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ABSTRACT

Keywords: Middle to highrise building, Seismic performance assessment, Nonlinear

dynamic timehistory analysis method, plastic hinge

Middle to highrise buildings, which are usually heavily populated, are very
common structures in urban areas. The casualty and social impact caused by the
collapse of mid-rise buildings in an earthquake can not be overestimated. Therefore,
developing suitable assessment methods to identify the buildings with high collapse
risk becomes a critical issue. Even though traditional seismic assessment methods,
which usually employ nonlinear static pushover analysis, have been successfully
applied to regular low-rise buildings, these methods are unable to reflect higher-mode
effect on the responses of mid-rise buildings. Furthermore, a traditional approach
usually leads to a deterministic result that could not account for the uncertainty in
seismic motions and structural responses of a mid-rise building, which is usually more
complicated and involves more structural uncertainties than a low-rise building. To this
end, this paper presents a procedure and methodology to assess the collapse risk of a
mid-rise building. This methodology is developed based on the collapse fragility
analysis proposed by FEMA P-58, the collapse criteria proposed by PEER-TBI and
ASCE 41-13, and acceptance criteria suggested by ASCE 41-13 and FEMA 356. To
establish the fragility curves, this approach employs nonlinear time history analysis
together with the method of incremental dynamic analysis (IDA) to estimate structural
response parameters. Finally, for demonstration, the proposed assessment method is
applied to assess the collapse risk of two mid-rise buildings. Final outcomes are

summarized to prvide the suggestions to the revision of the design code in the future.
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%ﬁfﬂ?ﬁ,%riﬁfg % (FEMA) 12 FEMA-273 (1997) - FEMA-356[8] (2000) 1 %
# W2 A1 427§ ¢ (American Society of Civil Engineers ) ! 5% 2. ASCE 41-06[2]( 2006 )
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Ry - BT R 260%F - PR R R AR E v g

BT 2Pk T A SR S N R B AR 3.6H R AL R T

@ﬁﬁ?ﬁmﬁﬁﬁiﬁﬁaﬁﬁi@%%ﬁ°
EEFREA RN TR AR R R BT RSS2 R B

R B FRUTES S TNEY 38 EREEIE SN 13 SR L
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BEREL R R H TR

P& NN LR R RRTE TR 2

ﬁfxg%”ﬁ%‘r}ﬂbpllpmﬂ =zEN -Q,:»__‘L%wﬁ:*” JfF B0 it %\'ml\ifF

FAAR G- EBR AR P B G 2 BT P SR R P B 5 15 2 2
Joo A BEBBRF A TR AEEIA L2 6T 22 B A0 R R RS
2B o o h AR RS AR AR R L F BTG s LA A

MM R e eht B3R 3 % i1 2 2 (Performance Based Earthquake Engineering > PBEE )

% - Renmt B s BR A& SRR }I?\- SEAOC2000 (1995) [17]¥2 FEMA 273/274
(1997)[7] = & ¢ » SEAOC2000 £ % 13+ 1995 & » # & = 1 — £ af B4l 2% 255k i
EREHAVHREA RV MELSHERRGHF RN BEAIER I R 2V EF

(Fully Operational ) ~ ¥ i& {= (Operational ) ~ # % > (Life Safe) % #1753 (Near
Collapse) % > 4rk 2-3 %77 c Y HZEHF Vi @82+ BRI /AT ITAT e R
T %% 1 #p% (Frequent)~ ¥ 38 (Occasional )~ ¥ L (Rare) % & F & (Very Rare) % >
4ok 2-4 49757 o ¥ = > 5 > FEMA 273/274 R|*t 1997 &3 1) > g% 24 plig s 472 &
FRpEF 2 p e REREFGELKIFL, G AL S5 L ¥EIF
(Operational ) ~ = i * (Immediate Occupancy ) ~ # &% > (Life Safe) % #F ¢ if3%
(Collapse Prevention ) & o fe pF> » 2 & 7 & B BT i 4% 2+ 2 - % (Basic
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Earthquake 1, BSE-1)» % i A% 2 # R - % (Basic Earthquake 2, BSE-2) » & %] $1 5"
50 £ pACARES T 10%27 50 E P ATARE K 2% BB AT R o b H - Sat BT
FoRPS L ATER S R T B R ER A SRR S SRS AR R

ZE R B o

# 2-3 SEAOC Vision 2000 f R 14i % 5% 3 B 2§ B A sl (2

Performance Objective
Earthquake Fully . .
Probability Operational Operatlonal Life Safe Near Collapse

e -m////////

Very Rare

(5 %R 54 2 [17]]

# 2-4 SEAOC Vision 2000 # 2 & T & & &

Earthquake Classification | Recurrence Interval Probability of Occurence
Frequent 43 years 50% in 30 years
Occasional 72 years 50% in 50 years

Rare 475 years 10% in 50 years

Very Rare 970 years 10% in 100 years

(7 % 24 4 [17]]

o Rat R kA sE 2 4P M PPl FEMA356[8]¥r ASCE41-06[2]- # # »FEMA
356 %2000 & =g # » 25 £ H 5 FEMA273 - FEMA356 4% — A af Rt i i=6% ¢ oh
Ble A E 2 B FERIINA 4121337 o ASCE 41-06 B+ 2006 £ 4% 4} » 3% 2013 &
{ #7% ASCE41-13[3]°ASCE41-06 £_17 FEMA356 % #A# > ¥ % B % £ 3 2 » 4= ASCE
7-10 [4]% @ & 0 RS £ 2w B L ¥ (F (Operational ) + = ¥ i¢ #

(Immediate Occupancy ) ~ # &% » (LifeSafe) % % & 3% ( Collapse Prevention) » 4=
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Base Shear

Life Safety
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Structural Displacement A

B 2-3 ASCE41 ¥ mfRi %%
(74 ki 53 2k [2]]

RawiE - AR F S AL WHBRTRET AL RS EA VLR I A TR
Bl blded R4 B CHEHET %1 e& s B B Vb2 BHEF B S
FekfpiE i Fe > REFFIAEAAEIRENEEARL 2 PEARER TR RE
(ATC-40[5] » ASCE41-13[3]) 328 44t % 4 242 134 » $$50¢ F RS2 B * 4 2
34 I;;y;

LR 1 A2 TR 0 AT Send B 3= FEMAP-58[9]1f >t 2012 & 4 4% o o
FEMAP-58 #-f £ iz e/ F edha % 50 o 5 4 i R ehli il dp i 0 400 2 5
S -BEPFRFZE ARG Aoyt WFPTEREFAK - FRE ?[;Jc"wﬁ‘égm’f—lp
RS VR ﬁﬁﬁﬁﬁﬁﬂ’ﬁ“HﬁﬂAﬁﬁkﬁﬁ¥ﬁﬁ9ﬁ’%@?
Rk HE-FRFITEF RBA -HPEET - SHEF B2 SR 53 FE
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FE RGN TR 28 R ERP T2 2 i B > 2 5 A AT
B RATPRP FT f 2w o F L Vamvatsikos (2002) [18] 123 £ 3¢ zbsfrde 4 A 49
272 (IDA) =R FHSHEZ G ZE DHZ 2R EMORY RE R T
& o Ibarra (2006) [12] RIR* 3 £ V2L b 4 A d7id = - 2 TR 2 2 & {8 i
BTG REEBRITVEF2ZPFERG o FRFE Y S RERL SRR SRS

