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Abstract

Clarifying the service law and working mechanism of the joint load transfer system in composite
pavements under void conditions is of great significance for void treatment and structural design
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of composite pavements. In this study, a three-dimensional finite element model incorporating spring
elements was established. The joint load transfer system of the composite pavement was simulated
by employing spring elements and connector elements in batches. A comparative analysis was con-
ducted on the variations in deflection and joint load transfer efficiency under partial corner voids
and full corner voids with different spring stiffness levels. In addition, the triaxial stress distribu-
tion of the connector elements was analyzed. The results show that when the void size remains con-
stant, deflection and joint load transfer efficiency generally decrease with increasing spring stiff-
ness, and the recommended spring stiffness ranges from 0.5q to 5q. When the spring stiffness is
constant, joint load transfer efficiency decreases with increasing void size, while deflection in-
creases. Deflection increases rapidly when the void size ranges from 400 mm to 800 mm. The joint
load transfer system exhibits a localized cooperative working mechanism. The spring elements do
not engage simultaneously. Instead, they are activated in a coordinated manner from near to far,
centered around the localized void area, as the deflection ratio at the slab corner increases.
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Figure 1. Three-dimensional finite element model with void
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Table 1. Benchmark model parameters

F 1 EERESY

GRIEAATR K W B HiE THIAEE
AC-16 8.0l m 3m 6.cm 2000 MPa 0.2
IRV TR AR 4 m*2 3m 28 cm 30,000 MPa 0.15
IKPeRE A 80lm  3m 18 cm 2600 MPa 0.15
b f S8 A 50 MN/m?
S ) lcm
JEIEPRESETE + 7KiE) R
JEIEPIRA KV + HE)Z) FE A4Sk
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Figure 2. Schematic diagram of pavement structure
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Table 2. Calculation process of joint stiffness
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Figure 3. Schematic diagram of nodes of cement concrete slab
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Figure 4. Schematic diagram of using spring to simulate load transfer at the joint
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Figure 5. Simulation of spring units at the joints of cement concrete slabs
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Figure 6. Time-history curve of FWD pulse load
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Table 3. Joint stiffness at different points of the slab
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N[5 3L 1 it o 4 5 A N xm? AN x m MRl N x m
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Figure 7. Slab deflection under different values of spring stiffness and degree of void. (a) Deflection of loaded slab with semi-void
state; (b) Deflection of non-loaded slab with semi-void state; (c) Deflection of loaded slab with full void state; (d) Deflection of non-

loaded slab with full void state

7. AERENEMB=ZE TERE. () #RETZERSAE; () FRMETEZERERNE; () £RETZER

TiE; (d) £RETEZFIREIE

Table 4. Deflection load transfer coefficient under different values of spring stiffness and degree of void
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Figure 8. Analysis of three-dimensional stress state of spring. (a) Force analysis of three-layer spring in driving direction; (b)
Force analysis of three-layer spring in cross-sectional direction
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