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Design Approach for Boundary Element of Flexure-Governed RC
Slender Shear Walls Based on Displacement Ductility Ratio
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ABSTRACT This study established a displacement ductility ratio model for ductile design for the boundary element of shear walls.
To determine the curvature distribution along the member length and displacement at the free end of the member, the distributions of
strains and internal forces along the shear wall section depth were idealized based on the Bernoulli’s principle, strain compatibility
condition, and equilibrium condition of forces. The confinement effect at the boundary element, provided by transverse reinforcement,
was calculated using the stress-strain relationship of confined concrete proposed by Razvi and Saatcioglu. The curvatures corresponding
to the initial yielding moment and 80% of the ultimate state after the peak strength were then conversed into displacement values
based on the concept of equivalent hinge length. The derived displacement ductility ratio model was simplified by the regression
approach using the comprehensive analytical data obtained from the parametric study. The proposed model is in good agreement
with test results, indicating that the mean and standard deviation of the ratios between predictions and experiments are 1.05 and 0.19,
respectively. Overall, the proposed model is expected to be available for determining the transverse reinforcement ratio at the
boundary element for a targeted displacement ductility ratio.
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Fig. 2 Idealized curvature distribution along the member length at different moment states
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APPENDIX

Table A1 Summary for details of the existing shear wall specimens used for comparisons

Author Specimens | f., | Section type | /1, | hy/l, w, w, w, W Ph | A (exp) Boa (pre)
_ SW4 | 369 | Rectangular | 0.183 | 2.0 | 0.087 | 0.048 | 0 | 0.149 | 0.004 0.88
Pﬂgﬁ L;Laasil?)nd SWS8 | 458 | Rectangular | 0.183 | 2.0 | 0.066 | 0.038 | 0 | 0.047 | 0.004 1.14
SW9 | 38.9 | Rectangular | 0.183 | 2.0 | 0.078 | 0.045 | 0 | 0.039 | 0.006 121
B3 473 | Barbell | 0.160 | 2.4 | 0.051 | 0.018 | 0.003 | 0.101 | 0.003 1.05
B4 | 450 | Barbell | 0.160 | 2.4 | 0.054 | 0.020 | 0.003 | 0.107 | 0.003 1.00
BS 453 | Barbell | 0.160 | 2.4 | 0.174 | 0.020 | 0.003 | 0.106 | 0.006 0.91
B6 | 21.8 | Barbell | 0.160 | 2.4 | 0358 | 0.040 | 0.222 | 0.220 | 0.006 0.90
Oesterie B7 | 493 | Barbell | 0.160 | 2.4 | 0.164 | 0.018 | 0.126 | 0.097 | 0.006 121
et al.*" B8 | 420 | Barbell | 0.160 | 2.4 | 0.189 | 0.022 | 0.148 | 0.114 | 0.014 1.34
B9 | 44.1 | Barbell | 0.160 | 2.4 | 0.181 | 0.021 | 0.141 | 0.109 | 0.006 1.14
BI0 | 456 | Barbell | 0.160 | 2.4 | 0.094 | 0.020 | 0.136 | 0.105 | 0.006 1.27
Fl 384 | Flange | 0053 | 24 | 0217 | 0.031 | 0.003 | 0.253 | 0.007 0.86
F2 456 | Flange | 0.053 | 2.4 | 0.198 | 0.026 | 0.081 | 0.214 | 0.006 0.94
x;g;‘tr}g w1 341 | Barbell | 0.104 | 2.9 | 0.088 | 0.054 | 0.088 | 0.137 | 0.003 1.13
Thomsen and | RWI | 31.6 | Rectangular | 0.156 | 3.0 | 0.061 | 0.030 | 0.102 | 0.091 | 0.003 1.20
Wallace'” RW2 | 34.0 | Rectangular | 0.156 | 3.0 | 0.057 | 0.028 | 0.102 | 0.127 | 0.003 0.83
i1 WTS | 27 | Rectangular | 0.180 | 2.3 | 0.075 | 0.048 | 0.102 | 0.113 | 0.004 1.18
WS5 | 27 | Rectangular | 0.180 | 2.3 | 0.075 | 0.048 | 0.102 | 0.377 | 0.004 0.96
SW7 | 29.7 | Rectangular | 0.143 | 2.1 | 0.123 | 0.046 | 0.247 | 0.293 | 0.010 1.29
Z@Zﬁg%’}d SW8 | 32 | Rectangular | 0.143 | 2.1 | 0.090 | 0.042 | 0.360 | 0.272 | 0.010 1.40
SW9 | 354 | Rectangular | 0.143 | 2.1 | 0.196 | 0.038 | 0.247 | 0.164 | 0.010 1.18
b | 82B206a | 212 | Rectangular | 0250 | 24 | 0.241 | 0.084 | 0.121 | 0321 | 0.009 1.02
83-B206b | 18.2 | Rectangular | 0.250 | 2.4 | 0.281 | 0.098 | 0.142 | 0.374 | 0.009 0.72
HIA | 51.7 | Rectangular | 0.240 | 2.0 | 0.042 | 0.042 | 0.104 | 0.175 | 0.007 1.19
HIB | 51.7 | Rectangular | 0.240 | 2.0 | 0.042 | 0.042 | 0.104 | 0.350 | 0.007 1.06
Kim™” HIC 51.7 | Rectangular | 0.240 | 2.0 | 0.042 | 0.042 | 0.111 | 0.651 | 0.007 0.90
H2A | 75.1 | Rectangular | 0.240 | 2.0 | 0.053 | 0.053 | 0.104 | 0.161 | 0.012 135
H2B | 75.1 | Rectangular | 0.240 | 2.0 | 0.053 | 0.053 | 0.104 | 0344 | 0.012 0.86
Mean 1.05
Total Standard deviation 0.19
Coefficient of variation 0.18
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