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ABSTRACT

Environmental protection efforts have highlighted the construction sector's
significant CO2 emissions, contributing 38% of global emissions annually according to
the United Nations. Typically, builders focus on construction costs, overlooking long-
term economic and environmental impacts. Steel structures, favored for their light weight,
ease of construction, and high ductility, are crucial in earthquake-prone and densely
populated areas. Given the intricate geology and dense population of the Taipei Basin,
and its proximity to the Shanchiao Fault, evaluating the 50-year economic and
environmental impacts of seismic events on steel structures is vital for informed decision-
making.

This study assesses seismic damage in various steel structural systems—Moment
Resisting Frames (MRF), Dual Systems (DUAL), Perimeter Moment Frames (PMF), and
Perimeter Buckling Restrained Braced Frames (PBRB)—at different heights. Using
FEMA P-58 evaluation procedures, repair costs, and carbon emissions quantify seismic
resilience. Nonlinear dynamic time-history analyses with LS-DYNA evaluate seismic
damage under near-fault scenarios, focusing on a magnitude 7.3 earthquake at the
Shanchiao Fault. Annualized repair and carbon emission costs are assessed for different
structural systems.

Results show that all prototype frames meet ASCE 7-16 collapse risk requirements
within 50 years. The seismic loss assessment results show that the repair costs for non-
structural components are the main source of seismic losses, priority should be given to
reducing floor accelerations in various systems. Additionally, differences in structural
periods significantly impact life cycle costs, and when using economic seismic indicators,
attention must be paid to the impact of damaged floors. Suppose life cycle costs and
carbon emissions are the primary considerations. In that case, it is recommended that
MRF, PMF, and BRBF be selected for mid-rise, high-rise, and super-high-rise steel
structures, respectively. Near-fault seismic loss assessment results indicate that PBRB
systems can also be used in mid-rise and high-rise buildings to reduce seismic losses and
improve space usage, but a life cycle cost analysis should be conducted to evaluate the

benefits of this system.

Keywords: Seismic loss, Near fault earthquake, Collapse risk assignment, Seismic

Analysis of Steel Structures, Carbon emission
iv
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Processing of Incomplete Data Processing of Zero Data ] Sum Fragility by Floor Round o Integer leit;
Compile  Ignore Incomplete Data @ Exclude Zero Data @ List as Zero # Sum Components by Building & Floor  Round'to Integer Unit 3
# Include Incomplete Data ClincudeZeroData  © "NotTypicaly Included | SU Components by Floor % DoNot Round
™ List All Components
COMPONENT SUMMARY MATRIX
Al
OCCUPANCY Assumed Quantity Quantity ool Aol Quandty | oo | Fraglity Quentty
o - . Fragility Number Fragility Name el companent < B 4 Unit Beta (LogNonmal
Type Ocenpancy # or | empone within PACT Directinnsl Non Directional € Veloe | Unit Tistibution)
Mame  frea (s ft)
RTOF STANDARD INPUT
LABORATORY 1 dth 11500 None Found  Cladding - Gross Wall Area - - ki - - None Found 05
LABORATORY 1 Ath 11500 B2022.001 B2022.001 Cortain Walls - Generic Midrise Stick-Built Curtain 308F 57.50 - NO 17250 iF Each og
LABORATORY 1 4th 11500 B3011.011 B2011.011 Conerete tile roof, tiles secured and complisnt with) 100 8F - 28.18 HO 28175 SF Eoch pO0 low
LABORATORY 1 4th 11500 C1011.001a CI011.001a Wall Partition, Type: Gypsum with metal studs, B 100 LF 978 - NO 9775 LF Each 0z
LABORATORY 1 4th 11500 C3021.001k C3021.001k Generic Floor Covering - Flooding of floor cause| User By - - HO - By Eoch og
LABORATORY 1 4th 11500 C3011.001a C3011.001a Wall Partition, Type: Gypsum + Wallpaper, Full H 100 LF 058 - NO 580 LF Each [1k:]
LABORATORY 1 4th 11500 C3032.001a (3022001 Suspended Ceiling, 8DC A,B,C, drea (4): & < 2. 250 8F - 3910 HO 97750 iF Eoch oo
LABORATORY 1 ath 11500 C3032.001a C3032.001a Suspended Ceiling, SDC A4,B,C, Area (A): 4 < 2. 250 5F - 210 Ho 550 5F Each oo
LABORATORY 1 4th 11500 C3032001a (C3032001a Suspended Ceiling, 8DC A4,B,C, Area (h): 4 < 2 250 8F - 368 HO 9200 5F Each oo
LABORATORY 1 dth 11500 C3032.001a 3032001 Suspended Ceiing, SDC A,B,C, drea (A): 4 < 2. 250 5F - 09z O 2300 iF Eoch oo
LABORATORY 1 Ath 11500 None Found  Fixed Casework - - n - - Nome Found 07
LABORATORY 1 4th 11500 None Found  Fume Hoods - - - n - - Hone Found og
LABORATORY 1 4th 11500 E2022.001 E2022001 Modular office work stdions 1E& - TNIT MISMATCH NO - E& Each oo
LABORATORY 1 4th 11500 E2022.112a E2022.112a Verticel Filing Cabinet, 2 drawer, uanchored latel 1E4 - 345 HO 35 E& Eoch 0z
LABORATORY 1 4th 11500 E2022.102a E3022 1023 Bookeass, 2 shelves, wnanchored laterally 1E& - 3450 NO 345 E& Each 05
LABORATORY 1 4th 11500 None Found  Domestic Plumbing Fixtures - - n - - Hone Found og
LABORATORY 1 dth 11500 None Found  Lab Plombing Fixtores - - - ki - - None Found 19
LABORATORY 1 Ath 11500 D2021.011a D2021.011a Cold or Hot Potable - Small Dismeter Threaded 1000 LF - 063 NO 6300 LF Each 0z
LABORATORY 1 4th 11500 None Found  Piping - Gas supply piping - - - n - - Hone Found 0z
LABORATORY 1 Ath 11500 None Found  HVAC - Boiler capacity - - n - - Nome Found 01
LABORATORY 1 4th 11500 D3041.012a D3041.012a HVAC Galvenized Sheet Metol Ducting - 6 5. ft 1000 LF - 0.se HO 5750 LF Eoch 0z
LABORATORY 1 4th 11500 D3041 011a D3041.011a HVAC Galvanized Sheet Metal Ducting less than 1000 LF - 115 NO 11500 LF Each 0z
LABORATORY 1 4th 11500 D3041.031a D3041.031a HVAC Drops/ Diffusers in suspended ceilings - 10EL - 18.40 HO 1240 E& Eoch 0z
LABORATORY 1 4th 11500 D3041 041a D3041.041a  Variable Air Folume (VAV) oot with in-ling coilf 10E4 - 230 NO 230 E& Each nz
LABORATORY 1 4th 11500 D3041 041a D3041.041a  Variable Air Volume (¥AV) box with in-line coily 10E4 - 035 HO 35 E& Each 07
LABORATORY 1 4th 11500 None Found HVAC - Pressure Dependent Air Valves (Phoendix type booces) - - - G - - Hone Found nz
2

N
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% 3.6 M-DUAL & stz. X v + % ¥rg < <

& ABI AB2 BCl BC2
2F | H400x200x8x15 | H400x200x8x15 | H400x200x8x15 | H400x200x8x15
3~4F | H400x200x8x15 | H500x200x8x12 | H400x200x8x15 | H500x200x8x12
S5F | H400x200x8x13 | H400x200x8x15 | H400x200x8x13 | H400x200x8x15
RF | H400x150x6x12 | H400x150x6x12 | H400x150x6x12 | H400x150x6x12
% 3.7TM-PMF )i 3tz X & % 2 %76 <
& ABI AB2 BCI BC2
2~RF | H700x300x12x20 | H400x200x8x13 | H700x300x12x20 | H400x200x8x13
% 3.8 M-PBRB % tt2. X % + B #¥55 2
& ABI AB2 BCl BC2
2~RF | H400x150x6x12 | H350x175x7x11 | H400x150x6x12 | H350x175x7x11
# 3.9M-MRF 5 %2 Y % & 2 %G ¢ <
ok Al2 A23 B12 B23
2~3F | H500x200x12x25 | H500x200x12x25 | H500x250x16x28 | H500x250x16x28
4F | H500%x200x12x25 | H500x200x12x25 | H500x250x12x25 | H500x250x12x25
S5F | H500x200x8x15 | HS500x200x8x15 | H500x200x12x22 | H500x200x12x22
RF | H400x200x8x13 | H400x200x8x13 | H500x200x10x16 | H500x200x10x16
#. 3.10 M-DUAL i 5tz Y & % B2 %75 < <
& Al2 A23 B12 B23
2~5F | H500x200x8x12 | H500x200x8x12 | H500x200x10x16 | H500x200x10x16
RF | H400x150x8x13 | H400x150x8x13 | H500x200x10x16 | H500x200x10x16
% 3.11 M-PMF % %2 Y % + 255 2
R Al2 A23 B12 B23
2~RF | H700x300x12x20 | H700x300x12x20 | H500x250x15%x25 | H500x250x15%25
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# 3.12M-PBRB i %t2. Y » * 2 %7q =

& Al2 A23 B12 B23
2F | H500x200x8x12 | H400x200x8x13 | H500x250x15x25 | H500x250x15%25
3F | H400x200x8x13 | H400x150x8x13 | H500x250x15x25 | H500x250%x15%25
4~5F | H500x200x8x12 | H400x150x8x13 | H500x250x15x25 | H500x250%x15%25
RF | H400x200x8x13 | H400x150x8x13 | H500x250x15x25 | H500x250x15%25
# 3.13H-MRF & stz 4ptr¥ra <
A Al A2 Bl B2
1~2F | BOX 600x600x25 | BOX 600x600x25 | BOX 600x600x25 | BOX 600x600x28
3~5F | BOX 600x600x25 | BOX 600x600x25 | BOX 600x600x25 | BOX 600x600%25
6~7F | BOX 500x500x20 | BOX 500x500x22 | BOX 500x500x22 | BOX 500x500%25
8~9F | BOX 500x500x20 | BOX 500x500x20 | BOX 500x500x20 | BOX 500x500x22
10~12F | BOX 500x500x20 | BOX 500x500x20 | BOX 500x500x20 | BOX 500x500x20
# 3.14H-DUAL % %tz 4w %ra <
X Al A2 Bl B2
1~2F | BOX 600x600x25 | BOX 700x700x55 | BOX 700x700x50 | BOX 600x600x28
3F | BOX 550x550x22 | BOX 700x700x45 | BOX 600x600x50 | BOX 550x550x22
4F | BOX 550%x550x22 | BOX 600x600x40 | BOX 600x600x36 | BOX 550%x550x22
5F | BOX 550x550x22 | BOX 600x600x28 | BOX 600x600x28 | BOX 550x550%x22
6~12F | BOX 550x550x22 | BOX 550x550x22 | BOX 550%x550x22 | BOX 550x550%22
4 3.15H-PMF )& se2_4ptr e < 1
A Al A2 Bl B2
IF | BOX 600x600x32 | BOX 600x600x28 | BOX 600x600x28 | BOX 500x500%25
2F | BOX 600x600x28 | BOX 600x600x28 | BOX 600x600x28 | BOX 500x500%25
3F | BOX 600x600x25 | BOX 600x600x28 | BOX 600x600x28 | BOX 500x500%22
4~6F | BOX 600x600x25 | BOX 600x600x25 | BOX 600x600x25 | BOX 500%x500%20
7~8F | BOX 500x500x20 | BOX 500x500x28 | BOX 500x500x28 | BOX 500x500%20
9~10F | BOX 500x500x20 | BOX 500x500x22 | BOX 500x500x22 | BOX 500%x500%20
11~12F | BOX 500x500x20 | BOX 500x500x20 | BOX 500x500x20 | BOX 500x500%20
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# 3.16 H-PBRB % su2_ 4k fidre = <

R Al A2 Bl B2
1~2F | BOX 700x700x28 | BOX 700x700x55 | BOX 700x700x55 | BOX 550x550%22
3F | BOX 700x700x28 | BOX 700x700x45 | BOX 700x700x45 | BOX 550x550%22
4F | BOX 700x700x28 | BOX 700x700x36 | BOX 700x700x36 | BOX 550%x550x22
5~6F | BOX 700x700x28 | BOX 700x700x28 | BOX 700x700x28 | BOX 550x550x22
7F | BOX 700x700x28 | BOX 600x600x28 | BOX 600x600x28 | BOX 500x500%20
8~12F | BOX 550x550x28 | BOX 600x600x28 | BOX 600x600x28 | BOX 500x500x20

