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Seismic Fragility Assessment of Ordinary RC Shear Walls Designed
with a Nonlinear Dynamic Analysis
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/] ABSTRACT /

Seismic performance of ordinary reinforced concrete shear wall systems commonly used in high-rise residential buildings is evaluated.
Three types of shear walls exceeding 60m in height are designed by performance-based seismic design. Then, incremental dynamic
analysis is performed collapse probability is assessed in accordance with the procedure of FEMA P695. As a result, story drift, plastic
rotation, and compressive strain are observed to be major failure modes, but shear failure occur little. Collapse probability and collapse
margin ratio of performance groups do not meet requirement of FEMA P695. It is observed that critical wall elements fail due to excessive
compressive strain. Therefore, the compressive strain of concrete at the boundary area of the shear wall needs to be evaluated with more
conservative acceptance criteria.
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Fig. 2. Axial load ratio by wall length
Table 1. Characteristics of analysys model
Analysis Length(m) |Thickness(m) ?;(;ac: Height| T1
Model Flange| Web |Flange| Web | ratio (m) | (sec)
R1 | - 3 - | 022 015
R2 | - 3 - 02 | 030
R3 | - 4 - | 022 02
Type-A 70 24
R4 - 9 - 0.2 0.10
T 1.5 3 022 | 0.22 0.3
T2 35 7 022 | 022 | 015
R1 - 2 - 025 | 0.10
R2 - 2 - 025 | 0.24
R3 - 4 - 025 | 0.30
Type-B 812 | 36
R4 - 9 - 0.2 0.15
T 1.5 3 025 | 025 | 0.15
T2 35 5 025 | 027 | 0.25
R1 - 2 - 025 | 0.15
R2 - 3 - 025 | 0.30
R3 - 5 - 035 | 0.25
Type-C 109.2 | 32
R4 | - 9 - 03 | 0.10
T 3 3 0.35 | 0.35 | 0.15
T2 4.5 7 0.35 0.3 0.25
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Table 2. List of ground motion used in seismic design

Bl Al AR U]

Earthquake . Rib | Vsgz0
Type| No Name Station Name | Mw (km) | (m/sec)
1 | Imperial Valley-06 Delta 6.53 220 | 242
. Northridge-
2 Northridge-01 17645 Saticoy St 6.69 | 0.0 281
Superstition .
3 Hills-02 Brawley Airport | 6.54 | 17.0 | 209
Al 4] Norhridgeor | FPvaDeIRey- 1 qoagloaa| 246
Saran
5|  Loma Prieta Fremont- g o3 (307 | 285
Emerson Court
Kobe Japan Sakai 6.90 | 28.1 256
Northridge-01 Camarillo 6.69 | 348 | 351
1 | Imperial Valley-06 Delta 6.53 1220 | 242
. LA-Century City
2 Northridge-01 CC North 6.69 | 155 | 278
Chuetsu- Niigata Nishi
3 oki Japan Kaba District 680|27.8 | 255
. Dumbarton Bridge
B 4 Loma Prieta West End FE 6.93 | 3563 | 238
Kashiwazaki NPP
5 | Chuetsu-oki Japan Unit 1 6.80 | 0.0 329
: ground surface
6 | Chi-Chi Taiwan-06 CHY036 6.30 [45.1| 233
Chuetsu- Hinodecho Yoshida
7 oki Japan Tsubame City 6801204 262
1 | Imperial Valley-06 Delta 6.53 1220 | 242
. LA-Century City
2 Northridge-01 CC North 6.69 | 155 | 278
3 | Chi-Chi Taiwan-06 CHY036 6.30 [45.1| 233
c 4 Northridge-01 | PlayaDel Rey-Saran| 6.69 | 24.4 | 346
5 Northridge-01 LA-Pico & Sentous | 6.69 | 27.8 | 305
6 Loma Prieta APEEL 7-Pulgas | 6.93 | 41.7 | 415
7 | Chuetsu-oki Japan Joetsu Kita 6.80 | 29.0| 334
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Fig. 3. Target response spectra and average response spectra by

Period (Sec)
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Table 3. Material property of analysis model

