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Abstract

Nonlinear time history analysis (NLTHA) is an advanced and precise method for
evaluating seismic performance, capable of capturing both the global dynamic response
of structures and the localized inelastic behavior of structural components. In contrast to
the widely adopted Equivalent Lateral Force (ELF) method—which substitutes dynamic
effects with simplified static loads and considers inelasticity through strength-reduction
factors—NLTHA directly reflects how structures dissipate seismic energy through
nonlinear deformations. Once components yield, strength increases are limited, and
seismic performance becomes largely governed by deformation capacity, making
displacement demand a key indicator in performance-based seismic design.

This study investigates a 16-story reinforced concrete building located in Taipei,
originally designed according to Taiwan’s Seismic Design Specifications and Concrete
Structural Design Code. A series of Maximum Considered Earthquake (MCE) ground
motion records were applied in ETABS, incorporating nonlinear behavioral models of
structural components. Structural responses were then evaluated against the acceptance
criteria outlined in several relevant codes, covering both global structural performance
and individual member demands.

Additionally, non-structural walls were modeled to assess their failure patterns under
MCE conditions. The study questions the common assumption of total failure and
explores whether partial damage occurs and if such walls induce negative effects like the
Short Beam Phenomenon. Results indicate that non-structural wall failure is neither
uniform nor fully predictable, and complete loss of strength is not always observed.

Given the data-intensive nature of NLTHA, the study also developed 17 customized
tools to automate preprocessing and postprocessing tasks, enabling significant time
savings and deeper insight into structural behavior. Multiple analysis runs revealed a high
degree of variability in structural responses—even for the same component under
different ground motions—underscoring NLTHA’s essential role in realistic seismic
performance assessment and in guiding the optimization of structural safety and reliability.
Keywords: Nonlinear time history analysis, Performance-based design, Seismic design,

Reinforced concrete, Non-structural wall
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v2_ hinge_reader beam_hinge type e2k_editor

Z:\&B87EE\python\v2_hing ade
--- ---

w0

o 0

hinge state reader avg €2k _editor

Z\8B5FE\python\e2k_editor.py
[ox Jomee | - |
BT

®"HE:0

Z/\#88532\python\hinge_state_reader_av

= Jmea |-

FET

w0

3 T
WTER

REER: 2 \##TE \python
23] 17 f@pythontE®

® 6.1

1Egu gl

G B ID FA R H A

Z:\4887EE\python\beam_hinge type e2k edit:

 hinge_suppc

o [ [
FET

w0

hystensls and sf

teaspa_excel_reader

Z\83#5E\python\teaspa_excel reader.py

--- ---

|0

hinge_state_reader copy

Z\ . state,_reader cor.

. state,_reader.py

q! » e2k ¢ » curve_editor

Z:\#3955E\python\earthquake 2k c Z\#838REE\python\backbone ¢

w0

hinge_assign_editor

hinge_state_reader avi

Z:\8387\python\hin Z\$EE\pythoni\

NLTH Tool launcher
Z:\#8953\python\NLTH Tool launcher.py

and_sf.py

- = |-

BT BT
o0 weE0
delete_v_hinge hlnge state_reader

v_hinge.py

=3

wEF
w0 w0

ikﬁr}fﬁﬁ'&’m’l

-3 SRR 2a S i
A2 o H TiEART

42

w0

5 3% Python %r4& & 4 — i

%2, 4L
SRR T T

T
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BEFAL TTELIIEG TP RS e XL ES purh
GOAE TR RS TR e o R T - GRS T AT AR &R
B0 PR L o AR -

ZapCB g B BAF R P R A AT TR py AR (R )
TR TEA ) A AT AR RS ER G R R RS RS
BRTe tfeR > RELED SR GuR TR o J N EMH G AR
(T SR S E

e

bh’fs-?:““’*’lk’w%? FREFEET S AAENA P
i§¢kﬁ}v}}ﬁp§/}ﬁ%nﬂ\m§ke T n—h?;w 0
Bl py Fh W ¥ %182 4258 (NLTH Tool launcher.py) 2 B354 & = 3\ feds »

R EFRFEIBE LRG> PTERTFREFIESEE o R
iR Rk B o R R AR T N T B e R i )

fo BEBIL BN RFRERT BOBEAITEERES

6.1.2 #2:% 4

ARG TAERMERAY I R EA 0 f2d B (Launcher) » 12
tkinter L 1F > FH BB LN A0 RERBEF TR AT 095 py T E AR o TP
HAes g
(@) 1% A4t BRG K

A #23% i PythonLauncher #f %] =4 PF P = FERE A G EHEK 20 @ 4520
122 R E BN EE B RETE P ARTR o %518 tkinter 5 grid £
#1RA e d (COLORS) & * % 4 6 & § 245 en7 g - RiRE R H o
NG ¥ i g B e SALT A ] I ITHA 0 LB L R RS

(b) # f& §* » &4 5| Pythonfz 3¢

scan_python _files() ¢ p & 4F45 P o 1 (¥ P &7 chpy fh %k » T B pffad Fp
¥ 5 L d create program card() i F BAT;NiE 2 - SRAFIEF P oo BT P E TR
AN CANVE I ST SN =3 TE e - B NN UV S T
i PEALE B R > 518 calculate columns()fr rearrange programs() fi #+ 3+ 5 if ¥ 1 #ic
oo iV LE BT

