4655 11 1] = + 71 & Vol.46 No.ll1
20254 11 H Rock and Soil Mechanics Nov. 2025

DOI: 10.16285/j.rsm.2025.0570 CSTR:32223.14.j.rsm.2025.0570

R-IRABIN R E TR B EHEE A0 R 51
738 S HERU

x @l ko, LR gL R, EHRXS

1. HFEBITRY R, WA B8 266525; 2. Mgy LARSES, L5 B 210024,
3. hENEREEEAF, IR FHH 266061)

BB CBPPRHEE S R E A S A M S R R, TR R M IARE T A R A B AT R T BROK AR T PR, RIS IR
BESCHEMF R AR B IT IR, BT T A AEIR AR RS R B Ty SR, $BR T MR R AR R R S
S R AH AR FAALA o K5 R AT — = SR TR B0 59 V)4 M 1) SR T B BY 7R A BR TR AR R AT RTS8 T A R Re 2 HE AT 4
TFREHERAY, FE— P BRI TR0 3 ANA - PR IR S E TR R R MR DT R R R = AR ML . B R B, At
B T HEAE K A~ FE IR AOAR LR FH 23 BT A o A, T ESOMR I R A T 52 B e s 20 SR FH T 72 AR KRR g, ATA
MR B KIS F11) 80% (Z924 1.1 MPa); 7K & HIBHINR. 715 K ATIE 3.75 MPa, #8id T C30 JREE L huHsm i . a0 T fay 25E
K, BEE ARG REIG N, MR eeEHE N A KT R I B B3O8 K, X—IGnT =3 3H T myk i #ie S
B - S B R A AR SRR, WRBRRES AR - L SR IA BT V) 5 = AR BB MR BT DI RS, e B L R it HENE K
U4

X B A WRRREEHE ARt A-IEIR: BUZIRE: UL

FESES: TU443 SCERPRIREG: A XEHT: 1000—7598 (2025) 11—3649—12

Field test and numerical simulation on thermo-mechanical response
characteristics of a bridge energy row pile under heating-cooling cycles
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Abstract: Combining bridge row piles with energy piles to create energy row piles can harness shallow geothermal energy for bridge
deck deicing in winter and cooling in summer, respectively, while also supporting the mechanical loads of the bridge deck. This study
investigates the thermo-mechanical response of energy row piles under heating-cooling cycles through field tests, and analyzes the
interactions among energy row piles, slab, and unheated piles. An interface model considering the cyclic shear characteristics of the
pile-soil interface is developed in a finite element software, and thermo-mechanical coupling numerical models of energy row piles
are established to further explore the changes and mechanisms of long-term settlement of energy row pile under the combined effect
of mechanical loads and heating-cooling cycles. The findings reveal that interactions among the energy row pile, slab, and unheated
piles can result in load redistribution, leading to high thermally induced stresses of approximately 80% of the maximum thermally
induced stress of the energy row pile (i.e. 1.1 MPa) at the top of the energy row piles due to strong restraining effects. Meanwhile, the
slab experiences tensile stress exceeding the tensile strength of C30 concrete, reaching 3.75 MPa. Moreover, when the mechanical
load is large, energy row piles progressively develop long-term settlement with an increasing number of thermal cycles, exhibiting a

negative exponential growth pattern. This phenomenon is attributed to the mechanical load driving the pile-soil interface toward its
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limiting state, where cyclic shear at the interface readily induces plastic shear displacements, ultimately resulting in the long-term

settlement of the energy row piles.

Keywords: bridge energy row piles; thermo-mechanical characteristic; heating-cooling cycle; field test; numerical simulation.
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