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Abstract: The railway network in the Loess Plateau routinely traverses high-density farmland irrigation corri-
dors, where the subgrade continuously accumulates excessive post-construction settlement, severely threatening

the millimeter-level smoothness control requirements of railways and posing significant challenges to train oper-
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ation safety. This study addresses the prominent conflict between routine farmland irrigation practices and the
stability requirements of railway subgrades in this region. Through field investigations at a typical site along the
Baoji-Zhongwei Railway and dynamic triaxial laboratory tests, the causes of subsidence in loess subgrades un-
der irrigation were identified, and the dynamic residual deformation characteristics of loess after wetting were
revealed, along with proposed prevention-control thresholds. The research demonstrates that periodic irrigation-
induced moisture fluctuations in the subgrade soil, combined with long-term cyclic train loads, are the primary
drivers of severe settlement. By conducting comparative simulation tests of train load waveforms under varying
drainage conditions, it was found that the residual strain under semi-sinusoidal wave loads decreased by
15%~20% compared to conventional sinusoidal waves, confirming that semi-sinusoidal waves better reflect real-
world train dynamic load characteristics. A dynamic residual strain model for loess was established, incorporat-
ing consolidation stress, dynamic stress amplitude, and vibration cycles. Preliminary predictions of subsidence in
actual irrigation zones using this model aligned well with field observations. The findings provide a theoretical
foundation for long-term settlement prediction of railway subgrades in loess regions and hold significant engi-
neering value for advancing lifecycle safety assessments of subgrade defects under coupled vibration-seepage in-
teractions.

Keywords: loess plateau railway subgrade; dynamic residual deformation characteristics; half-sine wave;

cumulative settlement; lifecycle safety assessment

Wil o ) I 3 i ) e AL AR R T A it
T i 41 o %% |l AR T A 22 R ), b T A A G 55
B LY DX 4k B A i Ml Jo R A, T UM B B A
I 20 4F ] 2 BRYE BN © & A 20 il B 450 i R S
e 2022 AR B R R R R B 1 e T SE P S B sh AR 2k,
TN 1 B8 8 5 2021 AF e (] T K B it 1 B B 4] 4
7S 2020 AF TR B I AL T R IR L E 1 58
4 55 2020 AFRUATLR L TR TGV 845 2R Ik
PO Y LW . SR M, R E 2R
SRR HE RS L B IR B ST A R A
it e B R, SR A M SR IR A A A SR A
B % b 5 U 7 AR A A A A T, iR N K R B
U [R5 [ 9 R R R TS, R TTE

TR T 9 5 & B, Bk K T 4 3R 45 R 2% 41,
KT IR % 5 B AR R e Y BB A A B .
W R, PRI T Al e 5 PR IR FF LR 2 S 4 3~4
9 b 7% 9 FE AL 4 R B 47 28 (8] SO 4, 2016), X A
FAFEF L /NR IR A4 HiR Sl 3 2o R Bl g e 7 15 &
3R . Pietrafitta ¥ 3 (Guerriero et al., 2021) . | ¥
B SZ HE TR (% 5, 2006) . H A AR 3E B T
2 B TURE (B 11K, 1998) F1 v 2 v 0B s S LB
GBS, 2021) 55 B3 Wil 35 £ Uk 52, R MR 3 2
MR A 5 BRI o 6T HAT R AN A PR
PE S 7K B Y B b X, 17 4 4R 3 S K 5 R AR 1Y

LHAERGMAT 20, —FILFEENT, S
TARRIFR ALK SER . R R I A R S R AR A
HH LR Uik, ok TR R 2L 2B L (2. fE W
ARV “ FARRLN 7 (EZK 54, 2021), & +ahh
FEPERIF ST IRy I 28 4k I I T B s 1) DG B ) 2 [ A
BEA o+ 2 ) R R 2 AR 3 — Bl iR R,
281371 D\ M2 A 28K 1 22 38 A 2R XA R . B
TR BRI (22 B4, 2009; Fik7AR%, 2011), &
G s T Sk B SR8 5 S 5000 3h Y 1)
B (EHRAE, 2019) . B e (BRAEALAE, 2014) Bk 4x
W A% (Yang et al., 2020) i) 52 W HIL ], FFa 7 T 90 4f 59
JO7 3 R AR 2GR AR Y (Liu et al., 2023) o Fifi 5 /o
R I R AR B ) R R, R SRR ) 2 0 fer 2K T -
MR e PERe, A8 T 16 P4 205 | A 1 AR 4 4 o
20 2 BFIA A (Wang et al., 2020), H KB %4k 1%
FE 53N 1K AR LM G R (B J 75 55, 2022) . &
1T, AT RIS 7 AR e B R R O “Hifend . K
P b 52 B I 00 45 W LE 5% U % S M BB =, 20 T
CRAERT L NIRIE A FLSEH) FE A 0 F ) R )2
IEBZ PRI (5 RIGEAE, 2009, 07 R MESE, 2011); @R A
o AR AR Y Z2 BT ORHE K 258 (Xiao et al., 2011), #ELL R
WA 32 7 P HE K AT LB T B Ak g
W3 S BN AT BRI A 22 0I5 M 22 I A3 fr A AT 1 “
Pt PR ST A, X8 A S e R 4 SR