% 3.17H-MRF s %2 X % % 2 #55 ¢

A ABI AB2 BCl1 BC2
2~7F | H600x300x10x25 | H600x300x10x25 | H600x300x10x25 | H600x300x10x25
8F | H600x300x10x22 | H600x300x10x22 | H600x300x10%22 | H600x300x10%22
9~RF | H600x300x10x20 | H600x300x10%20 | H600x300x10x20 | H600x300x10x20

% 3.18H-DUAL i 5tz X % + Z ¥ <

i X ABI AB2 BCI BC2
2F | H600x200x10x16 | H600x250x10x20 | H600x200x10x16 | H600x250x10%20
3~11F | H600x250x10x20 | H600x250x10x20 | H600x250x10x20 | H600x250%10x20
12~RF | H600x200x10x16 | H600x250x10x20 | H600x200x10x16 | H600x200x10x16

% 3.19H-PMF s %2 X % % 2 ¥ %

A AB1 AB2 BCl BC2
2F | H800x300x10x25 | H400x200x8x13 | H800x300x10x25 | H400x200x8x13
3F | H800x300x12x28 | H400x200x8x13 | H800x300x10x25 | H400x200x8x13
4F | H800x300x15x32 | H400x200x8x13 | H800x300x10x25 | H400x200x8x13
5~6F | H800x300x12x28 | H400x200x8x13 | H800x300x10x20 | H400x200x8x13
7F | H800x300x10x25 | H400x200x8x13 | H800x300x10x25 | HA400x200x8x13
8~9F | H800x300x10x22 | H400x200x8x13 | H800x300x10x22 | H400x200x8x13
10~RF | H700x300x10x20 | H400x200x8x13 | H700x300x10x20 | H400x200x8x13
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# 3.20H-PBRB % %tz. X v = 2 #%7q %

ok ABI AB2 BCI BC2
2~RF | H600x250x10x20 | H400x200x8x13 | H600x250x10x20 | H400x200x8x13
% 3.21 H-MRF s %2 Y % 4 2 %75 <
i X Al2 A23 B12 B23
2~RF | H600x250x10x20 | H600x250x10x20 | H600x250x10x20 | H600x250%10%20
4 3.22H-DUAL ki %2, Y & % B #¥rq <
i X3 Al2 A23 B12 B23
2~RF | H600x250x10x20 | H600x250x10x20 | H600x250x10x20 | H600x250%10%20
% 3.23H-PMF s %2 Y ® % 2%s =
& Al2 A23 B12 B23
2F | H800x300x10x25 | H800x300x10x25 | H500x250x15x25 | H500%x250x15x25
3F | H800x300x15x32 | H800x300x10x25 | H500x250x15x25 | H500x250x15x25
4F | H800x300x12x28 | H800x300x10x25 | H500x250x15x25 | H500x250x15x25
5F | H800x300x12x28 | H800x300x10x20 | H500x250x15x25 | H500x250x15x25
6F | H800x300x10x25 | H800x300x10x20 | H500x250x15x25 | H500x250x15x25
7F | H800x300x10x25 | H800x300x10x22 | H500x250x15x25 | H500x250x15x25
8~9F | H800x300x10x22 | H800x300x10x22 | H500x250x15x25 | H500x250%15%25
10~RF | H700x300x10x20 | H700x300x10x20 | H500x250x15x25 | H500%250%15%25
4 3.24H-PBRB i %2 Y » + R #fa ¢
oA Al2 A23 B12 B23
2~RF | H600x250x10x20 | H600x250x10x20 | H500x250x18x28 | H500x250x18x28

30

doi:10.6342/NTU202402010




4 3.25SH-MRF & %oz 4k 4i%ram ¢ <

R Al A2 Bl B2
1~2F | BOX 700x700x45 | BOX 700x700x45 | BOX 700x700x45 | BOX 700x700%40
3F | BOX 700x700x40 | BOX 700x700x40 | BOX 700x700x40 | BOX 700x700%32
4F | BOX 700x700x40 | BOX 700x700x36 | BOX 700x700x36 | BOX 700x700x32
5F | BOX 700x700x36 | BOX 700x700x36 | BOX 700x700x36 | BOX 700x700x32
6~18F | BOX 700x700x32 | BOX 700x700x32 | BOX 700x700x32 | BOX 700x700x32
19~RF | BOX 600x600x25 | BOX 600x600x25 | BOX 600x600x25 | BOX 600x600x25

% 3.26 SH-DUAL & se2_ 4k tr#7d <

A Al A2 Bl B2
1~2F | BOX 700x700x36 | BOX 900x900x60 | BOX 900x900x70 | BOX 700x700x32
3F | BOX 700x700x36 | BOX 900x900x55 | BOX 900x900x70 | BOX 700x700x32
4F | BOX 700x700x36 | BOX 800x800x55 | BOX 900x900x60 | BOX 700x700x32
5F | BOX 700x700x32 | BOX 700x700x55 | BOX 800x800x55 | BOX 700x700x32
6F | BOX 700x700x32 | BOX 700x700x45 | BOX 700x700%x55 | BOX 700x700x32
7F | BOX 700x700x32 | BOX 700x700x40 | BOX 700x700x45 | BOX 700x700x32
8F | BOX 700x700x32 | BOX 700x700x36 | BOX 700x700x40 | BOX 700x700x32
9F | BOX 700x700x32 | BOX 700x700x32 | BOX 700x700x36 | BOX 700x700x32
10F | BOX 700x700x32 | BOX 700x700x32 | BOX 700x700x32 | BOX 700x700x32
11F | BOX 600x600x25 | BOX 600x600x32 | BOX 600x600x32 | BOX 600x600%25
12F | BOX 600x600x25 | BOX 600x600x28 | BOX 600x600x28 | BOX 600x600%25
13~RF | BOX 600x600x25 | BOX 600x600x25 | BOX 600x600x25 | BOX 600x600x25
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% 3.27 SH-PMF & %2 4ptr%ra =

R Al A2 Bl B2
IF | BOX 800x800x60 | BOX 700x700x28 | BOX 700x700x28 | BOX 600x600x40
2F | BOX 800x800x60 | BOX 700x700x28 | BOX 700x700x28 | BOX 600x600%36
3F | BOX 800x800x55 | BOX 700x700x28 | BOX 700x700x28 | BOX 600x600x36
4F | BOX 700x700x55 | BOX 700x700x28 | BOX 700x700x28 | BOX 600x600x36
5F | BOX 700x700x50 | BOX 700x700x28 | BOX 700x700x28 | BOX 600x600x32
6F | BOX 700x700x45 | BOX 700x700x28 | BOX 700x700x28 | BOX 600x600x32
7F | BOX 700x700x40 | BOX 700x700x28 | BOX 700x700x28 | BOX 600x600x28
8F | BOX 700x700x36 | BOX 700x700x28 | BOX 700x700x28 | BOX 600x600x28
9F | BOX 700x700x32 | BOX 700x700x28 | BOX 700x700x28 | BOX 600x600x25
10~11F | BOX 700x700x28 | BOX 700x700x28 | BOX 700x700x28 | BOX 600x600x25
12F | BOX 600x600x28 | BOX 600x600x25 | BOX 600x600%25 | BOX 600x600%25
13~RF | BOX 600x600x25 | BOX 600x600x25 | BOX 600x600x25 | BOX 600x600%25

% 3.28 SH-PBRB i %z 4kt %7 < ~

A Al A2 Bl B2
1~2F | BOX 700x700x40 | BOX 1000x1000x70 | BOX 1050x1050x70 | BOX 700x700%32
3F | BOX 700x700x40 | BOX 950%x950x70 | BOX 1000x1000x70 | BOX 700x700x32
4F | BOX 700x700x40 | BOX 900x900x70 | BOX 900x900x70 | BOX 700x700x32
5F | BOX 700x700x36 | BOX 800x800x65 | BOX 900x900x60 | BOX 700x700x32
6F | BOX 700x700x36 | BOX 800x800x55 | BOX 800x800x60 | BOX 700x700x32
7F | BOX 700x700x32 | BOX 700x700x55 | BOX 800x800x50 | BOX 700x700x32
8F | BOX 700x700x32 | BOX 700x700x45 | BOX 700x700x50 | BOX 700x700x32
9F | BOX 700x700x28 | BOX 700x700x36 | BOX 700x700x45 | BOX 700x700x32
10F | BOX 700x700x28 | BOX 700x700x32 | BOX 700x700x36 | BOX 700x700x32
11F | BOX 600x600x28 | BOX 600x600x32 | BOX 600x600x40 | BOX 600x600x25
12F | BOX 600x600x25 | BOX 600x600x28 | BOX 600x600x32 | BOX 600x600%x25
13~24F | BOX 600x600x25 | BOX 600x600x25 | BOX 600x600x25 | BOX 600x600x25
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% 3.29 SH-MRF i %tz X o * %75 ° <

& ABI AB2 BCI BC2
2~RF | H650x300x12x20 | H650x300x12x20 | H650%x300x12x20 | H650x300%12x20
4 3.30 SH-DUAL % stz X v % R #75 < +
ok ABI AB2 BCl BC2
2~RF | H650x200x10x20 | H650x250x10x20 | H650%x250x10x20 | H650%x250%x10x20
# 3.31 SH-PMF /s 3i2. X w + B %75 ¢
ok ABI AB2 BCl BC2
2F | H800x300x12x20 | H400x200x8x13 | H800x300x12x20 | H400x200x8x13
3F | H800x300x12x25 | H400x200x8x13 | H800x300x12x20 | H400x200x8x13
4F | H800x300x15x32 | H400x200x8x13 | H800x300x12x20 | H400x200x8x13
5~6F | H800x300x15x36 | H400x200x8x13 | H800x300x12x20 | H400x200x8x13
7~9F | H800x300x15x32 | H400x200x8x13 | H800x300x12x20 | H400x200x8x13
10F | H800x300x12x28 | H400x200x8x13 | H800x300x12x20 | H400x200x8x13
11F | H800x300x12x25 | H400x200x8x13 | H800x300x12x22 | H400x200x8x13
12F | H800x300x12x28 | H400x200x8x13 | H800x300x12x20 | H400x200x8x13
13F | H800x300x12x25 | H400x200x8x13 | H800x300x12x20 | H400x200x8x13
14F | H800x300x12x22 | H400x200x8x13 | H800x300x12x20 | H400x200x8x13
15~RF | H800x300x12x20 | H400x200x8x13 | H800x300x12x20 | H400x200x8x13
4 3.32SH-PBRB i st2. X % + % %75
oA ABI AB2 BC1 BC2
2~RF | H650x200x10%x20 | H400x200x8x13 | H650x200x10x20 | H400x200x8x13
#. 3.33 SH-MRF s %tz Y & % B2 %G ¢ <
ok Al2 A23 B12 B23
2~3F | H650x300x12x20 | H650%x300x12x20 | H650x300x12x20 | H650x300x12x20
4F | H650x300x12x20 | H650%x300%x12x20 | H650x300x12x22 | H650x300x12x22
5~9F | H650x300x12x20 | H650x300x12x20 | H650%x300x12x25 | H650x300x12x25
10~11F | H650x300x12x20 | H650x300x12x20 | H650x300x12x22 | H650x300x12x22
12~RF | H650x300x12x20 | H650%x300x12x20 | H650x300x12x20 | H650x300x12x20
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% 3.34 SH-DUAL s 32 Y » % % %75 =