FhRANTREBRZ PR EP- S A2 MR

Haselton (2006)[11] #4 — £ 4% $ R 2 Bk 2 25 2 B3 b G376
22 15 $3%ip 30 ik ASCE 7-02 2463k 3+ 2 46 5500 482 FoRFLE 28 ki ihiE T35
IR S B & R i R S R AR L R A
B E R R ARE S ERS LA DR R o o 2 gk $90 RC i E]H 2 64
P kBB m 7 % oo Haselton (2006) [11] =7 3 % 3 RC & 4~ ()30 32 % 2 o 4 &
%R BHRFS (40 B - BHpel ¥ V2B o F o R AT 2. 2 E (b
do FORFEAR  BCEHCR| A A ) 2 RS o FlYt o drR2 2 - RN 3R

B kST GRS R 5 B ) P sk LA E R -

W”?%% %ﬁ%*ﬁ&

?%ﬁﬁémﬁ CHRERRRR LI RN RIF S oa B Rl 75
WORALE PPl w A w ¥ Lehwt Bba iR 2 2 AR 5 ATC40 hy B B
FEMA-273 = # ta#ic;z (BSSC 1997) [63]% ¥ i ]4& 4 472 Modal pushover analysis
(Chopra and Goel 2001) [49] » fe p 70 % & B2 & =8 G#H2 ¥ 5 P R bl
Chopra £ Goel 45 1% ® R#i2 & (7 (P ¥ i § 22 % Jeacsh % (Chopra and Goel
2000) [50] > @ =4 alicizigd AA A AN RD A ARG 2B TS AP RS

BREPR T

&

RN NS EE R T S R S

FerRdHmERE? L AR Y R RREFEIPL -
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PG R SRR G R KB R RRRPBRT S 1
e ART A R R AREFEREER G B 2 R L A Y R R R R
REERSA 242G R F R DG LY FRASAL R
SR ATTERE L LAy ) B AAILE AR D LB AL o L E R
PRARREDIFIEA S A fRT L upE et B B ARG N p g o
Brafdo Mo H75 0§ R DB SR R AT A R T B A
BEede 4 A ATse i 0 GRRIY B REE S LB A X RE o b £ X AP RGR
# NRCC (National Research Council of Canada 2005 ) [62]7 ff -k T k-3 R4 P

AR A Ak B Mv kY g § ¥Rk (JagMohan and Mohamed 2003 ) [53] °

A SR ETEE T G A RP R aET Y § e %ﬁg‘? Mg d K AER AT
EREEF RN A SR ERE LD F R o kY g g U
fRo B o el gt g A T e 2 RR SRR S 1T H R RE BT R
i 7 #% (De-La-Colina 1999) [55]4p 1 $1>+ L & 7 RIS B Bd e+ R
PAER AR ERERRERERY T 8K (Riddell and Santa-Maria 1999 ) [54]
s R4 T ToEFH R AL RREE SR A B E BRI e e R4 TN
TSR RS R ?‘—‘k (HernandezandLopez2000J[52]:} e B4 iTH
TR EAEET G A RR B F o d 2T e B R B N T 2
RA G & o5 5 §—‘k (Tso and Smith 1999[57]; Myslimaj and Tso 2002[58]) 45
NN LTS RS ER R e 2R whihe R A RHEA
b AR EE B RRLERNES ST A RN BRY SHERY S N E
Posind Rt @ F g B 5 © 3 FF (Paulay 1997) [S59]01 % g4 ik
AT g A B E BAB I R 2 UM A ART 4 F R ke
B _—%f;—‘ﬁ (Perus and Fajfar 2005[60]; Marusi¢ and Fajfar 2005[61]) - % #& %
B 2R R Al e (s STy 0 B E R DS 2 ORPE SR d A 4T 2

33 8% (Goel1996) [S1]023 B SRBEE (747§ 47 01 ¢ 3 REPITHES 3 BB
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R .

P8 g2ArdAR TR AL P

FHiEp s Ay 7R % SERCB 2@ e # 3850 202 0 & 5 Rlda sz w2 2E
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(1)ze s 4 247

AP FA ST RN ETE PR RRAT LA @ AL R Ryt
UAATERIE SRR T AL A KA (R B BT A IR
i%ﬁﬁ@%#%ufiggﬁéﬁiéﬁ&)%ﬁﬁ‘u;%%igﬁwﬁﬁ%ﬁo

PR FRDFRUERMEE A SRR BEF B AR TER A H LT B

-3;;,

EET 2 EMPEAIN T M E 4 ST ] VR EEE R BT
2B F A A R LR R 2 AR B Aot R A ¢ MR
7o Tt > FEMAP-58 ¥ S i & B F s S8 R84 2 Ap M 2R E > 4ot 77 L2
SRR ERRT Tk BY MR RFEZ I RIMZ KRV LG 5 -
& P2 7 Fr 2 (modeling uncertainty) @ % = fis 2 AP & &2 % F2 212 (record-to-
record variability ) ; % = & 5 # &% & 2 7 F& T2 (ground motion variability) > H ¢ % =
A AT EANE RERMRFRZBA) Y T g FlA* 2HF* BAFERE
FRHZAF AT e U3t o

BoHE 2. 7 FE % (modelthg uncertainty, B, ) ¥ £ fwA ZiEH 252 %1 & RE
(building definition and construction quality assurance, f.) % #c (& #-#t & ?’ LA ¥ e
(quality and completeness of the analytical model, f;) % & &7 Fe Tt kif o 5§ 1 & 4
;‘E;..“%’T#T#l Z AR~ ETR B S SR T W Ry 2 A T B

BB R 2 B B EE T AL R R HNRTE S R RPN R e Rt g
3

=3
(\x,
1’1'7-

e HiER B 4ot 2-5%7 om %éﬁﬁ:ﬁﬁ%i%%?i M2 FERM D
SR SR SRS SR Yy SRS R D PRS- ST S

FREEO ARSI R ER > Hi2 kB d 2-6 917 o BRZ AR EMT R TR

Bm =~/ BE + B (2.4.1)
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Ber B EABE G LT EELHEEEL B HENIRST 2 RFRL
HEARE A -
PRERES2Z AMIMERAR - P RBRT I N EBE RERESLT TR
AN G FHRHF A TE AL A A A LR U EET (5 30
Errd ) RRREAITATESHF B H R RERFE S R R F

L B EREA H5- AL B A BFEche @ o FEMAP-58 ¢ s b BB BB E AT

BB R B Y et R ¢ B A -

A B ERERE Y R HEBRE L TR mR LY RE g R
EHr 2 AR A mE P EgRE o e FREErE R LR RNY MiER B R B

Prva LARRZ RN N R R HESR S S $R s 2 FEMA P-58 % i

FOBE 5 A AR HHEIE L o lheB, 2B, c B o P B AR REET

BREEREF A L RBMREL B, S FERERRS A RA A4 2 B

—"ﬁ
93._\.

