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A fractional-order grey model for prediction of
settlement of dykes with fabric form sand

LI Qian' , ZHOU Xingde', ZHOU Ziyan®
(1. College of Civil and Transportation Engineering, Hohai University, Nanjing 210098, China;
2. Weniian College, Hohai University, Maanshan 243031, China)

Abstract: In order to acquire better forecast results for settlements of dykes with fabric form sand, a fractional-
order grey model is presented based on the grey model. The program was established using MATLAB to change the
differential-order derivative into a fractional-order one. This model was used to predict the settlement of dykes with
fabric form sand. Comparative analysis of the grey Verhulst model, residual GM model, and proposed model was
performed. The results show that the predicted results of the fractional-order grey model are more accurate, and the
fractional-order grey model not only has the reliable previous forecast effect of the GM(1, 1) model, but also the
reliable later forecast effect of the Grey Verhulst model. Moreover, the long-term forecast results of the fractional-

order grey model show a higher degree of stability than those of the GM model.

Key words: dyke with fabric form sand; settlement prediction; fractional-order; grey model; grey Verhulst model;
residual GM model

Tp3R T RIS IR R B rh 225G T A — 30 SR TR ) W B OC AR BN R A A W 7™ ) 22 4, 32 i [l B2 =
WA R, REARED 22 F Tl ik PR, B BOR B AR, FRTE 22t B 1 R FRARI A SR SRR . TR 2T
R HEE b i R S BETE AR RSN AR 7R ol A b K 58 TS e A0 AT A 80 I R RS Bt
A I B TURE TN A T A AR 2, UK I 2 275 G5 F8 BeR 2 | A7 S PR 45 5L 8 23 7 AR 2 57, Xk A Bt
G S B B AR 3122 5 28000 Jr 1 HAT 43 B B0 (R et T TR 5 i S T e, ) S 3 950
U R BT A AT R 5 R A DA A T v R R GRS R AR GM (1, 1) B R

KRB 2015-10-27

EEWA . “+ 0" FERHSETRITH (2012BAB03B00) ; 2804 @ BAT W BH# B AR H (2015YF-26)

EZERENY . M5 (1992—) , % LA E = WA, B 0F 0 AR, 2T SRR M S + TR EUE T 5T, E-mail: 15195865755@
163.com

BEESE . FEME, 237, E-mail; xingdezhou@ hhu.edu.cn



555 5,5 BUAREDSR B TCRE T A o3 H K A 439

8, Verhulst BERUFIFE 22 GM AEA 1T Horh GM( 1, 1) AU f5 1 F90 0 R4 R 4, K €8 Verhulst 4550 X6 iy 4 76
MR 22 B2 GM R IE T R KD A

AR Y, R G AR R SR P BB S 50 e st 5 B R, s — B B SR, s R T B 1 ] /b
B, 40 372 45 S PRIE BT T4k, A7 A B RO (1) FUR o — /N AR 1, PRI A3 BB AR AR 5 S B
THOEY) AT ) T IR AR SEE AR —Fh B e iRl B RN R . 1 2, AR K B 7 B A
E Z BRI B0, AR SR B 43 B850 R 3l 3 Laplace AR # MOCA SRR 7R | (B IE S RN b F K
LB IR I B S 1 R AA) e A% 186 PR BT TRV, R Ousstaloup 803201 30 BB b4 2630 | 3 05 L h 4R 0 8
R S BN A B, 1 IR SR B — A 8 P Ak 3 5 R B i i, B, TSGR [ 15 ]
PEAERBAE L CM(1,1) R IR Verhulst 7 5825 GM BAY AR SC 3 ] (196 FL 43 AT, 38 TEAR SO v
IOEERNEE

1 Ik & & 3
TREVHERST (GM( L, 1)U ) R DU RS BUIBET , B2 n A5 B Tl 7 51545

;0:[960(1) xo(z) xo(n)] (l)
A (D) #HfT—E I, g
}1 :[xl(l) x1(2> x1(n>J (2)
/\EP x](k) = le()<L)
x, (k) B3 T FRAR TR Ay
dx, ~
U +ax, =b (3)
-z (2) 1 %(2)
Hilab]"=(B'B)"'B'A  B-= _z'@ 1 A= xf’(3> 2 (k)= 0.5(x,(k=1) +x,(k))
_Zl(n) 1 xo(n)
X .a ZBO b——H B
2 (3) PR [E] ) 157 5] i Ry
b (k1) = (5 (1) = D)o+ (4)

IR IR AR T 3t ik 7Y 2 B A KA Verhulst AERIFIGE2E GM BERY K8, Verhulst B8 A RE g2 %)
YU S I T e, SR B o D R Ay
dx, )
o + ax, = bx; (5)

