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ABSTRACT

According to previous studies, near-fault earthquakes not only contain a large
amount of energy input to structures, and cause a large number of permanent ground
displacement, these characteristics may cause severe damage to structures. Near-fault
earthquakes can be divided into pulse-like and non pulse-like ground motions, among
them, pulse-like ground motions may be related to forward-directivity and the distance to
the rupture surface. Three different story of structures were established in this study,
representing the medium to long period structures. From the structural response point of
view, comparing maximum interstory drift, residual interstory drift and maximum
accelerarion between Shanchiao fault and maximum considered earthquake in Taipei
zone 1, also compare the different response in structures between pulse-like and non
pulse-like ground in nonlinear time history analysis. Since the structures in this study is
located in Taishan District, New Taipei City, the area is classified as Taipei Zone 1 in
Taiwanese seismic code. However, the near-fault effect isn’t considered in current seismic
code, Considering that will have a serious impact to Taipei Basin if Shanchiao fault
dislocated in the future, in this study, difference of structural response between the
possible ground motions of Shanchiao fault and maximum considered earthquake in
Taipei zone 1 were considered.

In this study, three types of braced frame were considered, including sandwiched
buckling-restrained braces, dual core self-centering braces and the self-centering braces
that its elastic stiffness and post-elastic stiffness are same with BRB, using nonlinear
analysis program, PISA3D, exploring seismic behavior in three types of braced frame
under the earthquakes.

The results show that the interstory drift of 8-story frame with pulse-like records is

doi:10.6342/NTU202202864



about 10 % higher than non pulse-like records under Shanchiao fault earthquakes, For 14-
story and 25-story frames, pulse-like records is about 15% to 20% higher than non pulse-
like records under the same ground motions. In MCE level, the difference between
interstory drift is lower than 10% whether it is pulse-like or non pulse-like records in all
of the frames. In addition, the difference of residual interstory drift is greater between
pulse-like and non pulse-like records when the total number of stories in the structure is
higher. The structure with braces can reduce the maximum interstory drift effectively,
among them, the dual core self-centering braces is the most obvious. Self-centering braces
can also greatly reduce the residual interstory drift when structures subjected to the
earthquakes. BRB can reduce the interstory drift of structures, however, the effect on
reducing the residual interstory drift is not effective. In addition, SCB frames can maintain
a good capacity of energy dissipating under the near-fault ground motions, but BRB
would reduce its capacity after a large amount of residual deformation occurs. In this
study, the mean of interstory drift is less than 3% whether its subjected to Shanchiao fault
or MCE ground motions, which satisfies the recommendations of ASCE 7-16 and FEMA
P-1050-1 (2015). In addition, the average of residual interstory drift of 25-story BRB
frame exceeds 0.5% under MCE ground motions, which exceeds the recommendations
by FEMA P-58-1 (2018), so the frame may not be able to be used after the earthquake.
However, if we replace BRB with SCB1, the mean of residual interstory will less than

0.5% under the same ground motions.

Keywords: Shanchiao fault; Near-fault ground motions; Pulse-like; Sandwiched

buckling-restrained brace; Dual core self-centering brace; Nonlinear time history analysis
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BP0 Py n 74 RS FRT SR A4S o PRt B
ST 5 = g d R 2 A i TS o AP o PR A O
Py 7
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HP S @};}11&#@‘5 Fo A Arst Ao 4n3E 4 E T 2 pbmp_idl_%aziﬂz pfi%,ggif%«
SR o E I B ELS Fy 2 B #0408 0 A7 B 0243 0 A2 b

4P RS R Ky

F
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Oat
B ic KR Al gt A2 pfhhe BB P BT £ 0 A AL X dhd
A ZBEESRRER G R EETR > S EE S RK, 5
X 1
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P nl +n1 +KL (2.49)
jKten then 2¢

B o K 24 P2 2R 0 AR B 5 kR §
Prodb i g s T RS R A P R N pe Rl DR W
S o § AR G R R R R BRI B PR B - pro g
Mgt nhahdr s o HRER B L g A TR Aot e
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BBl EE B R A3 Ap St b A B i Hei R
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3

B2 % R

2 BRI R ARG CRERD R BEREED AK)
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$ 3.4
= , (3.4)
w;
—o 93
=117 (3.5)
i= 8 271
#% bR s S BicE 3 E S #icf * Duhamel Integral:
6Ri = f 6(1(1') hi(ti - T)dT (36)
H P Sk B fRE R S Bc(Impulse response function, h;(t))d it 5% 22 4252 S fic e =
—w; o,
hi(t) = —=-exp(~w;B;) [(2B{ — 1) sin(w;t)
|1 - 87
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0
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Cyj = i f;(®) hi(t; — D) (3.9)

F RN (B9~ (3.8)F E:

N
=) by (3.10)
=1
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0.8 2 14 $H /L% & sk H4cid & 9 1.2g° MCE 4 0.8g 5 14 & #4
FEHGL6Z 184 Hxh i fiF i@ R EAPT 25 B L HEFFH Y

253 28 % > ¥R MCE *vif & F sl g < 3t Lgrit kg o

26

doi:10.6342/NTU202202864



SOEHT C RE RN REEH A BEF 2 L8 0 k7% %4 Shahi&
Baker (2014)2& 3% » 14 i B % ety 5 PLi% 5 A 8012 » B35 B 4o 9730
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(3.14)
—1.072) — 6.179
Ho

PC = 0.63 x (PGV ratio) + 0.777 x (Energy ratio) (3.15)

PGVresidual
PGV ratio = ———— 3.16
PGVoriginal ( )

E. ..

Energy ratio = _residual 3.17)

Eoriginal
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Force Deformation
n n
15t Core p _ M S __2 h
1lc,in — 1c,in —
ch + Kob ch + Kob
n
n =T
2" Core Pyoin =5 Tin O o = 2!
’ 2cin —
2 K
n n
5T X K 5T
Outer Box Popin = 2 7 - Sob,in = 2 7
' ch + Kob ' ch + Kob
o 1.2 &7 AR A IR R o5
Tension Compression
n
=S 4 _2 " =+ -Tp X|—+——-2X——
Sar = gt R T Koy 2" \Koy Ko Kop + Kig
n n
Far = ETin + Pr Fae = ETin + P
Fae Fac
it 6dt ic 6dc
K ! K !
pt =7 1 1 pe T 1 1 1 1
7 K, ten 2¢ i K, ten 1c 7 K, ten 2c ? K, ten ob
Fut = th + Kpt(ﬁut - 5dt) P;LC = ch + Kpc (6uc - 6dc)
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221 &% eE

