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ABSTRACT

ABSTRACT

Keyword : Seismic Evaluation ~ Steel Structure ~ Nonlinear Timehistory Analysis

The number of existing steel structures have been increasing after 921
earthquake in Taiwan.Therefore, the assessment method that could find seismic
capacity for such buildings has become more and more important.

This research is based on the FEMA research report, build an analysis framework
to improve the calculation of plastic hinge properties for current structural analysis
software that is unable to consider the axial force of the overall building. Users can
save their time and work to generate hinge properties through the analysis framework.
this research determines the method and process to evaluate and verify the seismic
capacity of steel buildings based on Seismic Design Specifications and Commentary

of Buildings.
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L3 MPEES PR S ERPES S ERE RS e S poa AR
PR A PR A b 4 4 492 (Nonlinear Static Analysis » * #

Pushover ) -
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Higher performance less loss

Operational Level

Backup utility services
Maintain functions;very little
damage.

Immediate Occupancy Level
The building receives a green
tag (safe to occupy) inspection ———— §
rating ; any repairs are minors.

Life Safety Level

Structures remains stable and
has significant reserve
capacity ; hazardous
nonstructural damage is
controlled.

Collapse Prevention Level
The building remains standing
but only barely ; any other
damage or loss is acceptable.

v

Lower performance more loss

Bl 2.2 Sipsdita k&2 R
[Fasdim @ A7y @WiE]
BRI R 2

B2 X 2 B FEMA & WSMF 2 #dt g it ac 3% 2 dd e 2 38 8 1 2 5 40§ 2 =
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PR S R RA SO L AT B Z R ERFAN I IR T4 @

Y

Bl BRI FRAAREREFET I @RFRE BERE TER
T* 2HER R R b2 X 71004 & 5 2 FHr R gt 3]0y
o R AHERZ R T ARFL RS S Gy €32 LR Aol lRtE iR 2
¥ £ 4 (double plate)i¢ * & > p € X EIHTFIZ 22 2 BREARITFE RS

Al T2 AP EAE -

B B SR

tox iR AR AR RN G 0 P AL H AN 2 R PR
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hig RAEFET > M LAY E 003 AE I (MEG 1995) 0 = 425 F FHE AR
;7™ F4E 4T 5% 2 5% Engelhard et al.(1995) F S P ot G SN He 2% 24P i

13



G FHEA R 4 PR 2 2 BT b2 R

BT > A B & vk 0035 5% E 1 Mk (1995)2 @ st A

2

=

BRI AT o W AT 003 BAE O BT A ARAE 0 F AR
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FEF2ZEREWA - FEFE N RE SR LA R E VR ET

PP FRFEERFEFSERRE pE s (F)A T FHMERF T 45% -

(9) (3) (1) CJP welding fracture

(2) (2) Beam flange fracture
web cope

(4) Welding fracture between
diaphragm and column
plate

(5) Cold (hydrogen) crack
of column plate
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Moment Rotation Data for 1H1 - Interacting P-M3

Edit
Select Curve Units
Aial Force Angle |90, | Cuvetts M| 4Pk M kaf, em,C =

Moment Faotation Data for Selected Curve

| Paint | Momentvield Mom Rotation/SF T
& . 0. B -
1. 0. —
C 112 3.2468
8] 0z 3.2468
0z 4.8703
Mote: Yield moment iz defined by interaction curve n £
| | P
Current Curve - Curve #5 Full Interaction Curve
Force #3; Angle #1 Auial Force = -219215.5
Acceptance Criteria [Plastic Deformation / 5F) 3D View
B iediate Dccupancy  [0.2023 Plan [0 2l pelFocs [2192155 j
[ Lite Safety 16234 Elevation |0 =1 [ Hide Backbone Lines
’_ Collapze Prevention 24351 Aperture |0 % [™ Show Acceptance Ciiteria
- r
™ Show Acceptance Points on Current Curve 3D | RR | MR3| MR2| [ Highlight Current Curve
toment Raotation Information Angle |z Moment About
Symmetry Condition Mot Symmetric (0 degrees = About Positive M2 Axiz l:l
Mumber of Asial Force Yalues 3 90 degrees = About Positive M3 Axis
Mumber of Angles 2 180 degiees = About Megative M2 Auis Cancel
Tatal Mumber of Curves 5 270 degiees = About Megative M3 Axis
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Moment Rotation Data for 1H1 - Interacting P-M3

