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Study on deformation prediction of gravel soil landslides based on CE-EMD-GWO-RVM-CT model
ZHAO Lin
(China Railway 16th Bureau Group South Engineering Co., Ltd., Zhuhai 519031, Guangdong, China)

Abstract: [ Objective ] To achieve high-precision deformation prediction of crushed stone soil landslides, [ Methods ]based on the
result of landslide exploration and deformation monitoring, multi-scale variable identification of deformation data is first achieved
using complementary set empirical modes. Then, a deformation prediction model is constructed using Grey Wolf optimization
algorithm, correlation vector machine, and chaos theory to grasp the deformation characteristics of landslides and guide their
disaster prevention and control. [ Results | The result show that the optimization of the complementary set empirical mode in the
construction process can reasonably improve the recognition effect and effectively identify multi-scale variables of landslide
deformation data. The combination optimization steps of the prediction process can effectively improve the prediction accuracy,
and in the final prediction result of the four monitoring points, the average relative error ranges from 1. 96% to 2. 20% , and the
variance value ranges from 0. 002 0 to 0. 003 5, fully demonstrating the strong robustness of the prediction model. [ Conclusion ]

The result indicate that the prediction model considering multi-scale variable identification of deformation data is suitable for
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predicting the deformation of gravel soil landslides. According to the comparison of its extrapolation prediction result, the existing

deformation rate of Cl1 monitoring point is relatively higher, and the prediction rate of the other three monitoring points is

relatively higher. It indicates that the stability of the landslide’ s trailing edge will tend to be stable, but the stability of its leading

edge position will tend to be unfavorable. It is recommended to carry out prevention and control measures for this landslide as

soon as possible.
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Fig. 1 Structure of landslide deformation prediction ideas
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Table 1  Characteristics of landslide ground cracks
AR S (A FEMIFT ]/ () FEARH B /m P/ em ] LR BE/ em TR/ em
L1 WG S WA 171 25.8 10.0 ~12.5 20.0 ~35.0 6.0 ~9.0
L2 T A5 2% 136 34.8 13.5 ~25.8 24.5 ~76.8 12.5 ~25.5
L3 e e sk =H ]| 105 15. 8 16.8 ~34.9 30.5 ~42.8 12.4 ~25.7
L4 WA h 2% 85 19. 8 15.5 ~20.0 15.0 ~32.0 2.0~5.0
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Table 2  Identification results of different optimization stages
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Table 3 C1 preliminary forecast results

e | AL 1 AL 2 Bl 3 i 4 il 5
o | e | PG | WA | BN | HXDE | BOOE | ATE | WOV | A2 | BN | g
Y/mm E/% Y/mm E/% Y/mm E/% Y/mm E/ % Y/mm E/%
29 98.23 94.91 3.38 95. 15 3.13 95. 56 2.71 95. 68 2.59 96. 08 2.18
30 101.77 98. 16 3.55 98. 65 3.07 98.97 2.75 99. 10 2.63 99.51 2.22
31 105. 75 101.90 3.64 102. 60 2.98 102. 88 2.71 103. 01 2.59 103. 39 2.24
32 108. 82 104. 90 3.60 105. 32 3.22 106. 07 2.53 106. 15 2.45 106. 54 2.10
33 112. 06 108. 12 3.52 108. 54 3. 14 109. 11 2.63 109. 24 2.52 109. 54 2.25
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ZHY BN, DO AMET Rt — PP T
DA, HTAR TSR A

x4 C1 ENRELHTNER

Table 4 C1 final prediction results

AR 45 AT 55

WegE | AT \ o - —
W | A/mm T T TR | AX RS
o B/mm C/mm Y/mm E/%

29 98.23 96. 08 0.22 96. 30 1.96

30 101. 77 99.51 0.19 99.70 2.03

31 105.75 103. 39 0.25 103. 64 2.00

32 108. 82 106. 54 0.03 106. 57 2.07

33 112. 06 109. 54 0.34 109. 89 1.94

2K 1 Wom S =X, R A CE-EMD-

GWO-RVM-CT 5 RY FF Ji HoAthy W5 00 o5 %) T o 5,
RGN 5 FTH, 4 AW I s 5000 45 SR ) R 1E S 4K
WA R, (1) C1 WIS, FHXT R 25 £ B3 Bl R
2.10% ~ 2.25%, V- {EH 2.20%, J5 Z1H K
0.0035, (2) C2 M si, M XFRZE E WYE BN
1.95% ~ 2.07%, V¥ {8 R 2.01%, Jr 2 1H N
0.0020, (3) C3 M fi, M XRZE E BTEH N
1.90% ~ 2.05%, V¥R 1.96%, J5 ZE N
0.0032, (4) C4 WEI i, AHXFR2ZE E BTG N

