 0.742
BxC 7.031E-02 1 7.031E-02 0.184 0.742
Error 54.430 7 7.776
U-type box test value (After 10 minutes)
A 1.758 1 1.758 25.000 0.126
B* 17.258 1 17.258 245.444 0.041
Cc* 23.633 1 23.633 336.111 0.035
AxC 1.758 1 1.758 25.000 0.126
AXB 0.633 1 0.633 9.000 0.205
BxC 7.031E-02 1 7.031E-02 1.000 0.500
Error 45,180 7 6.454

* . Statically significant at the 95% level
A : Cement : B: Water : C: Antiwashout admixture
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Table 13 Test result of compressive strength

Mix
Test age Bach No. 1-1 ] 12 [ 01 | 02 [ W1 ] m2] N-1] N
161.0 170.0 158.0 162.0 2220 240.0 204.0 212.0
1 152.0 175.0 145.0 162.0 211.0 234.0 209.0 221.0
- - - 160.0 2100 | 231.0 212.0 215.0
161.0 171.0 152.0 165.0 218.0 236.0 210.0 211.0
2 156.0 179.0 1470 162.0 209.0 2340 213.0 219.0
- - - - - ~ 208.0 218.0
Average 1575 1741 155.8 162.2 2140 235.0 209.3 216.0
da7 . (St.Dev.) (4.359) | (4.113) | (5.802) | (1.790) | (5.701) | (3.317) | (3.204) | (4.000)
( kgfyc,ﬁ) 231.0 258.0 213.0 2230 289.0 286.0 270.0 2710
1 236.0 { 251.0 215.0 219.0 285.0 290.0 251.0 266.0
- - 207.0 - 280.0 294 .0 260.0 -
249.0 260.0 2230 2190 283.0 2920 264.0 268.0
2 2440 253.0 2270 2190 281.0 297.0 258.0 2710
247.0 253.0 215.0 2250 ~ - 257.0 274.0
Average 2414 255.0 2167 2210 6 2918 260.0 270.0
(St.Dev.) (7.635) [ (3.808) | (7.202) | (2.830) | (3.578) | (4.147) | (6.481) | (3.082)
203.0 226.0 195.0 2150 2840 2890 256.0 271.0
1 208.0 2220 196.0 211.0 280.0 286.0 253.0 2770
206.0 2250 - - 283.0 278.0 259.0 269.0
217.0 2210 193.0 208.0 281.0 292.0 258.0 274.0
2 2130 2180 1970 207.0 278.0 293.0 262.0 275.0
- - 187.0 207.0 282.0 - - -
Average 209.4 222 4 193.6 209.6 281.3 2876 257.6 273.2
d28 (St.Dev.) (5.595) | (3.209) | (3.975) | (3.440) | (2.160) | (6.025) | (3.362) | (3.194)
(at) o) 3120 | 2960 | 2750 | 2890 | 328.0 | 347.0 | 3100 | 333.0
1 305.0 307.0 294.0 2810 338.0 335.0 312.0 336.0
- 307.0 - - 340.0 343.0 314.0 320.0
05.0 301.0 283.0 286.0 3320 | 344.0 304.0 322.0
2 290.0 306.0 272.0 286.0 330.0 339.0 306.0 3180
297.0 - - - - 332.0 - 334.0
Average 1.8 4 .6 340.0 09.4 327.2
(St.Dev.) (8.468) | (4.827) | (9.832) | (3.320) | (5.177) | (5.727) | (4.147) | (8.010)
(St.Dev.) : Standard Deviation
Table 14 Analysis of variance for compressive strength (7 days)
Source L Sum of squares i Degrees of freedom I Mean square l F-Ratio J P-Value
7 Days (Water)
A* 6629.761 1 6629.761 563.695 0.027
B 223,661 1 223.661 19.017 0.144
C 387811 1 387.811 32,974 0.110
AXB 3.251 1 3.251 0.276 0.692
AXC 1.125E-02 1 1.125E-02 0.001 0.980
BxC 44,651 1 44651 3.796 0.302
Error 7300.909 7 1,042,987
7 Days (Air)
A* 3667.961 1 3667.961 238.160 0.041
B 1354.601 1 1354.601 87.954 0.068
C 162.901 1 162.901 10.577 0.190
AXC 22111 1 22,111 1.436 0.443
AXB 1.125E-02 1 1.125E-02 0.001 0.983
BxC 7.031 1 7.031 0.457 0.622
Error 5230.019 7 747.146

* : Statically significant at the 95% level

A Cement : B: Water : C: Antiwashout admixture
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Table 15 Analysis of variance for compressive strength (28 days)

Source [ Sum of squares | Degrees of freedom I Mean square | F-Ratio ] P-Value
28 Days (Water)
A* 8758.261 1 8758.261 1765.334 0.015
B 556.111 1 556.111 112.091 0.060
C 323.851 1 323.851 65.276 0.078
AXB 11.281 1 11.281 2.274 0.373
AXC 6.301 1 6.301 1.270 0.462
BxC 18.911 1 18.911 3.812 0.301
Error 9679.679 7 1382.811
28 Days (Air)
A¥ 2397.781 1 2397.781 265.498 0.039
B 716.311 1 716.311 79.315 0.071
C 114,761 1 114.761 12.707 0.174
AXxC 0.361 1 0.361 0.040 0.874
AXB 40.951 1 40.951 4534 0.280
BxC 25.561 1 25.561 2.830 0.341
Error 3304.759 7 472.108
* . Statically significant at the 95% level
A Cement | B: Water : C: Antiwashout admixture
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g
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Fig. 5 Trends in compressive strength (7 Days): (a)

Curing in water, (b) Curing in air

Fig. 6 Trends in compressive strength (28 Days): (a)
Curing in water, (b) Curing in air
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