Height Structural
Frame Label Shear Wall| Brace Type
(m) System
SMF SMF -
SW SMF+SW
8-Story
BRB 28.0 SMF+SW+BRB
Frame
1F~2F
SCB1 SMF+SW+SCBI 3F~8F
SCB2 SMF+SW+SCB2 ,
Reinforced
Concrete
SMF SMF -
SW SMF+SW
14-Story
BRB 48.4 SMF+SW+BRB
Frame
1F~4F
SCB1 SMF+SW+SCBI1 SF~14F
SCB2 SMF+SW+SCB2
BRB SMF-+BRB
25-Story Steel
SCB1 88.0 SMF+SCBI - 1F~25F
Frame Structure
SCB2 SMF+SCB2
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Z 2.2 PRI BRA T

Story 1~4 5~9 10~14
k
f! (%) 420 350 280

3023 MR Sw KBS E S ¢ 4 (B em)

2F | 3F~9F | 10F~14F
Type A | 60x100 | 60x90 | 60x85
Type B| 60x100 | 60x80 | 60x80
Type C| 65x100 | 80x90 | 70x85
Type D| 65x100 | 80x85 | 70x85

2.4 N AR R TR 2 S

Story Section Longitudinal Rebar (SD420) | Transverse Rebar
(cm) Upper Lower (SD420)
60x100 10-#10 14-#8 #4@12
’ 65x100 12-#8 10-#8 #@l12
60x90 12-#10 14-#8 #4@12
60x80 10-#10 14-#8 #4@12
7 80x90 13-#8 12-#8 #4@12
80x85 12-#8 7-#8 #4@12
60x90 10-#10 14-#8 #4@12
o 60x80 9-#10 15-#7 #@]l5
6 60x85 12-#10 18-#7 #4@10
8 60x85 12-#10 16-#8 #4@10
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2025 1w KRR LER R i

Story Section Longitudinal Rebar (SD420) | Transverse Rebar
(cm) Upper Lower (SD420)
60x100 12-#10 14-#8 #4@12
’ 65x100 12-#8 10-#8 #@l2
60x90 12-#10 16-#8 #4@12
60x80 10-#10 14-#8 #4@12
3 80x90 17-#8 16-#8 #4@10
80x85 19-#8 14-#8 #5@15
60x90 10-#10 17-#8 #@l12
60x80 10-#10 17-#7 #4@12
o 80%x90 14-#10 26-#7 #5@12
80x85 13-#10 21-#7 #5@12
60x85 15-#8 14-#7 #4@12
10 60x80 13-#8 14-#7 #4@15
70x85 11-#10 16-#7 #4@12
60x85 18-#7 12-#7 #4@15
11~14 60x80 13-#8 12-#7 #4@15
70x85 10-#10 15-#7 #4@12
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% 2.6 ~kHe e kgadte <+

Story 1~5 6~10 11~14

Section (cm) | 100x120 | 100x100 | 90x90

2027 KRS L
Longitudinal Rebar (SD420)

Story 1 2~4 5 6~8
Cl 36-#8 32-#8 44-48 40-#8
C2 32-#10 | 28-#10 | 36-#10 | 36-#10
C3 36-#10 | 28-#10 [ 44-#10 | 40-#10
Cc4 32-#10 | 28-#10 | 32-#10 | 36-#10
C5 48-#8 40-#8 44-#8 44-#8
C6 32-#10 | 28-#10 | 28-#10 | 28-#10
c7 44-#11 | 44-#10 | 44-#10 | 44-#8
C8 36-#10 | 36-#10 [ 36-#10 | 36-#10
Cco 28-#11 | 28-#11 [ 46-#11 | 36-#11
Cl10 | 28-#10 | 28-#10 | 32-#10 | 40-#10
c1 32-#11 | 28-#11 | 52-#11 | 38-#11
Cl12 | 28-#10 [ 28-#10 | 36-#10 | 40-#10
Cl13 | 28-#10 | 28-#10 | 32-#10 | 30-#10
Cl4 32-#8 32-#8 36-#8 40-#8
CL5 | 28-#11 [ 28-#11 | 54-#11 | 36-#11
Cle | 28-#11 | 28-#11 | 32-#11 | 30-#11
C17 | 28-#11 [ 28-#11 | 52-#11 | 36-#11
C18 | 28-#10 [ 28-#10 | 36-#10 | 40-#10
C19 | 36-#11 | 28-#11 | 36-#10 | 30-#11
C20 | 32-#11 | 36-#10 | 36-#8 | 32-#10
C21 36-#10 | 36-#10 [ 52-#8 | 36-#10
C22 40-#8 32-#8 48-#8 36-#8
C23 | 36-#10 [ 40-#8 52-#8 44-#8
Cc24 48-#8 36-#8 48-#8 44-#8
C25 52-#8 36-#8 52-#8 44-#8
C26 | 36-#10 [ 36-#8 44-#8 40-#8
c27 44-#8 36-#8 52-#8 4448

Transverse Rebar (SD420)
#4@10
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% 02,8 Low kLS

Longitudinal Rebar (SD420)

