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Compressive strength prediction of solidified laterite based on BP neural

network

WANG Shuo, TANG Zhengguang, HUA Lun

(Faculty of Civil Engineering and Architecture, Kunming University of Science and Technology,

Kunming 650500, China)

Abstract: In order to explore the improvement effect of different dosages of metakaolin and lime
mixed with residual soil of basaltic weathered soil, this experiment selected kaolin dosages of 0%,
2%, 4%, 6%, and 8%, and lime dosages of 0%, 2.5%, 5.0%, 7.5%, and 10.0%, simultaneously
mixed with basalt residual laterite to prepare 25 groups of differently solidified red soils. An orthogonal
test on the unconfined compressive strength of the soils was conducted for 28 days, and a neural
network prediction model was established by MATLAB to predict the 28-day compressive strength of
solidified laterite. The results show that the maximum prediction error of the model is 4.56%, with a
coefficient of determination of 0.997. Furthermore, this method offers simplicity, higher efficiency,
and greater accuracy over conventional regression analysis techniques, which enables the prediction of
the compressive strength of solidified laterite with different consolidation materials and dosages,
thereby improving experimental efficiency.
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Table 1 Physical properties of basalt residual laterite

RRTEE (grem™) | WM/ % | %R/ % | $BPEHEEL

1.70 57.52 35.24 22.28

1.2 BE#Rl% B EE

A0 R FH A A K A e 08 A Sk [T A B4R
A A AT B R v 2 B A A R, R AR
Pt i 06 = SR I SCTH S b BB A BIR A A7, 4l
JE240.01 mm, iR £ 110, (Lo 4 3R 2.
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Table 2 Chemical composition of metakaolin V4
w(Si0,) w(AL,0,) w(Fe,0,) | w(TiO,) | w(CaO) | w(MgO) | w(K,0) | w(Na,0) | w (HAlh)
55.04 42.14 0.75 0.25 0.17 0.06 0.55 0.06 0.98

fi] Ak S 3y O e 04 £ i SRR R R AR S
A A IR B K AR R S A B AR R TR A RN
FERRES , S v o il oh

ALO, + Ca(OH), + H,0 — CaO - AL,0, + 2H,0

Si0, + Ca(OH), + H,0 — CaO - Si0, + 2H,0
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Table 3 The unconfined compressive strength test results of

the composite solidified laterite at 28 days

- JeM BT N e R Bt
SR/ kPa 5%/ kPa
1 288.94 14 2419.59
2 344.67 15 2634.01
3 1255.50 16 129.99
4 1680.58 17 277.81
5 1968.32 18 1 496.66
6 161.72 19 2467.26
7 353.53 20 3065.26
8 132232 21 153.03
9 1961.79 22 333.49
10 2212.32 23 1561.46
11 122.50 24 2 606.39
12 315.30 25 2996.30
13 1579.84
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Table 4 Regression fitting results with lime dosage as

