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Shock tube tests and dynamic behavior analyses
on one-way masonry-infilled walls
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Abstract: Masonry-infilled walls (MIWs) are prone to crack, fragment, and even collapse under blast loads, attributed to their
low strength and weak ductility, which threatens the safety of building structures and the inside occupants and equipment.
Aiming to study the dynamic behaviors and failure mechanism of one-way solid MIWs under far-field range explosion, the
out-of-plane loading tests on two one-way solid MIWs with different thicknesses were first carried out based on the developed
compressed air-driven large cross-section (3 mx3 m) shock tube. The reflected overpressures-time histories that acted on the
MIWs, the deflection-time histories, and the deformation failure mode of MIWs were obtained. Then, a refined finite element
model of the shock tube was established, and the simplified micro finite element modeling approach of MIWs, as well as the
parameter calculation methods of the Riedel-Hiermaier-Thoma material model for expanded masonry blocks and the cohesive
contact model for joints, were proposed. The pressure propagation in the shock tube and the out-of-plane dynamic responses
and damage of MIWs were further numerically simulated. Finally, the central deflection-time histories of test walls were

predicted based on the out-of-plane resistance function and equivalent single-degree-of-freedom model of one-way MIWs
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under blast loads. It indicated that reducing the height-to-thickness ratio of walls can increase the frame arch thrust, which
could significantly improve the blast resistance performance of the MIWs. A105-mm-thick MIW collapsed after one shot,
while a 235-mm-thick MIW was slightly damaged after six shots. Both the test and simulation results of reflected overpressure-
time histories acted on the surface of MIWs were uniform pulse loads and in good agreement, which validated the reasonability
of the design and refined finite element model of the shock tube. The predicted dynamic behaviors of MIWs by the numerical
simulation and theoretical calculation method were in good accordance with test data, which can provide a reference for blast-
resistant assessment and analysis of MIWs.

Keywords: shock tube; blast load; masonry-infilled wall; dynamic behavior; out-of-plane loading; reflected overpressure
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(a) Pressure sensors arrangements in pre-test (b) Test wall and sensors arrangements in response tests
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Fig. 3 Reflected overpressure-time histories at different measuring points in pre-test
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Fig. 11 Schematic diagrams of brick-mortar-brick assembly tests
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Table 3 Parameters of the cohesive contact model

k/(MPa-mm™) k/(MPa-mm™") T/MPa S/MPa G,/(MPa-mm) G,/(MPa-mm)

108 250 0.3 0.9 0.01 0.045
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Fig. 13 The masonry prism model and its mesh sensitive analyses
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Fig. 14 Simulated results and surface fitting of uniaxial compressive strength and elastic modulus of masonry
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