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Mechanical parameter inversion and deformation prediction of

expansive soil slope in waterway
ZHANG Lei, ZHOU Ao, LIU Chuanxin
( JSTT Group Co., Ltd., Nanjing 211100, China)

Abstract: When the expansive soil slope alternates between dry and wet, the slope soil will have obvious
shrinkage-stretch and strength attenuation, which will easily lead to slope landslide and sliding accidents. Therefore,
it is extremely important to obtain soil parameters quickly and accurately for treating and repairing expansive soil
slopes. On the basis of the indoor soil test parameters of a waterway regulation engineering, the sensitivity analysis of
soil parameters of the expansive soil slope is carried out by orthogonal test with the horizontal displacement
measured at different depths by the actual layout of inclinometer tubes as the evaluation index. Then the soil
parameter inversion model of the expansive soil slope is built by the least squares support vector machine
(LS-SVM), and the inversion model is verified. The soil parameters after inversion are obtained, and then the
forward calculation of the most unfavorable conditions with obtained soil parameters after inversion for the treatment
and restoration of the expansive soil slope is carried out to predict and analyze the deformation of the expansive soil
slope. The results show that the inversion model based on the LS-SVM can realize the dynamic design of site
construction and the prediction of slope deformation during the construction period.

Keywords: expansive soil slope; orthogonal design; sensitivity analysis; parameter inversion; deformation

prediction

Ak + E AR P AR E R X, BA TR T, LAk AR B A PR Bk 46 Al
WK KA . SRR AR T2 TR R 7R SRR G, X b AR b A [ A A A R

KimHE . 2024-03-27
+*HEME.: BREEHFLTREEER(2019YFC1509800)
YEEBEN. KE (1987—), B, M, HHRIEIF, KAFELERT AN, KN BZAH T4,



- 178 -

K E L A2

2025 %

REfEH, XMAEHARW, B2, REF
A Th%iﬁﬁ[%kﬁif%%“ﬁﬁM%,
AR TR S A SRR MK 1 R
ST SR, TR K il AT K AR E
Mot

FIAT, FE A e TR 2 N
[l N AhaF o B G A e TR S 454 5 AR
B, TP T RERBIE, 7E58], Kavanagh et al. !
BTABROCT ., RE I iR R 1 1222
B, Okui et al. " EET RO, FIlifisg 5

TR RBHETINE, THE 3 ghmm b 2
ZH; Ghorbani et al. "R R HTk, 745

AN S, X AR e ek
P . MITERN, SO oA 7k ] T TR
B TANEE R o R N T
2, R TN AR R S8 IR RO A
R Z 8047 T 5E R DR 52 DG AT R
DREAM 555 50 T A2 T A8 Ly B2 A5 6 4 Dk
WL SHEORMENE, BB LT,

B RSB A 2 AR Sk, 2 I3 b )
FLARR SN, AL REAR TS & 70 Wi ) -1k 28, Bk
“%%ﬁfﬁﬁk%K%%ﬁﬁﬁﬁﬁoﬂ%,
ARSCPAFEMUE G TR 5, TR RREY
%Wﬁ%ﬁ%%%ﬁ% ﬂmM$%2ﬁﬂﬁ@
TRTIES RS NP Z R AR LR,
ﬂ%%%ﬁﬁﬁAE%ﬁﬁ%ﬁﬁﬁ&ﬂ¢,%

%3
1087 3407 (3).
827’600
507 -9.20

F/m
(R

/86

‘,;iv_]‘

B

17-10.00

7,

-419-1420—
==
-7.19717.20

&2

(3) 1029 ~7.60

PG A B LIRS, R BT AR i
AT oA, Xohaz 5 0 PN 2 4k oA AR B 4
FEX

1 IR

FEME A TR T R TR M B 5
J& T MZmiiE, T 2014 4F 12 AFFT, 2015 4F 12 H
e, 2K 2.2 km, TEIE TSRS, #MiBN
T EER R, R B Bt AT i B SRS
MEbes B = iR s TR, LI 1,

E1

TG FELE
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Tab.1 Parameter values of each soil layer

e ¥ pl(grem™) HPEBL R E/MPa i) c/kPa PSS fl o/ (°) TARSLE p
BME O RKRE BME BEKRE BME BKE BME BKE B/ME EKRE
©, Fi 1 1.76 2.01 9.12 23.22 10.6 35.1 3.1 12. 4 0.20 0. 40
©, ®H+ 1.78 2.00 9.45 18.18 9.6 37.3 3.5 14.5 0.20 0. 40
@, BFFE+ 1.88 2.06 13.71 33.42 14.6 38.3 4.0 9.5 0.25 0.35
@, Fit 1.92 2.22 26.73 51.30 21. 4 58.6 5.4 8.7 0.25 0. 40
@, Fit 1.86 2.08 15.42 32.28 19.4 38.0 5.1 8.0 0.25 0. 40
@, Fit 1.92 2.17 26.73 53.46 28.8 48.0 6.3 10.2 0.25 0. 40
®, &R iR 1.82 2.12 9.12 23.22 20.3 52.8 6.6 9.2 0.20 0.40
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Tab.2 Orthogonal design
KFE  E/MPa  c¢,/kPa  ¢,/(°) E,/MPa c¢,/kPa  ¢,/(°) E{/MPa  c;/kPa  @/(°)  EJMPa  co/kPa  ¢4/(°)
1 9.12 10. 60 3.10 9.45 9. 60 3.50 15. 42 19. 40 5.10 26.73 28. 80 6.30

