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Seismic Performance Evaluation of Reinforced Concrete Shear Wall

Systems Designed with Special and Semi-Special Seismic Details
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/] ABSTRACT /

This research presents the nonlinear analysis model for reinforced concrete shear wall systems with special boundary elements as
proposed by the Korean Building Code (KBC, 2009). In order to verify the analysis model, analytical results were compared with the
experimental results obtained from previous studies. Established analytical model was used to perform nonlinear static and dynamic
analyses. Analytical results showed that the semi-special shear wall improved significantly the performance in terms of ductility and energy
dissipation as expected based on previous test results. Furthermore, nonlinear incremental dynamic analysis was performed using 20
ground motions. Based on computer analytical results, the ordinary shear wall, special shear wall and newly proposed semi-special shear
wall systems were evaluated based on the methods in FEMA P965. The results based on the probabilistic approaches accounting for
inherent uncertainties showed that the semi-special shear wall systems provide a high capacity/demand (ACMR) ratio owing to their
details, which provide enough capacity to sustain large inelastic deformations.

Key words: Special shearwall, Boundary element, Concrete confinement, Seismic design, Nonlinear analysis
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Fig. 1. Flowchart of seismic performance evaluation process
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Fig. 2. Floor plans and elevations of shearwall system(Continued)
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Fig. 2. Floor plans and elevations of shearwall systems

Table 1. Building model types and periods

Table 2. 20 ground motions subjected to the building model

Basic types Stories Natural periods(sec)

25 floor 1.18

Type1
35 floor 2.26
25 floor 4.30

Type2
35 floor 7.62
25 floor 3.28

Type3
35 floor 5.58
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Groud Time interval Duration Maximum
motion (sec) (sec) acceleration(g)

GMO0015 0.01 36.6 0.3658
GMO0042 0.01 99.9 0.3511
GMO0044 0.005 39.025 -0.1344
GMO0046 0.005 39.025 -0.3796
GMO0062 0.01 24.45 -0.6212
GM0278 0.005 40.0 -0.1718
GMO0280 0.005 44.0 -0.1810
GMO0281 0.005 44.0 -0.2072
GM0282 0.005 40.0 0.1720
GM0290 0.005 39.95 -0.1512
GM0294 0.005 39.95 -0.3673
GM0296 0.005 39.925 -0.5550
GM0297 0.005 39.925 0.3674
GMO0349 0.02 40.0 0.5143
GMO0354 0.02 40.0 0.2389
GMO0358 0.01 29.95 0.4650
GM0382 0.02 60.0 0.2779
GM0383 0.02 60.0 0.4738
GM0387 0.005 55.325 -0.2536
GM0405 0.02 40.0 -0.3699
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Fig. 3. Response spectra and median spectral values of 20 ground
motions




Scale Factor
T(sec) | Average T(sec) | Average

Periods 1.18 0.2626 l Periods | 1.18 0.3654
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Fig. 4. Target factor estimation for scaling of ground motion
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Fig. 5. Pushover analysis results based on different details of shearwall systems
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Table 3. Collapse margin ratio of shearwall from IDA analyses

Group 1-25-Ordianary Group 1-25-Semi Special Group 1-25-Special

AN & A () A& A A& RG]
GM0015M 1.498 GMO0015M 2.089 GMO0015M 2474
GMO0042M 0.939 GM0042M 1.298 GM0042M 1.646
GM0044M 0.564 GM0044M 0.900 GM0044M 1.110
GM0046M 1223 GMO0046M 1.756 GMO0046M 1.949
GM0062M 2.804 GM0062M 3.549 GM0062M 4.054
GM0278M 1.013 GMO0278M 1.410 GMO0278M 1.678
GM0280M 0.488 GM0280M 0.691 GM0280M 0.925
GM0281M 1.233 GM0281M 1.506 GMO0281M 2.077
GM0282M 0.705 GM0282M 1.075 GM0282M 1.154
GM0290M 1.686 GM0290M 2.352 GM0290M 2.654
GM0294M 1.586 GM0294M 2.164 GM0294M 2434
GM0296M 0.837 GM0296M 1.225 GM0296M 1.337
GM0297M 0.977 GM0297M 1.667 GM0297M 2.152
GM0349M 1.551 GM0349M 2.168 GM0349M 2,654
GM0354M 0.925 GM0354M 1.256 GM0354M 1314
GMO358M 1.167 GMO358M 1.803 GMO358M 2.049
GM0382M 0.743 GM0382M 0.959 GM0382M 1.070
GM0383M 1.184 GMO383M 1.852 GMO383M 2.103
GM0387M 0.981 GMO0387M 1.359 GMO0387M 1.557
GMO0405M 1.404 GMO0405M 2.489 GMO0405M 2.824
Median() 1.090 Median(.9,,.) 1.586 Median(.S),) 1.999
Sur 0.3654 Sur 0.3654 Syr 0.3654
CMR 5.,2.98 CMR 434 CMR 5.47

