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Abstract: With the accelerated advancement of the construction of national comprehensive multi-dimensional trans-
portation network in China, the heavy haul and speed increase of trains have become an inevitable development
trend. However, under the speed increase of heavy-haul trains, the weakly expansive soil railway subgrades often
face problems such as a growing number of diseases and a higher frequency of repairs. In this paper, a certain heavy-
haul railway subgrade disease prevention and control project was taken as an example. The representative weakly ex-
pansive soil subgrade disease sections K506 and K548 were selected, the on-site monitoring of vertical settlement,
horizontal displacement, soil pressure and acceleration was conducted, and the variation laws of each monitoring
index were analyzed. By using the analytic hierarchy process (AHP) and back propagation (BP) neural network, a
safety evaluation model for weakly expansive soil subgrades was established, which systematically evaluated the
disease grades of existing weakly expansive soil railway subgrades under the speed increase of heavy-haul trains. Re-
sults show that regarding the settlement deformation, both sections exhibited three-stage(i.e. , creeping
deformation, stable deformation and accelerated deformation) evolution characteristics. At the creeping deformation
stage, the settlement deformation showed a trend of slow growth but continuous intensification. At the stable defor-
mation stage, the settlements for sections K506 and K548 increased at constant settlement growth rates of 8.57x107
mm/d and 5.00x10” mm/d, respectively. At the accelerated deformation stage, the settlement increased sharply,
and the average settlement growth rates for both sections suddenly rose. As for the horizontal displacement, the evo-
lution law was similar to that of settlement for section K506, showing three-stage evolution characteristics.
However, the horizontal displacement for section K548 did not show the three-stage development trend; instead, it
showed a trend of first increasing and then stabilizing with the passage of time. The value of soil pressure grew rapidly
at the early stage, and the dynamic load effect of trains showed a radial attenuation trend along the subgrade cross-
section. As for the subgrade vibration acceleration, the corresponding values for both sections at the end of 150 days
of monitoring were much larger than those at the end of 30 days of monitoring. Based on AHP, a safety evaluation
index system for weakly expansive soil railway subgrades under the speed increase of heavy-haul trains was con-
structed, with 4 first-level indexes in the criterion layer and 20 second-level ones. It was found that both the train load
and rainfall intensity had the largest weights, i.e., 0.113 90, while the drainage effectiveness had the smallest
weight of 0.008 00. Combined with the BP neural network method, it was predicted that the subgrade disease grades
of sections K506 and K548 were both relatively serious. The prediction results were consistent with the expert evalua-
tion results, indicating that the proposed method can be applied to the safety evaluation of weakly expansive soft soil
railway subgrades.

Keywords: speed increase of heavy-haul train; safety evaluation; on-site monitoring; weakly expansive soil; back

propagation (BP) neural network; heavy-haul railway
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Tab.2 Weights of evaluation indexes in the second-level
index layer
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Tab.3 Mean random index I

JE BT Iy R Iy
1 0 6 1.24
2 0 7 1.32
3 0.58 8 1.41
4 0.90 9 1.45
5 1.12

2.2 HMEMBRINIGE

455 BP RPN S I L BRI B R L A
SR, BP B2 2R a4 2 S0 i b A\ JZ BT
TR 3 AN, il 9 BR. EExE
ARV, SRR RAVHEIRMAR , 2 FHERA 20

T, T X B 5 A 05— A A B, Al A Ao P 4%
X AR ESK. i@k MATLAB H mapminmax
PRSI BN T A K ) — AR AL B S BRAS [ BRI
FOBCR 22 0], W MRS, A3 T b 2%, e
ENKER B A AR R, 0SB < 0.2 SR EAN
JUHL, 02<B <04 MM E—M™E, 04<B<0.6
MG EE ™ E, 0.6<B < 0.8 MK E™E,
0.8<B<1.0 M FHHnl ™, Mk 4 . AL
AT B 2 K B B S B IR TR R T R T
At Rt B it TR, el AR, e T 30
REAS, LG 20 I REARYE Ry I RHEAYI 2R BP
PRI, TR 10 FEAYE DRI REAS F SRR 5
ARAFHI SRR . AR SO T 3 T8 R L R
ARG EEREABOEA R, (HTE 30 AT TR
)5 5 287 GRS TP AN R IA8E 2 A (HLJsE 45 1
G ZEff 2 S B SR TE | BTN 45 | B3R5 ) KR TR
W ERE ORNEH  — ™ E B T E R
H) 10, TRV B — e SR

B9 BPH#HEMELE

Fig.9 Structure of BP neural network
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Tab.4 Project safety risk assessment levels