(c) AB3Vkxd ~ E4r g ik ok 48]
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=

5 &% fode T - py 423 BF > start_program() § /4 subprocess.Popen B FLAT {7

<

A2 I A EF BHFF b4 feri— ID (2 * UUID) » i% i monitor_output()!4 4 # 3

Y

A8 SELP AR NS EFER L SR TR AP AR Y o e H
TR TR el TR et kM ARGTHER HEDT
/}}?ﬂ"’k’% ;P‘NJ:\"TgP?"H} /}; °

(d) Pibsisesrig s 538
P &% (scrolledtext.ScrolledText) * ** &1 77 44 17 fr A2 ~ 45 3F30 L &k Sedf fege
& - log_message() i# § -5t WAL e » BIEH D BRI o A o i

%R KT R G IEAR G MR SR SR TRE

-n\-
(m

ORI It IR LT

A F fyp $ 34 {7 check processesOtg & B w A F 5 AR 2 =m0 F G R
TLATRE S VBT § R FR LT AL P &% on_window_resize()

| B E AT A AR B AR - e R
B TR R BT B -
() AR fcd B

main() S fic 3 04 A2 50 i~ BE o F RS E B F R G2 2 tkTKO 54
451 PythonLauncher #f %] » fx#s 2 ¥ i 3% [B](root.mainloop()) » & ;* B ix GUI 4 & -

AL AR 6.2 977 e
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i e FAFZ =0

(main()

A

/
BUurEESRERR
(=& - BIIRREE - IHEESY)

Y \

BRARFEAS A& R R K/ )\ Ag 3 BiESH
(clear_log()) (on_window_resize()) (W78 B 7=, Resize)

EiojEEE N SIRER
(Canvas + Scrollbar)

N

FHERIRA.pyfE
(scan_python_files()

Y
EEEEpy RS EA

(create_program_card())

EENRXE A IR R EHEUE
(start_program()) (rearrange_programs())

l

FIEFARET BB std outEdstderr FIEE. py I B HTR A
(stop_all_processes()) (monitor_output()) (stop_program())
BRTR AR A B AIFT B BARTHAE T A XFE

(update_status()) (log_message()

] 6.2 NLTH Tool launcher.py 42 5* 7€ 1§ ]

6.2 ETABS ¥ F # 11 %18 B (e2k_editor.py)

6.2.1 # 5, P

M AE T 0L B ETABS ehe2k @+ 3 55~ 4 0 2 i 305 3 5 0% sl(block)
R EVIEE NG ERME B~ & E P 2 Block ¢4 (#4e GRIDS -
LOAD CASES % ) #25 ¢ f P FHAPN F > TH TN L HR DY F 7
P 3 I GBS e B BV G AT 0 BT RSk g
Fdp ® B A0 i £ % 22 ETABS #2343 F
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# 2K File Fditor

BAESRM6lockZE (FlX: GRIDS)

BEEBlockRE

| § E2KFile Editor

|gE=Eslock

#EEER

~| &EBlock

FaBlockAE

Eat Hd

Bl 6.3 e2k_editor.py

C:/Users/huone/Desktop/A-11ready.e2k

gEE=

WMAERRABlockZ# (Fl0: GRIDS):

EREBlockAZ
HINGE "14FC16-V3"

isplacement” HYSTYP
HINGE "14]

FC
HINGE "14FC
HINGE "14FC
HINGE "14FC

HINGE " 14FC
HINGE "

7

ROTATIONSFN 1
HINGE "13FC16-M2"

FRAME HINGE PROPERT ‘FRAME HINGE PROPERTIES

BEHAVIOR "Deformation Controlled” DOF "V3" TYPE "Force-D

-E -138 9439 0
-D" -13.80439 0
-cto-1 -1

B" 0 -0,3537014

I; ?.353'"]14
13.88430 0
138.9430 0
FORCESFP 306182 DISPSFP 1.126272 FORCESFN 306182 DISPSFN 1

10 IDU LS 200 CP 300 -10 -100 -LS -200 -CP -300
HAVIOR "Deformation Controlled” DOF "M2" TYPE "Moment-

0.03555905 1
0.08734308 0
0.8734398 0
MOMENTSFP 2.682816E+07 ROTATIONSFP | MOMENTSFN 2.682816E+0

10 100 Ls 200 CP 300 -10 -100 -LS -200 -CP -300

HINGE "13FC16-M3" BEHAVIOR "Deformation Controlled” DOF "M3" TYPE "Moment-
Rotation" HYST Takeda"

HINGE "13FC16-)3" -0.8785217 0

HINGE "13FC -0.08785217 0

HINGE "13FC -0.03765931 -1

HINGE "13FC 0 -1

HINGE "13FC 01

HINGE "13FC "C" 0.03765931 1

HINGE "13FC "D" 0. U$785117 0

HINGE "13FC "E" 0.87852

NGE "13FC MOMENTSFP 2. 432326E+U7 ROTATIONSFP 1 MOMENTSFN 2.432326E+0
7 ROTATIONSFN

HINGE "13FC16-M3" 10 100 Ls 200 CP 300 -10 -100 -L§ -200 -CP -300

HINGE "13FC16-V2" HAVIOR "Deformation Controlled" DOF VZ" TYPE "Force-D
isplacement" HYSTYPE "Takeda"