Story 1 2 3~4 5 6~9 10 11~14

Cl 32-#10 | 36-#8 32-#8 44-#8 40-#8 28-#8 24-#8

Cc2 28-#11 | 32-#10 | 28-#10 | 36-#10 | 36-#10 | 20-#10 | 20-#10

C3 28-#11 | 36-#10 | 28-#10 | 44-#10 | 40-#10 32-#8 32-#8

C4 40-#11 | 32-#10 | 28-#10 | 32-#10 | 36-#10 | 32-#8 28-#8

C5 40-#11 48-#8 40-#8 44-#8 44-#8 32-#8 24-#8

Co 32-#11 | 32-#10 | 28-#10 | 28-#10 | 28-#10 | 28-#8 20-#8

c7 48-#11 | 44-#11 | 44-#10 | 44-#10 | 44-#8 28-#8 24-#8

C8 28-#10 | 36-#10 | 36-#10 | 36-#10 | 36-#10 32-#8 28-#8

C9 28-#11 | 28-#11 | 28-#11 | 46-#11 | 36-#11 36-#8 40-#8

C10 | 28-#10 | 28-#10 | 28-#10 | 32-#10 | 40-#10 | 44-#8 44-#8

Cll 44-#11 | 32-#11 | 28-#11 | 52-#11 | 38-#11 | 32-#10 | 36-#10

Cl12 | 28-#10 | 28-#10 | 28-#10 | 36-#10 | 40-#10 | 36-#8 40-#8

Cl3 36-#10 | 28-#10 | 28-#10 | 32-#10 | 36-#10 | 28-#10 | 306-#8

Cl4 32-#8 32-#8 32-#8 36-#8 40-#8 36-#8 28-#8

Cl15 32-#11 | 28-#11 | 28-#11 | 54-#11 | 36-#11 36-#8 36-#8

Cle | 28-#11 | 28-#11 | 28-#11 | 32-#11 | 36-#11 36-#8 40-#8

C17 28-#11 | 28-#11 | 28-#11 | 52-#11 | 36-#11 | 28-#10 | 24-#10

C18 | 28-#10 | 28-#10 | 28-#10 | 36-#10 | 40-#10 | 44-#8 40-#8

C19 | 44-#11 | 36-#11 | 28-#11 | 36-#10 | 36-#11 44-#8 48-#8

C20 28-#11 | 32-#11 | 36-#10 36-#8 32-#10 32-#8 24-#8

C21 46-#11 | 36-#10 | 36-#10 52-#8 | 36-#10 | 32-#8 24-#8

c22 40-#10 40-#8 32-#8 48-#8 36-#8 28-#8 24-#8

C23 40-#10 | 36-#10 40-#8 52-#8 44-#8 28-#8 24-#8

C24 | 40-#10 | 48-#8 36-#8 48-#8 44-#8 28-#8 24-#8

C25 44-#10 52-#8 36-#8 52-#8 44-#8 32-#8 24-#8

C26 | 44-#11 | 36-#10 | 36-#8 44-#8 40-#8 28-#8 24-#8

C27 | 44-#10 | 44-#8 36-#8 52-#8 44-#8 28-#8 24-#8

Transverse Rebar (SD420)

#4@10
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32,9 T4 e < 2 e s

Label Story w(ic(llnt)h H?(ij};t Thi(CCT)eSS f! (kgf/em?*) | Horizontal Vertical Tie
1 420
SW1 590
2 340
50 #6@15 #6@15
1 195 420
8-Story | SW2
2 340
1 420
SW3 55 #1@15 #1@15
2 340
! 590 1 420
SWd 2 #o@15 #o@15
3 340 420 #3@120x120
4 #6@10 #6@10
1 195 420 30 #6@10 #6@10
14- 2
Story SW5 3 340 #6@15 #6@15
4 #6@10 #6@10
1 590 420
- 2 55 #1@15 #1@15
3 340
4 #@12 #T@l2
02010 - L7 KHRHEEFER 2R S
Story Section (mm) E (GPa) | SHR | F, (GPa)
2~4 H 650%x300x18x%25
5~18 H 650%x300x15%25 200 0.05 0.42
19~25 H 600x300x13x22
02011 = 47 B ETG ¢ el Sk
Story Section (mm) E (GPa) | SHR | F, (GPa)
0.37
1 Box 800x800x36 0.33
0.31
2~3 Box 800x800x36 200 0.05
4~6 Box 750x750%36
0.32
7~9 Box 700x700x32
10~25 Box 700x700%28
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2 2.12% 4 g4 =0 SE-dle (ASCE/SEI41-17)

Control Point "4 S

A initiation of cracking 0.5V 0.1%
B- Peak strength Vo 0.5%
C- Initiation of Degradation Va

Rectangular walls 1.0%
D2- 20% Vh 0.2V,

Rectangular walls hu/lw <1 2.1%

Rectangular walls 1< hu/ly <2 2.5%

% 2. 13 NSW ¥ 4 248 S35 (2 153, 2017)

Specimen NSW
Schematic j:H
Thickness 15cm
Height & 190 cm x 240 cm
Length
Horizontal
Reinforcement SD280W#3@30 cm
Vertical
Reinforcement SD280W#3@30 em
Boundary Element | o o100 48
Reinforcement
f. 28 MPa

4 2. 14 NSW 44 4 8¢ 5 £8c (£ 153, 2017)

Yielding Point Strength Point Residual Strength Point
8y, (mm) |V, (kN) | & (mm) | Vg (kN) 8p (mm) Vip (kN)
NSW 1.7 1529 18.2 1910 38 764
% 2. 15NSW % 4 fpl4 =8 & $8k (£ 153, 2017)
Cracking Point Strength Point Collapse Point
Oer (mm) | Voo (kKN) | 6, (mm) V, (kN) 0q (Mmm) V, (kN)
NSW 0.6 642 12.2 1304 38 293
69
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% 2.16 NSW ¥ 4 @4 =4 ¢ 5 %4 (% ASCE/SEI41-17 3+ %

8, (mm) | 8, (mm) | 8, (mm) | 8400 (mm) | V, (kN) | Vy (kN) | V. (kKN) | Voo (kN)

NSW 1.9 9.6 19.1 40.1 652 1304 1304 261

02,17 T4 ghdee 4 A Sk

Floor| Label |8, (mm)|8r, (mm)|&r, (mm)|V, (kN)|Ve, (KN)| Ve (KN)

SW1 & SW4[ 35 2738 84 12176 | 19095 7638

IF |SW2 & SW5| 9.1 35.8 84 2662 3608 1443
SW3 & SW6| 3.9 28.9 84 14571 | 23338 9335
SWI1 & SW4[ 3.1 19.2 68 15041 | 23588 9435

2F |SW2 & SW5[ 3.1 19.1 68 15029 | 23588 9435
SW3 & SW6[ 3.5 20.0 68 18000 | 28829 | 11532
SW4 3.1 19.2 68 15041 | 23588 9435

3F SW5 3.1 19.1 68 15029 | 23588 94335
SWo6 3.5 20.0 68 18000 | 28829 | 11532

SW4 3.7 16.3 68 18912 | 30012 | 12005

4F SW5 3.7 16.3 68 18918 | 30012 | 12005
SWo6 3.8 16.5 68 20594 | 32971 | 13188

02,18 T4 48T 4 R4 =B Sk

Floor Label 8o (mm) [ 65, (mm) | 8, (mm) [ V., (kN) | ¥, (kN) | V7, (kN)