R Al2 A23 BI2 B23
2~6F | H650x200x10x20 | H650x250x10x20 | H650x250x10x20 | H650%250%10%20
7F | H650%x250x10x20 | H650x250x10x20 | H650%x250x10x22 | H650%250%10%20
8~18F | H650x250x10x20 | H650x250x10x20 | H650x250x12x28 | H650%x250%x10x20
19F | H650x250x10x20 | H650%x250x10x20 | H650x250x10%25 | H650x250%10%20
20~RF | H650x250x10x20 | H650x250x10x20 | H650x250x10x20 | H650x250x10x20
% 3.35SH-PMF % e2. Y & + B #rq ©
oA Al2 A23 B12 B23
2F | H800x300x12x20 | H800x300x12x20 | H500x250x18x28 | H500x250x18x28
3F | H800x300x12x28 | H800x300x12x20 | H500x250x18x28 | H500x250x18x28
4F | H800x300x15x36 | H800x300x12x20 | H500x250x18x28 | H500x250x18x28
5~6F | H800x300x15x36 | H800x300x12x25 | H500x250x18x28 | H500x250x18x28
7~9F | H800x300x15x32 | H800x300x12x25 | H500x250x18x28 | H500x250%18x28
10F | H800x300x15x32 | H800x300x12x22 | H500x250x18x28 | H500x250x18x28
11F | H800x300x12x28 | H800x300x12x25 | H500x250x18x28 | H500x250x18x28
12~13F | H800x300x12x28 | H800x300x12x20 | H500x250x18x28 | H500x250x18x28
14F | H800x300x12x25 | H800x300x12x20 | H500x250x18x28 | H500x250x18x28
I5F | H800x300x12x22 | H800x300x12x20 | H500x250x18x28 | H500x250x18x28
16~RF | H800x300x12x20 | H800x300x12x20 | H500x250x18x28 | H500x250x18x28
4. 3.36 SH-PBRB i %t2. Y v * % %rq ¢ +
ok Al2 A23 B12 B23
2~13F | H650%x200x10x20 | H650x200x10x20 | H500x250x18x28 | H500x250%18x28
14F | H650x250x10x25 | H650x200x10x20 | H500x250x18x28 | H500x250x18x28
15~18F | H650x250x12x28 | H650x200x10x20 | H500x250x18x28 | H500x250x18x28
19F | H650x250x10x25 | H650x200x10%x20 | H500x250x18x28 | H500%x250x18x28
20~RF | H650x250x10%x20 | H650x200x10x20 | H500x250x18x28 | H500x250x18x28

34

doi:10.6342/NTU202402010




% 3.37M-DUAL s se2 By 44 3 4 & 4

| X o A4 Y b g

oA ¥ Kfh4 (tonf) | & & (kg/em) | *F Rfh4 (tonf) | F 2P & (kg/cm)
IF 177 115612 164 107182
2F 319 208014 289 188198
3F 237 154478 226 147143
4F 164 107182 151 98533
5F 80 52004 65 42041

7. 3.38 H-DUAL % sez & By d ] £ 454 & S8k
| X b 43 Y ol

bk % Kfh (tonf) | &2 &R (kg/em) | % Rfib4 (tonf) | 2P & (kg/cm)
1F 51 42041 51 42041
2F 379 246990 408 266149
3F 437 285089 437 285089
4F 379 246990 408 266149
SF 319 208014 349 227611
6F 258 168163 258 168163
7F 274 227611 274 227611
8F 195 161594 203 168163
9F 119 98533 129 107182
10F 63 52004 63 52004
11F 26 21458 26 21458
12F 13 10839 13 10839
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% 3.39 SH-DUAL & sez2_ # By #1438+ & S8k

| X i L4 Y o AL

oA ¥ Kfh4 (tonf) | & & (kg/em) | *F Rfh4 (tonf) | F 2P & (kg/cm)
IF 26 21458 26 21458
2F 138 89665 151 98533
3F 319 208014 319 208014
4F 349 227611 349 227611
SF 319 208014 349 227611
OF 289 188198 289 188198
7F 289 188198 258 168163
8F 227 147909 226 147143
9F 214 139589 177 115612
10F 177 115612 164 107182
11F 227 188198 203 168163
12F 178 147909 177 147143
13F 177 147143 159 131815
14F 149 123823 139 115612
15F 129 107182 119 98533
16F 108 89665 108 89665
17F 97 80578 86 71272
18F 86 71272 74 61747
19F 74 61747 63 52004
20F 51 42041 51 42041
21F 38 31859 38 31859
22F 26 21458 26 21458
23F 26 21458 26 21458
24F 13 10839 13 10839
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% 3.40 M-PBRB s suz_ 3 By k414 34 & 2

| X o A4 Y % pg

oA ¥ Kfh4 (tonf) | & & (kg/em) | *F Rfh4 (tonf) | F 2P & (kg/cm)
IF 202 131744 190 123757
2F 349 227489 349 227489
3F 258 168073 258 168073
4F 214 139513 202 131744
5F 109 71234 95 61714

# 3.41 H-PBRB % %tz 3B & 414454 &5 S dc
| X o L4 Y % g

b % kgh4 (tonf) | & (kg/em) | % kih4 (tonf) | &> & (kg/cm)
IF 63 52004 63 52004
2F 408 266149 437 285089
3F 495 322313 466 303810
4F 437 285089 437 285089
5F 408 266149 408 266149
6F 289 188198 319 208014
7F 344 285089 321 266149
8F 227 188198 227 188198
9F 203 168163 203 168492
10F 119 98533 119 98533
11F 51 42041 51 42041
12F 26 21458 26 21458
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% 3.42 SH-PBRB i siz By 41434 & S ¥c

| X AL Y % g

oA ¥ Kfh4 (tonf) | & & (kg/em) | *F Rfh4 (tonf) | F 2P & (kg/cm)
IF 38 31859 38 31859
2F 289 188198 289 188198
3F 523 340596 523 340596
4F 495 322313 495 322313
SF 466 303810 495 322313
6F 466 303810 466 303810
7F 437 285089 437 285089
8F 408 266149 408 266149
9F 379 246990 379 246990
10F 258 168163 258 168163
11F 366 303810 344 285089
12F 274 227611 274 227611
13F 251 208014 227 188198
14F 227 188198 203 168163
15F 203 168163 178 147909
16F 178 147909 159 131815
17F 186 154478 149 123823
18F 149 123823 149 123823
19F 139 115612 139 115612
20F 119 98533 119 98533
21F 97 80578 97 80578
22F 51 42041 51 42041
23F 26 21458 38 31859
24F 26 21458 26 21458
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0343 & ARAEEY M

3 g 2 4% £ (ton) 1145 £ (ton) 8 4% £ (ton)

MRF 147.984 85.800 233.784

DUAL 101.923 68.630 170.553

M PMF 429.468 293.472 722.940
PBRB 108.974 82.551 191.526

MRF 456.252 285.452 741.704

DUAL 386.536 362.504 749.040

i PMF 429.468 293.472 722.940
PBRB 387.686 425.051 812.737
MRF 925.468 989.937 1915.406
DUAL 813.018 1003.281 1816.299
> PMF 920.363 849.123 1769.486
PBRB 765.589 1101.923 1867.512

L0344 & K HRANEEZ B - WA

N L LS-DYNA
’}Q—rs S S
T, (sec) T, (sec)
MRF 1.056 1.056
sp DUAL 0.91 0.91
PMF 1.024 1.024
PBRB 0.953 0.953
MRF 1.834 2.001
DUAL 1.575 1.575
12F
PMF 2.048 2.048
PBRB 1.781 1.781
MRF 3.724 3.724
DUAL 3.151 3.151
24F
PMF 4.096 4.096
PBRB 3.724 3.724
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Xdir. Yair.|
X dir. ¥ dir. o | | .

4F 4F

3F - 1 SFT

2F - 2F

1F 1F

(b)
: P o A N LR
B 3.3 ¢ A RAERE L (QF F - HERAGBE» L KRS

RF

RF

Y dir.
‘ 4 12F
‘ X di Ydir.| 12F X dir J |
—— MRF ir. .
12F [ | == DUAL 12F 11F [ o
~—— PMF
11F || —— PBRB 1F “orl
10F o | o
10F :
oF ol .
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8F 8F 2l ;
7F F P | 6F
6F 6F 5F 5F
5F | .
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aF aF |
3F 2F 2F
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oF
oF | "
E ‘
1F ( ) 1 (b)
a
SRR 2 R A A
e % - ARG E» L2 kT =8
i 2 s _ B % l ( )% A
B 1 Al 7 w % - R +
B 3.4 34 RIS (@ ,
24F ] Y dir.
s i 24FT xdir| 53|
A Xdir.| 24F | Ydir| Sarl 25F |
24F | | == MRF ir. 23| 23F ¢ 2
23F [ | —— DUAL el 28] :
o1 20F
20F |~ PMF 22E 2t} e
21F ||~ PBRB 2er 20F i
20F 20F 198 e
19F 19e T 18 e
18F 188 | 17 e
17F e s £
16F 1eF 15 e
15F 1981 147 e
14F il 138
i 11F
13F i 128 e
12F 1261 i i
11F e o i
10F oy o o
9F Rl ; 6F
8F 8F i £
7F iy o :
6F 6F s i
5F Al i i
4F i 3 :
aF id 2
2F 28
1F

(a) (b)
; S A2 A T A A
B 3.5 AL% A R AR @B ¥ - AR AOE R KT s
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6F 6F T
X dir. Y dir.
5F 5F
4F 4F
—— MRF
—— DUAL
——— PMF
—— PBRB
3F 3F
2F 2F
1F 1F
0 0.2 04 0.1 0.2 0.3 0.4
Story Drift (%) Story Drift (%)
(a)
; 1 Ay ;
F13.6 ¢ % R 2% 2 )
13F 13F
X dir. Y dir.
12F 12F
11F 11F
10F 10F
9F 9F
8F MRF 8F
—— DUAL
7F v 7F
eFllT—— PBRB 6F
5F 5F
aF s
3F 3F
2F 2F
1F 1F
0.1 0.2 0.3 04 01 0.2 0.3 04
Story Drift (%) Story Drift (%)

(a)

M 3.7 B AR UEE L @K T 8 i

0 0.1 02 0.3
Story Drift (%)

0.4

(a)

0.1

0.2 0.
Story Drift (%)

3 0.4

6F . 6F :
X dir. Y dir.
5F 5F
4F 4F
3F 3F
2F 2F
1F 1F
0 1 2 3 4 0 1 2 3 4

Story Stiffness (tfim) .« 10* Story Stiffness (tf/m) .. 10*

(b)
B d e b i % (D) & A

13F 13F
1o Xdir.| or Y dir.
1F 1F ‘
10F 10F

oF \ 9F

8F 8F

7F F

6F 13

5F 5F

4F aF

3F 3F

2F 2F

1F o *;

5 5 10
Story Stiffness (tfim)..10* Story Stiffness (tfim) < 10*

(b)
B DAR

Xdir. Y dir.

5 10 15 0
Story Stiffness (tf/m) . 10*

5 10
Story Stiffness (tfim) 104

0 15

B 3.8 KAWARAFEF 2L QEF BB ESORA DR
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yrd RAEF AP R S BRSO
AR AR RABE L AR GRS B F L B AT iR
2P RAREASE o P RERF IR RN AL E R LRk
ﬁ”’?“i%°ﬁ¥’ﬁﬁéﬁ%ﬁﬁﬁ’uﬁﬁéﬁzﬁ@ﬁwoﬁaaiﬁ
P E L A 4T 0 KB & R AR -
41 3R HILE

RAE§ S ERBEUR[22]2 TEk 0 10 PUA & R LS-DYNA £ £ 4w %
GBEERAIES 0 B 4.1() T aj:i%),'és,.w P-AScfudr & F R AN 2 3 R
REFLEE M FHEG R B AAAFE LR S
(RN LA HEITE 25 R % (Beam Element) &2 #14T ~
(Discrete Element)fickg 2. o # ¢ #4132 € % %4 %% PEER/ATC PEER/ATC72-1[27]
MIERZIFEZ U ABRERAZERIBEIE RS PRYEFLIIRY AR
MM R Irs R TR AR £
§ ®IEW L RZ e RAIUE I IRG PRAF S o L BEREL AR EARE
¥ R PRER 5 [22] o

AT 2SRRI LG R D REBESEREF R mItEE R~
FOMACFE R 2 E R ROR AL FEL o E R R B xS
o2 d NG NAFHWI T2 Er R*Y IFAFETPELEZLELR RS

PEREHE - Ayt Y 2 Hixded 4.1
411 PR R E

d 2 & LS-DYNA # # Bgor 2 4772 FFo 3 4 03 2 & g F2rE A RL g Ao
FHEMERPF YRR R AP ET R T REIEAL > I3 LS-
DYNA ¥ 12 DAMPING GLOBAL #F®( 5 2% % 7 & 4r 4.2%r7-H ¢ LCID
B SLIE R Rl PERTRE (kS0 5 5 LCID = 0 Rld VALDMP 45 % SRfe /e §
B> STX~STY ~STZ~SRX ~SRY £ SRZ % fo & B> w F #7142 JL R 2 14
Beo AETEHEY - FETZE25%2 FERERE > H Y VALDMP 3+ 8 2 34t
(4. 1)
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VALDMP = 2mtwpnin 4.1)

HY Wpin e d- FRZEFEEZIZAR)E 2 FEEL25%)-
FRRKE T 28— BOEME PR A d B #(Free Vibration)z. = ;2 &8 » #
B E ARy 2P % € % A 4§ 43§ (Redudant Constraint) 53R % i