INGE "13FC16-V2" -E" -161.5365 0

HINGE "13FC16-V2" "- -16.15365 0

HINGE "13FC16-V2" -1 -1

HINGE "13FC16- 0 -0.3265292

HINGE "13FC16- 0 0.3265292

HINGE "13FC16- 11

HINGE "13FC16- 16.15365 0

HINGE "13FC16-¥2" “E" 161.5365 0

H{N(U}EZ; gFC -V2" FORCESFP 325680.1 DISPSFP 1.022975 FORCESFN 325680.1 DISPS
FN 1. 7

HINGE "13FC16-V2"

10 100 Ls 200 CP 300 -10 -100 -LS -200 -CP -300

[ #BBlock |

FaBlockAE
MFC]G V3

_ HINGE *
isplacem
HINGE
HINGE "
HINGE
HINGE
HINGE
HINGE

-2
HINGE "13FC16-M2"
ROTATIONSFN 1
HINGE "13FC16-M2"

HINGE "13FC16-M3"

=
a

HINGE "13FC
HINGE "13FC
HINGE "13FC
HINGE "13FC
HINGE "13FC
HINGE "13FC

HINGE "13FC16-M3"
HINGE "13FC16-M3"

HINGE "13FC16-V3" BEHAVIOR "Deformation Controlled" DOF "V3" TYPE "Force-D HINGE "13FC16-V3"
isplacement" HYSTYPE Takeda isplacene

HINGE "13FC16-v3" -125.8721 0 HINGE

HINGE "13FC -12.58721 0 HINGE

HINGE "13FC ¢t -1 -1 HINGE

HINGE "13FC -B" 0 -0,384963 HINGE

HINGE "13FC 0 0.384963 HINGE "

HINGE "13FC ct 11 HINGE "

HINGE "13FC "D 12, 55711 U HINGE "

HINGE "13FC "E" 125 HINGE "

NGE "13FC16-V3" FORCESFP 315746 8 DISPSFP 1.255724 FORCESFN 315746.8 DISPS INGE "13FC16-V3"

FN 1 255724 FN 1.255724

HINGE "13RC1A-V3" 10 10N 1.8 200 ¢P 300 -T0 -100 -1 -200 -cP -300 HINGE "13RC1A-V3"

ZERFER

A i B od

BEHAVIOR "Deformation Controlled”

-138 09439 0
-13.89439 0
¢ -1 -1
-B" 0 -0,3537014
" 0 0.3537014

11
13.88430 0

= o X
a
v
= [m} X
DOF "V3" TYPE "Force-D

138.9430 0
FORCESFP 306182 DISPSFP 1.126272 FORCESFN 306182 DISPSFN 1
10 100 Ls 200 CP 300 -10 -100 -Ls -200 -CP -300
HAV10]

01
0.03555905 1
0.08734308 0

"E" 0.8734308 0

"Deformation Controlled”

DOF "M2" TYPE "Moment-

MOMENTSFP 2.682816E+07 ROTATIONSFP | MOMENTSFN 2.682816E+0

10 100 Ls 200 CP 300 -10 -100 -LS -200 -CP -300

BEHAVIOR "Deformation Controlled”
Rotation” 3HY ’I‘YPE “Takeda"
i% .

-0.8785217 0
-0.08785217 0
60,?3765931 -1

01
0.03765931 1
“p* 0. UE785117 0
“E" 0.87852

DOF "M3" TVPE "Moment-

MOMENTSFP 2. 4323ZEE+U7 ROTATIONSFP 1 MOMENTSFN 2.432326E+0
10 100 Ls 200 CP 300 -10 -100 -LS -200 -CP -30

V2" HAVIOR "Deformation Controlled”
" FIE'ZTYPE "Takeda"

-E" -161,5365 0
“-D"  -16.15365 0
w g

-1 -1
"-B" 0 -0,3265292
? ? 3265292

50

0
DOF VZ" TYPE "Force-D

“E*161.5365 0
FORCESFP 325680.1 DISPSFP 1.022975 FORCESFN 325680.1 DISPS

10 100 Ls 200 CP 300 -10 -100 -LS -200 -CP -300

BEHAVIOR "Deformation Controlled"
E "Takeda"

-125.8721 0
-12.58721 0

-1 -1
0 -0,384963
0 0.3840963

11
12, 55711 El

DOF "V3" TYPE "Force-D

125
FORCESFP 315746 8 DISPSFP 1.255724 FORCESFN 315746.8 DISPS
T0 100 1.8 200 P 300 -To -100 -T.8 -200 -cP -300

Bl 6.4 e2k_editor.py #2;% 7
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6.2.2 25 % H#

23S & T - B & 5 E2KEditor g % (Class) » 3%4f %) f fE i %
BIE S ARSI RARP O G HREL RN R F B LS
RdeTe Buh BB FAERE RS o ApM AT AP deT

(a) GUI A= 451t 2 f B3k %

o

€% tkinter Tk()&& = A AR % > T B3F ttk.Frame ~ grid() i /o 3% T BARL T &5
AMRE AL EZ X RB D HEFERETF (file_frame) ~ Block ?ﬁ_ﬁ%] »B TR ERE