independent variable

feil| | TR | A | AR
. it R

G5 kPa kPa | /%
1 y=275.27¢ 02207 0.81 | 27527 | 288.94| -4.73

2 y= 3454301710 0.92 565.4 344.67 | 64.04

3 y=187.79x + 131.69 0.95 | 1070.64 | 125550 | —-14.72

4 y=181.87x+ 168.67 0.94 | 15327 |1680.58 | -8.80

5 y=203.43x+ 129.56 091 | 2163.86 | 1 968.32 9.93

6 y=273.32¢'023 8 0.82 27332 | 161.72 | 69.00

7 y=213.94¢027087) 0.90 | 421.03| 353.53| 19.09

8 y=228.38x+30.449 096 | 117235 | 132232 | -11.34

¥=-9.009 6x°+129.73x>~
9 1.00 | 222336 | 1961.79 | 13.33
191.3x+161.72

10 y=254.76x-5.508 3 0.95 | 2542.09 | 221232 | 1491

11 y=244.19¢027189 0.79 | 244.19 | 12250 | 99.34

12 y=175.66¢ ™85 | 0.88 | 389.48 | 31530 | 23.53

13 y=285.09x-52.611 0.95 | 1372.84 | 1 579.84

13.10

y=-12.507x"+179.54x"-
14 1.00 | 2743.53 | 2419.59 | 13.39
293.56x+122.5

15 y=326.23x-114.06 0.94 | 314824 | 2634.01 | 19.52

16 y=194.12¢ 0308 10 0.84 | 194.12 | 129.99 | 49.33

17 y=176.19¢'032 %) 0.91 397.85 | 277.81| 4321

18 y=322.4x-126.92 0.96 | 1485.08 | 1496.66 | -0.77

19 y=312.46x—-124.6 0.96 | 2218.85 | 2467.26 | -10.07

20 y=329.23x—141.67 0.93 | 3150.63 | 3 065.26 2.78

21 y=240.75¢(0284) 0.83 | 240.75| 153.03| 57.32

22 y=205.98¢ 03086 0.91 | 44554 | 333.49| 33.60

23 y=318.38x-69.583 0.95 | 152232 | 1561.46 | -2.51

y=-11.103x"+167.07x"-
24 1.00 | 2795.89 | 2 606.39 7.27
276.1x+153.03

25 y=343.52x-124.61 0.93 | 3310.59 {2996.30 | 10.49

110 A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



IR, 5 A T BPAY S W 2464 Bl L4 £ 30 % 3% B T

A KB [ O e 0 4B R
Shy AR i 6 G BIR AT 5 FCE HE AT B [l 5
G o HARRAA KB T HE RS BT S
AT BRAC e 58 B B AR Ry A 0 o, AR [ AR K
Bt T HoAth g =08 48 0 4 4 JO M BR BT 58 14 4L
P > B e ST [ )RR K, St A S TG BR e Bt
JEEDEAT TR0, K12 20 TC M0 B e e 5 188 T A R > 56
T T R B R e R U . LA R S AR
Fe5. Ho WU 45 556 g 5 AT R, Ry
kg T AN R 5 5 oo A 00 4 55 6T I 18] 1 06 £
MBS Al BRI A s, A A 37
R 0 56 R B0 /N, FLIG O BIR 470 e 5 2 9000 152 24
BN BIAETRERN RS KT, £
i 185 0 X6 A K BT B AR E SRR AR . R
TC AN PR R B 000 (AR X635 22 ) 4 X B/ A
0.07% , fx KK 13.39%,

RS hakitBesratEnwansgR

Table 5 Regression fitting results with partial kaolin dosages

independent variable

R5 (%)

Table 5 (Continued)

i TNE, | I/ | HXTHER
I R?
i kPa kPa | 22/ %

3 y=31.712x+1 331.5 0.49]1331.500 125550 6.05

8 y=1 305¢ 020 1) 0.70 | 1374.930 |1322.32| 3.98

y=-0.444 9x>+5.254 6x7+
13 1.00 | 1409.832 |1 579.84| -10.76
24.683x+1 255.5

18 y=1284.8¢ 00210 0.73 | 1529.900 |1 496.66| 2.22

y=-9.375 2x%+105.3x+1
23 0.79 | 1471.290 |1 561.46| -5.77
228.9

4 ¥=99.073x+1 868.4 0.84 | 1. 868.400 |1 680.58| 11.18

9 y=1764.5¢'00% 1¥) 0.88]1970.070 |1 961.79| 0.42

y=—0.886 8x*+4.721 7o+
14 1.00 | 2 238.230 {2 419.59| -7.50
134.71x+1 680.6

T TMAE/ | G AE | AR
I R
G5 kPa kPa | /%

19 y=117.54x+1 755.7 0.9 |2460.940 |2467.26| -0.26

y=-0.649 2x°+13.63x°-
1 1.00
83.213x+278.82

278.820 | 288.94| -3.50

y=—14.596x" +228.47x +
24 L6512 0.96 | 2 544.820 {2 606.39| -2.36
1.

