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Analysis of internal force and deformation concentration effects in
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Abstract: Based on the actual damage and the mechanical characteristics of the component, a dumbbell-shaped
component is proposed by dividing the wall units along the midline of the span. To verify the phenomenon of internal
force and deformation concentration during the loading process of dumbbell-shaped components, quasi-static tests of
rectangular and dumbbell-shaped components with equal initial stiffness were designed. Wall shear strains and
relative displacements at different positions were tested. The analysis results show that the dumbbell-shaped
components undergo shear failure first, with damage concentrated between windows, causing the floor to collapse
vertically along the side of the dumbbell-shaped component. Shear strains on the cross-section of dumbbell-shaped
components are significantly higher than those of rectangular components, and the strain ratio gradually increases
with displacement. Relative displacements on the upper and lower sides of the wall between windows indicate that as
the loading displacement increases, the ratio of the upper wall to the wall between windows gradually decreases,
while the displacement ratio between the wall between windows and the lower wall gradually increases. Both strain

and displacement indicate that during the deformation process, internal forces and deformations gradually
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concentrate towards the wall between windows. Based on the analysis results, the collapse mechanisms of masonry
structures and masonry-frame hybrid structures are discussed.
Key words: masonry structures; dumbbell-shaped component; internal force and deformation concentration;

masonry-frame hybrid structures; collapse mechanism
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Fig.1 Division methods of wall unit Fig.2 Schematic of deformation concentration
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Fig.3 Schematic of component dimensions and stiffness calculation
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Fig. 12 Comparison of secant stiffness
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Fig. 15 Schematic diagram of component deformation
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Fig. 18 Damage to dumbbell-shaped components and frame columns
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