(block frame)% ~ 3 & 71 £ ¥ % (text_frame) °

(b) #h%:E#H &= H P~ (browse file/load file)

R EVAEHFERHEEL 2k HF o RS TFEL AT LmE (4
UTF-8 ~ BIG5 ~ CP950 % ) Bjicthk » HABRFLAFE - F#F18 p i
TzvHEpr FEEET -

(c) W .3t P~B4E (extract block)

€A —‘hﬁ%ﬁ?] »> Block @fﬁ;z“%éﬁTiii%E EHEFRARH . RS
BLOCK NAME G Acdpthis » pSBEh™ - BRI B A thie c HBEQF A
BE R (R4 7)) 2Rl (HERE) v 12 Tk ESH s ke 7
A S iR o

(d) ¥miEe %3 (generate new_file)

% ET fr PUF S IESZ Block ap F oo T T4 SATHK | B kg
(DIF » b % ¥ 3% Block 3Tk F Q)G 2 8 A Beaiva Q)51 %k * FERH
RIS 8 A E(DRE s 5 ATihe2k Mh Rk (GEK & £ 5 _new)

(e) BEW P % %% (_on mousewheel left/right ~ on left scroll/right scroll )
SR FEFREFH LIRS > RS HRE GBS o L4 Windows
Mac ~ Linux 7f S g ¥ i+ o
AL PRI R] 6.5 A7 e
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B ER : main

WAt GUI A
E2KEditor 485!

EEERERE
EEEERT
GUI event handler

0 browse_file()

BARY filedialog.askopenfilename

IF0U load_file(file_path)

B S ERS
utf-8 / bigs / cp950

Text #7704 UnicodeDecodeError

mmaAmﬁA‘ ‘ ERESRAE

BN Block £ A | FERIERAS ¢
Text {1 #AZ| Block

.

EAERAR Text
REBEBHAR

%0l asksaveasfilename BRIAAMA ¢
NSRERE 1 A2 HY Block
IR\ o
s UK
BRI + RIEAR +| |[EREEUH
BREBAMER RERE

BREINGAR :
messagebox.showinfo

R 6.5 e2k_editor.py #2.3% 7 -]
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6.3 ¥ £ 1 3% P~4%.7" (hinge_state reader.py)

6.3.1 7 i HP
#4238 ¥ 123 B ETABS # 1 5 Excel 4h % » 3 & %3 # 58 iR @A dL (o it
R B L BT RS BT R R RER o Y F VIR
R PR CAMHEEEFERAHE XA HRPIRE B L
BRRE Y bk g o] DR E o RS L RBA T LW R
T R R o AR A et R G 2 F i stk 4o 6.6 2 [ 6.7 #7m e

™
‘—s-F-*

r ~

@ ETABS Hinge State Reader - o 52
- L Og

Story Section Property Generated Hinge: Rel Dist:

Frame: Unique Name: Hinge: Output Case:

Lt #EER SEER #RE L Frame-RelDistiE BE

2 Excel X

B

B 767.6rhiihéé;§tate_reader.py A s S L
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@ ETABS Hinge State Reader - o X

- Ly
Story: 2F ~| Section Property: |2F-B218 | Generated Hinge: |B218H49 v Rel Dist: 0.0
Frame: B218 ~|  Unique Name: v Hinge: | -| Output Case:
=EEE aREE 2FER #REEFrame-RelDisti BE
EIE Excel X5
C:/Users/huone/Desktop/hinge state2.xlsx
Story Sectionf Frame Hinge Generate RelDist OutputC U1Plasti U2Plasti U3 Plasti R1Plasti R2Plasti R3 Plastic Unique M Step Typ P v2 v3 T M2 M3 Hinge St Hinge St Frame/\\
PR PR-B160 B160 PRB160- B160H1 0.0 1999092 0 0.0 0.0 o 0.0 0.00019¢ 203 Max o 0.0 0.0 0 0.0 3895295 Bto C AtolO B160 l
PR PR-BI60 BI6D  PRBI6O- BIGOH2 1.0 1999092 0 00 00 0 00 0000176 203  Mex 0 00 00 o 00 3890805 BtoC  AtolO  B160
PR PR-BI60 BI60  PRBIGO- BIGOH3 0.5 1999092 0 2578971 00 0 00 00 203 Mex 0 111558000 0 00 00  AtoB AtolO B160
PR PR-B160 B160 PRB160- B160H1 0.0 1999092 0 0.0 0.0 o 0.0 -3.56741 203 Min ] 0.0 0.0 0 0.0 -706525 AtoB AtolO B160
PR PR-B160 B160 PRB160- B160H2 1.0 1999092 0 0.0 0.0 o 0.0 -6.23883 203 Min o 0.0 0.0 0 0.0 -646304 AtoB AtolO B160
PR PR-B160 BI60  PRBIGO- BIGOH3 0.5 1999092 0 -4.17471 00 0 00 00 203 Min 0O 180585 00 O 00 00  AtoB AtolO B160
PR PR-BI60 BI60  PRBIGO- BIGOH1 0.0 1999092 0 00 00 0 00 839564€ 203 Max 0 00 00 o 00 3894494 BtoC  AtolO  B160
PR PR-B160 B160 PRB160- B160H2 1.0 1999092 0 0.0 0.0 o 0.0 0.00025¢ 203 Max o 0.0 0.0 0 0.0 3890771 Bto C AtolO B160
PR PR-BIGO BI6D  PRBIGO- BIGOH3 0.5 1999092 0 2.46970¢ 0.0 0 00 00 203 Max 0 106832 00 0 00 00  AtoB AtolO B160
| [er PR-BI60 BI6D  PRB160- BIGOH1 0.0 1999092 0 00 00 0 00 327759 203 Min 0 00 00 o 00 717132 AtoB  AtolO  B160
=4
Story: 2F (Section Property: 2F-B218), Generated Hlnge B218H49, Rel Dist: 0.0 - R3 Plastic Comparison
0:0206
0.02 | mmm R3 Plastic Max 0.0174
R3 Plastic Min 0.0134 0.0131
0.0105
o 001 (gosss 0.0084 0.00897 0.00861
2 0.00593 0.00539
5 H u
2 0.0
-0.00634 -0.00622 -0.00607
. -0.00778
~0.01 1 -0.0089 0.00845 0.00961
, , : 0.0103 , oot ‘4).01 , , Q0113
g = : 2 g g g 8 g 2 8
<4 g g & g g g g g g g
4 £ £ £ £ 4 g £ g 4 4
- r—<| -—1' -—1' ,—o‘ - - - - - -
o S S N N " " " n P n
3 2 2 2 3 S S S S ] 3
2 : 3 2 2 8 8 | 8 ] &
a & & & a g S S S ] ]
a 3 a a a 3 3 3 8 8 8
2 2 2 2 2 ] ] ] & | ]