L0 # FRAIERA P REMP R AR o B I TR, BB e

EHELTEY RERHEERELR-
B = B2+ B& (2.4.2)

Bsp = :Be?A + B4 (2-4-3)

Bra =\ Bz + B& (2.4.4)
v Bras W i B 2K FE R 0 Pugs i R 2B RE ML
B F FE T e

Brv =/ Bay + BA (2.4.5)

PPy A W R 2RI oy e R 2 REFEEI UL
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Building Definition and Construction Quality Assurance

Be

Superior Quality, New Buildings: The building is completely designed and will be
constructed with rigorous construction quality assurance, including special inspection,
materials testing, and structural observation.

Superior Quality, Existing Buildings: Drawings and specifications are available and
field investigation confirms they are representative of the actual construction, or if
not, the actual construction is understood. Material properties are confirmed by

extensive materials testing.

0.10

Average Quality, New Buildings: The building design is completed to a level typical
of design development; construction quality assurance and inspection are anticipated
to be of limited quality.

Average Quality, Existing Buildings: Documents defining the building design are
available and are confirmed by visual observation. Material properties are confirmed

by limited materials testing.

0.25

Limited Quality, New Buildings: The building design is completed to a level typical
of schematic design, or other similar level of detail.

Limited Quality, Existing Buildings: Construction documents are not available and
knowledge of the structure is based on limited field investigation. Material properties
are based on default values typical for buildings of the type, location, and age of

construction.

0.40
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Quality and Completeness of the Analytical Model

Baq

Superior Quality: The numerical model is robust over the anticipated range of
response. Strength and stiffness deterioration and all likely failure modes are explicitly
modeled. Model accuracy is established with data from large-scale component tests
through failure. Completeness: The mathematical model includes all structural
components and nonstructural components in the building that contribute to strength

or stiffness.

0.10

Average Quality: The numerical model for each component is robust over the
anticipated range of displacement or deformation response. Strength and stiffness
deterioration is fairly well represented, though some failure modes are simulated
indirectly. Accuracy is established through a combination of judgment and large-scale
component tests. Completeness: The mathematical model includes most structural
components and nonstructural components in the building that contribute significant

strength or stiffness.

0.25

Limited Quality: The numerical model for each component is based on idealized
cyclic envelope curves from ASCE/SEI 41-13 or comparable guidelines, where
strength and stiffness deterioration and failure modes are not directly incorporated in
the model. Completeness: The mathematical model includes structural components in

the seismic-force-resisting system.

0.40
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BoR TR A
Ty (sec) | g=SaW | g, Baa Bav B
Vyl

0.2 <1.0 0.05 0.10 0.50 0.25
2 0.35 0.10 0.51 0.25

4 0.40 0.10 0.40 0.35

6 0.45 0.10 0.37 0.50

>8 0.45 0.05 0.24 0.50

0.35 <1.0 0.1 0.15 0.32 0.25
2 0.35 0.15 0.38 0.25

4 0.40 0.15 0.43 0.35

6 0.45 0.15 0.38 0.50

>8 0.45 0.15 0.34 0.50

0.5 <1.0 0.10 0.20 0.31 0.25
2 0.35 0.20 0.35 0.25

4 0.40 0.20 0.41 0.35

6 0.45 0.20 0.36 0.50

>8 0.45 0.20 0.32 0.50

0.75 <1.0 0.10 0.25 0.30 0.25
2 0.35 0.25 0.33 0.25

4 0.40 0.25 0.39 0.35

6 0.45 0.25 0.35 0.50

>8 0.15 0.25 0.30 0.50

1.0 <1.0 0.15 0.30 0.27 0.25
2 0.35 0.30 0.29 0.25

4 0.40 0.30 0.37 0.35

27




FoR TR E S A

6 0.45 0.30 0.36 0.50

>8 0.45 0.25 0.34 0.50

1.50 <1.0 0.15 0.35 0.25 0.25
2 0.35 0.35 0.26 0.25

4 0.40 0.30 0.33 0.35

6 0.45 0.30 0.34 0.50

>8 0.45 0.25 0.33 0.50

>2.0 <1.0 0.25 0.50 0.28 0.25
2 0.35 0.45 0.21 0.25

4 0.40 0.45 0.25 0.35

6 0.45 0.40 0.26 0.50

>8 0.45 0.35 0.26 0.50
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Component Flexural Rigidity Shear Rigidity Axial Rigidity
Beams—nonprestressed® 0.3Ed, 04EA, —
Beams—prestressed® Ed, 0.4EA. —

Columns with compression caused by design 0.7Ed, 04EA, EA,

gravity loads 2 0.5A, 1/

Columns with compression caused by design 0.3E1, 04EA, EA, (compression)
gravily loads < 0.1A, ! or with tension EA, (tension)
Beam—column joints Refer to Section 10.4.2.2.1 EA,

Flat slabs—nonprestressed Refer to Section 10.4.4.2 04EA, —

Flat slabs—presiressed Refer to Section 10.4.4.2 04EA, —

Walls-cracked® 0.5EA, 04EA, E.A, (compression)

EA, (tension)

[F8 &R 54> 5k [3]]

B2 BB B SHCR BT R R

.
Modeling Parameters® Acceptance Criteria

Plastic Rotations Angle (radians)

Residual
Plastic Rotations Angle Strength
(radians) Ratio Performance Level

Conditions a b c o Ls cp
Condition i. Beams controlled by flexure”
p—p’ Transverse v
E reinforcement® b S
<0.0 C <3 (0.25) 0.025 0.05 0.2 0.010 0.025 0.05
<0.0 C 26 (0.5) 0.02 0.04 02 0.005 0.02 0.04
20.5 C <3 (0.25) 0.02 0.03 0.2 0.005 0.02 0.03
>0.5 C 26 (0.5) 0.015 0.02 02 0.005 0.015 0.02
<0.0 NC <3 (0.25) 0.02 0.03 0.2 0.005 0.02 0.03
<0.0 NC 26 (0.5) 0.01 0.015 0.2 0.0015 0.01 0.015
=>0.5 NC <3 (0.25) 0.01 0.015 02 0.005 0.01 0.015
20.5 NC 26 (0.5) 0.005 0.01 0.2 0.0015 0.005 0.01
Condition ii. Beams controlled by shear”
Stirrup spacing < d/2 0.0030 0.02 02 0.0015 0.01 0.02
Stirrup spacing > d/2 0.0030 0.01 0.2 0.0015 0.005 0.01
Condition iii. Beams controlled by inadequate development or splicing along the span”
Stirrup spacing < d/2 0.0030 0.02 0.0 0.0015 0.01 0.02
Stirrup spacing > d/2 0.0030 0.01 0.0 0.0015 0.005 0.01
Condition iv. Beams controlled by inadequate embedment into beam—column joint”

0.015 0.03 0.2 0.01 0.02 0.03

NOTE: f in Ib/in.* (MPa) units.

