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ABSTRACT: The objective of this study was to develop a strength prediction model using a polynomial regression analysis based on the
experimental results obtained from mninety samples. As the results of a correlation analysis between various mixing factors and unconfined
compressive strength using SPSS (statistical package for the social sciences), the governing factors in the strength of lightweight soil were found to
be the crumb rubber content, bottom ash contentand water-cement ratio. After selecting the governing factors affecting the strength through the
correlation analysis, a strength prediction model, which consisted of the selected governing factors, was developed using the polynomial regression
analysis. The strengths calculated from the proposed model were similar to those resulting from laboratory tests (R2=87.5%). Therefore, the proposed
model can be used to predict the strength of lightweight mixtures with various mixing ratioswithout time-consuming experimental tests.
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Fig. 1 Generation of dredged soil and crumb rubber(Kang et al., 2010)
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Table 1 Mixing ratio of experimental test

Mixture Mixing Ratio (%)
Cement 20
Water 130, 140
Water-Cement ratio (W/C) 6.5, 7
Bottom ash 0, 25, 50, 75, 100
Crumb rubber 0, 25, 50, 75, 100
Dredged soil 100
Curing time 28
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Table 2 Database for statistical analysis (CR=Crumb rubber(%), BA=Bottom ash(%), W/C=Water-Cement ratio, CRD10=Effective grain
size of crumb rubber(mm), qu=Unconfined compressive stress(kPa))

No. CR BA w/C CRD10 qu No. CR BA w/C CRD10 qu
factorl ~ factor2  factor3  factor4 response factorl ~ factor2  factor3  factor4 response
1 0 0 7 02 139.8 46 0 100 7 0.93 367.5
2 25 0 7 02 117.3 47 25 100 7 0.93 3226
3 50 0 7 02 1401 48 50 100 7 0.93 3129
4 75 0 7 02 149.3 49 75 100 7 0.93 258.8
5 100 0 7 02 160.9 50 100 100 7 0.93 2429
6 0 50 7 02 249.2 51 0 0 7 216 188
7 25 50 7 02 2411 52 25 0 7 216 186.2
8 50 50 7 02 2313 53 50 0 7 216 196.3
9 75 50 7 02 1789 54 75 0 7 216 2109
10 100 50 7 02 1788 55 100 0 7 216 209.5
11 0 100 7 02 4375 56 0 100 7 216 367.5
12 25 100 7 02 3425 57 25 100 7 216 370.6
13 50 100 7 02 285.5 58 50 100 7 216 306.5
14 75 100 7 02 230.8 59 75 100 7 216 282.1
15 100 100 7 02 166.4 60 100 100 7 216 254.4
16 0 0 7 0.93 178 61 0 0 6.5 0.93 361.09
17 25 0 7 0.93 187.6 62 0 25 6.5 0.93 431.68
18 50 0 7 0.93 2147 63 0 50 6.5 0.93 457.09
19 75 0 7 0.93 240.5 64 0 75 6.5 0.93 479.09
20 100 0 7 0.93 230.2 65 0 100 6.5 0.93 492.74
21 0 100 7 0.93 374.5 66 50 0 6.5 0.93 189.5
22 25 100 7 0.93 350.2 67 50 25 6.5 0.93 2124
23 50 100 7 0.93 314.9 68 50 50 6.5 0.93 236.8
24 75 100 7 0.93 276.5 69 50 75 6.5 0.93 277.8
25 100 100 7 0.93 229.8 70 50 100 6.5 0.93 3121
26 0 0 7 216 178 71 100 0 6.5 0.93 162.9
27 25 0 7 216 194 72 100 25 6.5 0.93 182
28 50 0 7 216 196.2 73 100 50 6.5 0.93 217.8
29 75 0 7 216 2179 74 100 75 6.5 0.93 256.3
30 100 0 7 216 2101 75 100 100 6.5 0.93 283.4
31 0 100 7 216 374.5 76 0 0 6.5 0.93 301.7
32 25 100 7 216 305.9 77 0 25 6.5 0.93 331.3
33 50 100 7 216 3234 78 0 50 6.5 0.93 372
34 75 100 7 216 268.4 79 0 75 6.5 0.93 4329
35 100 100 7 216 243.5 80 0 100 6.5 0.93 497.5
36 0 100 7 02 435.6 81 50 0 6.5 0.93 3389
37 25 100 7 02 332 82 50 25 6.5 0.93 359.6
38 50 100 7 02 250.7 83 50 50 6.5 0.93 397.2
39 75 100 7 02 2371 84 50 75 6.5 0.93 4115
40 100 100 7 02 166.6 85 50 100 6.5 0.93 423
41 0 0 7 0.93 188 86 100 0 6.5 0.93 1529
42 25 0 7 0.93 1941 87 100 25 6.5 0.93 168.6
43 50 0 7 0.93 208.3 88 100 50 6.5 0.93 207.6
44 75 0 7 0.93 219.7 89 100 75 6.5 0.93 255.3
45 100 0 7 0.93 259.2 90 100 100 6.5 0.93 270.5
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Table 3 Pearson coefficient of correlation and significance level
CR BA qu W/C D10
Pearson correlation coefficient 1 .000 -.509* .000 .000
R Significance 1.000 .000 1.000 1.000
Covariance 1404.494 .000 -1748.421 .000 .000
Number 90 90 90 90 90
Pearson correlation coefficient .000 1 532%* .045 -.080
BA Significance 1.000 .000 676 454
Covariance .000 1958.489 2161.62 468 -2.363
Number 90 90 90 90 90
Pearson correlation coefficient -.509** 532%* 1 -.346** .024
Significance .000 .000 .001 821
by Covariance -1748.421 2161.62 8416.002 -7.528 1.484
Number 90 90 90 90 90
Pearson correlation coefficient .000 .045 -.346** 1 118
w/C Significance 1.000 676 .001 267
Covariance .000 468 -7.528 .056 .019
Number 90 90 90 90 90
Pearson correlation coefficient .000 -.080 .024 118 1
D10 Significance 1.000 454 821 267
Covariance .000 -2.363 1484 .019 447
Number 90 90 90 90 90
*. The corelation coefficient is significant at 0.05 level (both sides)
**_ The corelation coefficient is significant at 0.01 level (both sides)
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Fig. 2 Experimental result for statistical analysis
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(a) Coefficient of regression related to strength