] 6.7 hinge state reader.py #%.;' 4 7 % %

6.3.2 f2:% i

*A25% 12 tkinter 5 B2 4w fhw 0 B & pandas EJE ZEAR MR PF A 17 20 fidic
¥5 o £ 3% 48 matplotlib 4§ % 4x2 % 1 5

ALt

JEBZA o T R L R R

(a) A agwm|Egedoi e

#4238 i §8 41 %% ETABSHingeReader #f %] ¥ > 304~ 4p it pFaE = 975 e GUI
iﬁ‘ﬁﬂ%&£?ﬂ%f%ﬁoﬁ&iidiﬁ%rmmﬁmw£$’jyﬁg
EEE S FTHAREREAFE At P E L

Tt i GUIERT Ema s AT AR 4

S

- =
'F

-3;%
?f’iﬁ A

i3
TRAE S RERT F A6 A EREERR

& * "ﬂkﬁ@ %4 Excel ¥ i el f'or Xisx fhkfs o A28 g p B B

I Hinge States | ~ " Frame Assigns - Sect Prop | ~  Area Assigns - Sect Prop ; % ETABS
a4 o B2LAM R A 47 AT 2 f{ —fir]qﬁv-fﬂ'glb%&ﬁlv??ﬁ’_ PP B
FE TR Al W R (4o#- Plastic B# 5 #cid ) > ¥ %58 pandas.merge() B Bz 4+

SN

W

S
=

A
(@]
N
Ty
Hr
Gy
£
o
\‘&‘_
)
‘ ~
pg'
2
—t
5
i
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GFE A m =3 F e > > # 7 Story ~ Section Property ~ Generated Hinge » Rel
Dist ~ Frame ~ Unique Name ~ Hinge ~ Output Case % % fdif 2 enT 5 H o & BT
TE H Y ez R e tk. StringVar() % #ic 0 T 3518 trace * E TSR o EH ¥ H
€T F IR Uy D EP IR R G EFIRERE RN R
Nt

M)?%ﬁéﬁ%ﬁﬁﬁ

R HT Rypdp L EERE TR g, REFELITHEE KEERDY
% ﬁi—%’g’ﬁ‘ hF e F Treeview ¥ » T EFTR T T W EREHFE o L ek RER
",f # B 1§ = (4o Step Number 2 Case Type ) > F 5§ £ 423 (7 5 A 1740 B e 30 >

ARG 1 AR T

OR EX T ELE 2 =0
FTOOEUMA 8 AP BB iE = W E Output Case ik < {842
B B W) o Bl & 12 en UL/U2/U3 ¢ RIR2/R3 %355 4 > & 44 7

Bl e f 82 X 53 W o WY Ll AR A R EAHEE ST

Mo R A LR GRG0 B A AT BE

“%

4
\

e G AE R

I

(D) Bl G0 240

%XV gAY PF AT E 5 PNGPDF~JPG £ F 7 5 o Fax- &
ﬁﬂ%?ﬁ%ﬁﬁkﬁﬁﬁﬁ%ﬁﬁiﬁﬁﬁé%%’m?%?r%iﬁﬂ
Frame-RelDist 184 B ;, #ic > c s g p g ATy B EEL2ZEE R
COEEY TN IR

(g) BATLe Tl - RSy

1 3 RAIE G il B KT ) RS - 5 Bxcel
TS L BP s RSB EAMIEY %7 2 (&rSectionPrope y &) A2
YRR BN L R Ko Wp L EE B S R ﬁs?l B A WA\
FAhL it R M

A AE 3 % Ao 6.8 4 o
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BIEIZE : main()