£
FIr BN ARHEA PTG A2 REDREL 2 F BT o
4.1.2 #HEH3)

A7 7 & * MAT _HYSTERETIC BEAM (MAT 209) +#L#-3]+* Hokt 4% 12 ~ 4k
O RAFIAG SRR T R A ZARREE RS S P4 PRI I Y
o THRENE RTF AP E L AMPBBFEL o d BRRFIAS DR
MAT RIGID (MAT 020) ¥ MAT SPRING GENERAL NONLINEAR (MAT S06)
FHPEHRIER2T A BPRVEFIEREZREZT 4 R0 A o $30R12E

AF BT $A,0 A4 2 4 £ P12 MAT GENERAL JOINT DISCRETE BEAM
(MAT _097)i& 7 it o & 78 2 4 b 27 4m 3% bRt 50 R R ié % SRS g [22]97 W B 2 4
FE W RS E > dod 4.2 9T o

¥

4.1.2.1 MAT_RIGID(MAT_020)

MAT RIGID(MAT 020)H 1 #3] 7 & 24 & B4~ & fe & 2 3012 5 5 W4l
AP HELHAEAE Y R R ERLEAF IR RFE LT B RAE
o BRET o 4oB 43 977 0 S EORECRF R 2L R A a0 R
fpst o B0 R e R N R RO BRI R A T E B 6
FHOAHHBAI TR EIERLIFTFHAL AT IS E L2 R4
R GE TR 6] 2 HHE o M-MRF 20 2F-1A B2 € % 5 0 F 0 32304 4 fe ¢
< % BOX 400x400x18 > X w 22 Y w 4% 2% © <f & w5 H500x250x12x22 ¢
H500x200x12x25 » A 52 F #14k * 2 4w 4% 2475 395 22 4 10mm 2§ < Fl4
FAPB 410w B FRETR D FRELBIFEE AT

&

«

>N\’

%%ﬁ*ﬁ&i&@%?ii. CRIBE K BIRICR R LR R &L S
PARREEARA SR EE 500 mme 250 mm o BARHAE 5 1130973 mm? >

m.t}

= R0 5 18424000mm3 > F Y R A % B 7.85 % 1077 x 18424000/

1130973 = 1.279 X 1077 tonf /mm3 5 3} % A -
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4.1.2.2 MAT_GENERAL_JOINT_DISCRETE_BEAM(MAT_097)

MAT GENERAL JOINT DISCRETE BEAM(MAT 097)+4 L H4] * *+ 5 4 &
BPags BFEipd ResH @87 SRS 7 540 o A8 7 Bl iod) x5
PHAERIKBEAFEVEUEAF L BB U IREAEAE A
- FRE o HEBGHEACR 4.4
103)~ 8¢ 304 5 RILE A A (B 122 ¢ 0 5 R ERE A A($82-102)
HELE T o 4ol 4.5 977 0 S HAEIFE >R RRREAFIZ A R -

S0 B Y S NN AT BAE LA (H 2102~

4.1.2.3 MAT_HYSTERETIC_BEAM(MAT_209)

MAT_HYSTERETIC_BEAM(MAT 209)4 # 3] 7 %t 2 =~ % & 4% &
B phd GUET Gl R THORACYTH RTF R E L AMPRFEL - A Y
PR RO B R A A KB T 6 Aol 406 2T 0 A

® AET T rd % 2 & 48 5 ISURF~IHARD ~ IFEMA ~ HLOC £ g4 ~ % 4 ~

=
AR
94

PEZLGRERASE LM Sl P RAMPRAERRY LR AF > U4 5
resultant beam elements °

ISURF 5 7 41" Rg 24158 > » WA R ET = A% Re Rk * HiE
TEHE > 4038 (4.2)3 38(4.4) » B & simple power law ~ power law based on resultant
moment fr skewed yield surface o % S SRR gt 5 R L[28] 4 AL
BT HEH X FAEE phd (T R4S 0 AL E* simple power law 0 34 (4.2)
i rﬁ]iﬁﬁri 2_fh4 -3 F)'% Ra > 2 ¢ ALPHA -~ BETA - GAMMA 3 "% K5
2. el AR R AL A A FIAFY 2R L 2.0 A2 K T 4143 &t o

= Mol el Flilﬂy—1 @.2)
M, My, E, —F,
a
be ‘(u%(u) ‘ﬂll @.3)
My M, E, - F
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_ My —mg + 85(F — f — Fy)]° Mt_mt+6t(F_f_FO)2%
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LCSHT P& & 5 g3 s 2. 82~ T4 B - BRI 2 Engitd > HEw
A4 N e (4 5) 907 o
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HRT A S RPERA LA RARY RS E L AR H S
% % & it %% - HRADMS » GAMMS ~ HARDMT » GAMMT ~ HARDAT ~ GAMAT -
HRADAC ~ GAMAC 35 3ifhe 2§48~ F 4 @phe o v R4 2 6 58 1 S8

Trds A YA ENE6)F 2 CEry o
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<O

(1- exp(-y6D)) (4.6)

HLOCI ~HLOC2 7 * *:38 3 & & 8 sh P42 Ap$Hin§ » 4ol 4.8 9751 » 3%
AP REREITRAE A5 @ HLOC1 =HLOC2=0 -

IFEMA 3 5% R R4 E8 VY R L HE L o BRET RS
#ico $ IFEMA =1 5 5 W g & 5 IFEMA = 2 BF 4 5 3 14 & 27 pho JL 9
IFEMA = 3 pFRlfe P54 8 = 8 50 o R 0% 8 [22] “T i fk v priicdy > S8 7
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RN WY P SR o) O
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%

4144 3By R F1 4L

AT GRS ASL I BEEFLIE AR Y FH R R G e P4 BR S
2 1R 'Use B A KA A hdhe B R D P B TR A B chif A BLETE A AT
FAD B s R F R hphe 4 BREPOCH M ORI M ooA B R R
Menghs B4 GRP € FIRSE B B A BRI B e RS 5
Bt kBRI FWREADBSP R 2R RBEARP, A e BR
Prmax 2 B ® B B4 35 B P e (4.29) 3 (4. 31977

Py = FyAC (4.29)
Pt max = RywP, (4. 30)
Pc,max = ﬁPt,max = .BRway (4.31)

B9 AE B g 0 B R e B R R 0 Ry B AR B S
Wi RBRA L FIF 0 BLRA BARKTF -

ARA R TSP Y R R B e BRI RER
g TS fa st @ @RS R e R R AR P AR 6 B B
BhoPe il B g ERRE ARAL A B o ARk BT 6 ERET
Hhy A FIAFLHGR - &P LLE L2 58§ o0 oo d 20 B AHAF S &
XY TR TSI AT PANE L T RN SRR Y
£ 3§ NP AL b SR ATR 0 SOT ORI A R FIA Y 3 417 FEMA
HELTS & CS» @ pho 55 B 3 Flho 24 B H 4e i 37 o
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4145 ¥

WA 3R Bl * > ff &~ 3~ % (Fully Integrated Shell Element):& {7 4% > &
FPORPERRI MR AZERT A e iFdsa o B Y 2 R 54 Main[36]
BEERAR & M7 % Suzo B 2 5 1235 % (Strong Strip) 2?2 33 7 (Weak Strip) 2 453k & f§ i i
P A REY 25 3 0 4oBl 4.16 9T o gt ek > % 4 % Part Composite
BRFERAZLFEAE D Ta b TEAHEEEE EAE > XA YN
MAT PLASTIC_KINEMATIC(MAT 003) 2 MAT CONCRETE EC2(MAT 172) =
BAT K EAT LY 2 PR MBS R AFAWRY R B R o H
P F S ALMAR S B D R RENA - iz HEEE 2 RS ET £
B3z #[37]-

AREE - WEES AFIEY fd R F A 22 - MEP T TR
BoAl > ARt AR R E H A M o AR A4 iR fEE R PR AR L
EETE TS RS oW e s R E - EE g RS

¢ ETABS £ i 4.1 & #fi& = 2. LS-DYNA F "~ % #3977 2 & R A4 % 4
XY e h- HEFY  RAcE 4397 > Y TBT, A6k 4ize 2 -
WAL o # P LA AHCARRE L a7 J BF A 47 0 @ ETABS RIS §

DRAELT REHAENATED ) AT o A A B AR REY LR R
BOE N% FI P URE ALY 23 A2 FHEF - 227 i

43 M H LT

AFEG R R EAE S AT R L SRR L R BT
2 B F M o 1395 FEMA P-58[1]2 2 3% » fit (7604 FrR A 405 o i B b
P p 2 p s Bk BRI RREBLLARE R
ik Tek REREFFR A FFERRL CRFERI RN 1 B R
FEEFEE P AEMFE A A AT AT 10 95% %€ < 3 A& (Arias Intensity)

'E%ﬁ/}é‘ S AR REA B S 5% G A T o B ﬁ}_ﬁ‘[ﬁxﬁ‘_ﬁ »fﬁ,ﬁ,h

’ﬁl
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431 BB BRREPLEH

AT AT 2 RANEF ISR Y REFE AL B RKRP[26]E TR RF
oA R RBFEIAATE R KR T e B RES,, = 0.6 ZaEEHE P

Lz s TP =13secie 7B B HF B8 E57 6 LR 2R
PR s SARE RHERFEE > %5 FFOL X FF11 > 4ok 4.4 9757 o RPN &=
BE®TEFEANANE2 021 BH A8 R 33 TEARRE B E RERER
HE P~ NGA-West2 TR E? 54 305 < fl2 8 2 - g%%fﬁ%\ﬁﬁ;ﬁféﬁ%%%}ﬁ
2B f{ﬁ;ﬁ“éﬁ%&i?#ﬁiﬁ&“ﬁi@ﬁr%} 4.17 2 B 4.27 %177 » H ¥ =d RAREPN 5

fs

REEG i P 2 b B P o

432 T8k ¥ R iE B

Logrgr R ot LAt 28 2R 541 22 s FAML A pHHREN T £
dio o] 4,28 917 o HETR A S L ETR 0 EH Y 5 3603 1910 & o AT Y
S A R LGSR T sl g2 S RiITUTA B BNHB 0 2% 7 Chao ¥ 4 [38]
ik 2 B BHCALIE L B ARF BE 0 % RotDS0 1T R BHHE 0 RERN R
BRI Vg0 B A B %4 1§ 1Y39]2 B > X 5 7.3 1 2222360 2 2 /f) 0 @
PART,RIE* 5 5334 ) 0 13 £ 80P § P399 T4k &1 2 "% e 3 BT R ik (7 HE
BB 22 AR BEPE (T L AR T RO TR 2 BP0 %355 NFOI
2 NF220 4o 4.5 9777 > L3 RIEEP ~ SR SR B2 & P SR o 18 238 4o id
Bt Bl4eR 4.29 2B 4.50 ron 0 H P RAEPN L AR TR F 2 4

R R
433 BT RE M

W

MEATRSRLE BRI PN AR B B A R R A L E A4

(Mean annual frequency of exceedance)l % o AT 3 #7id * 2. B AT R d &

5

%% [ Taiwan SSHAC Level 3 PSHA Study | B & 3 fchicd] » B3k 1 4k 230 2 3 30

P F R h(SA D R BEREELT S REV, = 1774(m/s) # * 8 B EER

A48+ -7 (crustal seed model)& 4 B *2 72 F & /R A8+ #1] (subduction seed model)
BEIER 2 RRFHEA Y A 5 % # R R(areal sources) %74 & Jh(fault sources)
AR FHCAlmEdcd 460 B R Aot Bl 4510 A R ERAGEREZF

54

doi:10.6342/NTU202402010



- WE SR BEMARPETEL BT RY AR 4.52 1 B 4.55 47T .