SWI & SW4 1.5 27 84 5903 | 12573 | 3221

1F SW2 & SW5 9.5 31 84 3416 4156 919
SW3 & SW6 1.5 27 84 6274 13831 3479

SWI1 & SW4 1.1 21 68 5903 | 12573 | 3721

2F SW2 & SWS5 1.1 21 68 5903 | 12573 | 3721
SW3 & SW6 1.1 21 68 6274 13831 4068

SW4 1.1 21 68 5903 | 12573 | 3721

3F SW5 1.1 21 68 5903 12573 | 3721
SWo6 1.1 21 68 6274 13831 4068

SW4 1.1 21 68 5903 | 12573 | 3764

4F SW5 1.1 21 68 5903 | 12573 | 3764
SWo6 1.1 21 68 6274 13831 4068

% 2.19 ix ASCE/SEI41-17 3+ & 2.5 4 |4 =4

) ) ) ) |74 V; V. 1%
Floor|  Label | 1) | ) | ) | cen) | 60 | 0y | 6 | %)
SWI1 & SW4| 4.2 21 42 88 6290 [ 1258112581 2516
1F |SW2 & SWS5| 4.2 21 42 88 2079 | 4158 | 4158 832
SW3 & SW6| 4.2 21 42 88 6919 [13839|13839| 2768
SWI1 & SW4| 34 17 34 71 6290 [ 1258112581 2516
2F |ISW2 & SW5| 34 17 34 71 6290 [12581 12581 2516
SW3 & SW6| 34 17 34 71 6919 [ 1383913839 2768

9%
Gl

SW4 3.4 17 34 71 6290 | 1258112581 2516
3F SW5 34 17 34 71 6290 | 12581112581 2516
SW6 3.4 17 34 71 6919 | 1383913839 2768
SW4 3.4 17 34 71 6290 | 12581112581 2516
4F SW5 3.4 17 34 71 6290 | 1258112581 2516

SWé 3.4 17 34 71 6919 11383913839 [ 2768
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% 2.20 T 4 3> PISA3D Hkiz 48k

Label | Story | f/ (MPa) | E (GPa) | F, (MPa) | Section (mm?)
1 66.8 329%329
SW1
2 56.1 352%352
1 74.9 179%179
8-Story | SW2
2 56.1 352x352
1 66.8 346x346
SW3
2 56.1 369%369
1 66.8 329%329
2
SW4 56.1
3 412 242 352x352
4 55.9
1 74.9 179%179
M s |2 56.1
Story 3 ' 352x352
4 559
1 66.8 346x346
2
SW6 [ — 56.1 369x369
4 55.9 370%370
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% 2.21BRB % 51 #5 &

P, (kN)| Core Plate (mm) Face Plate (mm) Channel (mm)
2230 200x31 300%34 C 200x90x8x13.5
2000 200%28 300x24 C 200x90x8x13.5
1998 200%28 300%30 C 200x90x8x13.5
1674 150%31 260%26 C 150x90x9x 14
1500 150%28 260x18 C 150x90x9x 14
1115 150%21 250x16 C 150x90x9x 14
780 12018 250%30 C 120x65x6x8

% 2.22BRB & @ HpLL g

Member Steel Fyy (MPa) |Ry, |Qp | B
Core Plate CNS
325 11113 ] 1.1
Face Plate SN490B
Channel ASTM A36 250 1315 1.15

% 2.23 BRB *" PISA3D #ic$t 2. 43k

BRB Properties

Material Hardening

E (GPa) 204

E, (GPa) 0.368
Hicors 15e-3 | Hppy | 05
Hiso+ 4.8 Hiiny 24
Higo1- 1.5e-3 B/Y 1.3
Hisor 4.8 N, 0.3

# 2.24 BRB ** PISA3D ¥t 2 %7a *

BRB Section
P, (kN) Section (m?)
2000 0.1 x 0.06
1500 0.1 x 0.05
2230 0.1 x 0.06
1998 0.1 x 0.05
1674 0.1 x 0.05
1115 0.1 x0.03
780.2 0.1 x 0.02
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9 X 9 X9LE XI9LLSSH

8 X 8 X ¥6E X ¥ZE SSH

0T X 0T X 2Z2¥ X €9€ SSH

CT X 2T X 9€¥ X 96€ SSH

ZT X 2T X 09% X 0E¥ SSH

(ww) xog 4210

9 X 9X(0ZZ X 02Z SSH

8 X 8 X (0EZ X 092 SSH

Z1 X Z1 X082 X 062 SSH

C1L X 21 X092 X 02€ SSH

Z1 X 21 X082 X 05€ SSH

(ww) 3409 7

9 X9 X8FC X8FCSSH

8 X 8XZ9¢C X T6ZSSH

0T X 0T X987 X 9¢€ SSH

0T X 0T X 96¢ X 95€ SSH

CT X ZT X 0Z€ X 06€ SSH

(wur) 8407 11

410 719 L£9S z9 a9 L€9S 719 1929 (wur) T
SLE N3 108 108 656 096 0L01 0L01 () 4d
90 08¢ 1L8 1L8 6501 0r01 0911 0911 (N2) ™, m
8 4l 0T 0T 0T T T 8T "ON Uopua],
08L STIT 00ST vL91 8661 0002 0€TT 0€TT () ‘g

By oly v2B% 1Y 190SSC°C #
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% 2.26 SCBI1 ** PISA3D fc#t 2. 8% %o °

SCBI1 Properties
Py (kN) Material E (GPa) | E, (GPa) SHR Section (m?)
2000 Biline_a_r Elastic 210 0.12 0.05
Bilinear 193 0.10 0
1500 Bilinear Elastic 174 0.09 0.05
i Bilinear 161 0.08 0
Bilinear Elastic 239 0.12 0.05
2230 —
Bilinear 220 0.11 0
2930 Biline_a_r Flastic 210 0.12 0.05
Bilinear 193 0.11 0 01 %01
1005 |_Bilinear Elasic 174 0.10 0.05 XD
Bilinear 161 0.10 0
1674 Bilinear Elastic 174 0.09 0.05
Bilinear 161 0.08 0
115 Bilinear Elastic 128 0.06 0.04
) Bilinear 118 0.05 0
Bilinear Elastic 87 0.04 0.04
780.2 —
Bilinear 80 0.04 0

% 2.27 SCB2 ** PISA3D %2 %-#c% %o <
SCB2 Properties
P, (kN) Material E (GPa) | E, (GPa) SHR Section (m?)