KFKEBEAR(PHRL) $E56%5 2025 FFE 2 H

1.95% ~ 2.07%, V¥ {E R 2.00%, J7 216 K
0.0027,

XTI, 4 4 W0 s A0 T 00ORS R R R E M A
M, HIJS 2 34—37 W A0 10 25 S 2 A s Y ]
5,

I AT, 4 AW 5 f5 SR Y HL A4k gk b
TERAE, FURROIMIEEEA—B0; A B &5
FIAERAI N, #8102 5 0K, R R
V1 FIFEE 2 V2, [ & 30—33 Wipy AR B 1y
B, WY HRTZTRRE; J5 &2 34—37 W
AR, ARG G SRR TEARAE

Zegeit, 193] C1 WA AT R VI R 3,40
mm/ 3, TR V2 2,27 mm/H; €2 Wil Y
AR VI R 2,44 mm/3], FINEER V2 Ol 2,71
mm/f; C3 Woll & A BLA B VI R 155 mm/ ],
TR V2 A 1. 66 mm/H; C4 Wil 5 p4 B0 A7 3R
V18 1,32 mm/8, FUER V2 SR 2,12 mm/ B

2R, C1 Wil s Al A 28 T R A o B R
RUHASIE TSl Ay 3 /4 WA %) F3000 3 23 A
B, BPASIE TN in, e B 4 A W) o5 7 v
B oA, A5 S SR TR TR
{RILHT A B R R ot TR, J TR S RIT
JR UL BB R b P
2.3 #Ritie

Jg i — A BAIE CE-EMD-GWO-RVM-CT #5584 75 75
S AR T P 38 M, 2T E S G O g it
e, e . — O, Fe A A ASIE
J5 AT R REREA (R 00, 8 L 0 245 SR 5 AR S
SEREATXI 0Ty 53— 7T, P LA SR T
2, it CE-EMD-GWO-RVM-CT #5575 I & H 2%
TN, DA 2 AR AR 8 1

TG, FIFH BP MM GM(1, 1) BRIHTT
C1—C4 W5 s B AT 00, g6 3145 21 L H0 45 5 19
FIXFIRZERIME , 2 EWE 6 iy, KiEE 6, M
Jo7 W) A A TR 45 e BP MRS 4G A GM (1, 1)
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R5 ANTERENSHRETNLER

Table 5 4 final prediction results of deformation monitoring

e C1 Wi o FR0 25 C2 W I ot TR0 25 SR C3 W) o5 T 25 1 C4 Wi o TR0 25
W . - ‘ ~ - : , \ ‘ ~ - ‘
N AR | BUNGE | AEXHRE | AIBME | BONME | AEXRR2E | AR | WU | AEXER2E | RIRME | BUNME | AEXHRZE
/4
A/mm Y/mm E/% A/mm Y/mm E/ % A/mm Y/mm E/% A/mm Y/mm E/%
29 98.23 96. 30 1. 96 80. 67 79. 10 1.95 56.45 55.34 1.97 38.65 37.90 1.95
30 101. 77 99.70 2.03 83.42 81. 69 2.07 57.94 56. 80 1.98 40. 05 39.22 2.07
31 105.75 | 103.64 2.00 85. 65 83.91 2.04 59.29 58.07 2.05 41. 62 40. 80 1.97
32 108.82 | 106.57 2.07 88. 81 87.01 2.02 60. 68 59.51 1.93 42.82 41.98 1.98
33 112.06 | 109.89 1.94 90. 66 88. 86 1.99 62.74 61.55 1.90 44.10 43.19 2.05
34 — 112.52 — 92.03 — — 63. 04 — — 45.28 —
35 — 115.07 — 95.72 — — 64.92 — — 47. 62 —
36 — 116. 82 — 97.25 — — 66. 63 — — 49.18 —
37 — 118.95 — 99.71 — — 68. 19 — — 51.68 —
*6 FTREABMMERHTNLER
Table 6 Prediction results of different prediction models
S C1 B EE R AAHITR2ZE S | C2 TMES RAAXTIRZESEL | C3 L RIAHXHR2ZSH | C4 TPUZS R AR 2E S5
e ¥/ % E! ¥IE/ % A YIh/ % A YI1h/% J72:1H
2R ST A 7R 2.20 0.003 5 2.01 0.002 0 1.96 0.003 2 2.00 0.002 7
BP #1242 o 2% 3.45 0.015 0 3.80 0.095 4 4.10 0.124 0 4.00 0.254 0
GM(1, 1)f&#d 4.06 0.3251 3.72 0.065 8 3.72 0.086 5 3.79 0.136 5