ANEWMEIRFBZTRIATFELRARET LR TR T RBE B
RARZBFAMFEFELEIY L BRI EEAF - KFEFP LR
#E—‘;”f?&“ﬁ ° 199 FEMAP-58[1] 2 5 RE# Az p AR AT B2 R R
AT Y RBAET R N@.32)73E o A s R P R P EATARES 5 55 0.0002
2T R R

0.05g for T<1
0.05g/T for T>1

BENYRBAFPRPN UBAEES L 8 BRE > IPERERZY BAHEZRA

Sq(T) = s ={ (4.32)

TR ERZ P HRRAE LRI A P ERBF D BN AR 4.56 1 W
467t B Y BlY AR RRANATRPF RBERAE S AT IS R A
B R RANEE AR BT Sl Aol P AR B2 SR~ EAZAR (M) E AZARS
FRALEAN)ET L EACAR X (P )R BT 4 4.7 32 4 4.18

434 ¥ RRPE2 S5

WELLREFEY A2 RS RHIET F LG AR LHE B B
A ie T 5(geometric mean) Kk A H - 2 BEE P Bt 2 I F e B 0L
Bl A 2 R (T ﬁﬂ*{’ Mo T iadeig B F 2 B 2N 4o (4.33)

SEE

Sym = JSx(T) x 5, (T) (4.33)

1395 FEMA P-58[1]2 &3k » ¥ REMHEIAR4cT - F 4 3305 T p &
WhEFEBHS,(T) AP TLi e 5- XY T - BF Lok RREF2LT
YT B T beiE B E Sy (T) o s o fPiu P % A 2 S5k i T SF
= So(T)/Sgm(T) & RAIHES bz Bim Tiog g B 5204 4191 % 4.260

435 A+ FELFTEE
4351+ BAR

'fm%“ﬂ?'”]‘#——lf g - mﬁ‘— AN BT A B2 MR S A TS
ho®l 4.68 1 W 4.76 wr3 o B¢ b 00 BT g K B4 & (Maximum Story
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Drift Ratio, Max SDR)A i » # 2 & 5> BRAPFY LA 2% @/ FF o4 & (Peak
Story Drift Ratio, Peak SDR)2_ # + {& ; T X 384 P& &~ & 4v i# & (Maximum
Floor Acceleration) » i+ » H % & % * 3 R Y 2k 2% E8E 4cid & (Peak
Floor Acceleration)2_ . % & o >+ i3 2. 2 % > T B A A i
A TR A TS 3 Joact 0 AT 5% FEMA P-58[1]7 #7445
ER G TR T RO E S T% ARG B A R
#?ﬁiﬁﬁﬁﬁﬂﬁﬁiiﬁ3ﬁn$—ﬁé~ﬁﬁk%ﬁ§%ﬁiéﬁﬁ%’
%@%ﬁ’i$%4“ﬂ%ﬁﬁ B &5 1305 - A PR R
Lk SR AR 2 £ 4 4 47 (Incremental Dynamic Analysis > IDA) & & > [ 4e

o

B 4.77 2 B 4.85 %17 o
PP HWMARERMPF T LRI E S A ATE o AT RT S EAZAR
WP ELEEL 2B RE A B 5AE%E Z(SF1-SF2)~ % & Z(SF3 1 SF5)
“2Z 03 Z(SF6 3 SF8) » B3 7 L # LA F >50% ~ 5%1<50% £ <5% -
FRE AT
1) * BHHEZE IR EREBE R T2 Ti0h A KB f &8T5 X A
FBROMETPFEEDRRELERNEA 42784 4280 WEF BB R TN
teo b RBZ B RS R A i B 2 DUAL AR EH R
SR T 2R R SR R RIPR By R R s o) BT B
TRBEATZFAAPFREL 2T > MRF & PMF i st 3 2 B 7

A A B AR R ATRAP o B AT R T S 0 ¥ BEFAR HE
PMF 45 F AW B T2 KB f b 2 A o RIORE o kT s &

TR AT 7% B R RA AP ENFRAER BT 275 B R
A E R e

(2 BHAHRZ  FIFERELS R T2 TS ER S L8 Ti0h < g 4
HROMETIPE A REL FRAEA 420874 430 EFE R WA
doo ko h R BOA KR H A R S B0 2 oDUAL G Eot AR R
SR T2 R R oA el RIDRL Bdp R B e o) BT B R
YRR T2 T AAPHBR TR BT OMRF &2 PMF 2 K F =45 & &7 1

%4t1§)§z\lﬁ,#ﬁul’&?—r\ J}Bx’ﬁ‘mmﬂ"ﬁf’rgo,«'{ﬁﬁ% ’*"1,5,13#4 b"?ﬁﬂ_,l«ﬁ;"‘fa
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PMF # 1 ZRFEHE BRI FREE KRB TR RAEF R T
PMF Ap#>t MRF 2 S £ 2 &3 -

() RBWMAEHE 2 FERELP RT2 THE KR 48 Tiok < A
SR MR TP E R ERE LRI A 43184 432 ER BRRAD
Bidvo & A2 B KB A o B S R e RS H cDUAL i st & o
BT 2R & ol feid RIORM Bdp R RS ROl BT R
WH BB RE T2 T LAPHET o m PMF RIS R A8 BT 0 T &
BLAREHEERF2ZEEN ARNRL2 P LA 0L MRF &
FAF REARNOETEE PMF 28 £ -

4352580k ¥ RARE

B 4.86 &1 1 *TiTETE BT 0 7 & B 2 MRF » DUAL ~ PMF & PBRB
G ARG ER T A A s B ER SRR Y B G
BRI S AHEE GRS Rl A FI A R B R R
A u G 1.85% > 1.29% ~ 1.92% £ 1.50% > BEREF B 5 A2 HE%E kS F et K
G Rk o gt b B Ry R R A S AR T A b BB A
RN R SR E T st 3 S N N LR RURRECR RN f
B dg fred MOFE R S B AR G o e B A SE X B A N5 2.12%
1.35% ~2.35% £ 1.67% > ' 7 7 0L A2 HEE RS o MR
Fh2 b B LA A £0A T A A 2 2 RRE S D L
B ed 2 HADT v L2082  RBAR G 2 B AARAET =BA
W5 3.10% ~ 2.60% ~ 3.72% £ 3.46% > ALIFHTE MK TS R ER A BE o &
BP g R RFIAFEE LR S LT <R EE R R Y
R ECERES S S S L R =R Y DR Cy T
4353/ %

BED 4351 2 43522 277 B R GE T O RO B b
A SEREIAT RFIEAERI R AR RBENS > RN I E
Ealas R Rl O IS tbﬁﬁ%#ﬁ%f’?iﬁ”ﬂﬁi o Flt o R IpR Y {5 E Bendp
Bgtat B e TR GBS B P TR R
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A R R R S LT L AR SRS R TS

Al fsuE i A hz F Rk i Rl { e AT o
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%41 AL TE R AR

Mass Length Time Force Stress Energy
ton mm S N MPa N-mm
2042 AR Y AR R
L E,(MPa) F,(MPa)
A36 331.0 489.5
SN490 390.7 545.0
043 B RANEE R EOTA MR Y
LS-DYNA ETABS
B g
T, (sec) T, (sec) T, (sec) T, (sec)
MRF 1.056 1.056 1.150 1.137
DUAL 0.91 0.91 0.852 0.837
o PMF 1.024 1.024 1.113 1.078
PBRB 0.953 0.953 0.857 0.85
MRF 1.834 2.001 2.032 2.032
DUAL 1.575 1.575 1.513 1.491
2 PMF 2.048 2.048 2.200 2.19
PBRB 1.781 1.781 1.633 1.632
MRF 3.724 3.724 3.826 3.771
DUAL 3.151 3.151 3.156 3.133
24F
PMF 4.096 4.096 4.152 4.093
PBRB 3.724 3.724 3.490 3.46
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Lo4.4 BEE RERETR

S 5L REER iR = EW _PGA NS PGA
FFO1 2002 Hualien Earthquake TAP022 0.198 0.175
FF02 2002 Hualien Earthquake TAP022 0.083 0.106
FFO03 2002 Hualien Earthquake TAP022 0.083 0.097
FF04 1999 Chi-Chi Earthquake TAP022 0.1 0.101
FF05 1999 Chi-Chi Earthquake TAP022 0.086 0.064
FFO06 1999 Chi-Chi Earthquake TAP022 0.088 0.097
FFO7 1980 Irpinia Earthquake Bisaccia 0.083 0.096
FFO8 1980 Irpinia Earthquake Calitri 0.137 0.127
FF09 1980 Irpinia Earthquake Bisaccia 0.072 0.062
FF10 1980 Irpinia Earthquake Calitri 0.176 0.154
FF11 2009 L'Aquila Earthquake Avezzano 0.056 0.069
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3045 UK K RRETA

S 5L RE® iR = EW PGA | NS PGA | SF
NF01 1999 Chi-Chi Earthquake CHY101 0.339 0.398 1.08
1992 Cape Mendocino Bunker Hill
NFO02 Earthquake FAA 0.177 0.207 1.72
NFO03 1999 Izmit Earthquake [zmit 0.230 0.165 2.20
NFO04 | 1999 Chi-Chi Earthquake TCUO036 0.137 0.125 2.21
NFO05 | 1999 Chi-Chi Earthquake TCU029 0.158 0.198 2.34
NF06 1992 Landers Earthquake Lucerne 0.725 0.789 1.25
1989 Loma Prieta W Valley
NF07 Earthquake Coll 0.258 0.331 1.40
NFO08 | 1999 Chi-Chi Earthquake TCUO075 0.332 0.262 1.47
NF09 1999 izmit Earthquake Yarimca 0.227 0.322 1.26
NF10 | 1999 Chi-Chi Earthquake TCU065 0.789 0.574 0.75
NF11 2018 Hualien Earthquake HWAO012 0.282 0.284 1.51
1979 Imperial Valley Holtville
NF12 Farthquake Post Office 0.258 0.222 1.75
1979 Imperial Valley ElCentro
NF13 Farthquake Array 4 0.485 0.371 1.19
NF14 | 2018 Hualien Earthquake HWAO009 0.254 0.263 1.55
NF15 1999 Chi-Chi Earthquake TCUO031 0.115 0.125 2.60
NF16 1999 Izmit Earthquake Gebze 0.261 0.144 2.63
NF17 1989 Loma Pricta AlohaAve | 0515 | 0326 | 156
Earthquake
1979 Imperial Valley ElCentro
NF18 Farthquake Array 10 0.173 0.232 1.91
1979 Imperial Valley ElCentro
NF19 Farthquake Array 3+ 0.268 0.223 1.89
NF20 1978 Tabas Earthquake Tabas 0.854 0.862 0.63
NF21 | 2018 Hualien Earthquake HWAO007 0.294 0.248 1.56
NF22 | 2010 Darfield Earthquake GDLC 0.765 0.708 0.72
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% 4.6 FRETREY AL TR FTH

¥ 2 # 4 #(Ground Motion Characterization, GMC)#-%

BB RS K B F RRAIES A

8+ 3 AR B3 0 FH L

ASK14adj (10.0s) NGA-West2

AGAI16-adj (5.0s) Global model
ASB14adj (4.0s) EU&ME model

BSSA14adj (7.5s) NGA-West2
LLO08-adj (5.0s) Taiwan model
Idriss14adj (10.0s) NGA-West2
CB14adj (10.0s) NGA-West2
Chaol8sb (5.0s) Taiwan model
CY14adj (10.0s) NGA-West2
Chaol8cr (5.0s) Taiwan model

Phung18sb (5.0s) Taiwan model

Phungl8cr (10.0s) Taiwan model

¥ B R 4 #x(Seismic Source Characterization, SSC)#-7|

% B RIR Tk BiR
X & T ¥ & R (areal deep sources) M P2 %7 & (onland faults)
R % 32 B (areal deep sources) 4 1 %7 & (offshore faults)

L L & R (volcanic sources) 5B R 4 /4 %7 & (Manila splay fault)
TRIR/ G L PR FBN IR B R TRIR/B R FERFERA G AR R
(Ryukyu/Manila intraslab sources) (Ryukyu/Manila interface sources)
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% 4 TM-MRF & %% &2 4