RS BT SR GO0 5 AT (057 R A O B
0@ (@)

oo
1

23 (23)) )

a (a0 )]
(5 HOE T L 79
ax, (1)

x(k+1)= . 7
(k+1) bx, (1) + (a = bx,(1))e"” (7)




440 IS S (SN S RE A S N T8 Ha4 6

Bk 2% GM BRI IR 22 7 5 S p AR Xof SRR R AT A 1E 5 22T U e (k) = x1 (k) —x, (k) , o x,
SR BN o R Ak e 37 f 4 o (AR Sy D62 0 B, o ST 28 IR (5 SR AL A0 Bk 2% G A Y RS JEE L
GM(1, 1) BEAL 3 T i

2 SEHIKBEEE

AT S 2, i — S50, B S B, PO B S R R TY , rh e i R, T 372 B SR A
KAPE TR FE I AR AT i 32 B TR, B2l T B R LR, RE A A o ST SR L H T DG B
Wi SCA 4 i, AR SCR H] Riemann-Liouville B 3 5E SC X THIME N ZH B Fr- 3 En] 2278y

s _ 1 dm[ tﬂiﬂd }
PO = P gy ar | e )
K B—00 8, m—1<B<m;m—Imilt B IEER, I( *) Gamma PR%EYT,

A (5) P s BB R D BRGSO 19 I SIS L, m] 25 S o 23 K 2

Dix, (1) + ax, (1) = b(x,(1))* (9)
MBS AN N Ry i Kt b, X3 (9) #E4T Laplace A8 | NIAUSR R 7R Ry
H(s) = (10)
s ta
K H Oustaloup 5555 73 BB A 73600 , AR N (0,, o,) , WIS U0T 58 45 1A% 18 R A .
N s+ o
G(s)=K1II ! (11)
j=-N§s + w;
/+“'\4‘+(2):\“5(]l*a) /+“'\4‘+(2):\“5(]l+a)
s k=to) wimo[”] ool
' W, W,

o N—BB 2N+ 1 —— U IR R IR R
H () REE (10) iy a5

-1

s"ta s+ ta, s ta,
H(s) = : : (12)
S’l'b + I)I Sn’»fl F o + b”__l s + b".
Horp n,=2N+1

R (12) Fedb RS TR
X(t) =AX(t) + Bb

x,(t) =CX(t) + Db (13)
XA B C— B X— RS AR & s D—FREL,
BT B SRS PIE A O, B (13) Frifiag «, (o) BEZeh 58—~ %%, B
x, (1) =x,(1) +¢ (14)
Hrp c=x,(n)-x,(n)
AP o e——4bFERYH £, WhR AT AT

3 KB4

RSSUEAS ST R A R LASCHR [ 15 ] mh (8 S48 S 6k R 047 43 B, e BBOECHE o %0z & e et i
DK1268+835 F&IEr oAb 4 10 d BTTREAE (B0 :mm)x,=[1.65 1.57 1.30 1. 14 1.01 1.18 0.93 0. 73],
GM(1,1) BERIT 51 Ay
xg(k+1)==1.6618e "% (15)
K AB, Verhulst A5 T 57 51 Ay
1

molk + 1) == 3.6479 + 2.9392e "% + 1.1208e"'** (16)

B 25 GM BRI 5% 25 5 51 A 7 K (A 25 SR L3R 1,




555 5,5 BUAREDSR B TCRE T A o3 H K A 441

R A ST DR A AEAT BN T AU, N =4 AR B R [0,1 000 ] (FA7 rad/s) il 2 (14) AT
SEVAT R 8, SR AW AR Bl 4340 B B AR LA ROR e e ik oy 0. 3142 RD
D" x (1) +0.1035x,(1) = 1.748 1 (17)
(L) B ARAR(12) |, BIRTHRARIG H(s) b0 ] e (13) Fom RS D 8, BT L ik
AL ZE RS T PR R

A, A,
o
C=[0 0.0073 0.2488 1.6460 2.2311 0.6335 0.0379 0.0005 0] x 10°

Hrir A4,=-0.0107 A, N\ AN A

A, =-[0.0005 0.0376 0.6294 2.2249 1.6522 0.2529 0.0076 0]x10°

DURE TN ZE S UL 1, AR 1 ] LI R SO0 J5 2k b GM(1, 1) 1558 ik Verhulst 5251 DL K 5% 2% GM
L EE T

} B"=[100000000] D =0.1155

x1 TEMUER

Table 1 Predicted settlement obtained from different models
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