“Values between those listed in the table should be determined by linear interpolation.

"Where more than one of conditions i, ii, iii, and iv occur for a given component, use the minimum appropriate numerical value from the table.

“C” and “NC” are abbreviations for conforming and nonconforming transverse reinforcement, respectively. Transverse reinforcement is conforming if, within
the flexural plastic hinge region, hoops are spaced at < d/3, and if, for components of moderate and high ductility demand, the strength provided by the hoops
(V) is at least 3/4 of the design shear. Otherwise, the transverse reinforcement is considered nonconforming.

“V is the design shear force from NSP or NDP.

[F %l 54 < g [3]]
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Closed Other (Including
ACI 318 Conforming Hoops with Lap-Spliced
Seismic Details with 90-Degree Transverse
Shear Capacity Ratio 135-Degree Hooks Hooks Reinforcement)
VIV, <0.6 i i il
1.0=V,/V,>0.6 i i 111
V.V, > 1.0 il 11 11

“To qualify for condition i, a column should have A/b,s = 0.002 and s/d <
0.5 within flexural plastic hinge region. Otherwise, the column is assigned

to condition ii.

[F# kim0 %42 px [3]]
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Modeling Parameters® Acceptance Criteria®

Plastic Rotations Angle (radians)

Residual
Plastic Rotations Angle Strength
(radians) Ratio Performance Level
Conditions a b c o Ls cp

Condition i.”

p -
Aifr‘
=0.1 0.035 0.060 0.2 0.005 0.045 0.060
>0.6 0.010 0.010 0.0 0.003 0.009 0.010
=0.1 0.027 0.034 0.2 0.005 0.027 0.034
=06 0.005 0.005 0.0 0.002 0.004 0.005
Condition ii.”

P _A v o4
AL T b bd\f
=0.1 =0.006 =3 (0.25) 0.032 0.060 0.2 0.005 0.045 0.060
=0.1 =20.006 26 (0.5) 0.025 0.060 0.2 0.005 0.045 0.060
>0.6 =>0.006 =3 (0.25) 0.010 0.010 0.0 0.003 0.009 0.010
=0.6 =20.006 26 (0.5) 0.008 0.008 0.0 0.003 0.007 0.008
=0.1 =0.0005 £3(0.25) 0.012 0.012 0.2 0.005 0.010 0.012
0.1 <0.0005 26 (0.5) 0.006 0.006 0.2 0.004 0.005 0.006
=0.6 =0.0005 <3 (0.25) 0.004 0.004 0.0 0.002 0.003 0.004
z0.6 =0.0005 26 (0.5) 0.0 0.0 0.0 0.0 0.0 0.0
Conditior

P - _ A
A p= s
=0.1 =>0.006 0.0 0.060 0.0 0.0 0.045 0.060
=0.6 =20.006 0.0 0.008 0.0 0.0 0.007 0.008
0.1 <0.0005 0.0 0.006 0.0 0.0 0.005 0.006
>0.6 <0.0005 0.0 0.0 0.0 0.0 0.0 0.0
Condition iv. Columns controlled by inadequate development or splicing along the clear height”

P _A
H = b,s
=0.1 =0.006 0.0 0.060 04 0.0 0.045 0.060
=0.6 >0.006 0.0 0.008 04 0.0 0.007 0.008
=0.1 <0.0005 0.0 0.006 0.2 0.0 0.005 0.006
=0.6 =0.0005 0.0 0.0 0.0 0.0 0.0 0.0

NOTE: f! is in Ibfin. * (MPa) units.
“Values between those listed in the table should be determined by linear interpolation.
“Refer to Section 10.4.2.2.2 for definition of conditions i, ii. and iii. Columns are considered to be controlled by inadequate development or splices where the
calculated steel stress at the splice exceeds the steel stress specified by Eq. (10-2). Where more than one of conditions i. ii. iii. and iv occurs for a given com-
ponent, use the mlmmum appropriate numerical value from the table.
“Where P >0.TA,f’, the plastic rotation angles should be taken as zero for all performance levels unless the column has transverse reinforcement consisting
of hoops with H’%—dcgrcz: hooks spaced at < d/3 and the strength provided by the hoops (V,) is at least 3/4 of the design shear. Axial load P should be based
on the maximum expected axial loads caused by gravity and earthquake loads.

“V is the design shear force from NSP or NDP.
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P2 E SR AR TRL R ek
o HiEike RC B AR E =4 M G 84cB 3- 11 #7 > RC B2
FEAMM A SBGE Ll d 37907 0 B Sl 3BT 24 4 3-8 47 Adp

&2 MomentSF 5 M ; @ RotationSF Fl 2 5 1@ % 3-47 Poal EW- S

!

Bk iz s P ispai P S EReESH SV =(M+M, )L
V=(M;+M;)/L > 3¢ L 2 BEHE> M)~ M, 5 B 2580~ f $E5A

=V, ; @ Disp. SF 5 & 2 g L > H ¢ V 2 3 & %
V. =V, +V,= b, 5 BHEER -

bt A - R AN RS P XRET PRI LR E
g FIT AR 8G A T e T 3
DAL TR AL IR R s PRl R

Brm TS LR S S PR
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% 3-5RC L § BB 42 Sl

Points Moment/SF Rotation/SF
A 0 0
B min(M, /M, , 0.95) 0
C 1 a
D 1 b
E 0 c

(5 & %4 2 e [28]]
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Bk AR FRTRLE 2

# 3-6RCHLT + 2L sez ik

Points Force/SF Disp./SF
A 0 0
B 1 0
C 0 d
D 0 10d
E 0 10d

74 dom : 54 < e [28]]

# 3-7RC & s da2 S8k

Points Force/SF Disp./SF
A 0 0
B 1 0
C 1 a
D c a
E c b

(5 % 54 2 e [28]]
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% 3-8RC Z $pztsi i S8t ¥ 4

PP i o —v__1 b ¢

Ooa 0.27b,d/f;

=00 |7 & =3 0.025 0.05 0.2
<00 |7 B4 =6 0.02 0.04 0.2
=05 |7 B4 <3 0.02 0.03 0.2
=05 |7 B4 =6 0.015 0.02 0.2
=00 | &FE& <3 0.02 0.03 0.2
=00 | mE& =6 0.01 0.015 0.2
=05 | mER =3 0.01 0.015 0.2
=05 | mFE% =6 0.005 0.01 0.2