A4

a1k GUI
BT EAE AT
(ETABSHingeReader)
/ /
EASHERE BEEE R plot_data()
mainloop() select_file() 2R EBEUETE

B RA filedialog.askopenfilename

I

B ANI&/IME

HRE LB IEER

batch_export_frame_reldist()

A

#EHY Excel : load_excel data()
FEHY Hinge States EAETE &1}

FERBIR IR
apply_filter()

Y

standardize_column_names()

e BT IR R

Y

& Section Property
Frame £ Area Assigns Zff

\
EXFA MIEEER
update_filter_options()

A

A4

SiEEZR
save_plot()

Story 2%
on_story_change()
=988

BRERR Treeview F1&
display_data()

s& Section * Hinge * Rel Dist

A/

Section &
on_section_property_change()

A
Hinge &
on_hinge_change()

\/
Generated Hinge td &
on_gen_hinge_change()

] 6.8 hinge_state_reader.py #2 3° 7% 1 ]

52

Y

BB EIER1ERE Story

ER g B
plt + savefig
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6.4 ¥ REPFI X ﬁ] » #2 3\ (earthquake e2K_converter.py)

6.4.1 # 3 FPP

ARV A B AT B4 B R4 TR Excel A% (xlsx) 3 4
ETABS €2k ¥ % #ij » #7 * e p¥ S dic (FUNCTION) 5% - e 47 3 B3 2
e2k_editorpy ~ FAhhiEL £ > VR BT B BRI b Seid B FFPF - =X
%~ ETABS: & 4 < £ ETABS A2 X €/ « R * X SEH) 4 5 £ »
EXCEL chF# 4 » 258 ¢ f #33~ XY~ Z = B3 b chhe i BT e 78
# % ETABS 4y %ns B FUNCTION #5938 i o & @ TR e2k ¥ 3 85
MR A BRI T RERSEREY AN T ER O TR
B G AL S EF L 2k ¥ T RS T S RE Y B~ 2 R ETABS

PoenpER > £ 1 g E R AR S g -

X

§ R xdsx 5 e2k 550 — ] X

1EIR xIsx fE =X
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§ HEFER xsx B e2k 3, — O X

JEIR xlsx =X

FUNCTION "19998921 TAP@@3_X" FUNCTYPE "HISTORY" HISTTYPE "USER"

FUNCTION “19998921 TAP@@3 X" TIMEVAL "@.ee5eee -0.61155 .eleeee -1.1259 0.91560e -1.539 0©.0920000 -2.0412 0.025
jee@ -2.4867 0.030000 -2.87145 0.035000 -3.321 0.040000 -3.7665"

FUNCTION "19998921 TAP@@3_X" TIMEVAL "9.845000 -4.14315 ©.050000 -4.53195 ©.055000 -4.88835 @.060000 -5.1921 0.
065000 -5.4594 0.070000 -5.4999 0.0975000 -5.5242 ©.0380000 -5.5647"

FUNCTION "1999@921 TAP@@3_X" TIMEVAL "9.88500@ -5.508 ©.090000 -5.40675 ©0.095000 -5.17995 0.100000 -4.90455 0.1
|eseee -4.5846 ©.110000 -4.21605 ©.115000 -3.9123 ©.120000 -3.62475"

FUNCTION "19998921 TAP@@3_X" TIMEVAL "8.125600 -3.34125 ©.130000 -3.05775 @.135000 -2.6487 @.140000 -2.32875 0.
|145000 -2.0493 0.150000 -1.58355 ©.155000 -1.2069 ©.160000 -0.8019"

FUNCTION "19998921 TAP@@3_X" TIMEVAL "@.165600 -8.31995 ©.170000 ©.0324 ©.175000 ©.3969 ©.136000 ©.729 0.185000
1.88135 ©.190000 1.4742 0.195000 1.7982 ©.200000 2.16675"

FUNCTION "1999@921 TAP@@3_X" TIMEVAL "9.2856e@ 2.56365 ©0.218000 2.95245 ©0.215000 3.321 ©.220000 3.73005 0.22500
|e 4.1553 @.230000 4.6008 ©.235000 5.07465 ©.240000 5.52825"

FUNCTION "19998921 TAP@@3_X" TIMEVAL "@.245@8@ 5.9697 ©.250800 6.237 ©0.255000 6.48405 0.260000 6.7635 ©.265000
7.8308 ©.270000 7.37505 ©.275000 7.54515 ©.280000 7.6707"

FUNCTION "19998921 TAP@@3_X" TIMEVAL "@.2850e@ 7.7517 ©.290000 7.73145 ©.295000 7.69095 ©.300000 7.533 0.305000
7.3872 ©.310000 7.1037 ©0.315000 6.77565 ©.320000 6.4831"

FUNCTION "19998921 TAP@@3_X" TIMEVAL "8.325000 6.2046 ©.330000 6.0021 ©.335000 5.76315 ©.340000 5.508 0.345000
5.26905 ©.350000 5.0382 0.355000 4.83975 0.360000 4.617"

FUNCTION "1999@921 TAP@@3_X" TIMEVAL "9.365000 4.4793 0.370000 4.41045 ©0.375000 4.31325 ©.330000 4.23225 0.3850
20 4.1229 ©.390000 3.93255 @.3958@0 3.7341 0.400000 3.55185"