Hicpr 50 & A7 AR

SF1 SF2 SF3 SF4 SF5 SF6 SF7 SF8
S, 0.123 | 0.273 | 0.424 | 0574 | 0.725 | 0.875 | 1.026 | 1.177
A 0.1190 | 0.0231 | 0.0075 | 0.0031 | 0.0015 | 0.0008 | 0.0005 | 0.0003
AN | 0.3952 | 0.0348 | 0.0079 | 0.0026 | 0.0011 | 0.0005 | 0.0002 | 0.0001
Pso | 99.74% | 68.51% | 31.42% | 14.53% | 7.27% | 3.91% | 2.23% | 1.33%
4 4.8 M-DUAL % £ 2 & % #ikcy? 50 # AgA%is ¥
SF1 SF2 SF3 SF4 SF5 SF6 SF7 SF8
S, 0.127 | 0.281 | 0.435 | 0.589 | 0.743 | 0.897 | 1.050 | 1.204
A 0.1345 | 0.0272 | 0.0091 | 0.0038 | 0.0018 | 0.0010 | 0.0005 | 0.0003
AX | 0.4230 | 0.0399 | 0.0094 | 0.0031 | 0.0013 | 0.0006 | 0.0003 | 0.0002
Pso | 99.88% | 74.35% | 36.43% | 17.33% | 8.76% | 4.71% | 2.67% | 1.58%
% 4. 9M-PMF % L5 & S ficdr 50 & Az A% %
SF1 SF2 SF3 SF4 SF5 SF6 SF7 SF8
S, 0.122 | 0.269 | 0.415 | 0.562 | 0.708 | 0.855 | 1.001 | 1.148
A 0.1254 | 0.0253 | 0.0084 | 0.0036 | 0.0017 | 0.0009 | 0.0005 | 0.0003
AX | 0.3952 | 0.0371 | 0.0087 | 0.0029 | 0.0012 | 0.0006 | 0.0003 | 0.0002
Pso | 99.81% | 71.72% | 34.35% | 16.29% | 8.28% | 4.51% | 2.59% | 1.56%
% 4. 10 M-PBRB & FL 5 & %827 50 # AgA% 4% %
SF1 SF2 SF3 SF4 SF5 SF6 SF7 SF8
S, 0.125 | 0.274 | 0.424 | 0573 | 0.723 | 0.872 | 1.022 | 1.171
A 0.1285 | 0.0260 | 0.0087 | 0.0037 | 0.0018 | 0.0009 | 0.0005 | 0.0003
AX | 0.4029 | 0.0381 | 0.0089 | 0.0030 | 0.0012 | 0.0006 | 0.0003 | 0.0002
Pso | 99.84% | 72.77% | 35.22% | 16.75% | 8.51% | 4.61% | 2.64% | 1.58%
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% 4. 11 H-MRF % B & & % 50 & A7 A% &

SF1 SF2 SF3 SF4 SF5 SF6 SF7 SF8
S, 0.070 | 0.159 | 0.248 | 0.337 | 0426 | 0.516 | 0.605 | 0.694
A | 0.0837 | 0.0160 | 0.0053 | 0.0023 | 0.0011 | 0.0006 | 0.0004 | 0.0002
AX | 03067 | 0.0241 | 0.0055 | 0.0018 | 0.0007 | 0.0004 | 0.0002 | 0.0001
Psy | 98.48% | 55.10% | 23.31% | 10.70% | 5.44% | 3.01% | 1.78% | 1.10%
% 4. 12H-DUAL & £ 5 2 %87 50 & Ag AR
SF1 SF2 SF3 SF4 SF5 SF6 SF7 SF8
S, 0.090 | 0203 | 0.317 | 0430 | 0.544 | 0.657 | 0.771 | 0.884
A | 0.0995 | 0.0204 | 0.0069 | 0.0030 | 0.0015 | 0.0008 | 0.0005 | 0.0003
AX | 03278 | 0.0294 | 0.0070 | 0.0024 | 0.0010 | 0.0005 | 0.0002 | 0.0001
Psy | 99.31% | 63.87% | 29.17% | 13.71% | 6.99% | 3.84% | 2.24% | 1.37%
% 4. 13H-PMF % £ § Sdicsr 50 & AZA% 48 5
SF1 SF2 SF3 SF4 SF5 SF6 SF7 SF8
S, 0.067 | 0.153 | 0.239 | 0.325 | 0410 | 0.496 | 0.582 | 0.668
A | 0.0849 | 0.0166 | 0.0055 | 0.0024 | 0.0012 | 0.0007 | 0.0004 | 0.0002
AX | 03035 | 0.0245 | 0.0056 | 0.0019 | 0.0008 | 0.0004 | 0.0002 | 0.0001
Psy | 98.56% | 56.29% | 24.23% | 11.24% | 5.76% | 3.21% | 1.91% | 1.19%
# 4. 14 H-PBRB & £ F S-8c? 50 & AZARYS 5
SF1 SF2 SF3 SF4 SF5 SF6 SF7 SF8
S, 0.078 | 0.177 | 0276 | 0.375 | 0474 | 0.573 | 0.672 | 0.771
A | 0.0957 | 0.0204 | 0.0071 | 0.0031 | 0.0016 | 0.0009 | 0.0005 | 0.0003
AX | 03060 | 0.0286 | 0.0070 | 0.0024 | 0.0010 | 0.0005 | 0.0003 | 0.0001
Pso | 99.17% | 64.01% | 30.01% | 14.47% | 7.54% | 4.21% | 2.49% | 1.55%
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% 4.15SH-MRF % f /5 3 %8 50 & g4 4 =

2

SF1 SF2 SF3 SF4 SF5 SF6 SE7 SF8

Sa 0.034 | 0.074 | 0.114 | 0.154 | 0.195 | 0.235 | 0.275 | 0.315

A 0.0620 | 0.0135 | 0.0049 | 0.0023 | 0.0012 | 0.0007 | 0.0004 | 0.0003

AX 0.1982 | 0.0184 | 0.0046 | 0.0016 | 0.0007 | 0.0004 | 0.0002 | 0.0001

221% | 1.46%

Psy | 95.50% | 49.15% | 21.88% | 10.81% | 5.92% | 3.51%

% 4.16 SH-DUAL % £ & 3 e 50 & Az A% 4% &

SF6 SE7 SF8
0.376

SF1 SF2 SF3 SF4 SF5
0.040 | 0.088 | 0.136 | 0.184 | 0.232 | 0.280 | 0.328
0.0053 | 0.0024 | 0.0013 | 0.0007 | 0.0005 | 0.0003
0.0008 | 0.0004 | 0.0002 | 0.0001
3.59% | 2.23% | 1.46%

A 0.0710 | 0.0150
AX 0.2316 | 0.0209 | 0.0051 | 0.0018
Psg | 97.13% | 52.66% | 23.37% | 11.38% | 6.13%

# 4. 17SH-PMF % B & T S8 50 & AZAS 4 ¢

SF4 SF5 SF6 SE7 SF8
0.203 | 0.238 | 0.273
0.0003

SF1 SF2 SF3
Sa 0.030 | 0.064 | 0.099 | 0.134 | 0.169
0.0564 | 0.0122 | 0.0045 | 0.0021 | 0.0012 | 0.0007 | 0.0004
0.0041 | 0.0015 | 0.0007 | 0.0003 | 0.0002 | 0.0001
10.14% | 5.64% | 3.40% | 2.18% | 1.46%

AX 0.1932 | 0.0165
Pso | 94.04% | 45.70% | 20.27%

% 4. 18 SH-PBRB % £ 5 & % #c¥s 50 & Az A% F

SF2 SF3 SF4 SF5 SF6 SE7 SF8
0.154 | 0.195 | 0.235 | 0.275 | 0315
0.0007 | 0.0004 | 0.0003

SF1
Sa 0.034 | 0.074 | 0.114

A 0.0620 | 0.0135 | 0.0049 | 0.0023 | 0.0012
0.0184 | 0.0046 | 0.0016 | 0.0007 | 0.0004 | 0.0002 | 0.0001
1.46%

AL | 0.1982
Psy | 95.50%

49.15% | 21.88% | 10.81% | 5.92% | 3.51% | 2.21%
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% 419 REFERFZBEY REFS P T3 i R B(Sym)

B R SE MRF-5F MRF-12F MRF-24F
FFO1 0.580 0.152 0.053
FF02 0.200 0.117 0.055
FFO03 0.185 0.103 0.040
FF04 0.232 0.143 0.038
FF05 0.192 0.080 0.058
FF06 0.161 0.093 0.058
FFO07 0.168 0.147 0.043
FFO8 0.300 0.115 0.040
FF09 0.183 0.086 0.048
FF10 0.379 0.144 0.036
FF11 0.105 0.058 0.018

%0420 - AEREZBEE REFS R TOELERE

B e DUAL-5F DUAL -12F DUAL -24F
FFO1 0.474 0.388 0.094
FF02 0.180 0.157 0.088
FFO03 0.219 0.145 0.071
FF04 0.183 0.174 0.046
FFO05 0.141 0.112 0.061
FF06 0.127 0.136 0.065
FFO07 0.148 0.118 0.059
FFO8 0.402 0.219 0.065
FF09 0.180 0.088 0.038
FF10 0.405 0.286 0.063
FF11 0.086 0.151 0.030
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421 RGBSR RFZEEE REFS P T B E

PR e PMF-5F PMF -12F PMF -24F
FFO1 0.578 0.147 0.042
FF02 0.188 0.117 0.044
FFO03 0.185 0.103 0.032
FF04 0.218 0.143 0.033
FFO05 0.194 0.079 0.062
FFO06 0.161 0.096 0.055
FFO07 0.177 0.143 0.041
FFO08 0.333 0.113 0.033
FFO09 0.188 0.079 0.047
FF10 0.376 0.136 0.027
FF11 0.097 0.054 0.015

30422 RHEAAGAFEE L ESS BRSSP TR R E

B B e PBRB-5F PBRB -12F PBRB -24F
FFO1 0.542 0.229 0.053
FF02 0.183 0.122 0.055
FFO03 0.192 0.104 0.040
FF04 0.185 0.134 0.038
FFO05 0.170 0.107 0.058
FF06 0.152 0.115 0.058
FFO07 0.174 0.130 0.043
FFO08 0.370 0.162 0.040
FF09 0.191 0.111 0.048
FF10 0.381 0.181 0.036
FF11 0.096 0.087 0.018
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30423 PR LR K BREE S R T A A

RS MRF-5F MRF-12F MRF-24F
NFO1 0.586 0.321 0.307
NFO02 0.402 0.245 0.128
NF03 0.255 0.164 0.079
NF04 0.242 0.157 0.178
NFO05 0.222 0.116 0.175
NF06 0.401 0.198 0.185
NFO07 0.625 0.255 0.117
NFO08 0.325 0.235 0.209
NF09 0.415 0.242 0.302
NF10 1.309 0.670 0.304
NF11 0.457 0.318 0.129
NF12 0.317 0.152 0.165
NF13 0.513 0.316 0.143
NF14 0.351 0.374 0.208
NF15 0.204 0.167 0.192
NF16 0.178 0.104 0.110
NF17 0.390 0.204 0.101
NF18 0.267 0.245 0.124
NF19 0.194 0.149 0.118
NF20 0.650 0.522 0.260
NF21 0.296 0.377 0.207
NF22 0.873 0.631 0.227
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0424 - AR TEEF REFS P TR RE

RS DUAL-5F DUAL -12F DUAL -24F
NFO1 0.869 0.345 0.337
NFO02 0.339 0.324 0.169
NF03 0.302 0.221 0.096
NF04 0.301 0.220 0.156
NFO05 0.245 0.131 0.145
NF06 0.346 0.262 0.197
NFO07 0.598 0.394 0.149
NFO08 0.309 0.190 0.219
NF09 0.454 0.336 0.295
NF10 0.954 0.759 0.347
NF11 0.476 0.326 0.164
NF12 0.276 0.211 0.188
NF13 0.563 0.326 0.178
NF14 0.359 0.368 0.271
NF15 0.194 0.138 0.187
NF16 0.211 0.134 0.098
NF17 0.422 0.346 0.126
NF18 0.210 0.282 0.162
NF19 0.248 0.177 0.145
NF20 1.064 0.516 0.304
NF21 0.309 0.303 0.249
NF22 1.055 0.737 0.294
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L4005 W IR 2 TR K RS P T ot B

RS PMF-5F PMF -12F PMF -24F
NFO1 0.655 0.332 0.278
NFO02 0.400 0.243 0.115
NF03 0.278 0.154 0.071
NF04 0.260 0.149 0.205
NFO05 0.223 0.126 0.161
NF06 0.392 0.198 0.168
NFO07 0.596 0.255 0.097
NFO08 0.348 0.230 0.193
NF09 0.392 0.236 0.273
NF10 1.282 0.636 0.317
NF11 0.468 0.316 0.115
NF12 0.306 0.154 0.148
NF13 0.511 0.307 0.123
NF14 0.350 0.376 0.179
NF15 0.197 0.169 0.203
NF16 0.199 0.100 0.109
NF17 0.391 0.201 0.085
NF18 0.257 0.240 0.106
NF19 0.193 0.151 0.101
NF20 0.677 0.502 0.263
NF21 0.280 0.367 0.177
NF22 0.889 0.629 0.231
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0426 % R AFIAFEE LTS RSP TS AEAE