Edit

Select Curve Urits

Angle |90, - cueetts M| 4P M Kaf,em,C

Ayial Force

Moment Rotation D ata for Selected Curve

[ Point | Moment/rield Mom Ratation/SF T
A 0. 0. E |
1. 0. "
C 112 32468
1] nz 32468
0z 4.8703
Mote: “ield moment iz defined by interaction curve o c
| | 1P
Current Curve - Curve #5 Full Interaction Curve
Force #3; Angle 11 Auial Force = -219215.5
Acceptance Criteria [Plastic Deformation / SF) 30 View
B irvediate Oooupancy  [0.2029 Plan [0 2 midlFoce  [2192158 j
Bl Lieceiey 623 Elevation [0 = ] EEEemn s
,_ Collapse Prevention 24351 Aperture |0 e [ Show Acceptance Criteria
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[ Show Acceptance Points on Curent Curve 3D | AR | MA3| MAZ| 7 Highlight Curent Curve
tdoment Rotation Information Angle |z Moment About
Symmetry Condition Mot Symmetric 0 degiees = About Positive M2 Asis l:l
Mumber of Awxial Foice Walues 3 90 degrees = About Positive M3 Axis
Murmber of Angles 2 180 degrees = About Negative M2 Axis Cancel
Tatal Mumber of Curves 5 270 degrees = About Negative M3 Axiz
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2t,  JF,
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h 640
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5F 4.5 3610.04 460.15
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Bt FEA G e L2 DR B AHSET f2 R Fm- Y g
WG AR F A ITER B RS R A T 2 A A SR e arlt
ERA D FRERSHEE Y R 25 U F 03] (detailed model) A 5 #-i¢ A

PP B AL R T R RHAP TR ARDRE KT BN G
i

#H LR FE e AR A7 HCAI(stick model) ki {7 2 4 pE A
35 o
Stick model 2 FE BRHEATEMRES TSRS 2 FEYRETE

Rl d M EE R E - H T AL R T 4 2k % FI(F-D F) o %
LEWMFD B iRy R VU REBESDRKEFREDRK, > p T
% stick model 2. Link element e0® A& % % 5 ERMEY 85 02 L H RO
THF G EFRER KT IR ES S AR - W5 2977 50 kRS
B 54 fostick model S#cm R B AL ERIEREEEREH I HFFE
WA AT R Bk R R EETR S K, 0 £ * ETABS % 42.:% 2 Nonlinear Link
chyielding exponent B~ % 2 &6 3 gt 7 bt — AL AUE BRSO L RAT SHEE R

FRELS WA EBE) 2T BT R

9F

(k2)

FORCE

4 3 8 10 12
JISPLACEMENT

LTAd
B 5.2d K %2 g T4 4 stick model $-#7 & B
[FH xR ~mg iF]

£ 4295~ 47 T AL 40 SAP 2_ i 22 = Stick model’%“ﬁi; Lk FEL
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RF 924 924 8F 1021 1021
14F 973 973 7F 1037 1037
13F 984 984 6F 1037 1037
12F 984 984 5F 1076 1076
11F 992 992 4F 1105 1105
10F 1006 1006 3F 1141 1141
oF 1007 1007 2F 1195 1195
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tﬁ_{i —‘;ﬁ r’}ﬁﬁ’f_,—}h# )

e pushover curve

Base Force

-2000000 pushx

push-x

Displacement
5.7 % 61- 4 44 8 5 H
(54 % ~=g Gie]
5.4 = Stick Model

0 BB RA 1% bl B L 5 R0 SR
Bt - step p ¥t F-D Blo#-2 k& # F-D BIfj i 5 &Y 87 45 3 stick
model Link ens R X B & R R EH - fWptHE 2V H I X o~ §

Y & = Stick model pF#7 % crficdpo#£ 5.3 8 £ 5.4 5 plde X &2 Y » #7187 gy -
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# 5.3 ¢ pldeX w)#7& stick model %-#

k, (kgf/cm) | k, (kgficm) | &, (cm) F, (kgf) K2/K1
RF 315023 74186 1.88 593258 0.235
14F 429145 49417 243 1044318 0.115
13F 503971 34188 2.84 1433162 0.068
12F 528288 26287 331 1749244 0.050
11F 581676 25876 3.49 2031330 0.044
10F 606621 27603 3.78 2294484 0.046
oF 629786 29743 4,00 2520174 0.047
8F 688646 32426 3.97 2732062 0.047
7F 743802 35683 3.96 2942676 0.048
6F 846150 39654 3.71 3140907 0.047
5F 872267 40623 3.82 3333145 0.047
4F 760771 42784 4.63 3521567 0.056
3F 636078 43560 5.90 3750728 0.068
2F 904677 84578 4.15 3754189 0.093