FUNCTION "19998921 TAP@@3_X" TIMEVAL "9.485000 3.39795 ©0.410000 3.2967 ©.415000 3.1914 ©.420000 3.078 0.425000
12.98485 ©.430000 2.9403 0.43500@ 2.9565 @.440000 2.96055"

FUNCTION "19998921 TAP@@3_X" TIMEVAL "9.445000 2.9803 ©0.450000 2.9308 ©.455000 2.9322 0.460000 2.3026 ©0.465000
2.51505 ©.470000 2.1789 ©.475000 1.73745 ©.430000 1.21095"

FUNCTION "19998921 TAP@@3 X" TIMEVAL "9.485000 ©.7128 0.490000 0.2349 0.495000 -0.27135 0.500000 -0.7209 0.5050
/0@ -1.09755 ©.510000 -1.539 0.515000 -1.92375 0.520000 -2.15865"

FUNCTION "19998921 TAP@@3 X" TIMEVAL "9.525000 -2.41785 ©.530000 -2.6568 0.535000 -2.79355 @.540000 -3.00105 0.
545000 -3.1752 ©.550000 -3.31695 0.555000 -3.4587 0.560000 -3.39795"

FUNCTION "1999@921 TAP@@3 X" TIMEVAL "@.565000 -3.2967 ©.570000 -3.09825 ©.575000 -2.83905 ©.580000 -2.51505 O.
585000 -2.106 ©0.590000 -1.8144 0.595000 -1.43775 ©.600000 -1.08135"

FUNCTION "19998921 TAP@@3 X" TIMEVAL "9.605000 -0.78165 ©0.610000 -0.3888 ©0.615000 © ©0.620000 ©.40905 ©.625000
18.75735 ©.630000 1.86515 0.635000 1.48535 0.640000 1.74555"

FUNCTION "19998921 TAP@@3 X" TIMEVAL "9.645000 2.0412 0.650000 2.35305 ©.655000 2.66085 ©.660000 2.87955 0.6650
/0@ 3.00105 ©.670000 2.9565 ©.675000 2.79045 0.630000 2.51505"

FUNCTION "19998921 TAP@@3 X" TIMEVAL "9.685000 2.13435 0.690000 1.6524 ©.695000 1.0449 ©0.700000 ©0.33615 0.70500
/@ -0.3888 ©.710000 -1.12185 0.715000 -1.92375 0.720000 -2.59605"

FUNCTION "19998921 TAP@@3 X" TIMEVAL "9.725000 -3.13875 0.730000 -3.5721 0.735000 -3.84345 0.740000 -4.0257 0.7
45000 -4.04595 ©.750000 -4.11885 ©.755000 -4.14315 ©.760000 -4.02975"

FUNCTION "19990921 TAP@®3 X" TIMEVAL "0.765000 -3.92445 0.770000 -3.7503 ©.775000 -3.62475 ©.780000 -3.49515 O.
|785000 -3.34125 ©.790000 -3.21975 ©.795000 -3.04155 ©.300000 -2.83095"

B 6.10 earthquake e2k converter.py #% 3% 34 {7 = %
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6.5 % ¥ ¢ 553 K1 & (backbone_curve_editor.py)

6.5.1 # L WP
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6.5.2 2.5 7 #
A 5N ez ’f#_‘,ﬁ_,ﬂg L

(@ GUI i fiwmzz (_ init )
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(c) i i :B4E . process text
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FEIL R A (S o 4 e Text ‘épiiﬂ%—ﬁ}tjﬁ’-i{ » I 2 insert() * E FE O~ AL R T

Pooipthie P AT R BB H SndE 0 SRR R B
X

(e) #23%i& > 2 (main())

4 A% 5% B 1 01 main() S feeE = tk TKOARE > 7 &)1 E2KEditor #f %] - £ 4
GUI 12 mainloop() #4417 & 3| & * H M FARE - Shanifigr b2 > T3
Bk L FEEE B GUI kiLe o
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main()
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Story: 14F, Frame: B218, Rel Dist: 0.0 - R3

Plastic Comparison
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Story: R2F, Frame: B218, Rel Dist: 0.0 - R3 Plastic Comparison
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R2 Plastic
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R3 Plastic