(5 % 54 < e [28]]

% 3-9RC ¥ 4 2Lz %#k

Points Force/SF Disp/SF
A 0 0
B 1 0
C 1 a
D c a
E c b

(5 %R 54 2 e [28]]
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(R %R 54 2 e [28]]

s}mv 85 Y §E a b c
Efﬁv 5 RFFEE=(d/2) | 0.003 0.02 0.2
s}rﬂ% 55 B §E>(d/2) 0.003 0.01 0.2
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Bl 3-2 B Fh 4 g

[0 kiR s 54 = gk [28]]

[ ki %4 2 e [28]]
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FEE MR FRTRLE LR

Voo, v 4
ForceSF1 N
DE, i .
A Av min(A.,0.04H) A
Disp. SF

B 3-10 T 4 28U EE T2 Rl 4 £ 28 6 8
74 %R 2 534 < e [28]]
Y8 YREHE

1957 Acit ASCE 41-13 2 TEASPAV3.1 ¥ 422 %k %> 5 #F ETABS #25¢
o g L g 2 it 0 A & PiE Bechtoula, Kono, Arai and Watanabe, 2002,

DIN30 12 % Saatcioglu and Grira 1999, BG-6 = S 2 7 4 b

- ~ ASCE 41-13 ¥ 4% #

1. 5] 1: DIN30 iz 44
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s

By eyt Bechtoula,
Kono, Arai and . .
' Drift Ratio (%)
Watanabe, . . }
2002, D1N20 2400 4 2 0 2 4 68
= [ETHEIN TE
MPa 376
R R mm 18.5 160(— 3
B K~ (W*D) mm 250%250
HE mm 625 S s e
L 25 =
TR RTRE MPa 461 g
TRk 12-D13 Q2 o 0
BT[] 1R 4 g
TRFEETT [ i 4 E a0 e
FEARlE AR MPa 485
AR 4 mm Bechtoula, Kono,Arai
" TH i) 4 -160|— and Watanabe, 2002, DIN30 || .32
R T3l T 7 VIRV
A ke - IS—A—7\ TEASPA 3.1
e il mm 40 240 | : : e
L) kN 705 -39 -26 13 0 13 26 39
Tl IEE 0.3 Lateral Displacement (mm)
B 3- 11 %60 1 A 45 503 - i &
[FE LR 2y AiF])
R4 3-4 Fc 7T AR
P 705000 (N) ~
Ag f' (250 mm)(250 mm)(37.6 MPa)
Ax4x 1
A 4><( (mm2
p=—\= ~0.005
b,s (250 mm)(40 mm)
Y, S <01 p=" 00022 506 p= 20,002 7
F] & $h/R I’Af,—' p_b —v. fo ,O—b =u. b
g C WS g c WS
¥ it =032 MPEPpFENa b
A, f,
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a=0.027 +(0.005-0.027) x

0.3-0.1

0.6-0.1
0.3-0.1

B R MSRAFRTELE Pk

=0.0182

b =0.034 +(0.005-0.034) x

0.3-0.1
0.6-0.1

c=0.2+(0-0.2)x

=0.0224

0.6-0.1
=0.12

44 Moment Rotation Data for C1H1 - Interacting P-M3

Select Curve
Axial Force |-235 v Angle |80 A%
Moment Rotation Data for Selected Curve
Point Moment/Yield Mom Rotation/SF 4
0 0 B
—
1 0
11 0.027
02 0.027
l E
0.2 0.034 EES
is defined by ract cur
A

Current Curve - Curve #3
Force #2; Angle #1

(a) #h+ 5 235kN

143 Moment Rotation Data for C1H1 - Interacting P-M3
Select Curve
Axial Force | -1410 v Angle S0 v
Moment Rotation Data for Selected Curve
Point Moment/Yield Mom Rotation/SF o
0 0 )
1
1 0
11 0.005
0 0.005
0 0.005 e
tisd racti cur
A
Current Curve - Curve #1
Force #1; Angle #1

(b) #h+ 5 1410 kN

P=235 kN :
a=0.027 - 0=0.027
b=0.037 -0=0.034
c=0.2

P=1410 kN:
a=0.005-0=0.005
b=0.05-0=0.005
c=0

B 3-12%6)1 7 Fihe 2 i fiic

[FRkim: ~mg @iF]

234 P FEK
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B R MSRAFRTELE Pk

.. when P=705 kN:

4=0.027+(0.005— 0.027) x> =235 _ 4 0182
1410235
6=0.034+(0.005—0.034) x 22 =23 _( 0204
1410235
0=0.24(0-0.2)x 1227235 _ 45
1410— 235

FTP-M3 2 {7 RldE A 472 b SAcR] 3- 13 0 AR (R fhit i
Displacement/H ; %&gh:z = Base Shear/Fy) » 4-B] 3- 14 #771 :

P-M3
14.562, 188.4225
200 3.162,172.2574

13.169, 20.5348
40

0 2 4 6 8 10 12 14 16
Displacement (mm)

B 3-13 %6 1 fl4ed 5 (P-M3)

[FR &k ~mg @iF]

P-M3
0.0232992, 1.093842703
12 0.0050592, 1
1 *
08
-
g 06
0.4
0.0210704, 0.119209973
02
0
0 0.005 001 0.015 002 0.025

2]

B 3-14 %6 13 &S pldad

[FH %k Amg @ir])
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Hyp@ 3-143+ 8 a~c:
a =0.0232992-0.0050592=0.018240
¢=0.119209973=0.119210

B E A 2 T g i ¥ D] Takeda B 7F i BlHHF Bicid Mo G F &

* M3 & M2 H ko B 3-15 53k M3 4z ol

| 23 Hinge Property Data for C1TH1 - Moment M3
Displacement Control Parameters
Moment/SF Rotation/SF
-0.119843 -0.022377 -,
-0.119843 -0.018183 L
-1.1 -0.018183
-1 0
]
0 0
1 0
11 0.018182
0.119843 0.018183
01410247 00293977

Bl 3-15 % 6] IM3 % 4 2 8c

[FR &k ~mg @iF]

a=0.018183-0=0.018183
b =0.022377 -0 = 0.022377
c=0.119843
WAMI W AGEFRHEA FT 2 R 0 AeB] 3- 16 7T o $A R hI B (K b

:z % Displacement/H ; 4¢dhzc = Base Shear/Fy) » 4B 3- 17 #77%
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14.554, 188.9585
3.154,171.8519

13.149, 20.5867

-1 1 3 5 7 9 11 13 15

Displacement (mm)

B 3-16 %6 1 4L s s (M3)

[FR kR 2 f WiE]

M3{Z

| 0.0232864,1.099542688 |

L2 0.0050464, 1

0.0210384,0.119793264

0 0.005 0.01 0.015 0.02 0.025

Bl 3-17 %00 138 B 18 Rldad &

[:FF‘}—'-X,))'—{( DAy IT])