130 Wodb o H R

NORTHWESTERN GEOLOGY

2026 4F

LTI, AT 5 AR B v D R DX R B S DT
W4 IV T, 0 o 3R £ JREL 3 DO B 114 B8 PR 5 AR, 4R T
R FIRRAR 1L RS R 2 0T 8 25 R B 4RI (S 1E 5%
U /A5 R TE S8 0 L ) 5 [ 25 e 0 5 i 1Y) 3 = AR
TRVHBOE AR LA KA B 186 205 s g %) 2 b AR B A 0 7
RIS R TR, AN 2% SR HEK SR A5 KSR
(1 BRI SO . BIF T RCR AT Do R AL A 51
AR B K i R S TR B OGS4, X e 3
TR R ERHE AR R AAERE TRE X

1 BEA Bkt o - B L DORE I A &

ARTIFGE SR 22 R T AR b S A5 3 . B A ML
RN L IBORE 25 A, b 52 P gk % (B g £ 09— B op
)WY Zk 135 ke SRV G X BT SR R G MR R A
UG 7S 28 1L A 7 T D B B A 5 ok Y R R
SHITR, A0l W5 L A sl R A 1 5 & 10 T 1
PRELDGE R B WAE/R 3 A Sk TR F o

(1) WL B2 55 B KRR A I 28 oo . FE T
[P Bt X, 2% IXC o T s /0 L 22 Sk B2 2 4 o i k) 11
SR FER, b T 5, R P A RKEE 5| T 52 K R

HEFTAR P TBE , 17 K ZE R AR AN S TR (1] 1)),
LRI 22 A B L, /A AR A B B K L HEZK B it
R AR S Hh R A & B, A IXAR K B AN 400 mm,
1B 4 v =X 38 9 AE 2 K R IK 1.8 mY/m’(3 WR/AE, 4 S AE
3.6 AR 11 H 5 FRRHEKIRIE 50 cm 725 24 h), K
WIS S OB SR A KN RARE
(12%~15%) BE 1 2= 28%~32%(1& 1), HiF 7Ky A
KR 8~17.5 m, BT+ 3| 4.1~16 m, KA T+ ik
2~10 m; FL7 %G FLIURE & 30 B ik H R TE I8 T 5055 )2,
AT T SO A, B 98 RO )2 SRR 4 I (18] 2),
1 A 2k 22 Y s R I 7 R BB, O A R K I ) I A
BB MEALIE R R I8 2 m Z £ 7F 2015 4F 7~10 J
B R 37 LR W 2 TR, AN 4 4~ H s BT ™ E A R By
SJUTRE, Ha KU TR EE 2 T 31 om, J2 1T
FUVFAH 20 em (9 1.5 A%, P BRI T8 447 AR, HL
Xt B0 2 AT 2 2 4 s R KR

(2) 5 2 for 20 1% 5 4R 3l g me 7 A Al R MERR A o
TR A G Ol 25~40 t, £7 50 Ol 80~
120 knvhe B A5 (2014) TH5 7R, 163 120 km il
25~40 t 51 44 T g SE T 30 J) ok 74.60~119.37 kPa;
V(R B 55 (2018 ) 3 F % 35 & RO AU 050 I3k 2% 3,

Wit 1/

Bl REERRXS S EEHNERE G EE
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Fig.2 Field borehole sampling reveals the formation of weak layers in subgrade soil
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Fig. 3 Railway diseases caused by farmland irrigation areas
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Fig. 4 Development diagram of loess deformation in farmland irrigation under train dynamic load
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Fig. 5 Schematic diagram of different waveform power loading processes
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Fig. 7 Relationship curve between residual strain and vibration frequency of different waveforms
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