2 13.82 18.77 6.20 12.36 18.30 7.17

3 18.52 26.93 9.30 15.27 28.07 10. 83

4 23.22 35.10 12. 40 18. 10 37.30 14. 50

21. 04 25. 60 6.07 35. 64 35.20 7.60

26. 66 31. 80 7.03 44.55 41. 60 8.90

32.28 38.00 8.00 53.46 48. 00 10. 20

e TR 1~6 2RO, Rt O, R+, O, BikiFit., G, Fit. @, #Hit. O, Fit,

*3 ZEREZHHER

Tab.3 Results of multi-factor orthogonal analysis

KT E,/MPa ¢, /kPa o,/(°) E/MPa c¢s/kPa  @5/(°)

EJMPa  co/kPa @¢/(°)

a;/mm a,/mm a;/mm a,/mm as/mm

1 13.82  35.10 9.30 -~ 15.42  19.40 5.10
2 18.52  26.93 3.10 -+ 21.04  25.60 5.10
3 18.52 26.93 12.40 .- 21.04 19.40 6.07
4 18.52  35.10 9.30 -~ 32.28 31.80 6.07
61 9.12 10. 60 6.20 -+ 15.42 31.8 7.03
62 18.52 18.77 9.30 -~ 15.42  31.80 7.03
63 9.12 3510 12.40 -~ 21.04 25.60 5.10
64 13.82 18.77 12.40 .- 32.28  31.80 6.07

35.64  48.00 8.90 4.0 2.4 2.1 1.2 0.1

44.55 48.00 7.60 3.4 1.9 1.6 1.1 0.1

26.73  35.20 10.20 5.4 3.1 2.6 1.8 0.2

26.73  41.60 6.30 5.9 4.9 4.9 0.7 0.1

53.46  48.00 10.20 4.5 2.6 2.5 0.8 0.1

35.64  41.60 6.30 5.4 3 2.2 1.4 0.1

26.73  41.60 8.90 4.4 2.5 2.1 1.4 0.1

53.46  28.80 7.60 4.3 2.6 2.0 1.3 0.6

x4 0.5 mREREZRERESTE
Tab.4 Range analysis results of orthogonal test at 0. 5 m depth

KE  E,MPa ¢, /kPa  @,/(°)  E,/MPa  c,/kPa  @,/(°) Es/MPa  ¢;/kPa  @,/(°)  EJMPa  co/kPa  @q/(°)
K,  4.47 6.70  5.93 4.52 496  5.03 4.69 539 4.75 5.78 5.05 4.86
Ky  4.55 4.37 4.9 4.64 4.83 4.89 4.69 4.73 4.97 4.91 4.89 5.11
Ky 502 426 4.38 5.21 4.63 4.94 4.86 479 471 4.65 4.93 4.93
K;  5.54 4.25 4.37 5.21 516 4.73 5.33 4.66  5.15 4.23 4.71 4.68
R, 1.07 2.45 1.56 0. 69 0.53 0.30 0.64 0.73 0.44 1.55 0.34 0.43
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Fig.5 Variation Curves of sensitivity of

each influencing factor with depth of measuring point
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Tab.5 Mechanical parameters of each soil

layer after inversion

+2 FAMERCRE E/MPa BHER ) c/kPa PSSR o/ (°)
@©, B L 23.22 35.1 12. 4
@O, R L 18.18 18.8 10. 8
@, BBF+ 20. 28 22.5 5.8
®, #t 31.83 29.3 8.5
@, Bt 26. 40 24.8 7.0
®; #it 26. 62 32.8 6.3
JKFA S /mm

—— i
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7 MR BKEABELMES EMERT L 2k
Fig. 7 Comparison curve between simulated and
monitored deep horizontal displacement of slope
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Tab. 6 Comparison of inversion simulation value and

monitoring value

. T 4 KA /mm AFt
B /m — - -
AL W R /%
0.5 7.34 7. 60 3.42
5.0 4.86 5.12 5.08
7.5 3.74 3.83 2.35
10.0 2.87 3.13 8.31
14.0 1.33 1.52 12.50
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Fig. 8 Variation curve of slope safety factor
under different working conditions
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Tab.7 Corresponding relationship between seismic
fortification intensity and basic seismic acceleration
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