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Abstract: The precise prediction of post-construction settlement for high-speed railways is one of the key techniques in
successful construction of high-speed railways. The in-situ observation data show that the shapes of settlement vary greatly
under different unsaturated conditions. Limitations and risks are observed to predict unsaturated settlement using the traditional
predication methods based on the saturated theory. A new prediction method for post-construction settlement of unsaturated
high-speed railway embankment is proposed. The characteristics of the proposed model are analyzed, and the solving algorithm
for the model is developed. Based on the observed settlement data in LXS-15 of Lanzhou-Xinjiang Double-Line Railway,
predictions are carried out respectively using the proposed model and other three methods. By defining the correlation
coefficient, deviation degree and stability property as the evaluation indices and using 2 years' continuous in-situ observation
data, the prediction precision is investigated and compared. The applications in three sections with different saturations show
that the proposed settlement prediction model is feasible and scientific for unsaturated embankment of high-speed railways, and
it may provide a method for prediction of post-construction settlement of high-speed railways in unsaturated areas.
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Fig. 1 Model results with different parameters
1.2 RENSHEHWETE
A g A AR, Jeigm s P BO %
KA LN BOE A, BRI HUR AR 2tk e/ —3fe
EARRESHAE
R die /I 3feid e BAR ZE T J7 Al /N e
RAGTH AR RS S — M S H T 5. B
LM RGN y=F (x, ¢), c=(co» c1» s c3) X
T NI ORI B AT A, AR
S
O e ®
Hrp, oM e MR RIS R 5.
HhaMERE DV nHE,
¢, (0)(j=0,1,2,3), A
¢;=c;(0)+d¢c, 3)
WERAENS R S, MIME, WImTBLHC (3D Wi ¢, HIfE.
TR Se, . BE S (x,0) TR —AKT Sc, 1

i A



55 6 Y] BT,

S5 AR PR X e e R B i I T A T 1091

BAERREL, SIS T TRy
0= ZUUc)y] . ©)

7E ¢, (0) P X LA B AL £ (x,0) TER B EURTT, Jf
W% S, MR IHFRARX (4) 15

6f0 (x,, c)

0= Zfo(x c)+—21—>—= -+
Co
aji)(x,.,c)5q+6j%( o )503_%]2 . (5
601 Cy
MR N RS, X (5) R 2
aQ :0 ’
65(:j
Ep
N ofy (x,,¢ oy (x;,¢
ziZ{fo(x,.,c+ f"(;c(‘) )5co+ ﬁ)a(cl 0+t
5fo(xnc)503_yi Mzo (j=0,1,2,3) . (6)
603 60/'
B (6) HUSHREE
AxC=B , (7)
Hr,
Ay o Gy Gy
A= Ay 4 dp 4
Ay Gy Gy Ay
Gy 43 Ay 4y
B= {bo,bl,bz,b3}T )
C={6c,0c,0c,0c} o
TEFRE 4 1,
Zafo(x ,¢) Ofy(x;,¢) (j,k=0,1,2,3),
dc; oc,
TEHFE B 1,

b, ‘Zafo(;j C)M(x,c)_y[] (j=0,1,2,3) -

LRI (7) WIATR Sc, M, Hlbst (2)
BE e, 11, IERE |5, | BT ¢, (55 ¢, (0)
HOBTAE, S LA, SRR |Sc | AT MR %
MISEAREER, Mt 25 R«

2 TiENA
2.1 TIE#HR

LR LXS-15 ARB, AT HORE RSN . &
HU DK889+600—DKS890+200 FK)S il [ W 3 Ko i3k
T8 ZIXEBHZE R E ik . B, 4 RPR 55
R, MAEEANEIE, R REE 6 m, LKk
TR, X EE 2~5 m, BABEL N

5° ~15° , R E IR E A T2, IR A
RIS K, B AR LBk . H 2010 4F 8
H 2 HIFGRIE L, 2010 49 A 11 HIE L5, BE
5.2m, JE LEZEIATIIREMM, 2011 £ 3 H ksl
SR NRE ST X & BV 7k, LS, X
FREE b T IR 2.0 a2 (E 201343 H9HN
1.

