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Fig.1 Schematic diagram of the novel connection of prefabricated beams
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Fig. 2 Cross section layout of the H1 taxiway bridge
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Fig. 3 Detail of the shear key dimensions
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Fig. 4 Finite element model of the H1 taxiway bridge
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Tab.1 Result comparison of numerical simulation and test
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Tab.2 Working conditions of shear key position
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Fig. 6 Effect of shear key positions on mid-span deflection
and bending moment response of the beam
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Fig. 7 Vertical displacement distribution of the beam with different shear key positions
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Fig. 9 Effect of shear key numbers on mid-span deflection
and bending moment response of the beam
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Fig. 10 Effect of shear key inclination angles on the shear
response of key roots
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A Novel Transverse Connection Scheme for Prefabricated Beams in Aircraft Loading Bridges and
Its Static-Dynamic Performance Analysis
WANG Lin", BAI Zengqing®, JIANG Hui®", CAO Tiezhi', SONG Guangsong®, WU Songhua', REN Yang’
(1.China Airport Planning and Design Inst. Co. Ltd., Beijing 100029, China; 2.School of Civil Eng., Beijing Jiaotong Univ., Beijing 100044, China)

Abstract:

Objective The hinge joint connection in traditional prefabricated beam transverse connections exhibits weak strength and poor stiffness, whereas

the wet joint connection involves complex construction processes and lengthy durations. Research on the mechanical properties and enhancement
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measures of various connection schemes focuses primarily on highway and railway bridges. Aircraft loading bridges are characterized by large
load sets, significant spatial stress, and continuous construction requirements, all demanding greater strength and construction efficiency in the
transverse connections of main beams. However, research on the relevant transverse connections of prefabricated beams for aircraft loading
bridges remains unaddressed.

Methods A prefabricated beam transverse connection scheme is proposed to address these challenges, featuring a hybrid connection of shear keys
and transverse prestressing tendons. This scheme considers the mechanical characteristics of aircraft loading bridges. Vertical shear keys are em-
ployed to connect adjacent beams at the joints, which are then bonded with epoxy resin adhesive. Transverse prestressing tendons, embedded
within the top and bottom plates of the beams, apply compressive stress to the joint interface. This approach offers multiple advantages, including
reliable connection performance, enhanced structural integrity, improved durability, and simplified construction processes. Material nonlinearities
and contact nonlinear behaviors under load were considered based on a prefabricated beam’s straight shear test results. A reasonable solid model
numerical simulation method is developed to analyze the mechanical performance of prefabricated beams using the ABAQUS platform. The res-
ults showed that the errors in bearing capacity and initial stiffness at the joint between numerical simulation and test results do not exceed 7% thus
confirming the accuracy of the simulation method.

Results and Discussions Taking the H1 taxiway bridge of an airport’s Phase Il expansion project as the research object, a nonlinear numerical
model of the prefabricated beam with the proposed connection scheme is developed. Both static and dynamic analyses are conducted to validate
the reliability of the proposed scheme. The results indicated that the proposed connection can meet the specification of beam deflection under stat-
ic aircraft load with considerable safety reserves. The effects of parameters such as the positions, numbers, and heights of shear keys, as well as
the initial prestress, on the structure’s mechanical behavior and seismic performance are examined. Under the impact of the aircraft’s static load,
the beam’s mid-span deflection and bending moment are significantly reduced by the strategic placement of mid-span shear keys and an increase
in their quantity. This adjustment enhances the collaborative deformation capacity among the beams and ensures uniform distribution of forces
across the center and edge beams, effectively enhancing the structural integrity. Compared to the placement of shear keys only at the beam ends,
incorporating three shear keys at the mid-span can lead to reductions in mid-span deflection and bending moment by 19.92% and 23.35%, respect-
ively. The inclination and height of the shear keys had a minimal impact on the mechanical properties of the main beam but significantly influ-
enced the local stress state of the shear keys. Decreasing the shear key inclination angle or increasing the shear key height enlarges the shear key
force transfer area, reducing contact interface and key root shear stresses. The maximum shear and tensile stresses for each shear key in the pro-
posed scheme do not exceed the design values for concrete shear and tensile strengths. Increasing the initial prestress of the transverse prestressed
tendons enhances the pre-compression stress at the joint interface of the beam, preventing premature cracking of the structure. With the initial ten-
sion force rising from 135 to 195 kN, the compressive stress of the shear key directly bearing the aircraft load increased by 45.31%. The structur-
al response variation under earthquake action, with differing shear key positions and initial prestress levels of prestressing tendons, reflected that
observed under static load conditions. Incorporating three shear keys in the mid-span can reduce the beam’s deflection and bending moment by
17.29% and 40.12%, respectively. In addition, an increase in the initial prestress of the prestressing tendons can boost the compressive stress at the
joint interface of the mid-span by 46.51%.

Conclusions The research findings can provide essential technical support for the prefabricated beams used in aircraft loading bridges and can ap-
ply to heavy-load railway and highway bridges.

Key words: aircraft loading bridge; prefabricated beams; shear key; transverse prestressed tendon; static analysis; seismic response
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