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Abstract: In order to optimize the design and forecast of the three most critical technical indicators that affect the
quality of underwater concrete construction: anti-washout, slump and underwater/in-air strength ratio. Based on
the experimental data, the factorial design method was used to optimize calculation and modeling. In the experiment,
the water-binder ratio(,/m,) was from 0.35 to 0.45, and the amount of anti-washout admixture(w,y,) was 0.20 %~
1.50% , the amount of superplasticizer (w,.) was from 1.20% to 1.80%. The results show that underwater concrete
has excellent properties. The best values of my/m,, ways and wye are 0.39, 0.86% and 1.47% , respectively. The
theoretical prediction is that the corresponding slump of underwater concrete is 184.0 mm and the suspension content
is 113.2 mg/L, the underwater/in-air strength ratio is 77.4%.
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Table 1 Coding and level of design factors

Level
Factor Variable
—1 0 +1
Wpe/ Y T, 1. 20 1.50 1.80
Wawa/ Y0 x, 0. 20 0. 85 1.50
my/my, T, 0.35 0.40 0.45

Y=ua,+ax:+ arx.:+ asx;+ apxix, +
a131113+a231"21"3+€ (2)

A Y Sy BONEL 5 a0 0 42 )R - S48 5 @, 0 628 (] U 2%

Ko, B 7 X R O A BT R 5 2y 2 0 0] O R

Wpe ~ Wawa \mw/mn; e j‘j Z:Xﬁfﬁ“ AR Y ”ﬁ 1Y Bt AL 1R
ZETL.
2.2.2 K NAREOREE P05 WO e P i r s

B A
R AR Bt AR R 1S K R AR
BE B S (B i s AR R (S)) VR BEVE (i
Fabr By 5 (W) ) MK Rl 5 B2 b (P) Y 4E 114
Y B, w0 s v wpe Rl 1y /o X5 7K AN G5 HCIR 5 B0
P BRUBEVEFIK BT B R SE N, 25 SR AN 2 i

F2 ETHEFRITENRBEIERKEER
Table 2 Mix proportion and test results based on factorial design method
Level Test result
Item Mix No.
W Wawa my/ my, S/mm W/(mg-L ") P/%
1 —1 —1 —1 94.0 123.0 78.0
2 —1 —1 1 294.0 197.0 65.0
3 1 —1 —1 281.0 148.0 67.0
A 4 1 —1 1 430.0 217.0 56.0
2" model
5 —1 1 —1 0 46.0 92.0
6 —1 1 1 147.0 62.0 90.0
7 1 1 —1 132.0 72.0 82.0
8 1 1 1 345.0 105.0 76.0
9 0 0 0 194.0 135.0 73.0
10 0 0 0 194.0 130.0 75.0
11 0 0 0 196.0 138.0 76.0
Center point for experimental error
12 0 0 0 200.0 140.0 75.0
13 0 0 0 190.0 135.0 71.0
14 0 0 0 200.0 140.0 73.0
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Table 3 Analysis results of variance and significance test for S model

Parameter Estimate value SS df Mg F p-value
a,for S 215.38 144 388.80 3 48 113.13 109. 32 0.000 3
a, for wpe 81.63 53 301.12 1 53 301.12 121.10 0. 000 4
a, for wyy, —59.38 28 203. 30 1 28 203. 30 64.08 0.0013
ay for my,/my, 88.63 62 835.12 1 62 835. 12 142.77 0.000 3
Residual 1711.12 4 440.12
Total 146 099. 90 7
x4 ZRUELDPAFENFESHREZMREER
Table 4 Analysis results of variance and significance test for W model
Parameter Estimate value SS df Mg F p-value
a,for W 121.25 27 337.0 4 6 834. 25 136.23 0.0010
a, for wy 14.25 1624.5 1 1624.50 32.38 0.0108
a, for wyy, —50. 00 20 000. 0 1 20 000. 00 398.67 0.000 3
a, for my,/my, 24.00 4 608.0 1 4 608. 00 91.85 0.002 4
sy fOr Wy and my/my, —11.75 1104.5 1 1104.50 22.02 0.018 3
Residual 150.5 3 50.17
Total 27 187.5 7
£5 KMBEELRMAFENAZESTREZURBER
Table 5 Analysis results of variance and significance test for P model
Parameter Estimate value SS df M F p-value
a,for P 75.75 1054.5 3 351. 50 36.05 0.002 4
a; for wy, —5.50 242.0 1 242.00 24.82 0.007 6
ay for wyya 9.25 684.5 1 684. 50 70.21 0.0011
a, for my,/my, —4.00 128.0 1 128.00 13.13 0.022 3
Residual 39.0 4 9.75
Total 1093.5 7
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Table 6 Statistical results of slump, anti-washout and
underwater/in-air strength ratio

Item S w P

Mean value 195. 67 mm 136. 33 mg/L. 73.83%
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Table 7 Correlation coefficient of slump, anti-washout and
underwater/in-air strength ratio

Coefficient of variation/ % 1.98 2.81 2.49 Ttem S w P
Relative error/ % 1.53 2.21 2.04 R’ 98. 80 99.45 96.43
Standard deviation 3.88mm  2.81mg/L 1.83% Adj R 97.89 98.72 93.76
Predicted error of sum of square ~ 108. 48 105. 60 24.24 Pred R 95.18 96. 11 85.73
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Fig.1 Comparison of measured values and model predicted values for slump, anti-washout and underwater/in-air strength ratio
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Fig. 2 Influence of PC and AW A amounts on slump
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Fig.3 Influence of water-binder ratio and AW A amount on anti-washout
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Fig.4 Influence of PC and AWA amounts on underwater/in-air strength ratio
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Table 8 Verified experimental results
Number S/mm W/(mg-1L"") P/%
1 184.5 114.5 78.0
2 185.0 113.0 77.5
3 186.0 115.0 79.0
Mean value 185.2 114.2 78.2
4 it

(1) 34 B X K A 43 IR B+ i 3l 1 (97 g
JEE A 1) 145 0 K INR IR R g/ iy cwpe T w g, X 2R
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77.4%.
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