Paragraph Coefficient SE coefficient T P-value
Constant 267.7 4102 65.26 0.000
w/C -24.05 4.068 -5.91 0.000
CR -60.81 4.942 -12.3 0.000
BA 60.01 3.904 15.37 0.000
W/C*CR 23.99 487 492 0.000
CR*BA -43.38 5.362 -8.09 0.000
S 30.57
R2/Adj R2 88.3/87.5
(b) Analysis of variance(ANOVA) related to strength
DF Seq SS Adj S5 Adj MS F p
Regression 5 507173 507173 101435 108.5 0.0
Linear 3 420075 407958 135986 1455 0.0
Interaction 2 87098 87098 43549 46.61 0.0
Residual error 72 67272 67272 934
Lack of compatibility 2 31254 31254 1421 1.97 0.024
Pore error 50 36019 36019 720
Total 77 574445
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Fig. 4 Surface plot of strength using response surface method
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Table 5 Description of weighting factor

a q
< 200 [ | < 210
200 - 250 W 210 - 240
250 - 300 240 - 270
I 300 - 350 Effect of w/c and crumb rubber for strength 270 - 300
M 350 - 400
H oo 300 - 330
- 330 - 360

(b) 3-Dimension plot
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If weighting factor is less than 1, assign less importance to target value

Weighting factor = 1

If weighting factor is equal 1, assign same importance to target value and threshold

Weighting factor = 1

If weighting factor is more than 1, assign more importance to target value

Response Purpose Lower Target Upper Weight Status
5 qu Target *| 150 380 497 10 1
Way that weight affects a shape of function
Response minimization Hit the target value Response maximization
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! 0.1 1 ol 0.1 L
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(a) Weighting factor option

Fig. 5 Response optimization
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(b) Result of response optimization
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Table 6 Database for verification

No. CR BA W/C  qu (predict) qu (test) | No. CR BA W/C  qu (predict) qu (test)
1 50 0 6.5 231.72 256.5 16 0 0 7 176.34 153.1
2 50 25 6.5 261.72 274.0 17 0 25 7 180.03 1194
3 50 50 6.5 291.72 308.7 18 0 50 7 183.72 142.7
4 50 75 6.5 321.72 3209 19 0 75 7 18741 160.6
5 50 100 6.5 351.72 354.8 20 0 100 7 1911 168.6
6 0 0 6.5 272.34 268.7 21 50 0 6.5 231.72 230.5
7 0 25 6.5 324.03 325.1 2 50 25 6.5 261.72 245
8 0 50 6.5 375.72 361.10 23 50 50 6.5 291.72 288
9 0 75 6.5 42741 477.52 24 50 75 6.5 321.72 305.2
10 0 100 6.5 479.1 486.63 25 50 100 6.5 351.72 348.1
11 0 0 7 176.34 153.1 26 100 0 6.5 191.1 187.2
12 0 25 7 180.03 1194 27 100 25 6.5 199.41 199.2
13 0 50 7 183.72 142.7 28 100 50 6.5 207.72 205
14 0 75 7 187.41 160.6 29 100 75 6.5 216.03 220.3
15 0 100 7 1911 168.6 30 100 100 6.5 224.34 2315
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