2000 Bilinear Elastic 66 0.12 0.09
Bilinear 61 0.10 0

1500 Bilinear Elastic 49 0.09 0.09
) Bilinear 46 0.08 0

2230 Bilinear Elastic 63 0.12 0.08
Bilinear 59 0.11 0

7730 Biline_a_r Flastic 63 0.12 0.08
Bilinear 58 0.11 0

— - 0.1 x0.1

1998 Bilinear Elastic 57 0.10 0.08
Bilinear 52 0.10 0

1674 Bilinear Elastic 47 0.09 0.08
Bilinear 44 0.08 0

1115 Bilinear Elastic 32 0.06 0.081
i Bilinear 29 0.05 0

780.2 Bllme.a.r Elastic 22 0.04 0.081
Bilinear 20 0.04 0
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% 2,28 AR £
Floor Braces P, (kN) Ay (mm)
BRB 10.2
8-Story 3~8F SCB1 2000 3.1
SCB2 10.2
BRB 10.2
5~9F SCB1 2000 3.1
SCB2 10.2
14-Story — 0a
10~14F SCB1 1500 2.8
SCB2 10.2
BRB 11.5
IF SCB1 2230 3.0
SCB2 11.5
BRB 11.2
2~3F SCB1 2230 3.4
SCB2 11.2
BRB 11.2
4~10F SCB1 1998 3.6
SCB2 11.2
25-Story — 1o
11~19F SCB1 1674 3.1
SCB2 11.2
BRB 11.2
20~22F SCB1 1115 2.8
SCB2 11.2
BRB 11.2
23~25F SCBI 780 2.9
SCB2 11.2
75
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# 2.29BRB %2 SCBl &g &4 g ' &

 (kN) | Braces | K; (kN/mm) | K, (kN/mm) | Force at 3% Drift (kN)
BRB 195 7.7 2965
2230
SCBI1 734 19.1 4220
BRB 196 10.4 3079
2000
SCBI1 645 18.3 3855
BRB 178 7.5 2632
1998
SCBI1 549 14.1 3307
BRB 149 6.2 2205
1674
SCBI1 549 14.1 2985
BRB 147 74 2278
1500
SCBI1 536 15.2 3026
BRB 99 4.2 1469
1115
SCBI1 402 8.4 1903
BRB 70 29 1028
780
SCBI1 274 5.6 1306
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£ 3.1 3 ML grETE Rk Bl b

Earthquake M,, Records | Ry (km)
CHY006 9.2
Chi-Chi
1999 0920 1747 16 | /®° [ TC€U92 1.0
TCU068 0.2
CHY067 235
Mei-Nong CHY071 2738
2016 0205 1957 26 | ** [crrvite -
CHY125 253
Hualien HWAO10 0.7
2018 0206 1550 42 | ** Trwaolo .
43,2 ERERnL ST Res Bk b
Earthquake M,, Records | Ryyp (km)
CHY006 9.2
CHY101 9.2
Chi-Chi
1999 0920 1747 16 | 0 | CHY024 8.6
TCU102 0.7
TCU065 0.2
CHY060 25.7
CHY067 235
Mei-Nong
2016_0205_1957 26 | &4 [CHY09S 25.7
CHY116 32.9
CHY125 253
Hualien
2018 0206 1550 42 | &4 | HWAOIO 0.7
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% 3.3 § " MCE J 400 B % 4%

Earthquake M, Records | Ryyp (km)
Chi-Chi
1999 0920 1747 16 | & | TCULT 24.5
TCU117 45.6
Chi-Chi
1999 0920 1803 42 6.3 | TCUII8 40.4
CHY104 343
CHY104 30.6
Chi-Chi TCU110 38.0
1999 0920 2146 38 | 6.42
TCU123 44.8
TCU141 358
Mei-Nong
2016 0205 1957 26 6.4 | KAUO32 36.4

% 3.4 &% MCE R4o ¥ B % &

Earthquake M,, Records | Ryyp (km)
CHY025 18.1
TCU100 10.4

Chi-Chi
1999 0920 1747 16 | 0 | 1CUL07 15.3
TCU116 11.5
TCU140 321

Chi-Chi
1999 0920 1803 42 | ¢ | TCULY 45.6
Mei-Nong 61 | KAUOD ‘64

2016_0205_1957 26
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103,05 B 15 LR BBk b

Pulse-like Non pulse-like
Records PI PC | PGV (cm/s) | PGA(g) Records PI PC | PGV (cm/s) | PGA(g)
CHY006H2 | 11.0 | 0.73 121 0.55 CHYI101H1 | -133 | 1.13 91 0.54
TCU052H1 45 | 0.84 180 0.52 CHYI101H2 | -144 | 1.15 90 0.48
TCU052H2 25 | 0.86 156 0.50 CHYO060H2 | -2.7 | 091 163 0.52
TCU068H1 21 | 086 156 0.52 CHY067H2 | -7.3 | 0.97 157 0.53
TCU068H2 79 | 0.80 220 0.51 CHY098H2 | -2.0 | 0.93 103 0.50
CHYO067H1 94 | 0.78 153 0.53 CHY116H1 3.7 | 095 114 0.59
CHYO071H1 4.1 | 0.84 152 0.55 CHYI125H1 -6.3 | 095 167 0.55
CHY071H2 1.7 | 0.87 161 0.53 HWAOIOH2 | -2.6 | 0.93 131 0.53
CHYI1l6H2 | 2.0 | 0.87 161 0.55 CHYO024H1 | -13.7 | LI5S 83 0.50
CHY125H2 0.8 0.88 146 0.46 TCU102H2 -25.1 1.34 88 0.51
HWAOIOHI | 42 | 0.84 124 0.51 TCU065H]1 | -164 | 1.19 87 0.55
HWAO0I9H2 | 12.7 | 0.70 116 0.52 TCU065H2 9.6 | 1.04 107 0.50

4 3.6 #51 MCE ¥ R % &

Pulse-like Non pulse-like
Records PI PC | PGV (cm/s) | PGA(g) Records PI PC | PGV (cm/s) | PGA(g)
TCUL17H2 24 | 087 163 0.34 TCUL17H2 -4.8 | 095 162 0.34
CHY104H1 | 11.3 | 0.78 172 0.35 KAU032H1 9.6 | 099 165 0.36
CHY104H2 | 229 | 0.66 178 0.37 CHY025H1 -42 1 095 135 0.33
TCU117HI 13.1 | 0.75 162 0.34 CHYO025H2 | -15.3 | 1.07 151 0.33
TCUI118H1 163 | 0.73 180 0.37 TCU100H1 -0.1 | 090 127 0.33
TCULI8H2 | 11.6 | 0.78 179 034 TCUL00H2 | -12.0 | 1.05 138 0.37
KAUO032H2 | 412 | 0.57 251 0.37 TCULO7H] | -11.6 | 1.02 155 0.34
CHY104H1 | 11.3 | 0.78 176 0.35 TCULO7H2 | -19.2 | 1.09 168 0.34
CHY104H2 6.1 | 083 148 0.34 TCUlI6HI | -16.6 | 1.11 134 0.34
TCU110H1 147 | 0.75 178 0.34 TCU116H2 -7.3 | 098 156 0.38
TCUI23H2 | 147 | 0.74 161 0.33 TCU140H1 32 | 094 147 0.37
TCUM4IH2 | 122 | 0.77 171 0.33 TCU140H2 -6.3 | 098 138 0.33
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24l FHRERFH RS