y=-0.701 9x*+14.578x>~
6 1.00
88.69x+288.94

164.260 | 161.72| 1.57

5 y=139.16x+2031.2 |0.84 | 2031.200 |1 968.32| 3.19

10 y=2 0346(0.056 8x) 0.9

—_

2278.700 |2212.32| 3.00

¥=6.260 5x*-65.261x+
11 0.97
281.69

120.810 | 1225 | -1.38

y=—13.04x7+249.76x+
15 0.95 [ 2690.900 |2 634.01| 2.16
1900.5

y=-0.807 2x°+15.842x7—
16 1.00
92.06x+288.94

132.540 | 12999 1.96

y=-5.282 4x+53.907x*+
20 1.00 | 2 979.830 |3 065.26| -2.79
35.313x+1 968.3

y=—0.859 9x*+16.158x*~
21 1.00
92.481x+288.94

142.940 | 153.03| -6.59

y=-3.503 2x’+43.23247+
25 1.00 | 3337.880 (2 996.30| 11.40
49.546x+1 968.3

2 y=—4.879 2x+344.43 | 0.15| 344430 | 344.67| -0.07

y=1.693 3x°-18.834x+
7 1.00
40.899x+344.67

364.680 | 353.53| 3.15

y=1.951 2x°-20.513x+
12 0.43
358.7

307.870 | 315.30| -2.36

y=1.228 5x°~13.255x*+
17 1.00
26.023x+344.67

288.980 | 277.81| 4.02

¥=0.996x’-11.86 12"+
22 1.00
24.164x+344.67

288.830 | 333.49|-13.39
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Table 6 Predicted values vs. experimental values

RS | TME/ kPa IR {E/ kPa WE %
9 2010.41 1961.79 2.48
15 2798.03 2631.01 6.35
18 1471.69 1 496.66 -1.67
22 336.45 333.49 0.89
3.0 r - ° iﬂ%ﬁ
P A TR fE
2.5
£ 2.0¢
=
=5t 2
o
1
210+
0.5
7'
00 1 1 J
9 15 18 22
JEN R

1 AP 2 ML FRMAEL L KA AT b

Fig. 1 Comparison between neural network predicted values

and experimental values
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Table 7 Predicted and experimental values of compressive

strength for 25 groups of consolidated materials

R (WNE | RIGAE/ | AR | R | [ RIAE | AT iR
445 | kPa kPa | 22/ % | 45 | kPa kPa | /%

1 292.26| 288.94| 1.15 | 14 |2326.83/2419.59| -3.83

2 347.00| 344.67| 0.68 | 15 [2734.8212634.01 | 3.83

3 [1251.21]1255.50 | -0.34 | 16 133.09| 129.99| 2.38

4 11692.85/1680.58 | 0.73 | 17 274.41| 277.81| -1.22

5 [2044.56|1968.32 | 3.87 | 18 |1462.59|1496.66| -2.28

6 158.82| 161.72 | -1.80 | 19 (2489.14|2467.26| 0.89

7 346.71| 353.53 | -1.93 | 20 |2966.79|3 065.26 | -3.21

8 [1342.01|1322.32| 149 | 21 159.76 153.03| 4.4

9 [1952.79|1961.79 | -0.46 | 22 318.3 333.49 | -4.56

10 |2148.3912212.32| -2.89 | 23 [1595.05|1561.46| 2.15

11 124.84| 12250 191 | 24 |2678.01{2606.39| 2.75

12 316.90| 31530 | 0.51 | 25 |3117.06(2996.30| 4.03

13 |1643.88|1579.84 | 4.05
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Fig. 2 Fitting curve between predicted value and

experimental value for the first group
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Fig. 3 Fitting curve between predicted value and

experimental value for the second group
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Fig. 4 Fitting curve between predicted value and

experimental value for the third group
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