15 3- 17+ Fasco B fiasbror bk 3- 11 %77
a=0.0232864 —0.0050464 = 0.01824
¢ =0.119793264
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F2% HSRAIFTRTEEE Pk
F 03-11 %6 1 $oe Bt 5 25 0 1)
a b c
ASCE 41-13
# 10-8 0.018200 0.022400 0.120000
(Code)
TPREK 0.018183 0.022377 0.119843
ETABS M3 plded & 5 % 0.018240 0.119793
(A42.5%) P-M3 fg &k % 0.018200 0.022400 0.120000
P-M3 fpldad & 5 %%F | 0.018240 0.119210
(7 sm : wm g iv]
%52 BG-61 {148
N B Saatcioglu and Drift Ratio (%)
Grira 1999, - 9
BG-6 240 54
(Rectangular)
Btk Tl
MPa 34 160 — 36
SEAE T RS mm 29
Eria KT (WD) mm 350*350 .
= mm 1645 g 80 — 18 é_
=t 4.7 8 e
FARRRER MPa 477.8 S o y 0 g
B 2299 mm = 7 s
T " |2 8 7/, S
TR EEE LY /1] 185
AR RGRE MPa 570
e D10 /o y ‘ :
i%tf:ﬁrﬁi - - 1601 #'_r’ A|/ Saatcioglu and Grira 1999, BG-6 36
— : 7 it
RIS TT ] fitd 4 "ﬂu’r’ W—A—A TEASPA 3.1
fmAnHEIEE mm 76 240 | | | I 5
e Al kN 1900 -150 -100 -50 0 50 100 150
L 0.456 Lateral Displacement (mm)
B 3- 18 % 6 2 A 45 %83 1 i
[Fdom s 4m g alic]

f 4

345 @ FTAE

54




BZh BRI ARTAEER R

P 1,900,000 (N) 0456

A f." (350 mm)(350 mm)(34 MPa)
A 4x7133 (mm?)

~ 0.0107

” s (350 mm)(76 mm)
A P A
FE R 4L <0.1 p=—->0.006 % >0.6 p=—->0.006 7
e R 0 P s AL P
L P y .
B it 04562 PP FES a b
A,
a=0.035+(0.010 — 0.035) x 04%6-01_ 1175
0.6-0.1
b =0.06 + (0.010— 0.06) x 0456-0.1_4 5944
0.6-0.1
0.456 - 0.1

c=0.2+(0-0.2)x ——>"22=0,0576
0.6-0.1

| 44 Moment Rotation Data for C1H1 - Interacting P-M3

Select Curve

Axial Force |-416.5 v Angle 90 v

Moment Rotation Data for Selected Curve

Point Moment/Yield Mom Rotation/SF c
0 0 B I
1 0 r—
11 0.035 P=416.5 (kN) :
D 0.2 0.03% D E
.ur.z — — u:ua — a=0.035-0=0.035
— A b=0.06 — 0=0.06
Current Curve - Curve #3 C:O.2

Force #2; Angle #1

(a) #h4 5 416.5kN
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BZh BRI ARTAEER R

4§ Moment Rotation Data for C1H1 - Interacting P-M3

Select Curve

Axial Force | -2499 v Angle |90 ~

Moment Rotation Data for Selected Curve

Point Moment/Yield Mom Rotation/SF

c
B
° 2 1
11 0.01 P=2499 (kN)
D 0 0.01
0 0.01 H a=0.01-0=0.01
e p—— b=0.01-0=0.01
CTSaE” | =0

(b) 44 % 2499 kN
Bl 3-19 %527 Fihd 2 P ddk
[F4 % 455 ]
AN Y IR P-M3 Hdx ¥ B RPEPFED a b

.. when P=1900 kN:

2=0.035+(0.01—0.035) x 200 =416:5 4 h17101
24994165

6=0.06+(0.01—0.06) x 200 =416:5 ) 104382
2499— 4165
6=0.24(0-0.2) x 2 200=4165 _ 5 557597
2499— 4165

W RCP-M3 4 07 Rl A4 2 8 SO 3-20 0 kR b3 ECH e

Displacement/H ; %z = Base Shear/Fy) > 4-®@] 3-21 #7771 :
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ol
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P-M3

39.667,178.5942

200
180
160
140
120
100
80
60
40
20

10.949, 162.3584

Base Shear (kN)

35.172,9.2686

0 5 10 15 20 25 30 35
Displacement (mm)

B 3-20 % & 2 e @ 5 (P-M3)

[FHkim: A g @]

P-M3

40

45

f 0.024113678, 1.099999754 |

12 0.006655927, 1

0.8

0.6

Q/Qy

0.4

02 | 0.021381155,0.057087283

0 0.005 0.01 0.015 0.02 0.025

Bl 3-21 %6)2 3
[Fddim @ 2amg #liv]

HypE 3-213 8 a~c

a=0.024113678 —0.006655927 ~ 0.017458
c=0.057087
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d A HOA A 4T PF € & * T) Takeda B B F R M %GR

I M3 & M2 Hhx o B 3-22 5 TR M3 ez Sl

| 44 Hinge Property Data for FH1 - Moment M3
Displacement Control Parameters
Point Moment/SF Rotation/SF
-0.057527 0.024382 1
-0.057527 -0.017191
-11 -0.017191
-1 0
A 0 0 =
1 0 '
1.1 0.017191 [] symmetric
0.057527 0.017191
N NETEDT N N24289

B 3-22 %622 M3 #éx4dk

(5 %k w2 F 8iF]

a=0.017191-0=0.017191
b =0.024382 — 0 = 0.024382

¢ =0.057527

(f55F:Moment SF=260.6432 kN-m)

HAMB A R A 2 S 323 0 B e A B S

Displacement/H ; %¢gh:c = Base Shear/Fy) » 4- ] 3- 24 #771 o
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R
f
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%
Eid
ol
Zy

M3

39.707,177.8472
oo 10.903, 161.6793

34.753, 9.3009

-3 2 7 12 17 22 27 32 37 42
Displacement (mm)

B 3-23 % &) 2 4L s (M3)

[FHkim: A g @]

M3

0.024137994, 1.099999814

12

0.006627964, 1

0.8

0.6

Q/Qy

0.4

0.021126444, 0.057526845

0.2

0 0.005 0.01 0.015 0.02 0.025

<

2,

Bl 3-24 %6023 K18 Rl s &
[FE LR 2y AiF])
P58 3-243 5 a~co> Fitda~brco ek 3-12 477 ¢

a=0.024137994 — 0.006627964 ~ 0.017510
c = 0.057527
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FIR ORAIFRTELZ PR

a b C
ASCE 41-13

# 10-8 0.017200 0.024400 0.057600

(Code)
M3 FEK ¥ 4% 0.017191 0.024382 0.057527
ETABS M3 ipliid MK B K 0.017510 0.057527
(F2.5%) P-M3 3k ¥ 4% 0.017191 0.024382 0.057527
P-M3 ldaw s Kk 5 5%E | 0.017458 0.057087

