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Prediction of stress history and strength of cohesive soils based on
CPTU and data fusion techniques

LIU Xiao-yan, CAI Guo-jun, ZOU Hai-feng, LI Xue-peng, LIU Song-yu

(Institute of Geotechnical Engineering, Southeast University, Nanjing 211189, China)

Abstract: The overconsolidation ratio (OCR) and the undrained shear strength (S,) are the basic mechanical parameters of soils,
which can influence the deformation analysis and strength calculation of soils. A prediction model for OCR and S, of typical
clay in Jiangsu Province is proposed by using the data fusion technique and the data of piezocone penetration test (CPTU). The
feasibility of the prediction model is analyzed by using the feature-level data fusion techniques (regression tree, model tree) and
decision-level data fusion techniques (bagging, stacking). The predicted OCR and S,, the reference values obtained by the
laboratory tests and the estimated values obtained by the existing calculation methods are compared and analyzed. The results
show that the predicted results of the model tree are better than those of the regression tree. The decision and fusion algorithms
can improve the predicted results of the regression tree, but they have little influences on the predicted results of the model tree.
The superimposed regression tree and model tree can make the predicted S, better than that of the regression tree, but worse
than that of the model tree. For several data fusion models, the predicted OCR is approximately close. The regression tree
model is slightly better than other data fusion models in predicting the OCR. Compared with other prediction methods, the data
fusion model can better predict the OCR and S,.
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Fig. 1 Architecture diagram of data fusion
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Fig. 2 Data fusion technique based on CPTU
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Table 1 Summary of CPTU data for test sites

RI6 M % /m ¢/MPa f/kPa w/kPa MR 5
3.0 220.9~246.7 18.2~21.2 45.9~55.4

B 6.0 210.7~230.6 6.8~8.2 105.6~124.3 1~10
17.0 1008.9~1230.6 22.3~26.8 389.4~410.2
12 653.2~687.4 21.9~25.6 108.9~127.3

HEn 3.0 146.6~178.1 17.6~20.4 198.2~210.7 11~15
9.0 249.3~267.8 16.4~19.9 243.8~289.7
3.0 98.2~118.7 21.3~24.5 89.7~100.2

iy 8.0 286.3~314.4 23.7~25.1 231.7~254.3 16~20
12.0 1187.6~1321.7 10.1~13.1 387.6~401.3
4.0 218.6~239.1 7.5~9.6 112.9~127.6

73 9.0 379.1~401.2 9.5~10.7 243.1~264.8 21~25
12.0 486.3~505.7 8.1~10.9 389.7~408.4
3.0 498.6~728.1 52.3~84.3 79.2~92.7

M 7.0 1127.3~1512.7 16.3~27.1 122.3~145.1 26~30
13.0 1814.3~2011.3 45.1~70.2 172.1~207.5
6.0 672.1~987.1 9.1~12.7 87.6~139.4

M 12.0 1349.7~1785.1 15.6~20.7 172.9~200.1 31~35
18.0 1932.1~2276.5 21.3~27.6 210.8~264.2
8.0 335.7~357.9 2.1~9.4 563.4~672.1

Bl 14.5 1763.1~1983.7 40.9~51.3 721.3~795.6 35~40
17.5 1498.2~1787.9 51.2~64.8 501.3~589.6
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Table 2 Physical and mechanical indices of cohesive soils for test sites