B T5E e 3 M H (2010 4F 12 ) Al T
SERUE 6 A (2011 4 3 A AN )35 25 v b
MK, XL = S0 RO 1A HT 2%
Je AT 3R H AR AN T R TN A AR A T R, 5
55212 a (Sl EcE 3475 Lt 5AS R VA e RV
AT Kb X T B4 R A

BREHPRLE, U il R R R AT VR A R
IS, ML EAFIFER RN /NT 092, AL
R F AR R REUE RPN 1 R A2 — o AHR
REE AR 2 MR VA SRR E &, BUETE
=1 A 2 R AR, RN, AR R LR A
KL R X REOHE AR

R Cov(X,Y) ’ g

JD(X)/D (V) ®

b, X, Y 2B AR AN TR (- 245

Cov(X,Y) NBAEI T2, D(X), DY)NMHA
BT %

SR FH ST R AR AU H P T AR Y g 2% SR 15
B H ARFIS L, AT 2B SR AR (O TR, 1
JaFIH Excel H' Correl BR%15 t SE -5 FiO0IE I AH
KAH

N SCH SR IO FRTRS B A H Al 2 BE ) E X, E
TR PR S5E T2 2 a Ja 0 SR EL ) W FAS
o ASCE SN “UmEE” N2 a 5 MsEyiRE ST
MPTRE 2 2 5 9T I OB . i 25 B R Fl R TR
SRS AR ), (w22 I e, R
RTINS T S OB A, 2 s T &5 SR

AIREVER)—ANERR. AAh, 2 TR TIME 2
Tl T2 A, 2 M 22 P g 7 AR 3R B Tl 4 %wﬁ%ﬁ
Ko T2 FOIEEN B RNFSE, X
FETRE ERAZAER. HiFHEAXN
p= Sy — Sy ’ ©)
Sy

A, S NS 2 a YUREAE, S s TN 2 a FTFEAR
2.2 WREE

P € B ONFET 56 1A 3 A H UM 6
JFIUTREEE Fr i e 25 R (2 75 o e g LS T #E
RULE A SYDULIN B S At L= A= T 45 R AR 2 FE



1092 s + I B % #® 2017 4¢
A 7 /)N D) 22 R 12 A R iy S 00 300 5 P A o 1 ETNEE R F R R BOEE AR, B R
55, TOONE MR . FRE A E XN [EIE M 3 BT AR, = v T &5 S 1) i 22 55 1E 1

w=§-S, - (10) AR EIZN, H = RS B R LI B 1 S

A, 8 8T TR 3 S AU S M i T as R,
S, REET 6 A A UTREEE I TS5 R -
2.3 REEEIFNIRE

(1) ANTRVSE RS TG 45 R 0T L 23-#r

R AR PR B U B IO AR VE A Tt T 5€ A 3 > H
At T 5€ 1% 6 > H IIIRHE TS 45 R 5 = rik. A
A 2R AN SR A 2R AT AR LE . A AR
Ko w22 LA e FEROR LE S5 RN 2~4 Pow, 3R 1
2t T AN TR T T A5 L ) O 22 B R 2 XA

1.00 1.00
0.95 0.95
£0.90 £0.90
$0.85 $0.85
Zo.80 Zo.80
0.75 0.75
0.70 0.70

AR TEBOL A AR =R TR MR A R

(a) DK889+600 (b) DK889+700

1.05 1.05
1.00 1.00
0.95 0.95
$ 0.90 $ 0.90
0.85 0.85
% 0.80 % 0.80
0.75 0.75
0.70 0.70

AR TEBOL A AR =R TR T A AR R

() DK889+800 (d) DK890+000

mm 3N /=3 6 A

2 FEFMTEE R BB EE

Fig. 2 Correlation coefficients by different prediction methods
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Table 1 Sum of absolute values of deviation degrees
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Table 2 Fitting results of 3 months after construction
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Table 3 Fitting results of 6 months after construction
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