GV E

~E g B iE]
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= ~ TEASPA V3.1 ¥éx%#E

I MORGI FRTRLE L e

F* TEASPA V3.1 i& 7 % 423K T 2 i A24cB] 3-25 #71 -

RCHE
01.47 #5ERm = 15 (x(sx)
02.311T SecGen.exe
03.EE Ae2kts
04. B ASHERE
05.5 EAUtOZEFY
06.85 5% BT 22K
07.3A17DL+1/2LL A3 #f
08.FE AR B! Edrg {3 )
09.311T Framelnfo.exe
10.BABHENRE
11.3117 HingeProp.exe

12.CE A e2kig

RCZ2 - RCHE - majE

01 Z A5t Ed
(B REmEEEA)

02.817DL+1/2LL o #fr
03.EEH e2ktE

04 4REEHEHFE R (txt)
(BERHENEERHAND)

05.3177 Bwph.exe,
Bmph.exe,Swph.exe

06.EE A e2ktg

07.: 5 BRAE

08. 1T D1
09.4GEE S 2ahsrE R

10.#117 PGA.exe

B] 3-25 TEASPA V3.1 i {7 % 423K T 2 in A%

(5 & %4 2 e [28]]
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Bl 3-26 Z 6] 1 A47 £fick v s

(5 kiR &g AiF]

62

N Eati] Bechtoula, . )
Kono, Arai and . . ) Drift Rgtlo (%) , 3
Watanabe, 240 48
2002, D1N30
EEAR ibi
MPa 376
160(— — 32
AR mm 18.5
i RST(W*D) mm 250%250
e mm 625 2 80— —16
RAEEL 25 f;
FEERFERTREE MPa 461 g
B 12-D13 w O 0
B F () R 4 g
T e o -—
L TTIR] . i 4 S 80 — 16
FEEnFERRE MPa 485
T
HER R 4 mm Bechtoula, Kono,Arai
BTl i3 4 -160f— and Watanabe, 2002, DIN30 | 32
., n Experiment
RETT [ K 4 M3 ASCE 41-13
?Eﬁﬁﬁ:ﬁﬁj o 20 A——A\ TEASPA 3.1
; kN 705 240 : ' ' -48
e ) -39 -26 -13 0 13 26 39
et 03 Lateral Displacement (mm)

RN S A ol

Lateral Force (kips)



I

IR SRR FRTREREE P KT

FHAGDINGI3) 35 a~bec Slicded 3-13 97 ¢

g5 4

% 3-13 %51 2. TEASPA #

B Ar:(cm)(kgh)(kgf/cm2)

ETE &SR e S

b 25 fyt 4943.935
d 25 nh 4
H 62.5 Ah 0.125664
fc' 383.2824 db 0.4
cover 1.85 S 4
P 71865.44

Mn 1056400

Vb 33804.8 As/H 0.016641
Ag=bd 625 As 1.040041
Ig 32552.08

Ec 293664 0 65
B /R R 12| de=h-2c-db,c 209
k 469862.4 Aa/H 0.047395
Ay=Vb/(0.7k 0.10278 Aa 2.962159
An=Vb/(0.35k 0.205561

deff=0.8h 20 a 0.001644
vm=Vb/bd 67.610 b 0.014996
Ast=Ah*nh 0.502655 c 0.047395
p"=Ast/bs 0.00503

[FH ik 277 HiF]

546 TEASPA 3.1 e 23t %> ETABS % 4 g 1 11 ldhd ¥ 2 7 ) 46 %
B F 4% $ PB4 P=T1865.44 (kgf) ™ 18 T4 &% = o P=76729.79 (kgf)

M E % = e P=51390.42 (kgf) :

Select Curve Select Curve

Axial Force |-76729.79 v Arn Axial Force | -51390.42 v An

Moment Rotation Data for Selected Curve Moment Rotation Data for Selected Curve

Point Moment/Yield Mom Rotation/SF Point Moment/Yield Mom Rotation/SF
0 0 0 0
1 0 1 0
1 0.001665 1 0.001557
1 0.014138 1 0.018609
0 0

0.045705 0.056129

Bl 3-27 % 6] 1 % e b+ 2 3 4x S8k
[Fd kim @ 2am g #i7]
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a=0.001665+(0.001557 — 0.001665) x 71865 - 76729 =0.001644

51390 -76729

b =0.014138 + (0.018609 — 0.014138) x 00>~ 19729 _ 5 14995

51390 -76729

¢ = 0.045705 + (0.056129 - 0.045705) x 002~ 16729 _ 1 17605

51390-76729

% T TEASPA 3.1 * 4232 {7 pld& A 47 > o HRAcK] 3-27 ¢

TEASPA 3.1
50000 10:2123,17450.97
18000 1.1292, 17456.2

16000
%% 14000
12000
10000
8000
6000
4000

2000

Base Shear (k

2.9189,0.24

Displacement {cm)

Bl 3-28 &5 14 * TEASPA 2. ]f& ' 4

[FhR &k ~mg @iF]
BRI d RT3 AV Ay~ A, ~ Vo drde 3-14 957 R %

vk 3-15 #77 » r?i'*ﬁf'zl']-,é\;}%.gjo,,t!:’ V2. £ 8 » ¥ ETABS 3+ & 404

it % 27 TEASPA 7 F #1ig = o
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PR BORLPRTHEER Pt

M, 1056400

= —~16902.4 (kgf)
3E |
k="ren _ 3(293664)(32552.08) _ 17466 5gg (kgticm)
H (62.5)
= 109024 450666 (cm)
0.7k _ 0.7(117465.588)
A
b= % ~ 1 = A=bxH +A, 0014096 62,5+ 0.20556 ~1.14261 (cm)
A A A
c= max(ﬁ‘,ﬁj = = A, =CxH = 0.047305x 625 = 29621875 (cm)

% 3-14 %5 1 & * TEASPA 2 l4g & &% i)t

Ay (Cm) As (Cm) Aa (Cm) Vb (kgf)
0.2123 | 1.1292 | 2.9189 17456

(74 km: 2p g Hiv]

4. 3-15 % 5] ITEASPA #2827 £ & & 5% 1L i

A, (€m) | A, (em) | A, (cm) | V, (kgf)