(@) ~%
8-Story [ SMF SW BRB | SCB1 | SCB2
|4 0.211W|0.214W| 0.214W (0.214W|0.214W
V*  [0.171W]0.171W] 0.171W [0.171W0.171W
V,, |0209W|[0.215W|0.215W |0.215W|[0.215W
Vg 10.211W([0.215W0.215W |0.215W[0.215W
(b) + = &1
14-Story| SMF SW BRB | SCBI1 | SCB2
vV 0.153W[0.171W]0.174W |0.179W[0.175W
Ve [0.153W[0.171W]0.171W |0.17IW0.171W
V, 10.127W]0.143W|0.147W |0.153W|0.148W
Vg 10.153W[0.171W[0.174W [0.179W]0.175W
(ORE
25-Story BRB SCBI1 SCB2
v 0.118W 0.118W 0.118W
v 0.136W 0.136W 0.136W
Vn 0.095W 0.095W 0.095W
V4 0.136W 0.136W 0.136W
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8-Story
Force (kN)

Floor|Weight (kN)|Height (m)

SMF | SW | BRB |SCB1|SCB2
RFL 17873 34 8324 | 8422 | 8422 | 8422 | 8422
8FL 17873 34 5408 | 5544 | 5544 | 5544 | 5544
7FL 17873 34 46601 | 4778 | 4778 | 4778 | 4778
6FL 18026 34 3947 | 4046 | 4046 | 4046 | 4046
SFL 18223 34 3228 | 3309 | 3309 | 3309 | 3309
4FL 18741 34 2536 | 2599 | 2599 | 2599 | 2599
3FL 18742 3.4 17521 1796 | 1796 | 1796 | 1796
2FL 19058 4.2 985 | 1009 | 1009 | 1009 | 1009
Sum | 146409 28 30839(31502(31502(31502|31502

% 4.3 e BHEFRGE RS Ee AR S

14-Story
: : Force (kN)

Floor|Weight (kN)|Height (m) sME ] sw | BRB |scB1lscB2
RFL 17854 34 9254 | 9885 | 9908 | 9951 | 9919
14FL 17109 34 3967 | 4529 | 4614 | 4769 | 4653
13FL 17109 34 3667 | 4187 | 4266 | 4409 [ 4301
12FL 17109 34 3367 | 3845 | 3917 | 4049 | 3950
11FL 17109 34 3068 | 3503 | 3568 | 3688 | 3598
10FL 17344 34 2806 | 3204 | 3264 | 3374 3291
OFL 17874 34 2579 | 2944 | 3000 | 3100 | 3025
8FL 17874 34 2266 | 2587 | 2635 | 2724 | 2657
7FL 17874 34 1952 | 2229 | 2271 | 2347 (2290
6FL 18031 34 1654 | 1888 | 1924 | 1988 [ 1940
SFL 18227 34 1352 | 1544 | 1573 | 1626 [ 1586
4FL 18737 34 1062 | 1213 | 1235 | 1277 [ 1246
3FL 18747 34 734 | 838 | 854 | 883 | 861

2FL 19061 42 413 | 471 | 480 | 496 | 484

Sum| 250057 48.4 (38140|42867|43509(44682143802
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25-Story
_ _ Force (kN)
Floor| Weight (kN) | Height (m) BRB 1 SCBL | SCBo
RFL 2825 3.5 1989 | 1989 | 1989
25FL 2825 3.5 608 | 608 608
24FL 2825 3.5 583 | 583 583
23FL 2825 3.5 558 | 558 558
22FL 2825 3.5 533 | 533 533
21FL 2825 3.5 507 | 507 507
20FL 2825 3.5 482 | 482 482
19FL 2825 3.5 457 | 457 457
18FL 2825 3.5 432 | 432 432
17FL 2825 3.5 407 | 407 407
16FL 2825 3.5 381 | 381 381
I5FL 2825 3.5 356 | 356 356
14FL 2825 3.5 331 | 331 331
13FL 2825 3.5 306 | 306 306
12FL 2825 3.5 281 | 281 281
11FL 2825 3.5 255 | 255 255
10FL 2825 3.5 230 | 230 230
9FL 2825 3.5 205 | 205 205
8FL 2825 3.5 180 | 180 180
7FL 2825 3.5 155 | 155 155
6FL 2825 3.5 130 | 130 130
SFL 2825 3.5 104 | 104 104
4FL 2825 3.5 79 79 79
3FL 2825 3.5 54 54 54
2FL 2825 4 29 29 29
Sum 70632 88 9633 | 9633 | 9633
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Lo45 AHEEEARES

Natural Period (sec) Modal Participating Mass (%)
Story | Frame Name | 15t Mode | 2™® Mode | 3™ Mode | 15t Mode | 2™¢ Mode | 3™ Mode
SMF 1.00 0.32 0.17 81.6 10.6 41
SW 0.96 0.31 0.16 76.7 13.1 5.7
8 BRB 0.89 0.28 0.15 78.7 12.4 4.9
SCB1 0.82 0.26 0.14 80.6 12.0 3.9
SCB2 0.89 0.28 0.15 78.7 124 49
SMF 1.79 0.66 0.37 76.8 11.6 4.6
SW 1.60 0.58 0.33 73.4 134 55
14 BRB 1.55 0.55 0.31 76.1 12.5 4.6
SCB1 1.47 0.50 0.27 76.8 12.9 42
SCB2 1.53 0.54 0.31 75.3 12.9 4.8
BRB 278 0.92 0.51 74.1 135 4.4
25 SCB1 251 0.77 0.40 71.2 15.9 52
SCB2 2.78 0.92 0.51 74.1 134 44

