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Abstract
Effective interfacial bonding between the UHPC layer and asphalt wearing course is essential for
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extending the service life of steel bridge deck pavements and preventing distresses such as delami-
nation and slippage. Based on an actual construction project, a localized pavement structure was es-
tablished on an orthotropic steel bridge deck. Through the cohesive zone model and Abaqus user-
defined field subroutine (Usdfld) development, this research investigates: Primary contributing fac-
tors to interfacial damage under vehicular cyclic loading, critical damage-prone locations at the in-
terface and evolution mechanisms of interfacial fatigue damage. Simulation results demonstrate: In-
terfacial damage is primarily induced by transverse and longitudinal shear stresses under vehicular
cyclicloading. The peak shear stress (0.184 MPa) occurs at the periphery of the wheel load application
zone. Critical interfacial damage locations coincide with the maximum shear stress distribution ar-
eas. Interfacial fatigue damage accumulation follows a fracture energy-based evolution criterion,
characterized by the stiffness degradation rate D. D increases nonlinearly with increasing loading
cycles, exhibiting accelerated deterioration in later evolution stages. At 11.06 million loading cycles,
D reaches unity, indicating complete interfacial bonding failure. Finally, the modified Chaboche
model was employed to perform nonlinear fitting of the numerical simulation results, yielding the
interfacial fatigue damage evolution equation.
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Figure 1. Schematic diagram of cohesion model
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Figure 2. Bilinear constitutive model
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Table 1. Cohesion parameters

* 1 ARNSHEER

5 F2JF (MPa) NIl (N-mm™) WrZEE(N-mm)
V1A 1.12 1.77 1.84
VIl 1.75 2.11 2.78

2.5. Usdfld FI2FHF %

Usdfld TFE 2 —F ™ B E AR TR, AT T/E Abaqus fRULLFE Fh s s S0 AL &
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Figure 3. Usdfld subroutine operation flowchart
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PrIEIE 2 x 37.5 m; FRHERE A AT E 9 1 m (B 5 IR I I R 48) + 0.55 m (SS P47 42) + 4 m (AENLE)
ZE3E) + 0.6 m (SX HBHEETAL) + 7.5 m (GBI 451E) + 0.6 m (SS KBHfES AL + 7m (BFE[X) + 0.6 m (SS %
Bt 42) + 12.0 m (PRIEZETE) + 0.6 m (SX KB #2) + 1.5 m ZZpPiiy + 0.55 m (SS K 42) + 1 m
(977 S A B e 32 45) = 37.5 .,

3.2. BRTEE

FIF Abaqus 1 PR ICHA:, L AT 5 2 4 W 1 1E 2 S AT T J A A, AR RSF Rl ok i 5%
SCHER[14], 0l 4 B, B R EHANMFER . UHPC 2. SMA EMFEH. U M. BiTH/K. HP R
PR AR (RT3 3 m () x 1.2 m (38) x 16 mm (J§), BB P (EEE0 0.6 m 1) U TR ANEhAl, 9
M) B P2k (B EE 3 m (IREREAR . A24T UM 10 x 40 mm, F8[A][A]FE 30 cm, 2R [AIFE 20 cm, 4H3s4iMh
JZ SMA (4 cm) + FJZ UHPC (6 cm).
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Figure 4. Schematic diagram of finite element model
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Table 2. Material parameters table

F 2. RS HER

L SMA-13 UHPC MR
25 15 (kg/m3) 2450 2750 7850
FAPE R (MPa) 629 44,500 206,000
AL 0.25 0.2 0.3

N R, UHPC- #5102 2 [ 05AL, 7 B 4E UHPC S5 12 2 (M — B R B EERSE 2, Fh
452 ALA cohesive, FITI N P IR J BT (COH3DS)

Abaqus HEJEJE N E S8 EME TN 7E mesh #B, FIH edit mesh # create solid layers Z6E,
PR T E PR, MEEE N 0.1 mm G, SRR editmesh H node ThiE, EFEIEEN
0.1 mm HITAR BRI A, W MM 0.1 mm SR FEE RIS, W5, EA Lt X8 i g r i i
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Figure 5. Schematic diagram of zero thickness cohesive element layer
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Figure 6. Schematic diagram of lateral loading of vehicle load
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Figure 7. Cross bridge shear stress cloud map
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Figure 8. Longitudinal shear stress cloud map of the bridge
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Figure 9. Variation law of transverse bridge shear stress
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Figure 10. Variation law of longitudinal bridge shear stress
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Figure 11. Distribution of interlayer damage under vehicle load

11, EREHER TRERA S

A A N UHPC-I 5 12 = 1845305 B A Ik X 3 &, 5 2 (8 B8 S i) o3 A — 8, ik
U] TR AR YR SR, 2 T8]451 05 A Fh A T RE 45 5 T A v DU R S I R RE T AR E, SR
FBE D %o, D K {EJy 0.00048. Hi IR /NS 7 5 S TT40 7 (KRR RE 400070 FEBOR, i o
T £ 7 AR5 1 ™ B

35. WHRGEK

W R TRAE R MBI, MR NEZEH R R840, SR&SEME KRR, N Tt
it A IAAE R R s A, SR BTIT A ) Usdfld 727, K T REFH Abaqus, I8 T2
FEEATHSR, SR R B T 90 D B B AP UL, ASFIEPR B B
D HIAAL I OLILIE] 12,

+0.000e+00
+0.000e+00
+0.000e+00
+0.000e+00
+0.000e+00
+0.000e+00
+0.000e+00
+0.000e+00
+0.000e+00
+0.000e+00
+0.000e+00
+0.000e+00
+0.000e+00

+1.835e-02
+1.682e-02
+1.529e-02
+1.376e-02
+1.223e-02
+1.070e-02
+9.174e-03
+7.645e-03

@N=0

+6.116e-03
+4.587e-03
+3.058e-03
+1.529e-03
+0.000e+00

(b) N = 200 /3

+8.416e-02
+7.715e-02
+7.013e-02
+6.312e-02
+5.611e-02
+4.909e-02
+4.208e-02
+3.507e-02
+2.805e-02
+2.104e-02
+1.403e-02
+7.013e-03
+0.000e+00

(c) N =400 73

DOI: 10.12677/hjce.2025.1412322 3010 EARTHE


https://doi.org/10.12677/hjce.2025.1412322

+2.136e-01
+1.958e-01
+1.780e-01
+1.602¢-01
+1.424e-01
+1.246e-01
+1.068e-01
+8.899¢-02
+7.119e-02
+5.340e-02
+3.560e-02
+1.780e-02
+0.000e+00

(d) N = 600 /3

+1.145e-01
+7.633e-02
+3.817e-02
+0.000e+00

- +1.000e+00
+9.167e-01
+8.333e-01
+7.500e-01
+6.667e-01

- +5.833e-01
+5.000e-01
+4.167e-01

(e) N =800 Jj

+3.333e-01
+2.500e-01
+1.667e-01
+8.333e-02
+0.000e+00

(f) N = 1106 /5

Figure 12. Cloud diagram of interlayer damage evolution under vehicle load
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Figure 13. Damage evolution curve under vehicle load
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Figure 14. Nonlinear fitting curve
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