4 5.4 4 (Y +)#r& stick model %-#

k, (kgficm) | k, (kgficm) | &, (cm) F, (kgf) K2/K1
RE 228384 120244 2.56 605492.9 0.526499
14F 340712 95839 2.96 1042724 0.281292
13F 432569 80156 3.20 1426939 0.185304
19EF 497378 55510 3.53 1805515 0.111604
11F 601629 47513 3.49 2153054 0.078974
10F 701748 46634 3.43 2468008 0.066454
oF 761012 46876 3.53 2739446 0.061597
8E 839437 48965 3.48 2985674 0.058331
7E 900527 52754 4.20 3857323 0.058581
6F 1003061 58166 3.37 3440359 0.057988
5F 1102407 60214 3.26 3645602 0.054621
= 1123749 66069 3.35 3798918 0.058794
3F 1066989 75835 3.63 3894423 0.071074
oF 1487926 150681 2.67 3964650 0.101269

[FH &k 22 F HiF]
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1395+ F A3t SAP2000 22 = Stick model © i ~ & 4 2. mass {2 > @ B {+
E o link @i o HT R 2 ,’J{ﬁé}ifjﬁ%ﬁ%})\ {6 T = o B #- Stick model : {7
Rl RER B R SHF S AT & X 3w @52 pushover curve £ £ i A
¥ pushover curve it {7 1 fde @) 5. 8 #177 o o e ¥ 2 B A L 2 stick model

FEY AL MBS T2 F B0 e § T 0 & stick model 222 > 5 &
FESIT H LA T o

______ pushover curve

S000000
aoooooon
aooooon
Qoaono
é pushx
£ [
@ stick model pushi
2000000
=Anoaonn pushq
-6000000 —8— stick model push -x
B000000
=400 =300 =200 =100 . 0 100 200 300 400

Displacement

Bl 5.8 Stickmodel &2 i 23] % & & 42 i
[FHkim @ 27y ®iF]
6.5 P A 7 2t et B R
B2 AR oM - WK AR 2 Ried o Hplske w5 TAPLOO -
TAP020 2 TAP o H R dis Ric&-frps B2 F 40 2 ikt RFPF Bl4o /) 5. 9-
ﬁ5i4ﬂ%ﬁ°:d% BWETZAMPREEASG TR AT B
5 F JeffEpe > B 5. 15 5 8~ TAP100 3 2 (PGA=0.49)™ stick model 2 & % ¥ 4
F R R > B 5. 16 éﬁi%J% TAPO ¥ R T2 ETR#F REFFRE B+ 285
90cm; ¥ W 5.17 #j » TAP100 3 ™ = 2 & ¥4 &2 K R cniBliF 5 G - o
Be v R kT4 RPN e R BF %4553
B B RECR REFT O Tho T3 R (PGA=0.40) 4 474717 & A 2 &
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BB RE(CM) £ 5.6 5 A5 52 SR HEFRT ARA LB KD

REE@) 4 27 T Z BHRA A RS RE T LR L KT

Bimh ] iERz 4% 0 H R N E Rz Mok o

% 5.5 fg R AT A 2 B+ K % (cm)

2F 3F 4F 5F
TAP020 8.155 9.861 7.799 7.280
TAP100 8.501 12.55 12.26 11.56
TAP 9.546 11.89 9.592 8.459
[FH kiR~ AliF]
35,6 Hoptk BT &K 2 B kR & (%)
2F 3F 4F 5F
TAP020 1.52 1.42 1.21 1.35
TAP100 1.59 1.81 1.90 2.14
TAP 1.78 1.71 1.49 1.57
(7 kim : wrg giv]
1000 -
>
§ 500 1
:
§ -500 -
o
-1000 ‘ ‘ ‘
0 20 40 60 100
1000 -
>
é 500 |
:
=
2 500 -
(7]
-1000 ‘ ; ‘ ‘
0 20 40 60 100
time (sec)

® 5.9 =k TAP100( EW =)z J 354%

[FH%im:

D
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pz4
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®] 5. 10 i)zt TAP100( EW )2 2o drg? i B F i Wl

[FH &k 22 F 7]
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o

:
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500 -
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Simulated time history
o
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Bl 5. 11 ipl =k TAP20( EW )2 Ja 3e 4527 F ¥4 (4 ks R R

[FH &k 22 F HiF]
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6.0
— RRRkzZRE®

———- EHRBEZ RER
AN ERESE

Normalized Response Spectrum

0.0

0.0 1.0 20 3.0
Period (s)

B 5. 12 7] =k TAP20( EW )2 ft se 4 Bof i B 5 o2 )

(74 % we g fiv]
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o
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500 -
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Simulated time history
o
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Bl 5. 13 )=k TAP(EW )2 24527 F 2 4p 12 580 2 AP B
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Normalized Response Spectrum
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4.0x10°

Shear (kgf)

T T 1
6 12
drift (cm)

-4,0x10° -

B15.17 # » TAPLOO » BT = 2 & ¥ 4 -§ % &% F L H

[FH Lk 22 F 7]
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