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/] ABSTRACT /

An approximate analysis method is proposed to predict the dynamic amplification of shear forces in ordinary reinforced concrete shear
walls as a preliminary study. First, a seismic design for three groups of ordinary reinforced concrete shear walls higher than 60 m was
created on the basis of nonlinear dynamic analysis. Causes for the dynamic amplification effect of shear forces were investigated through
a detailed evaluation of the nonlinear dynamic analysis result. A new modal combination rule was proposed on the basis of that
observation, in which fundamental mode response and combined higher mode response were summed directly. The fundamental mode
response was approximated by nonlinear static analysis result, while higher mode response was computed using response spectrum
analysis for equivalent linear structural models with the effective stiffness based on the nonlinear dynamic analysis result. The proposed
approximate analysis generally predicted vertical distribution of story shear and shear forces of individual walls from the nonlinear dynamic

analysis with comparable accuracy.

Key words: Ordinary RC shear wall, Nonlinear dynamic analysis, Shear force amplification, Performance-based seismic design
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Fig. 1. Example of analysis models (Type-A)
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Table 1. Characteristics of analysys model

Length Thickness i
Analysis | Wall (mg) (m) ';‘;‘;Z' Height| T1
Model | ID ) (m) |[(sec)
Flange| Web |Flange| Web | ratio
R1 - 3 - 0.22 | 015
R2 - 3 - 0.2 0.30
R3 - 4 - 0.22 0.2
Type-A 70 24
R4 - 9 - 0.2 0.10
T 15 3 022 | 0.22 0.3
T2 3.5 7 022 | 0.22 | 0.15
R1 - 2 - 0.25 | 0.10
R2 - 2 - 025 | 0.24
R3 - 4 - 0.25 | 0.30
Type-B 81.2 3.6
R4 - 9 - 0.2 0.15
™ 15 3 025 | 0.25 | 0.15
T2 3.5 5 025 | 0.27 | 0.25
R1 - 2 - 0.25 | 0.15
R2 - 3 - 0.25 | 0.30
R3 - 5 - 0.35 | 0.25
Type-C 109.2 | 3.2
R4 - 9 - 0.3 | 0.10
T 3 3 0.35 | 0.35 | 0.15
T2 45 7 0.35 0.3 0.25
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Fig. 2. Target response spectra and average response spectra by

7 ground motion scaling (Site class: S;, Type-B)
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Fig. 3. Natural periods and target response spectra (Type-A, MCE)
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Table 2. Natural periods and participation mass by analysis model

Type-A Type-B Type-C
Mode | T | Participation| T |Participation| T | Participation
(sec) | mass (%) | (sec) | mass (%) | (sec) | mass (%)
1 2.31 62.8 3.59 62.3 3.21 61.9
2 0.39 19.8 0.59 19.6 0.53 19.4
3 0.15 7.0 0.22 6.9 0.20 6.9
4 0.08 3.6 0.12 3.6 0.11 3.6
5 0.05 21 0.08 22 0.07 22

Table 3. Base shear in 1st and higher modes by analysis model
(Results of design response spectrum)

Base shear (kN)

Mode

Type—A

Type—B

Type—C

1st mode (A)

7

576

486

Higher mode

1093

1181

909

All mode (SRSS)

1341

1314

1031

(A)/ (SRSS)

57.9

43.8
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Fig. 4. 1st mode shape and deformation by nonlinear static analysis
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Fig. 6. Comparison of shear design results for preliminary elastic
design and final inelastic design (Type-A)
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Fig. 12. Example of effective stiffness coefficient for each wall (Type-
A, MCE)
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Fig. 13. Example of change in period after yield (Type-A, MCE)
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Table 4. Error rates of total base shear

Error rate of base shear (%)
Model Type—A Type—B Type—-C Average 2:1/?::;:
DBE MCE DBE MCE DBE MCE
Proposed model 3.4 4.7 8.1 3.1 9.9 7.4 6.1 2.8
Eurocode 8 [3] 317 19.3 326 211 47.4 371 315 10.4
Kim et al. [4] 416 31.0 42.9 332 53.4 442 411 8.1
Rutenberg and Nsieri [5] 246 10.9 6.8 9.1 334 20.3 17.5 10.4
ACI318-19 [18] 38.5 27.3 351 241 47.4 371 34.9 8.4
Table 5. Story-wise average error rates in story shear
Average of error rate in story shear (%)
Model Type—A Type—B Type—C Average ch:/?:t?g:
DBE MCE DBE MCE DBE MCE
Proposed model 21.3 19.5 2.9 11.9 5.0 5.4 11.0 7.9
Eurocode 8 [3] 15.7 1.7 24.9 73 38.7 271.7 19.4 13.7
Kim et al. [4] 31.8 20.5 38.0 235 47.5 38.0 33.2 10.1
Rutenberg and Nsieri [5] 3.6 124 14.0 40.7 14.8 0.5 14.3 14.2
ACI318-19[18] 242 11.3 27.7 10.8 38.7 27.7 234 10.8
Table 6. Error rates of base shear for each wall
Error rate of base shear (%) Standard
Model Average -
R1 R2 R3 R4 T1 T2 deviation
Type-A-DBE 1.7 12.9 54 7.7 8.6 6.1 71 3.7
Type-B-DBE 3.7 13.7 0.2 244 0.0 5.6 8.0 9.5
Type-C-DBE 0.6 25 11.0 17.3 1.5 6.8 6.6 6.5
Type-A-MCE 6.3 8.2 1.3 13.3 9.1 5.0 8.8 3.1
Type-B-MCE 6.6 13.2 18.3 16.4 16.1 10.5 13.5 44
Type-C-MCE 0.5 5.8 16.4 14.6 19.4 8.8 10.9 71
Table 7. Story-wise average error rates in shear for each wall
Average of error rate in story shear (%) Standard
Model Average L
Ri R2 R3 R4 T T2 deviation
Type-A-DBE 6.4 47 1.8 0.9 9.2 18.2 6.9 6.3
Type-B-DBE 12.6 11.5 72 4.7 2.8 19.1 9.6 6.0
Type-C-DBE 14.2 20.9 52 9.5 28.7 3.4 13.7 9.8
Type-A-MCE 8.5 12.3 20 04 336 8.8 10.9 12.0
Type-B-MCE 244 22.6 4.2 14.1 2.0 71 12.4 9.5
Type-C-MCE 221 19.7 6.0 19.3 0.4 6.6 12.4 9.1
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