RS PBRB -5F PBRB -12F PBRB -24F
NFO1 0.726 0.346 0.307
NFO02 0.381 0.277 0.128
NF03 0.305 0.199 0.079
NF04 0.264 0.211 0.178
NFO05 0.232 0.119 0.175
NF06 0.363 0.193 0.185
NFO07 0.576 0.293 0.117
NFO08 0.348 0.215 0.209
NF09 0.361 0.254 0.302
NF10 1.120 0.724 0.304
NF11 0.476 0.318 0.129
NF12 0.295 0.171 0.165
NF13 0.536 0.329 0.143
NF14 0.350 0.369 0.208
NF15 0.188 0.144 0.192
NF16 0.211 0.109 0.110
NF17 0.410 0.250 0.101
NF18 0.236 0.262 0.124
NF19 0.203 0.141 0.118
NF20 0.777 0.474 0.260
NF21 0.281 0.370 0.207
NF22 0.954 0.659 0.227
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0427 ¢ KR LS

T 2 T 35 Max. SDR #4282 (Unit : %)

SF1 | SF2 | SF3 | SF4 | SF5 | SF6 | SF7 | SF8
Tia | 043 | 097 | 147 | 1.87 | 224 | 2.66 | 3.09 | 3.52

MRF :
ZEZ | 004 | 009 | 0.11 | 0.17 | 028 | 049 | 0.62 | 0.73
TiaE | 034 | 074 | 1.10 | 1.42 | 1.81 | 222 | 272 | 3.22

DUAL -
&Y | 007 | 013 | 0.17 | 0.19 | 0.27 | 038 | 057 | 0.82
TiaE | 045 | 1.00 | 1.50 | 1.87 | 2.15 | 2.57 | 3.02 | 3.61

PMF :
£®Z | 006 | 0.14 | 0.16 | 0.16 | 0.25 | 0.38 | 0.61 | 1.37

% 4.28 ¢ & ﬁ’f#?ﬁ WA F BT 2T 5 Max. Ace. 2% £ (Unit @ g)

SF1 | SF2 | SF3 | SF4 | SF5 | SF6 | SF7 | SF8
TiaE | 026 | 057 | 0.82 | 097 | 1.05 | 1.14 | 122 | 1.27

MRF N7
£E®EZ | 004 | 008 | 009 | 009 | 0.09 | 0.11 | 0.13 | 0.13
TiaE | 031 | 0.66 | 0.86 | 096 | 1.07 | 1.16 | 1.26 | 1.31

DUAL :
EZ | 008 | 013 | 0.07 | 0.07 | 0.08 | 0.09 | 0.11 | 0.12
Tia@E | 026 | 058 | 0.81 | 097 | 1.09 | 1.18 | 1.28 | 1.35

PMF :
£E X | 004 | 0.09 | 0.11 | 0.19 | 0.20 | 021 | 022 | 0.22

% 429 F KL L % RT 2 Ti0Max. SDR 2245 £ (Unit © %)

SF1 | SF2 | SF3 | SF4 | SF5 | SF6 | SF7 | SF8
TiaE | 044 | 1.01 | 1.50 | 1.88 | 2.14 | 242 | 2.80 | 3.19

MRF :
£EE | 007 | 0.17 | 025 | 022 | 026 | 037 | 054 | 0.70
Tia@E | 029 | 067 | 1.03 | 1.40 | 1.72 | 2.04 | 235 | 2.57

DUAL -
EL | 006 | 013 | 0.19 | 029 | 039 | 044 | 040 | 0.41
TiaE | 048 | 1.08 | 1.63 | 2.08 | 247 | 2.86 | 3.32 | 3.88

PMF :
L& X | 008 | 0.16 | 021 | 032 | 033 | 0.52 | 0.69 | 0.80
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%0430 B K L £ 5T 2 T 5 Max. Ace. R £ (Unit+ g)

SF1 | SF2 | SF3 | SF4 | SF5 | SF6 | SF7 | SF8
Tia@ | 030 | 066 | 091 | 1.08 | 1.23 | 1.35 | 147 | 1.67

MRF :
£E®Z | 007 | 020 | 0.15 | 021 | 0.24 | 0.24 | 025 | 0.26
TiaE | 027 | 061 | 088 | 1.02 | 1.12 | 1.16 | 1.24 | 1.34

DUAL -
& | 004 | 0.09 | 0.13 | 0.12 | 0.11 | 0.10 | 0.10 | 0.11
TiaE | 027 | 061 | 089 | 099 | 1.14 | 125 | 1.32 | 1.40

PMF .
£E®Z | 006 | 0.13 | 0.19 | 022 | 0.25 | 0.24 | 0.25 | 0.26

#4310 ALF K L 5T 2 T Max. SDR 2% £ (Unit : %)

SF1 | SF2 | SF3 | SF4 | SF5 | SF6 | SF7 | SF8
Tia@E | 047 | 1.03 | 147 | 1.88 | 2.30 | 2.80 | 3.34 | 3.98

MRF —
£E®EZ | 017 | 025 | 033 | 046 | 0.55 | 0.76 | 1.12 | 1.58
Tiai | 041 | 089 | 135 | 1.74 | 2.06 | 236 | 2.69 | 3.04

DUAL :
THEZ | 012 | 025 | 044 | 049 | 040 | 0.39 | 040 | 0.52
Tia@E | 071 | 1.39 | 1.88 | 238 | 2.73 | 3.03 | 340 | 3.84

PMF :
£’ X | 028 | 047 | 051 | 065 | 0.73 | 0.82 | 099 | 1.14

%0432 2R AR EF AT 2 T Max Ace. 2R £ (Unit © g)

SF1 | SF2 | SF3 | SF4 | SF5 | SF6 | SF7 | SF8
Tia@E | 033 | 066 | 089 | 1.02 | 1.12 | 1.24 | 1.37 | 1.48

MRF :
£EE | 015 | 022 | 031 | 032 | 035 | 037 | 036 | 0.36
Tia@E | 034 | 068 | 085 | 094 | 1.08 | 1.20 | 1.29 | 1.36

DUAL -
£EZ | 011 | 017 | 0.17 | 0.18 | 020 | 022 | 0.26 | 0.27
TiaE | 038 | 067 | 085 | 099 | 1.13 | 1.27 | 141 | 1.51

PMF .
LY | 021 | 0.29 | 033 | 033 | 035 | 0.36 | 036 | 0.39
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Concrete Slab

Beam

Rational Spring

(a) (b)

Keyword | orm
O us r [JCo (Subsys: 1 100-5.k)
AMPING_GLOBAL (1)
LCID = VALDI STX 5TY SRX SRY SRZ
] o 0.0 0.0 0.0 0.0
COMMENT:
DM P:=System d Only used if LCID is set to zera

B 4.2 DAMPING GLOBAL %) & 7 w
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Keyword Input Form

MatDB RefBy Pick Add Accept | Delete | Default SR 10101 PANEL RIGID

10102 PAMEL RIGID

Use *Parameter Comment Subsys: 1 100-5. Settin 10103 PANEL RIGID
- 8 ¢ v i & 10104 PAMEL_RIGID
*MAT_RIGID_(TITLE) (020) (80) 10105 PAMEL_RIGID
10106 PAMEL_RIGID
10107 PAMEL_RIGID

TImiE 10108 PANEL RIGID
PANEL RIGID 10109 PANEL_RIGID
10110 PANEL_RIGID

1 MID RO E PR N COUPLE M ALIAS 10111 PANELRIGID
10101 2177e07  2000es05 03000000 0.0 0 Y 10112 PANELRIGID
- 10113 PANELRIGID

2 cvo cont conz 10114 PAMEL_RIGID
00 i 0 10115 PAMEL RIGID
- 10116 PAMEL RIGID

3 LCOORAL A2 A3 Vi vz v3 10201 PAMEL RIGID
0.0 0.0 0.0 00 00 0.0 10202 PANEL RIGID

10203 PANEL RIGID
10204 PANEL_RIGID
COMMENT: 10205 PANEL_RIGID
10206 PANEL_RIGID
| 10207 PANEL RIGID

; 10208 PANEL_RIGID
RO:=Mass density. 10209 PANEL_RIGID
10210 PANEL_RIGID
10211 PANEL_RIGID
10212 PANELRIGID
10213 PANEL_RIGID
10214 PANFI RIGID

B 4.3 MAT RIGID(MAT 020)% % F &

Beam element (102,103)

Beam element (2,102) 2,102 103
[zero length] ®

1

Rigid element (1,2)

B 4.4 MAT 097 2 $3]% % $£4 B)

Keyword Input Form

NewlD MatDB RefBy Pick Add Accept || Delete | Default Done | |HREREINEN
104 B2 PIN
[JUse *Parameter [ Comment (Subsys: 1100-5.) Setting
+*MAT_GENERAL_JOINT_DISCRETE_BEAM_(TITLE) (097) (2)
TITLE
B1_PIN
1 MDD RO IR Is T ER RS RT
h03 7.850e-09 1 1 1 1 0 1
2 RPST RPSR
10.0000000 0.0
COMMENT:
a
|
Total Card: 2 Smallest ID: 103 Largest 1D: 104 Total deleted card: 0 A
v

B 4.5 MAT GENERAL JOINT DISCRETE BEAM(MAT 097)% % F &
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Keyword Input Form

NewlD MatDB RefBy Pick Add Accept | Delete  Default Done '
[ClUse *Parameter [ Comment (Subsys: 1100-5.k) Setting i g;f
*MAT_HYSTERETIC_BEAM_(TITLE) (209) (18) 5 G2-2
6 G2-3
201 Bi1-1
dnuils 202 B1-2
G1-1 203 B1-3
204 B21
1 MID RO E PR IaX ISURF HARD IFEMA 205 B2-2
1 7.850e-08 2.000e+05 0.3000000 1 1 vz v1 206 B2-3
301 sb1-3
2 LCPMS @ SFS LCPMT ® SFT LCAT ® SEAT LCAC ® SFAC 302 sh2-3
2 1.8848+09 H 36098408 2 7.7836+06 z 7.7838+06 1001 5C1
1002 sScC2
3 ALPHA BETA GAMMA 0 PINM PINS HLOC1 HLOC2 1003 5C3
2.0000000 2.0000000 2.0000000 0.0 0000000 1.0000000 -10.0000000  -11.000000 1004 5C4
4 DELTAS KAPPAS DELTAT KAPPAT LCSHS SESHS LCSHT SESHT
0.0 0.0 0.0 0.0 2 4670406 2 46TDe+06 |
1
5 HARDMS GAMMS HARDMT GAMMT HARDAT GAMAT HARDAC GAMAC |
6.443e+10 17230000 1.2288+10 17230000 0.0 0.0 00 0.0 |
6 OMGMS1 OMGMS2 OMGMT1 OMGMT2 OMGAT1 OMGAT2 OMGACL OMGAC2
0.0 0.0 1.0000000 2.0000000 0.0 0.0 1.0000000 2.0000000
7 RUMS RUMT DUAT DUAC LAM1 LAM2 SOFT1 SOFT2
1.0008+20 1.0008+20 1.0008+20 1.0008+20 0.0 0.0 3.0000000 4.0000000
8 PRS1 PRS2 PRS3 PRS4 PRT1 PRT2 PRT3 PRT4
0.0050000 0.0100000 0.0267300 0.1629000 0.0050000 0.0100000 0.0267300 0.1629000
9 151 1s2 1S3 IS4 €s1 cs2 cs3 cs4
1.0008+20 20008420 3.0008+20 4.0008+20 1.0008+20 2.0008+20 3.0008+20 4.000e+20
10551 552 553 554 ST1 ST2 sT13 ST4 |
1.0008+20 20008420 3.0008+20 4.0008+20 1.0008+20 2.0008+20 3.0008+20 4.000e+20 |

Total Card: 18 SmallestID: 1 Largest ID: 1004 Total deleted card: 0

2

IHARD =3

B 4.6 MAT HYSTERETIC BEAM(MAT 209)% % F &

W A

IHARD =

i

IHARD = 4

B 4.7 MAT HYSTERETIC BEAM 7 k- & 47 & 7 4T {* o #[2]

HLOC1 x L

_ HLOC2 x L

& 4.8 MAT HYSTERETIC BEAM # 4z i~ ¥

L

76
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Keyword Input Form

MatDB  RefBy Pick Add Accept  Delete  Default = Done DISCRETE SC1

61002 DISCRETE SC1-

Use *Paramete: Comment bsys: 1 100-24. Setti 61007 DISCRETE SC1-
= ’ 1 a e R =S 61201 DISCRETE SC1
*MAT_SPRING_GENERAL_NONLINEAR_(TITLE) (S06) (45) 61202 DISCRETE SC1-
61203 DISCRETE SC1
61207 DISCRETE SC1-

TImLE 62003 DISCRETE SC2:
DISCRETE SC1-G1 62007 DISCRETE SC2:
62204 DISCRETE 5C2

1 MD LCDL ® LCou ® BETA as o 62207 DISCRETE SC2:
61001 4 4 9.8000002 1.0000000 0.0 63007 DISCRETE SC3

63207 DISCRETE SC3-
64007 DISCRETE SC4-
64207 DISCRETE SC4-
COMMENT: 65007 DISCRETE SC5
65207 DISCRETE SC5:
66001 DISCRETE SC6
66002 DISCRETE SC6-
66003 DISCRETE SC6&
66004 DISCRETE SC6
66007 DISCRETE SC6
¥ |66201 DISCRETE SC6:

3 . . 66202 DISCRETE SC&

Total Card: 45 Smallest ID: 61001 Largest ID: 74204 Total deleted card: 0 * [66203 DISCRETE SC6.
66204 DISCRETE SC6
66207 DISCRETE SC6
67004 DISCRETE SC7
ATING NICFRETE €F7.