Analysis Model Floor fc (MPa) fy (MPa)
11-25 21
Type-A 400
1-10 24
16-29 21
Type-B 6-15 24 400
1-5 27
26-39 21
21-25 24
Type-C 11-20 27 400
6-10 30
1-5 35
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Fig. 4. Nonlinear model of concrete and rebar
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Table 4. Acceptance criteria of shear design
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Table 5. Reinforcement results of shear wall

Category Equation of force-controlled actions
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Hassan et al.
7@, < oG =1.5, $=1.0
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TBI v2.03 o 1395075, (15Q./Q,)
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Vertical Horizontal reinforcement
Model | Floor |reinforce—|Floor | Design | Design | Design
ment to 1.0V, | to 1.2V, | to 1.5V,

R1| 1~25 | D10@400 | 1~25 | D10@330| D10@330 | D10@330

3~25 | D10@360 | D10@360 | D10@360
R2| 1~25 | D10@400 @ @ @

1~2 |D10@360 | D10@360 | D10@340

R3| 1~25 | D10@400 | 1~25 | D10@330|D10@330 | D10@330
15~25| D10@400 6~25 | D10@360 | D10@360 | D10@360

R4 2~5 |D10@360 | D10@360 | D10@170

Type 1~14 | D13@400
Y;\) @4 1 |D10@200 | D10@160 | D10@120

4~25 | D10@330 | D10@330 | D10@330

T1| 1~25 | D10@400
1~3 |D10@330 | D10@220 | D10@160

16~25|D10@330 | D10@330 | D10@330

19~25| D10@400

8~15 | D10@330 | D10@330 | D10@160
6~7 |D10@330|D10@170 | D10@130

T2

1~18 | D13@400
1~5 |D10@160 | D10@120| D10@90
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Fig. 6. Example of Type-

Table 6. Design results for average response of 7 ground motions

DCR
Analysis . Shear
Model Drift | Rotation Qf;?rl] Design | Design | Design
to 1.0V, | to 1.2V, | to 1.5V,
R1 0.19 0.50 0.40 0.48 0.60
E 0.39 0.75 0.72 0.86 0.99
R3] 025 | 075| 064 0.77 0.97
Type-A —— 0.72
R4 0.19 0.90 0.99 0.99 0.99
? 0.39 0.80 0.99 0.98 0.99
? 0.19 0.95 0.98 0.97 0.99
R1 0.14 0.30 0.25 0.30 0.38
E 0.37 0.50 0.46 0.55 0.69
T3 0.35 0.80 0.81 0.97 0.98
Type-B —— 0.67
R4 0.20 0.85 0.99 0.98 0.98
? 0.17 0.60 0.70 0.84 0.99
? 0.35 0.95 0.99 0.96 0.98
R1 0.14 0.10 0.06 0.08 0.10
E 0.18 0.25 0.17 0.20 0.25
R3] 017 | 030 | 028 0.34 0.42
Type-C — 0.67
R4 0.09 0.25 0.24 0.28 0.35
? 0.12 0.20 0.22 0.26 0.32
? 0.16 0.30 0.41 0.49 0.61
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Table 7. Summary of collapse probability of RC wall model (Designed
by 1.2 times Shear demands)

MCE
length | Axial load | Collapse .
Model (m) ratio(%) |probability Pass/Fail

(%)
R1 3 15 5.0
R2 3 20 8.6
R3 4 15 6.8

Type-A Pass
R4 9 10 8.4
™ 3 24 8.2
T2 7 13 57
R1 2 10 12.0
R2 2 24 16.5
R3 4 30 21.5

Type-B Fail
R4 9 15 19.5
T 3 15 134
T2 5 25 20.3
R1 2 15 2.3
R2 3 30 4.8
R3 5 25 4.3

Type-C Pass
R4 9 10 0.1
T 3 15 34
T2 7 25 4.1

Performance Group (Average) 11.6 Fail
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Table 8. Summary of collapse performance evaluation of RC wall model (Designed by 1.2 times Shear demands)