£ 4.6 IR L RIS A

SMF SW BRB SCBI1 SCB2
O N[/ Koy K (NI v K (N [ oy | K, G [/ K G, G [/ K

8 943 - 94.9 - 114.6 - 1233 - 114.6 -

7 165.5 1.75 169.7 1.79 204.7 1.79 218.6 1.77 204.7 1.79
0 2447 1.48 2573 1.52 309.0 1.51 326.0 1.49 309.0 1.51
5 3433 1.40 375.7 1.46 446.6 1.45 464.9 1.43 446.6 1.45
4 481.4 1.40 552.5 1.47 644.7 1.44 663.6 1.43 044 .4 1.44
3 711.5 1.48 882.8 1.60 990.6 1.54 1008.3 1.52 990.2 1.54
2 1199.8 1.69 1671.2 1.89 1764.3 1.78 1776.1 1.76 1763.7 1.78
1 2772.4 2.31 4097 .4 2.45 4174.1 237 4173.7 2.35 41733 2.37
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24T L KR LA R DA

SMF SW BRB SCBI SCB2
Sty e (N Amm) [ /K 1 |K; (N/mm) K /K 1 | (N/mm) K, /K |K; (N/mm)|K, /K |K; (N/mm)JK; /Ky,
14 376 3 133 3 300 3 319 3 308 3
13 36.1 149 67.7 155 3503 108 631 1.08 60.9 1.08
12 763 136 013 139 903 152 95.9 152 92.9 153
11 99.0 130 1242 132 124.1 137 1315 137 128.0 138
10 | 1263 128 160.1 129 163.1 131 172.6 131 168.9 132
9 150.7 126 2035 127 2002 128 212 128 2172 120
3 199.2 125 256 1 126 2634 126 2786 126 2751 127
7 2168 124 3226 126 320.0 125 3438 125 3458 126
6 308.5 125 415.9 129 415.6 126 1424 127 420.4 127
3 3054 128 3577 134 3375 129 576.6 130 576.6 131
1 526.6 133 7776 139 719.2 134 7782 135 780.8 135
3 756.5 144 | 11363 | 146 | 10322 | 144 | 11213 | 144 | 11258 | 1.4
2 | 12615 | 167 | 18766 | 165 | 171090 | 166 | 18528 | 165 | 18580 | 165
T | 28828 | 229 | 42686 | 227 | 39423 | 230 | 42281 | 228 | 42419 | 228

% 4.8 247 BAHE LA RePR

Story BRB SCBI1 SCB2
K; kNmm)|K; /K; 4 |K; GNmm)|K; /K; 1 | K; (N/mm)|K; /K; 4

25 3.8 - 4.0 - 3.8 -
24 5.1 1.34 54 1.35 5.0 1.34
23 6.4 1.27 6.9 1.27 6.4 1.27
22 7.9 1.22 8.4 1.22 7.8 1.22
21 9.4 1.19 10.0 1.19 93 1.19
20 11.0 1.17 11.8 1.17 10.9 1.17
19 12.8 1.16 13.7 1.16 12.6 1.16
18 14.7 1.15 15.7 1.15 14.5 1.15
17 16.8 1.14 17.9 1.14 16.6 1.14
16 19.1 1.14 20.3 1.13 18.9 1.14
15 21.7 1.13 22.9 1.13 214 1.13
14 24.6 1.14 25.9 1.13 24.2 1.13
13 28.0 1.14 294 1.13 27.5 1.14
12 32.0 1.14 33.4 1.14 314 1.14
11 36.8 1.15 383 1.15 36.1 1.15
10 42.6 1.16 44.2 1.15 11.8 1.16
9 498 1.17 51.5 1.17 48.7 1.17
8 58.9 1.18 60.8 1.18 57.5 1.18
7 70.9 1.20 734 1.21 69.3 1.20
6 87.9 1.24 91.2 1.24 85.7 1.24
5 112.5 1.28 117.9 1.29 109.8 1.28
4 152.8 1.36 162.4 1.38 149.4 1.36
3 2273 1.49 2473 1.52 223.0 1.49
2 399.6 1.76 4493 1.82 393.6 1.76
1 1076.5 2.69 1279.2 2.85 1064.7 2.71
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8-Story
Force (kN)

Floor|Weight (kN)|Height (m)

SMF | SW | BRB |SCB1|SCB2
RFL 17873 34 5645 | 5592 | 5513 | 5431 | 5513
8FL 17873 34 3668 | 3681 | 3700 | 3719 | 3700
7FL 17873 34 3161 | 3172 | 3188 | 3205 | 3188
6FL 18026 34 2677 | 2686 | 2700 | 2714 | 2700
SFL 18223 34 2189 | 2197 | 2208 | 2220 | 2208
4FL 18741 34 1720 | 1726 | 1735 | 1744 | 1735
3FL 18742 3.4 1188 | 1192 | 1199 | 1205 | 1199
2FL 19058 4.2 668 | 670 | 674 | 677 | 673
Sum | 146409 28 20916/20915(20916{20916|20916

%410 Lr EREERPFFEAR BLE B B ARt

14-Story
: : Force (kN)

Floor|Weight (kN)|Height (m) SME ] Sw 1BRB IsCB1lSCB2
RFL 17854 34 7704 | 7329 | 7238 | 7079 | 7197
14FL 17109 34 3303 | 3358 [ 3371 | 3393 | 3376
13FL 17109 34 3053 | 3104 | 3116 | 31360 | 3121
12FL 17109 34 2804 | 2851 | 2861 | 2880 | 2866
11FL 17109 34 2554 | 2597 | 2607 | 2624 | 2611
10FL 17344 34 2336 | 2375 | 2384 | 2400 | 2388
OFL 17874 34 2147 | 2183 | 2191 | 2205 | 2195
8FL 17874 34 1886 | 1918 | 1925 | 1938 | 1928
7FL 17874 34 1626 | 1653 | 1659 | 1670 | 1662
6FL 18031 34 1377 | 1400 | 1405 | 1414 | 1408
SFL 18227 34 1126 | 1145 | 1149 | 1157 | 1151
4FL 18737 34 884 | 899 | 902 | 908 | 904