R3 Plastic
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R3 Plastic

R3 Plastic

1e-7 Story: 5F, Frame: C49, Rel Dist: 0.0 - R2 Plastic Comparison
2:82e07
239207 217607 26207
2 = 1.65e-07 1.75e-07 1.72e-07 1.7e-07
1.28e-07 1.09e-07
]
B 0
(1]
a
o~
o -1.25e-07 -1.46e-07
~2 161607 4 9607 168607 o7 185¢07 11007 -1.83e-07  -1.7e-07
[ R2 Plastic Max
[0 R2 Plastic Min
_4 L T T T T T = _‘q?ﬂ,n7 T T T T T
m o (s} < = — w w ~ o w
=} — - — o - — o = =4 7]
[=] (=] (=] o o [=] (=1 o f=] o [=]
o o o o o o o o a o o
3 3 3 £ K4 3 S S £ 2 3
— — — — — — — — — — —
o o~ o~ o~ o~ ™M m m m m m
[+ [ (=2} L) =) m m m m m m
(=3 (=4 (= (= (=] [=] (=] o f=} (=} [=]
=) = (=2} < (=) o ~ o~ ~ o~ ~
=) o =) f=2] o (=3 o o o o o
=] o =) o = (= (=1 (=] o =] (=1
Z A = A Z = I & I 5 &
Story: 5F, Frame: C49, Rel Dist: 0.0 - R3 Plastic Comparison
0.0010 - 000097
BN R3 Plastic Max
0.0008 4 T R3 Plastic Min
0.0006
0.0004
0.0002
6.58e-05
4.38e-07 3.91e-07 3.16e-07 3.92e-07 3.96e-07 4.05e-07 3.98e-07 1.16e-05 4.12e-07
0.0000 1 -392e-07 33307 -317e07  -386e-07  -302e07 -435e-07 -2 G9e07 -2 099e.07 ~ I 86e-07 -2 8le-07 -2 38e-07
m o m = < — 0 wn — = Ly
(=] - — - (=) — — o~ = < wy
(=] (=4 (=] o [=J =] o o o o o
[ o o [ [ o o o o - o
= = =, = = g = g, £ £ =
- — - - - — — - - - —
o o~ o~ o~ o~ m m m m m m
[+ (o) [+2) o D m m m m m M
(=] (=1 (= (=4 =] (=] < < o o (=4
=) L= =) f=al =2 o ~ o~ ~ ~ ~
(=) [=1) (=2 =3 (= (= (=1 o i=3 o [=3
o a (2] (= =l (=] (=1 (=] i=1 i=] (=1
— — — — — o~ o~ o~ ~ ~ ~
le—7 Story: 6F, Frame: C49, Rel Dist: 0.0 - R2 Plastic Comparison
3Hiet7 -
2.69e-07 2.28e-07 2.45e-07 iy
5] - 1.93e-07 2.07e-07 191e-07  192e-07
151e-07 1.31e-07
N i i
B 04
o
=
P 1.45e-07
-2 -1.9e-07 s -1.89e-07 L71e-07 g -1.92e-07
-2.24e-07 242607 -2.1e-07 2.37e-07 2.07e-07 i
Im R2 Plastic Max
—4 1 R2 Plastic Min
T T T T T 741?2ﬁ707 T T T T T
[32] o m s =3 o s ('l — o un
[=] — — — =i} - - o~ <t 4 Fa}
g g g 4 g 2 § § g § 2
£ = = =) £ B B = = =Y £
— — - — - (=) - — — ~ ~
o~ ~ ~ ~ ™~ m m m m m m
=) = o =2} (=1} ™M [aa] m [} m ™M
(=3 (=3 o o [=] o o o (=4 o o
(3] o o o o o™ o o~ ~ ~ o~
(=) a [=2] (=2 (=] (=3 (=3 =] (=3 o (=3
=] o o o =3 (=1 [=] o o o (=1
— — — — — o~ o~ ~ ~ ~ ~
Story: 6F, Frame: C49, Rel Dist: 0.0 - R3 Plastic Comparison
8-06127
0.00125 4 I R3 Plastic Max
. o
0.00100 4 R3 Plastic Min
0.000751
0.00050 q
0.00025 - 0.000177
5.95¢-05 9.53e-05
0.00000 —— 42e-07  3.58e-07 4.38e-07  4.42e-07 4.55e-07  4.42e-07 [ ] 4.56e-07
' -2.88e-07 -3.85e-07 -3.58e-07 -4.45e-07 -3.42e-07 , p70pp5  -3.08e-07 -3.3%e-07 -3.26e-07 -3.21e-07 -2.67e-07
(52} o m = 4 — o [Ta] — k=2 wn
(=] — — — (=) [l [ ™ oy = un
(=] (=3 (=] [=] (=1 (=] (=] o (=3 o (=3
o o o o o . o o o o o
= 3 g 3 £ 3 2 3 g 4 4
- — — — - = o o - - o
o™~ ™~ o~ ~ o~ ™M (3] m m m m
=) = o =2} (=1 m [} m m m m
[=] (=3 (=1 o [=] (=1 (=] [= (=1 i=1 (=1
(=) o (= o =] o~ o~ ~ ™~ o~ o~
[=2) o [=2] (=] (=1 (=] (=] o (=] o (=3
2] o (=2 @ = (= (= o o i=) o
— — — — — o~ o~ ~ ~ ~ ~

114

doi:10.6342/NTU202502869



R3 Plastic

R3 Plastic

0.0 - R2 Plastic Comparison
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R3 Plastic

R3 Plastic

le—7 Story: 9F, Frame: C49, Rel Dist: 0.0 - R2 Plastic Comparison
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R3 Plastic

(s

R3 Plasti
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Story: 13F, Frame: C49, Rel Dist: 0.0 - R2 Plastic Comparison
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R2 Plastic

le—7 Story: 15F, Frame: C49, Rel Dist: 0.0 - R2 Plastic Comparison
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R2 Plastic

R3 Plastic

R2 Plastic

le—7 Story: R1F, Frame: C49, Rel Dist: 0.0 - R2 Plastic Comparison
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le—7 Story: R3F, Frame: C49, Rel Dist: 0.0 - R2 Plastic Comparison
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Story: 3F, Frame: C1, Rel Dist: 0.0 - R2 Plastic Comparison
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