. Acceptance Represen-
Model 'e(r:ﬁ;h é:'t?; '(cjz;j Syr Sp A%'\;'R ACN(IZR)20% )/ @) | PassFail /}gm i%‘&gj‘gf/f Pass/Fail
R1 3 15 0.18 0.50 278 1.69 1.65
R2 3 20 0.18 0.40 2.22 1.66 1.34
Type-| R3 4 15 0.18 0.45 2.49 1.69 147 Dass 222 213 ]
A | R4 9 10 0.18 0.51 2.41 1.73 1.39
1 3 24 0.18 0.41 2.22 1.62 1.37
T 7 13 0.18 0.47 255 1.66 1.54
R1 2 10 0.10 0.19 1.94 1.69 1.15
R2 2 24 0.10 0.18 1.75 1.62 1.08
Type-| R3 4 30 0.10 0.17 1.60 1.62 0.99 a 160 21 )
B | R4 9 15 0.10 0.19 1.70 1.66 1.02
T 3 15 0.10 0.19 1.84 1.69 1.09
T2 5 25 0.10 0.18 1.62 1.62 1.00
R1 2 15 0.125 0.39 3.09 1.66 1.86
R2 3 30 0.125 0.32 2.53 1.66 1.52
Type-| R3 5 25 0.125 0.33 265 1.62 1.63 Dase 2ia 209) ]
C | R4 9 10 0.125 0.75 5.85 1.62 361
T 3 15 0.125 0.35 2.84 1.62 1.75
T2 7 25 0.125 0.33 266 1.59 167
Performance Group A+B+C (Average) 212 211 Pass
Performance Group A+B (Average) 1.91 213 Fail
Performance Group C 2.53 2.09 Pass
_. 25 ©R4 BiA[2} Type-B 2] R4, T2 BiA|of| ] Ztho] thgh u}a] =7} 22w} ]
E; . o o © wEl Ao g Vet o ole]o] fHEA o= 2 P ETL 3
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2 45 ?: 0.2859x + 4.0185 S S zbo] wiet w72 wha e Q1 A0 2 eyt Type-C 29
: o * et o] 7490] A58k LA 231 Lkl Table 604 S70191c)
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Fig. 14. MCE collapse probability by axial force ratio
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Fig. 15. Seismic fragility curve for each type of failure (Type-A)

Table 9. Main failure mode by analysis model

12 14 16 18 2

Collapse Probability by MCE (%) Main
Analysis model Axial Shear Failure
Drift Rotation . - - - d
strain Design to 1.0V, |Design to 1.2V, |Design to 1.5V, mode
R1 33 38 4.2 16 16 16 Axial strain
R2 33 7.0 6.8 5.0 5.0 4.7 Rotation
R3 33 46 6.3 43 43 43 Axial strain
Type-A
R4 33 34 42 8.4 7.6 7.0 Shear
™ 33 7.0 4.4 6.1 55 4.8 Rotation
T2 33 41 5.4 13 0.2 0.1 Axial strain
R1 11.3 10.1 29 0.2 0.2 0.2 Drift
R2 11.3 13.7 12.9 111 111 111 Rotation
R3 11.3 134 17.8 13.6 13.6 11.8 Axial strain
Type-B
R4 11.3 10.9 13.2 19.5 18.3 17.5 Shear
T 11.3 10.8 12.0 25 25 1.9 Axial strain
T2 11.3 13.6 131 18.0 16.7 15.5 Shear
R1 0.1 1.6 0.3 0.1 0.1 0.1 Rotation
R2 0.1 4.0 0.1 0.1 0.1 0.1 Rotation
R3 0.1 35 0.1 0.1 0.1 0.1 Rotation
Type-C -
R4 0.1 0.1 0.1 0.1 0.1 0.1 Rotation
T 0.1 2.6 0.1 0.1 0.1 0.1 Rotation
T2 0.1 34 0.1 0.1 0.1 0.1 Rotation
Table 10. Evaluation results by each design shear
Performance Performance evaluation of MCE collapse probability Performance evaluation of ACMR
Group Designto 1.0V, Designto 1.2V, Designto 1.5V, Designto 1.0V, Designto 1.2V, Designto 1.5V,
A+B+C Fail Fail Fail Pass Pass Pass
A+B - - - Fail Fail Fail
C - - - Pass Pass Pass
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