3FL 18747 34 611 | 621 | 624 | 628 | 625

2FL 19061 42 343 | 349 | 351 | 353 | 351

Sum| 250057 48.4 [31753|31783|31784(31783|31783
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25-Story
I _ K _ Force (kN)
Floor| Weight (kN) | Height (m) BRB 1 SCBL I SCR
RFL 2825 3.5 1200 | 1330 | 1198
25FL 2825 3.5 367 | 407 366
24FL 2825 3.5 352 | 390 351
23FL 2825 3.5 336 | 373 336
22FL 2825 3.5 321 | 356 321
21FL 2825 3.5 306 | 339 306
20FL 2825 3.5 291 | 322 290
19FL 2825 3.5 276 | 305 275
18FL 2825 3.5 261 | 289 260
17FL 2825 3.5 245 | 272 245
16FL 2825 3.5 230 | 255 230
15FL 2825 3.5 215 | 238 215
14FL 2825 3.5 200 | 221 199
13FL 2825 3.5 185 | 204 184
12FL 2825 3.5 169 | 188 169
11FL 2825 3.5 154 | 171 154
10FL 2825 3.5 139 | 154 139
9FL 2825 3.5 124 | 137 124
8FL 2825 3.5 109 | 120 108
7FL 2825 3.5 93 103 93
6FL 2825 3.5 78 87 78
SFL 2825 3.5 63 70 63
4FL 2825 3.5 48 53 48
3FL 2825 3.5 33 36 32
2FL 2825 4 17 19 17
Sum 70632 88 5812 | 6440 | 5803
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SC Fault MCE
No. of Stories Frame
W/ Pulse [ W/O Pulse | W/ Pulse | W/O Pulse

SMF 2.86 2.62 1.73 1.60

SW 2.66 242 1.57 1.48

8-St0ry BRB 2.27 2.01 1.17 1.10
SCB1 2.26 2.02 1.13 1.07

SCB2 235 2.09 1.24 1.15

SMF 2.30 1.96 224 228

SW 2.52 2.17 2.13 2.17

14-Story BRB 237 2.00 2.06 2.05
SCB1 2.34 2.00 1.98 1.99

SCB2 2.36 2.04 2.04 2.05

BRB 1.77 1.49 2.07 1.93

25-Story SCBI 1.65 1.40 1.89 1.82
SCB2 1.82 1.55 212 1.97

30413 AHEAGR RS T8 B (H 2 %)
SC Fault MCE
No. of Stories Frame
W/ Pulse | W/O Pulse | W/ Pulse | W/O Pulse

SMF 0.53 0.52 0.21 0.16

SW 0.25 022 0.10 0.09

8—St0ry BRB 0.24 0.22 0.09 0.08
SCBI1 0.13 0.12 0.04 0.04

SCB2 0.17 0.15 0.07 0.07

SMF 0.53 0.34 0.42 0.39

SW 0.38 0.32 0.39 0.26

14—Story BRB 041 0.24 0.30 0.23
SCB1 0.10 0.06 0.19 0.13

SCB2 0.18 0.12 0.23 0.13

BRB 0.46 0.35 0.85 0.54

25-Story SCBI1 0.27 0.17 0.43 0.17
SCB2 0.31 0.25 0.51 0.36
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40414 BHNEFE AT FFA T B & (H %) (ASCE 7-16)

Risk Category
Structure
Torll 11 v
Structures, other than masonry shear wall structures, 4 stories or less
above the base as defined in Section 11.2, with interior walls, partitions, 25 ) 15
ceilings, and exterior wall systems that have been designed to ) )
accommodate the story drifts.

Masonry cantilever shear wall structures 1 1 1
Other masonry shear wall structures 0.7 0.7 0.7

All other structures 2 1.5 1

4 4.15 3 % R~ Cu2 3 i@ (ASCE 7-16)

System R Ca

Special reinforced concrete moment frames 8 55

Special reinforced concrete shear walls 7 5.5
Steel buckling —restrained braced frames 8 5

% 4.16 L% MCE &« K F =# & 238 (ASCE 7-16)

Factor Description

Increased by a factor of 1.5, to reflect the analysis

5 . .
12 being completed at the MCE R ground motion level

Increased by another factor of 1.25, to reflect an

R
(1.25,C—d)min average ratio ofci
d

#0417 FrER 2Bk 5 MCE 3% & F 24 & 23 (ASCE 7-16)

Description

For most common structures the DE allowable drift ratio (A,/h) is 2%.
Because for most cases, the ratio of MCE to DE intensity is 1.5

When NLRHA analysis is used, the code (Section 16.2.4.3 of ASCE 7-10)
1.9 allows the DE drift ratios computed from analysis to be limited to 125% of
the DE drift ratio limits of Table 12.12-1.

3%

For purpose of comparing drift ratios computed from NLRHA with Table
12.12-1, the entries of the table need to be modified by the R/C, factor for
Ca comparison at DE level. Therefore the allowable drift ratios at MCE,
correspond to 1.5 R/C, of entries of the table.

88

doi:10.6342/NTU202202864



1 418 BHA SR A 2 2% (FEMAP-58-1,2018)
Damage Description Residual Story Drift
State P Y
No structural realignment is necessary o
DSl for structural stability 0.2%
Realignment of structural frame and
related structural repairs required to
maintain permissible drift limits for
. 50
Ds2 nonstructural and mechanical 0.5%
components and to limit degradation in
structural stability (i.e., collapse safety)
Major structural realignment is required
to restore margin of safety for lateral
DS3 §tab1hty: however., the required 1%
realignment and repair of the structure
may not be economically and practically
feasible.
High Ductility Systems
4%<0.5Ve5ign/W
Residual dl'.lf[- is sufficiently large that the Moderate Ductility Systems
DS4 structure is in danger of collapse from 294<0.5V g /W
earthquake aftershocks. " design
Limited Duectility Systems
1%<0.5Vge5ign/W
20419 BB R R Tk E (B i)
SC Fault MCE
No. of Stories Frame
W/ Pulse | W/O Pulse | W/ Pulse [ W/O Pulse
SMF 1.06 1.01 0.76 0.78
SW 1.20 1.14 0.82 0.84
S—Story BRB 1.05 1.05 0.82 0.87
SCBI1 1.05 1.03 0.81 0.85
SCB2 1.08 1.06 0.82 0.86
SMF 0.83 0.90 0.69 0.67
SW 1.01 1.01 0.75 0.74
14-Story BRB 1.00 0.99 0.75 0.74
SCB1 0.95 0.95 0.73 0.71
SCB2 1.00 0.99 0.76 0.74
BRB 1.06 1.10 0.84 0.82
25—St0ry SCB1 0.99 1.06 0.85 0.81
SCB2 1.04 1.13 0.84 0.81
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B 1.2 ¥tk piHo kT &3 > % (Somerville, 2005)
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Original ground motion
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B 1.5 R4stceid B F B2+ 2P (Atik and Abrahamson, 2010)
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Side Plate (A572 Gr. 50)

Core Plate (A572 Gr. 50) ¢ 36mm ¢ hole
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Dissipative
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