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ABSTRACT

In developing countries, the compressive strength of concrete in typical
reinforced concrete residential buildings is often significantly lower than the
design specifications. This issue has, in some cases, led to the collapse of
moment-frame structures during earthquakes. A primary cause is the inefficiency
of the workforce, which is exacerbated by increasingly complex building codes.
Thus, simple solutions are necessary to address this problem. One of the most
effective measures is the incorporation of minimum shear walls in concrete
buildings. The main concept is to use geometry to enhance Sstiffness and
resistance against the deficiencies caused by reduced concrete compressive
strength. This study examines the sensitivity of moment frames-and shear walls to
weaknesses in concrete strength at three levels: mild, moderate, and severe.
Three- and six-story moment-frame models, with and without minimum shear
walls, were analyzed using linear dynamic and nonlinear static methods. The
results showed that the drift sensitivity of moment frames to concrete strength
reduction was considerably higher than that of models with shear walls.
Specifically, the increase in drift for moment frames, compared to the reference
model, was 85%, whereas it was only 36% for models with shear walls. Nonlinear
analysis results indicated that models with shear walls, even with a reduction in
concrete strength to 7 MPa, did not exceed life safety levels in plastic hinge
formation. In contrast, in the case of moment frames without shear walls, a
reduction in concrete strength below 20 MPa brought the models to the verge of
collapse. Although the sensitivity of the demand-to-capacity (D/C) ratio was
similar across all models, those with shear walls exhibited significantly lower
sensitivity to seismic forces. The findings indicate that where concrete quality is
unreliable, shear walls enhance structural stability and reduce collapse risk.
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PMM Interaction Ratio (Seismic & Gravity Loading) PMM Interaction Ratio (Gravity Loading)
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Control-3ST C20-3ST C15-3ST C10-3ST Control-3ST C20-3ST C15-3ST C10-3ST
Column Numb¢
Cl1 0.96 1.02 1.03 0.23 0.26 0.3
Cc2 0.9 0.98 1 0.24 0.27 0.31
C3 0.83 0.87 0.24 0.29 0.29
C4 1.01 1.07 1.08 0.22 0.25 0.29
C5 0.97 0.98 1.08 0.23 0.27 0.3
Cé6 0.98 1 0.98 0.23 0.26 0.3
Cc7 0.9 0.98 1.02 0.22 0.25 0.29
C8 0.98 1.01 1.01 0.22 0.25 0.29
Cc9 1.03 1.03 1.03 0.23 0.26 0.3
C10 0.97 1 1 0.23 0.26 0.3
C11 1.03 1.13 1.13 0.22 0.25 0.29
C12 0.9 0.91 0.91 0.21 0.24 0.27
C13 1.03 1.07 1.08 0.22 0.26 0.31
Cl4 0.9 0.96 0.99 0.24 0.26 0.31
C15 0.97 1.02 1.02 0.24 0.27 0.31
Cl16 1.03 1.1 1.1 0.24 0.27 0.31
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Column Numl

Cl 0.78 1.1 1.23 0.21 0.23 0.27
C2 0.88 1.22 0.24 0.27 0.31
C3 0.81 1.01 0.21 0.23 0.27
C4 0.8 1 0.24 0.26 0.31
C5 0.91 1.21 0.24 0.27 0.31
C6 0.91 1.13 0.28 0.31 0.36
C7 0.94 1.23 0.24 0.27 0.31
C8 0.95 1.29 0.24 0.27 0.31
C9 0.91 1.13 0.28 0.31 0.36
C10 1 1.2 0.28 0.31 0.36
Cl11 0.97 1.06 0.24 0.27 0.31
Cl12 0.83 0.96 0.21 0.24 0.27
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C13 0.97 1.13 1.23 0.28 0.31 0.36
Cl4 0.77 1 0.2 0.23 0.27
Cl15 0.89 1.1 1.22 0.24 0.27 0.31
Cl6 0.84 1.08 1.2 0.24 0.27 0.31
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PMM Interaction Ratio (Seismic & Gravity Loading) PMM Interaction Ratio (Gravity Loading)
Model Name
Control-cop.wall  ciswall  clowall oMM cogwan  ciswal  Clo-wall
Wall Wall

Cl 0.75 0.85 1 0.58 0.7 0.81
C3 0.76 0.87 1.03 0.58 0.7 0.81
C6 0.88 1.03 1.23 0.74 0.86 1.02
C9 0.95 1.06 1.23 0.74 0.86 1.02
C10 0.99 1.14 1.32 0.74 0.86 1.02
Cl12 0.75 0.88 1.21 0.74 0.86 1.02
C13 0.87 1.01 1.01 0.57 0.86 0.81
Cl4 0.7 0.82 0.95 0.57 0.69 0.81
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