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Deformation control of a high-fill railway subgrade undercrossed by
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[ Abstract] The construction of a box-frame culvert under an existing operational railway embankment may trigger deformation
of the existing railway and compromise track smoothness, potentially resulting in operational disruptions in severe cases. This study
takes the traffic diversion road beneath the Pingnan Railway at Wuhe Station in Shenzhen as the engineering background. A numerical
model of a frame bridge underpassing an existing railway line was established. Based on field monitoring data, the disturbance-induced
deformation of the overlying existing railway during cast-in-situ frame bridge construction was analyzed under different pile-cutting se-
quences. Key control techniques in cast-in-situ box-frame culvert underpass construction were then proposed. The calculation results
show that, during the cast-in-situ underpass construction of the frame bridge, the track settlement curves under various construction
conditions exhibit a generally symmetrical distribution. The minimum track settlement occurs at the supporting pile locations, whereas
the maximum settlement appears at the mid-span of the D-beam. An increase in the span of the frame bridge leads to more pronounced
horizontal displacement of the railway track within the bridge span. After optimization of the pile-cutting sequence, the track settle-
ment within the area of the SGC10 supporting pile is significantly smaller than that obtained using the original scheme, with the settle-
ment reduced by 49%. Consequently, both the settlement and horizontal displacement of the existing railway track within the entire un-
derpass area are reduced. By cutting the existing supporting piles in stages, the railway track load can be progressively transferred to
different frame bridges, enabling multiple stages of load redistribution. This staged load-transfer process can significantly reduce track

settlement and improve the smoothness of the existing railway. The calculated deformation patterns of the railway track under different
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construction conditions are consistent with the field monitoring results, indicating that the proposed modeling approach can be used to

predict track deformation during railway underpass construction at grade-separated crossings and provide practical construction experi-

ence for the safe implementation of similar railway underpass projects.

[ Key words] cast-in-place frame bridge; grade-separated crossing ; underpass construction; track settlement; load transfer
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Fig. 1 Plan of the three-span frame bridge (Unit: m)
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Tab.1 Allowable deviation management values for track
static geometry parameters
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Fig.3 Yield surface of the MMC model in principal
stress space
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Fig. 4 Stress-strain relationship curve of the MMC model
under triaxial test
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Fig. 5 Numerical calculation model of the frame bridge
underpassing Pingnan Railway
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BRI B ) R 75 EE K /N 38.124 kPa.
24 BARGE TR

Z B A B AR TR SR S E T A
SEUTRE, PRI ZEHEAR TR L it N ZKH 6 2051 7 by
T, PR H B A IS P TR R AR T
ZE AR, B TP RN 4 s .

£4 WINEIHE

Tab.4 Calculation of construction stages
TF Uil
T WA R B
TF2 T/ E DR SAENE L2 B L B 4P b
T3 JEAEDIE ] S
T4 TOHTZ P E FUAER 2T
TIPS GEFUH I FLAERIAT T ZIRBE L AR AR F2 14
TFF6 HOTTHHZ P LA ST
7 GESUPIMIFLAERIT T ZRIRBE AR SAEAG AT 3244
TJ78 HEFA W 143
T79 XPHEAG TR AR HEAT MU T DT BRAE R P X4 AT

2.5 BT HBIEHARE
TEFEAT I T 45 S B ik, g B gk B s R 18

) B (B UK P A AL DR PO B T P 2
JURT RS A7l 22 4 PV D e, A HEIE
FIZERRE 45 k/h BTGB, FHAE 10 m AL R A
MEPROR JE 22 B R B 2E Y D 22 (R ) 24 22 mm,
TEATEHLE TR BB TCH 452 TR 00T, AH48 10 m

BT T R 5 S B 2 B 25 5 1R % B 2 1R i 22 (i
)k 6 mm,

3 HENMTHRERSTRIEERR

A5 3 47 JIT A1 A 5 2 30 88 ) S % W A, XoF
HE R B ST 175 Bl P A LT BB S m B EHLE A
FE W 15 (SGCO1—SGC20), Wil x5 HAAA G & an sl 7
[z
3.1 AR T F kB AE 69 % v AT
3.1 HUBEDIRENIR

T 5, BLGEEFI AR T 2t 15 | A iy Rk B
& FER B RTINS 45 R W 8 FiR.

& 8l N, 00 2 5 00 4 Frst i i -2
[E)FL K PP LI 37 it T, kLT R [ (S RS Ay
-5V g N e VA W DA R 11 B IS TN i Y [
4398 2.72, 2.04 mm; T80 3 78 A FLHEAA B BE 57
AR E S —3.78 mm, 3 T80 2 UiREAR ik 3] -6

SGC20 SGC19 SGCI8 SGC17 SGCI6 SGCI5 SGCI4 SGCI3 SGCI2 SGCII SGCI0 SGCO9 SGCOS SGCO7 SGC06 SGCOS SGC04 SGCO3  SGC02  SGCOL

S
] ] ] — [

24.5 24.5

24.5 16.4

(7] S e

7 SRERENIE B R ER RITMINTREE R (B m)

Fig. 7 Cumulative induced settlement deformation of railway track at key stages (Unit: m)
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