A B AL (B e ERE
0<B<0.2 AJE
0.2<B<04 —
0.4<B<0.6 BT E
0.6<B<0.8 JUE
0.8<B<1.0 TR

BEXF T IRR)Z 5T, B2 Boc O E L 200

3 (4) A5 ap

h=\p+q+a (4)
Kb h RIEZ HITEG p WA ZHITEG g
HEBATCEG a Ty 1~ 10 Z )5 4L

T BP M MZHI AR i 21 S 5w 45
K20 ANHT 1A, MR (4) AT LT R 2 1 S 5
IVEFEN 6 ~ 14 A K HZ—fCA BP g 45Kk 15
ARSI ) G2 5 SRk 10 4. EHL log-sigmoid
PRBSUVE 8T PR (y = 1/[1+ exp(—x)] ), P-4 AL
Wbt 0~ 1, FRET AR R , AT H AL il
WFPEOARG FE. 38 Rl iaIA , s I 28 BE A 2 2] %
F0.08, YNZRECH 1000 K, MUE AR LR
BER 1 x 107, A LI 3R AR e bG8 B S RaE 1 , B
1= BT LA BUG DA R 5 i A TR S H00 BE
.

- BP P2 o 285 174 Tl i 1 -5 S XL 1) % 3
LARSIATXT L, PEAREAL P PERE. (DR
HEALAD S P RE A 1 IR, 5534 30 41
Beirh, B RIRZEA R 1.773% , T F- iR 22 WK =
0.508% , X 16 BHAR B HUL G RO R FIAR, 58 4l R R 2L
K, WE 10 Frs.

R —shmn —ne ]2
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Fig.10 Error analysis
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Tab.5 Application results of evaluation model

W Tfi Al fhr 25 R ESSR | ERITNER
K506 0.493 B LR
K548 0.478 B E B

3 & it

AR SCHRFE R B 4k B B s B BTG TR,
1 B W 3 B TR AR |« A R RN E B
ASARIESL, FIFH AHP F1 BP 148 M24% # vy 53 ik +
BRI TP, 15 DU 4518,

(1) BRI 55 B2 i 4 4 i s 560 T X B kG2
TR 2E , DIME KA AL S5 6 b bt 2 B i) 428 1
MR, K506 Wit K548 Wil S B0 iE sh 2
¥ Fasg I MIGE A 3 W BOsEALERAE. LE s
TEWY B, UTRE R RIS , K506 TR IH - S350 B 100 K o %
ZRH 70.3% , K548 W [H] V- 34 10 A 14 K o 48 8 4
58.5%. M TACEAi, K506 Wi STk s b ik
1oL, 0 K548 Wi KPR B3 230 3 Bk Rk
BN T S A s ] A A K S B S KR R 1 R
A

(2) K S EBEE B R) A 2 1T 3 KR T AR
FE. ENIRI, R S R RS, 2R
(ECHE K PR, B X R (B A T b A +
FEFE, FENEI S, 0 e S o B 5 K
MBI E MR, LEDEEARERS, 2%
. T K506 Wi r3E s KT K548 Wi
AT, K506 WiTh A+ JIE R T K548 Wiy
+ B FIE. K506 Wrmi7e S 30 d At B i KA A
0.55 m/s>, 7EWEI 150 d B, 1) 4 28 3o B o B S 44 4
PEIT 7.00 m/s”; K548 W7 W 30 d B sk B fe ok
%9 5.19 m/s®, FIE T 2.50 m/s”, ZEWI 1504
I, 81 42 22 1k I ek B S HME R 5.00 m/s®. T
E G W R, NSRS , BB RS0
BRSNS, T3R8 Al 2o 2R I 5 90 A2 A ELAE
FARR SN, B4R 2 iy 3 .

(3) ISR AHP Fl BP MM RER, o5
RSN A T IZIK BRI IS TP MR PR IR R
W 1T 4 AENZE 1 ZEERA 20 4> 2 GedRtn, 40t
T B AR AR B L A RAS MR R RE B, A 81 B
K L AT o AN A R FLY A 0.113 90, HEZAK A 3ot

H f/NA 0.008 00. L 20 HYINZREEFN 10 4 IR HE
XTI AT T A IR SR, S KIRZEAUH
1.773% , F-YJIRZE N 0.508% , LA 100 BT 1EI14%:
U W AR S Atk B R IS BR S 461, T T K506 AN
K548 %I H G HIY I E, SRS
PRFE—2, TUE T 2 TN I I A A 1 ] S

AWFSEIET AHP Fl BP MM, @y T &
B AT 9 K 1 R e TP RS, A
B SHGE AT 55Kk - B SL0R), FEARGE T
Tk - S M A T (U iR T L I TS . 7E
JEEgE T, i — DG 2 TR RGBT
AL FNIGIE , FRal ¢ FEAR AU S | Fo 2 O 42 1T ) 3K
G ZEFETT 59 REAK HaR I L PN R R
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