W7 B /m Ip W% y I(kN-m”) S, OCR S,/kPa
[z 26~17.1  14.2~16.1 38.1~44.6 16.1~17.3 2.1~20.5 0.6~1.1 30.1~42.8
FAR2 23~175  153~165 35.9.1~48.8 16.3~17.5 3.8~17.5 1.3~2.5 33.1~45.3
3 3.0~17.2 14.9~17.2 37.7~44.5 15.8~18.1 1.2~8.9 0.7~1.4 34.6~41.8
F L4 2.8~17.9  12.3~18.9 38.6~45.7 14.9~17.6 1.0~7.6 12~2.6 37.5~45.3
S 2.6~17.0  13.7~17.0 36.1~49.3 16.3~18.4 2.3~6.9 1.4~3.2 33.5~46.1
6 24~176  12.7~19.1 39.0~44.6 16.9~18.1 1.7~10.4 0.9~1.6 36.2~46.3
FR7 2.7~173  143~17.6 36.8~47.1 17.1~17.9 1.3~8.6 0.8~2.3 33.9~46.8
P8 2.8~17.4  145~173 30.5~50.3 16.8~17.9 1.7~9.1 1.1~3.1 35.7~45.8
FAEL9 2.7~17.0  14.3~16.9 38.6~44.1 17.1~18.2 1.8~9.4 0.7~1.6 35.1~45.7
FAE10 3.0~17.2  11.9~18.3 33.4~46.7 163~17.8 1.4~6.4 1.6~2.6 33.9~46.2
U 0.5~10.1  20.1~27.3 70.1~74.3 152~16.8 9.6~15.7 0.8~1.7 16.0~36.5
U] 0.5~9.5 19.8~26.1 69.8~75.1 11.6~16.8 10.4~15.3 1.2~3.6 23.7~458
3 1.0~9.5 19.8~27.6 72.6~75.6 10.9~15.3 98.6~17.2 0.9~2.3 18.9~50.2
U] 1.0~10.5  20.7~26.5 74.2~76.9 12.4~17.1 11.3~16.4 1.3~5.6 23.8~45.7
HE LS 1.0~9.5 18.6~25.3 70.6~76.5 11.6~15.9 10.7~154  0.9~4.3 33.1~52.9
i 1.5~125  18.9~23.4 46.1~53.2 14.5~16.2 1.8~5.9 0.9~1.9 21.8~32.7
Ehim2 1.0~125  17.6~24.1 48.3~54.1 15.1~18.2 23~7.6 1.3~3.2 18.9~40.3
i3 2.0~13.0  19.3~25.7 45.9~57.6 12.3~18.4 1.0~13.8 0.8~2.9 23.8~56.8
Ehin4 2.0~125  18.3~26.1 44.1~55.8 14.9~16.7 2.8~17.9 1.6~4.3 19.2~44.5
s 3.0~12.5  19.7~26.4 43.2~56.8 13.9~16.8 2.3~6.9 2.4~5.6 28.7~51.3
TR 20~12.0  12.5~18.6 52.3~64.1 12.7~16.2 1.5~24.1 1.2~3.1 27.3~33.1
T2 25~125  103~14.7 50.6~63.4 13.4~173 1.3~3.6 1.1~2.3 21.6~35.4
T3 3.0~13.0  13.5~20.1 49.8~55.7 142~17.8 23~11.7 0.8~1.7 19.8~40.1
T4 1.0~13.0  17.2~23.4 46.7~67.4 12.6~16.5 1.8~22.1 1.6~4.1 22.5~36.8
BIFAR 1.5~135  16.8~21.3 44.8~68.1 15.1~17.2 3.2~15.6 1.3~2.9 30.1~36.1
N 2.0~135  12.2~16.3 19.4~258 16.1~19.3 23~4.7 1.0~3.2 22.1~43.1
HMI2 1.5~13.0  10.6~17.8 18.6~27.8 15.8~18.9 1.3~3.6 0.9~1.7 31.7~54.2
N3 25~140  11.3~18.1 18.1~27.4 16.1~18.7 2.1~5.1 1.1~3.5 30.8~56.1
HN4 1.0~135  13.5~17.5 20.1~26.5 15.6~19.1 2.6~4.4 2.1~4.5 28.9~36.9
IS 3.0~13.5  12.7~18.9 18.2~28.1 16.7~19.3 1.7~3.9 1.2~3.3 40.1~56.8
M1 1.0~18.0 6.1~10.3 17.5~23.6 14.3~18.1 1.9~6.6 0.7~1.6 49.8~56.7
M2 2.0~19.0 5.6~8.6 20.4~36.7 15.7~18.3 1.1~19.3 0.9~2.1 52.3~62.3
I3 25~19.0  43~10.4 19.5~33.6 15.4~19.1 2.5~9.4 1.3~5.6 48.6~66.1
N4 3.0~18.0 6.1~8.9 30.1~40.5 14.9~19.7 3.1~5.6 34~10.6  50.3~75.4
IS 3.5~18.5 53~9.8 20.6~35.7 16.3~18.7 1.2~232 2.3~6.8 62.1~76.8
LN 1.0~18.0  14.2~16.8 59.8~76.1 17.5~18.2 1.2~4.3 1.1~2.3 27.4~51.2
#IN2 1.5~19.0  14.6~17.3 56.2~69.8 15.1~19.3 1.5~3.3 1.4~3.2 25.6~48.1
I3 1.0~185  15.1~18.4 60.1~79.1 15.6~18.8 2.3~4.5 2.6~4.9 30.2~55.3
N4 0.5~185  16.4~18.2 553~77.4 17.2~18.5 3.2~10.9 3.7~7.1 40.1~56.9
s 2.0~19.5  13.3~17.9 50.7~74.2 17.1~19.1 1.7~17.3 42~109  35.1~527
IR, FH SR TN [ 25 LU AU HE K UBy a5 . 3R3 BRI ik (AR o S, ey e
e TR EdE R G AL [ VR 3R, b a PR RAEE (HEREMAEZIZAN 1l LI
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Table 3 Eigenvalues of data fusion model
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0.1713 ,
s, = (=0.1901-[A] YT + (1.3027 - B At (M 5780)) —

2.01864 .

HH, LM1:OCR =-0.0045 -, +0.0004 - g, + 0.0013-
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38.3035- B, +5.0011-NEPP + 0.015-g, +9.0501 ;
LM2:s, =0.0601-0,,—1.431-0, +67.5811-B, +
5.801-NEPP +0.0758-¢, +0.027- ¢, —70.771 .
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Fig. 3 Prediction of OCR of regression tree
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Fig. 4 Prediction of OCR of model tree
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Fig. 5 Prediction of S, of regression tree
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Fig. 6 Prediction of S, of mode tree
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Fig. 7 Relationship between OCRs by various tree models and

laboratory test reference values
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Table 4 Evaluation parameters for various tree models to calculate

OCR
ey PN R AL
R R’ MAN/kPa RAE/%
EEV PR 0.91 0.4 17

H %R A [ a7k 0.92 0.4 17
R v 0.89 0.5 19

SRS SEw T RILYIRFR 0.87 0.6 20
Wiz AR FIBCRIRTVE  0.88 0.5 19
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Table 5 Evaluation parameters for various tree models to calculate

Su
ey PN R AL
R R’ MAN/kPa RAE
EEV PR 0.89 11 23
H %R A [ a7k 0.89 9 22
R v 0.93 6 18
SRS SEw T RILYIRFR 0.95 6 17
Wz AWEAW AR L 0.92 7 20
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Table 6 Existing methods for OCR and S,
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Table 7 Evaluation parameters for existing methods for OCR and

Su
ey PR R
WSk B MAN/kPa RAE/%
OCRit 5 71120 0.69 0.6 25
OCRit 5 7121 0.63 0.67 26
Syt 0.79 10 28
S, e 0.75 12 31
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Fig. 9 Relationship between OCRs by two methods and laboratory
test reference values
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