R7 AEARFIWTNLER

Table 7 Prediction results for different cases

1% W T 4 R 2% W A5 T 5 SR 3% Wi g T G 2R Y 4% W A5 I 45 S A
S IR ZESHL HIXRZESHL HIXFIRESEL X IRZESE

YE/ % JrEE Y1H/ % i YIH/ % JrEE YIE/ % JrEE

AR 2.20 0.003 5 2.01 0.002 0 1.96 0. 003 2 2.00 0.002 7

2 1 2.07 0.009 0 2.08 0.057 0 2.06 0.007 4 2.10 0.001 5

%2 2.13 0.004 6 2.01 0.002 2 2.00 0.004 6 2.05 0.004 3
PRI AN R ZEME . 7 2200 AH Y, UEB IO 2R 3 & B
=i (ot

FHIE, HPE AR ZE YA | Ty 2 (EH B KT
SCHUNA AL AR ZE (A . Jr 2248, Bk, XFHm
&, RSO RARS BP BRI K GM (1, 1) 4
R LA T4 A AR

Hk, I AMAEHZES, UL CE-EMD-GWO-
RVM-CT #R g 5efily, A28 01 53 i e B 4 AR
WD S AT AT T b, AR SR ansk 7 g, AR
Pie 7, FEMINEAETT AU EE S, R 1 AR
2 ARXS IR ZZIME |, Ty 258 5 7 SCSL ) B AR X 1R 22 3
5. F2AMEMETIL, B =F A EA R A R
&, I FLAH T A TR AR R 1

P b, AR SCHINARI R A 1 I AR Y B rh B R 47
M YE, S I L A ST SR A T — b AT AR
By TEZSCHFTE Semn I, B US S0K W AR B AR
RGHBCEMEIPN S AR, MR E G gt
R SRS
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A LIS S AR B R i 2 ROE AR R, IF
I FH AR G [ s AL G A 25 SO AR | P Ao YR
WHEATRIAL T 25 S 0 R 22 i sE e, DARR
RSB, FEEARN U LS,

(D) Paiiigiids, Wik RMER AT, H5
WD BRI C B, I AR R S B
B ShYI R, B BL M AR T 4 3

(2)CE-EMD 7E#yid 2+, M EMD—E-EMD—
CE-EMD, X5 dnSNR {H i 34.58—30.13—24.07,
VLA AL AL FRBEZ A FE M UM AR, HHAREE sym /)
W . Kalman & HA 508 10 8000 o fi db BRI, F
FH R ) 3 3 A T B ) 22 RO AR e A A TR

(3) CE-EMD-GWO-RVM-CT #%1 & 47 50 S 30 bk
AT, AR 4 A WIS A A X R 22 B E A T
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1.96% ~2.20%,

FTZEAT 0.0020~0.003 5, T

SERBAT R BRSO s RO R e, H2g 4 4

”*@,mﬂﬁﬁHﬁ?ﬁ@
TR K
K, VEHESE GRS TR
IFRE

e L EYSNib)
— DA I S S I U R

ZERNF L, C1 Wi A5 A AR e
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