Group 1-35-Ordianary Group 1-35-Semi Special Group 1-35-Special

1400 iy BA O s AR71 & A () A& A A& RG]
0.0172; 1,242.0050 —.—rmax GMO015M 0.254 GMO0015M 0.321 GMO0015M 0.305
1300 —e—50% GM0042M 0.570 GM0042M 0.610 GM0042M 0.611
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Table 4. Design and analysis parameters for different model types (archetype model)
Archet . Seismic Design Criteria SMT
ype | D3siC T 1 Max, V w VDesi Q (M
Config. . . . ax, esign
D SDC |No. of Stories| Reinf. Detail R (sec) (sec) (KN) (KN) (KN) (over—strength) (9
11 D, .« 25F 55 1.165 1.186 1242.01 8775.593 510.57 3.538 0.365
Special
12 D, ax 35F 55 2.251 1.526 958.02 12285.83 555.38 2.729 0.283
13 Do« 25F 55 1.165 1.186 1241.33 8775.59 510.57 3.536 0.365
Group 1 Semi-special
14 D, .« 35F 55 2.251 1.526 957.79 12285.83 555.38 2.728 0.283
15 D, ax 25F 45 1.170 1.186 1094.36 8775.59 510.57 3.117 0.365
Normal
16 D, o« 35F 4.5 2.258 1.526 883.71 12285.83 555.38 2.517 0.283
21 D, .. 25F 55 4.301 1.186 312.03 762123 | 44341 1.552 0.365
Special
22 D, ax 35F 55 7.620 1.526 221.04 10669.72 482.32 1.352 0.283
23 D, o« 25F 55 4.301 1.186 312.01 7621.23 443.41 1.552 0.365
Group 2 Semi-special
24 D, .. 35F 55 7.620 1.526 221.06 | 10669.72 | 482.32 1.352 0.283
25 D, ax 25F 45 4.302 1.186 306.51 7621.23 443.41 1.522 0.365
Normal
26 Do« 35F 4.5 7.621 1.526 218.42 10669.72 482.32 1.310 0.283
31 D, .. 25F 55 3.274 1.186 419.41 6041.88 | 351.52 1.735 0.365
Special
32 D, ax 35F 55 5.587 1.526 352.46 8458.63 382.37 1.458 0.283
33 Do« 25F 55 3.274 1.186 419.01 6041.88 351.52 1.733 0.365
Group 3 Semi-special
34 D, .« 35F 55 5.587 1.526 352.22 8458.63 382.37 1.457 0.283
35 D ax 25F 45 3.275 1.186 412.06 6041.88 351.52 1.705 0.365
Normal
36 D, o« 35F 4.5 5.588 1.526 348.54 8458.63 382.37 1.442 0.283
41 D, .« 25F 6.0 2.222 1.186 906.67 5297.01 308.18 4.155 0.365
Special
42 D ax 35F 6.0 3.953 1.526 815.37 7415.81 335.23 2.842 0.283
43 Do« 25F 6.0 2.222 1.186 901.37 5297.01 308.18 4.155 0.365
Group 4 Semi-special
44 D, .. 35F 6.0 3.953 1.526 812.42 7415.81 335.23 2.832 0.283
45 D, ax 25F 5.0 2.223 1.186 871.49 5297.01 308.18 3.992 0.365
Normal
46 Do« 35F 5.0 3.954 1.526 787.30 7415.81 335.23 2.744 0.283

Table 5. Evaluation of final collapse margin ratio and acceptance criteria of shearwall systems

Design Configuration Computed Adjusted Collapse Margin Ratio Acceptance Check
Basic Model ID Seismic Accept. )
Story Detailing SDC CMR SSF ACMR ACMR Pass/Fail
12 25 Semi-S 4.34 1.31 5.69 1.76 Pass
15 35 Semi-S 2.34 1.29 3.01 1.76 Pass
Average of Performance Group 3.34 4.35 2.38 Pass
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