Bl 4.9 MAT SPRING GENERAL NONLINEAR(MAT S06)%% % F &

Keyword Input Form

Draw RefBy Pick Add Accept | Delete | Default = Dane

[JUse *Parameter [ Comment (Subsys: 1 New_Subsystem_1) Setting

*ELEMENT_BEAM (0)
1 ED PID ® Nie N2/» h3e RTL RR1 RT2 RR2 LOCAL
1 1 1 2 1 ] ~ T ~ (|10 ~ | T ~ |2 w

COMMENT:
A
v

RR2:=Release conditions for rotations at node N2.

EQ.0: no rotational degrees-of-freedom are released,

EQ.1: x-rotational degree-of-freedom,

EQ.2: y-rotational degree-of-freedom,

EQ.3: z-rotational degree-of-freedom,

EQ4:x andl y-rotat\ona} qagrees-of-fraaqom,

Bl 4.10 ELEMENT BEAM % % | o

Centerline

Centerline

3.4
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a¥a

|_Modified backbone curve, Option 3

=
!
,l
I
Il
1
1
l\

D
[an]
o
>
[2)
A

Initial backbone curve

0.8M,

/

~ -~
~o .~y
~

-~
-
-~
-~
-~
-~
b
~.

/ Ultimate rBfa’('ron,, Option 3

Ultimate rotation, Option 4" ~~ . .

0.50,,

0 |

< p ;L pc

Blez

Shear Force

Pz

Shear Deformation Angle
B 4.13 2412 ¢ %2 T 4 2 §)[40]

Veor = Kpz X 0
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I‘Zm}e‘ 1 Zone 2_ Zone 3

RS : M
~ A ! | |

g ' O »le O »

g IL leax :

E Myl : a:Mmax/ My :

B[ | .

E I I I

< ] | 1

E I(Ie | . 1Mres

8 1 | | :

Z I ey | Omax | |eult >

(a) i+132 mm

f—152 mm—}—152 mm—s} 132 mm -

610 mm

.i steel deck

concrete

t,=(0.91 mm)(”’2 mm): 0.79 mm
152 mm
\ sleel\;:leck A v )
(b) strong strip weak strip

B 416 4 & R 5 s fi 17 LR@F 2R G O % 1 [36]

086

T
Original

ERY — = = Trimmed
s _ 04r
oo s
"5 L
] )
8ot 0.2
g
% 80 160 oL L L . ! L L L u)
Time (sec] 0 05 1 15 2 25 3 35 4 45 5
i feeck ! 0.8 Period (sec)
X T T T T T
g : ne —— Original
S I 06 ==~ Trimmed |
£ 1
; : s
3 i =, 041 1
© 1 " 0-
Q | )
3 -
< : 02¢ 4
1 L . L
60 80 100 0 . R ) . 3 .
Time (sec) 0 05 1 15 2 25 3 35 4 45 5

Period (sec)

B 4. 17FF01 2 (a)¥ R L HPFERI(b) R R 2 P18 H 4o R RF
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m
2

Acceleration (g)
)
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Acceleration(g)

B 4. 18 FF02 2 (a)¥
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Acceleration (g)
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T
Original |
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o

@041
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NS —— Original
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— =~ Trimmed
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Period (sec)

(b)

PP 22 45 5 FI(D) R B PR 4 12 3 e i R0 )
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EwW Original
0.2 — — - Trimmed -
5 015
]
w01

0.05

ol . . " L ]

0 0.5 1 15 2 25 3 35 4 45 5

05 - - Period (sec) T T !
NS —— Original

04 —— = Trimmed |

25
Period (sec)

(b)

0 0.5 1

Bl 4. 19 FF03 2 (a) R JrPs &2 $5~ f B1(b) fn & 2 Jfr P 22 495 13

=}

Acceleration (g)
o

Acceleration (g)
o
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I
|
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1
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1
Pl . . . . . .
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Original
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T
Original |

=
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NS —— Original
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e

Acceleration (g)
=)

o

m
2

| S SR (S
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PMF 12F 0.270% 0.271% 0.271% 0.271% 0.271%

24F 0.248% 0.255% 0.258% 0.259% 0.259%

LS4 bR Tk [44]

H =5 ff:i2 % (TWD) 7 A% E =5 ff 2 % (TWD)
SF 63,200 101,330
12F 63,200 101,330
24F 79,700 117,830

# 5.5 e mAH1AFE W (H = TWD)

DUAL PBRB
SF 4,720,000 5,120,000
12F 10,820,000 11,740,000
24F 19,440,000 23,940,000
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4056 & ks F

£ £4(USD) | €2 £3(USD) | & 2m# (kgCOye)
5F 7459672 8640000 4152010.52
MRF | 12F 17903213 20736000 10248326.01
24F 45154623 50820197 25330290.75
5F 7456166 8636494 4152010.52
DUAL | 12F 18369505 21202292 10248326.01
24F 45642650 51308224 25330290.75
5F 7571753 8752081 4152010.52
PMF | 12F 17844770 20677556 10248326.01
24F 44700119 50365693 25330290.75
5F 7537885 8718213 4152010.52
PBRB | I2F 18605613 21438400 10248326.01
24F 45986592 51652166 25330290.75
% 5.7 B RFFEHE]
L %E S % R ¥+

4 K 1T 1.00

5% 10 & 4 1.08

11 A gt 1.16
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7 5.8 2% f#f# tmit2 5
Fragility Number Ly eyt Quaptity Bgta
Directional | Non Directional | (LogNormal Distribution)
B2022.001 62.00 - 0.6
B3011.011 - 16.74 1.3
C1011.001a 6.20 - 0.2
C3011.001a 0.47 - 0.7
C3027.001 - 46.50 0.2
C3032.001a - 22.32 0.0
C3032.001a - 1.24 0.0
C3032.001a - 0.74 0.0
C3032.001a - 0.50 0.0
D2021.011a - 0.26 0.7
D3041.012a - 0.12 0.2
D3041.011a - 0.47 0.2
D3041.031a - 5.58 0.5
D3041.041a - 3.10 0.2
D3041.041a - 1.24 0.5
C3034.001 - 93.00 0.3
C3034.001 - 93.00 0.3
D4011.021a - 1.24 0.1
D4011.031a - 0.56 0.2
D5012.021a - 0.01 0.4
D1014.011 - 0.35 0.7
D3031.011a - 0.47 0.1
D3031.021a - 0.47 0.1
D3052.011a - 2.17 0.2
D5012.013a - 0.50 0.5
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%05.9 iR A

Fragility Number Fragility Name
B2022 Curtain Walls
B3011 Roof Finishes
C1011 Wall Partition
C3011 Wall Finishes
C3027 Access Pedastal Flooring
C3032 Suspended Ceilings
C3034 Independent Pendant Lighting
D1014 Elevator
D2021 Cold Water Service
D3031 Chilled Water Systems
D3041 Air Distribution Systems
D3052 Package Units
D4011 Sprinkler Water Supply
D5012 Low Tension Service & Dist

D

510 ¢ B RRAEE S AR AR BT 2 B LR A HR LA

SF1 SF2 SF3 SF4 SF5 SF6 SF7 SF8
B RANA (M = # USD)
MRF | 021 0.60 | 0.89 1.14 1.43 178 | 2.28 2.67
DUAL | 0.21 0.58 0.80 | 0.98 1.19 1.46 1.89 | 247
PMF | 0.21 0.58 0.85 1.08 1.36 166 | 230 | 2.90
P % SLER P (H 2 )
MRF | 0.11 0.28 0.44 | 0.6l 0.81 1.06 1.37 1.60
DUAL | 0.11 029 | 040 | 049 | 064 | 082 1.09 1.42
PMF | 0.11 0.28 042 | 057 | 0.77 1.00 1.39 1.75
5] 35 % &
MRF | 0.00% | 0.00% | 0.00% | 0.00% | 0.06% | 0.35% | 1.30% | 3.44%
DUAL | 0.00% | 0.00% | 0.00% | 0.02% | 0.20% | 0.90% | 2.62% | 5.78%
PMF | 0.00% | 0.00% | 0.01% | 0.15% | 0.73% | 2.23% | 4.99% | 9.14%
129
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2511 BARRAERE T ERAL BT ZRURAF 2 LR AR

SFI | SF2 | SF3 | SF4 | SF5 | SF6 | SF7 | SF8
2% dr4 (¥ euF ¥ USD)

MRF 0.62 1.40 1.96 2.39 2.85 3.67 4.62 5.90

DUAL | 042 1.21 1.65 1.97 2.32 2.67 3.19 3.77

PMF 0.53 1.40 1.95 2.40 2.94 3.51 4.31 5.23

B AR (E o)

MRF 0.35 0.77 1.12 1.44 1.81 2.39 3.04 3.84

DUAL | 0.25 0.66 0.93 1.13 1.38 1.64 2.01 241

PMF 0.29 0.75 1.12 1.49 1.94 241 2.98 3.53

45 8 5

MRF | 0.00% | 0.00% | 0.00% | 0.00% | 0.04% | 0.31% | 1.20% | 3.31%

DUAL | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.02% | 0.11% | 0.33%

PMF | 0.00% | 0.00% | 0.00% | 0.00% | 0.02% | 0.15% | 0.70% | 2.21%

2 5. 12 R AERAFEFENERAF BT 2 R CRIF A B R LR

SF1 | SF2 | SF3 | SF4 | SF5 | SF6 | SF7 | SF8
2 sdp4 (8 oo & USD)

MRF 1.31 2.83 3.72 4.67 6.07 8.30 11.13 15.72

DUAL | 1.27 2.65 3.46 4.25 5.13 5.94 7.67 9.80

PMF 1.50 2.98 3.92 4.89 5.77 6.81 8.34 10.41

o SR P (H 2 o)

MRF 0.77 1.64 2.17 2.88 3.83 5.22 6.85 9.39

DUAL | 0.75 1.54 1.99 2.49 3.10 3.70 4.76 6.08

PMF 0.86 1.75 2.40 3.18 3.91 4.73 5.79 7.03

]38 4 %

MRF | 0.00% | 0.00% | 0.01% | 0.11% | 0.66% | 2.25% | 5.46% | 10.46%

DUAL | 0.00% | 0.00% | 0.00% | 0.00% | 0.02% | 0.11% | 0.44% | 1.28%

PMF | 0.00% | 0.00% | 0.00% | 0.02% | 0.16% | 0.74% | 2.25% | 5.13%

# gy 0-30 31-75 75-125 | 126 -200 | 201 - 300 301+
FFIRF 3.5% 3.0% 2.5% 2.0% 1.5% 1.0%
130

doi:10.6342/NTU202402010



5,14 A4z % A A E L 344 £%F (Unit : USD)

23 4 BB AE R R T IEEN
5F 5967737 70442 1812456
MRF 12F 14322570 138294 3558272
24F 36123698 324824 8357645
5F 5964933 77161 1985334
DUAL 12F 14695604 129864 3341370
24F 36514120 244513 6291262
5F 6057401 73984 1903591
PMF 12F 14275815 133186 3426844
24F 35760095 284182 7311936

F05.15 A4 B B E (L 3 4E 8 (Unit : keCOyp)

=B gl FE L2 1h Rl ERR TR B E =l

SF 3287143 35073 1753650

MRF 12F 7889144 77806 3890300
24F 19897621 197581 9879050

SF 3285598 39357 1967850

DUAL 12F 8094618 74533 3726650
24F 20112672 143355 7167750

SF 3336532 37124 1856200

PMF 12F 7863391 75331 3766550
24F 19697341 177942 8897100
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