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Abstract: With the increase in building height, the bottom wall piers of reinforced concrete (RC) shear wall
structures may experience alternating tensile-shear-bending (hereinafter referred to as tensile shear) and
compressive-shear-bending (hereinafter referred to as compressive shear) stress states under strong seismic forces.
To clarify the seismic performance of RC shear walls controlled by shear failure under alternating axial tension and
compression, quasi-static tests and numerical studies were conducted. In the experiment, five identical large-scale
shear wall specimens were subjected to low-cycle cyclic loading. Three specimens underwent alternating tensile-
shear and compressive-shear loading under different target axial tensile forces (maximum axial tensile forces) , while
the remaining two served as control specimens, subjected to tensile-shear and compressive-shear loading,
respectively. The test results indicate that different axial force states alter the crack patterns and failure modes of the
specimens. As the target axial force increases, the shear capacity of specimens under alternating tension and
compression decreases in both tensile-shear and compressive-shear states, with a more significant reduction in the
former. Moreover, specimens subjected to alternating tension and compression exhibit wider and more extensive
crack distribution in the tensile-shear state but ultimately undergo shear failure in the compressive-shear state.
Based on the test results, the shear capacity formulas for RC shear walls in the ACI 318-19 code and JGJ 3-2010
were evaluated, indicating that the tensile-shear capacity calculation in ACI 318-19 may be unsafe. A nonlinear
finite element model was used for parametric analysis of the shear capacity of RC shear walls under alternating tension
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and compression, revealing that this effect negatively impacts compressive-shear capacity while having a relatively
minor effect on tensile-shear capacity. Additionally, the internal force distribution of the bottom wall piers in double-

leg shear walls was analyzed, showing that when one wall pier is in tension, the shear force and bending moment

borne by the compressive wall pier on the opposite side increase significantly, potentially exceeding the amplification

factor specified in JGJ 3-2010.

Keywords: RC shear wall; coupled shear walls; alternating axial tensile and compressive loads; quasi-static test;

finite element analysis; shear bearing capacity
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Fig. 1 Geometry and reinforcement details
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Table 2 Test results of concrete compressive strength

A f./MPa £.//MPa
SW10-C-3 36.18 29.03
SW10-T-1 44.62 33.90
SW10-TC-1/3 44.44 35.11
SW10-TC-2/3 43.54 33.43
SW10-TC-3/3 41.86 3245

%3 HRB 400 R AR HIX IG5 R
Table 3 Tensile test results of HRB 400 reinforcement
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o /MPa o /MPa E/MPa E/MPa
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Fig. 2 Loading device
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Fig. 4 DIC measurement system
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Fig. 5 Crack development of shear wall specimens
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Fig. 6  Final failure mode of specimens
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ratio 6 for specimens
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Table 4 Shear bearing capacity of shear wall specimens

X WEMEAT  WE(EBY  MRER{A BRPRBY
T .
RIS P kg AN B SN
S ] 0.59 983.0 0.83 835.6
SW10-C-3
N [q] 0.69 1010.0 0.86 882.0
S [ 0.54 685.0 2.68 582.2
SW10-T-1
N [a] 0.43 676.9 2.62 575.4
S 0.71 685.1 0.86 642.6
SW10-TC-1/3
N [q] 0.61 1038.6 0.78 882.8
S 0.58 5123 0.59 451.4
SW10-TC-2/3
N [ 0.45 941.5 0.66 800.3
SIA 0.81 360.4 0.99 348.1
SW10-TC-3/3
N [a] 0.66 898.2 0.71 763.5
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Fig. 8 Effect of target axial loads on peak shear strength

of shear wall specimens
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Table 5 Evaluation of shear capacity formulas in codes
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SW10-T-1 681.0 — — — — 376 1.81 377 1.81
685.1 (S) — — — — 376 1.82 381 1.80
SW10-TC-1/3
1038.6 (N) 680 1.53 568 1.83 — — — —
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Table 6 Design loading parameters for numerical shear walls
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Fig. 13 Skeleton curves of numerical shear walls

under different axial forces
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Fig. 15  Amplify coefficient of shear force for compressive

wall piers based on test specimens in this study
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compressive wall piers based on existing test specimens
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P19 XULST A BROTBES A A R3S
Fig. 19 Internal force state of finite element

models of coupled shear walls
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