F2 2 0.21 1.13 2.92 17456
FE 0.21 1.14 2.96 16902

(7 im0 g fic]
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2. %52 BG-61 i %
b HEl 4 g .
AR Satcloglyand Drift Ratio (%)
, 9 9
BG-6 240 54
(Rectangular)
Eraieik HE
MPa 34 1601 s
s REE mm 29
i R ~F(W*D) mm 350*350
s mm 1645 = 80— — 18
— X
SR 4.7 >
LR ARTRE MPa 477.8 g . )
BB il 4-29.9 mm |-_|-
—_— ©
TR f& 2 i
BRIE TT1E) i3 2 ® g0l 18
TERNPERGRE MPa 570
FERn TR D10 j
e | Saatcioglu and Grira 1999, BG-6
%rgﬁ" [] *E 4 -160 Experiment -36
A R 4 AT/
St AR mm 76
TR a0 | | »
LR i) kN 1900 -150 -100 0 50 100 150
(R DRIED 0.456 Lateral Displacement (mm)

VR TR R T bk

Lateral Force (kips)
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VAR TR A

RHELGDIINGI3) 3+ E abc flichod 3-16 #67 ¢

% 3-16 % ]2 2. TEASPA # 43+ 5 £

B fir: (cm)(kgf) (kgf/cm2)

B E R i S

b 35 fyt 5810.398
d 35 nh 4
H 164.5 Ah 0.713306
fc' 346.58512 db 0.953
cover 2.9 s 7.6
P 193679.9

Mn 2746546.3

Vb 33392.66 As/H 0.047739
Ag=bd 1225 As 7.853142
Ig 125052.08

Ec 279251.95 0 65
B/eEgE | 12| de=h-2c-dbc  28.247
k 04139.239 Aa/H 0.062034
Ay=Vb/0.7k 0.5067366 Aa 10.20452
An=Vb/0.35k 1.0134732

deff=0.8h 28 a 0.00308
vm=Vb/bd 34.074 b 0.044659
Ast=Ah*nh 2.8532227 c 0.062034
p"=Ast/bs 0.01073

[Fddim @ 2amg #liv]
548 TEASPA 3.1 ¢ 4238 %> ETABS ¥ 4e § 3 11 s ¥ 1ie 7 p 46
ST Sl {4 P=193679.9 (kgf) v ri g 4 &% T 2 P=212136.26 (kgf)

™y 2 e P=122395.91 (kgf) -

Select Curve Select Curve
Axial Force |-212136.26 w An Axial Force | -122395.91 e An
Moment Rotation Data for Selected Curve Moment Retation Data for Selected Curve
Point Momentrield Mom Rotation/SF Point Momentield Mom Rotation/SF
e 1 0.003014 1 0.003337
D 1 0.043134 1 0.048658
0 0.055249 0 0.072523

B 3-30%06])2 7 it 2 itk

[FAkim @ 27y ®iF]
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a=0.003014+(0.003337 - 0.003014) X 1936799 - 212136.26 ~ 0.003080

122395.91-212136.26

b = 0.043134 + (0.046656 — 0.043134) x o0 99 = 21213626, 55050
122395.91- 212136.26

¢ = 0059249 + (0072523 — 0.059249) x o0/ 99~ 212136.20 1 561476
122395.91- 212136.26

% T TEASPA 3.1 % 4 {7 plda» 47 ¢ & > 4B 3-30 :

TEASPA 3.1
1.0628,17110.53

18000 8.1304,17112.42
16000
14000
12000
10000
8000
6000
4000
2000

Base Shear (kgf)

9.9803,0.17

0 2 4 6 8 10 12 14
Displacement (cm)

Bl 3-31 Rldgd &

[FhR &k ~mg @iF]

BB RT EFA A AV, ek 317 R o R

Bt
Foked 3-18 45% > A K301 A gif o £ oV, 2 £ 82 F]ETABS 3+ ¥ 404

B %2 TEASPA 7 Férid & o A% £ 3-12 kv e\ 12 £ 52 4 B

% 3-18 % 5| 2TEASPA 4258 &2 £ 8 & % 1t i
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% 3-17 % 5] 2 & * TEASPA z l4& & &% i) 2t

A, (cm) | A, (em) | A, (cm) |V, (kgf)

17110

1.0628 8.1304 9.9803

[FH &k ~mg EiF]

M, _ 27465483 _ 1660633009 (k)
H 1645
3E |
k=—% = 3(279251'95)(1235052'08) = 23534.80922 (kgf/cm)
H (164.5)
V% 1669633009 0
0.7k 0.7(23534.80922)
A
b= % ~—L = A,bxH + A, = 00446591645+ 1.013473 = 8.359878 (cr)
A

A

c:max( 5 szﬁ = A, =CxH =0.062034 x164.5=10.204593 (cm)

H

# 3-18 %0

| ITEASPA #4254 &2 £ 5 & % 1t

A, (cm) | A, (cm) | A, (cm) |V, (kgf)

A7 5 1.06 8.13 9.98 17110

+£ 8 1.01 8.35 10.20 16696
[FA kR 27y ®WiF])
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S & LB RE%RERE

AP E R34 e g kT4 2P 12 2k Pacific Earthquake Engineering
Research Center (PEER)R #% FALE 9 ek p p A9 % FTHE 13 2k p B Re
+a %:’ .c;-?%;?g}:i@ o ik BB AN g;;g%iﬁﬂ@ﬁ:;t/ﬂ\ﬁgﬁ& B33, o u R

ASCE 41-13 22 TEASPA V3.1 ¥ 4 > v" $F 3 Sk:BFx B % plda s 472 ¢ LR > o

IT

A5 % BT o PR ASCE41-13 #7 %K 2 P 4x S8 RIE Y MAPF T F R % o
LB AR P FREIT R U R IREY B nde 5 o 4p F 7> TEASPA

V31 T2 &2 ¥4l 7 s ELBBRE {3 AL R R BRZ

‘3\

AR RV O R
'ﬁ%ﬁbi b A% ble @ % ETABS p 2 2b& 4 = % Takeda Model & {74 4 2£
SR AT 0 HERE R ALY g B R N L T E i
Takeda ¥R %#E 2 473t

~ N v R

AT Ohno and Drift Ratio (%)
Nishioka 1984, 9 6 -3 0 3 6 9
5| 150 | | | | 3
RN JiE
A MPa 24.8
AR mm | 315 100 22
a2~ (W*D) mm 400*400
e mm 1600 = s e ,g
St e 4 = £
ERGERIEA £, MPa 362 g 2
F AR 8-D19 S o 0 5
e — L
%J’gﬁl\ﬂ ﬂ:(‘ 3 © ©
— 5 ©
RIETiTe] R 3 £ ki
| S e -50— 11 ®©
FEFERGRE f, | MPa 325 = s
HiE AR 9 mm
BT LI 2 100 Ohno and Nishioka 1984, L1 || 5o
R K e
FEARHEIEE mm 100 A—A—2\ TEASPAS.1
FEHi) kN 127 150 I I [ [ 5
5053 -150 -100 -50 0 50 100 150
aiias . Lateral Displacement (mm)

B 3-32%0]3 A4 F kSRR

(74 %om: A g dlie]
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ERR SRS

S Ohno and
Nishioka 1984, Drift Ratio (%)
L2 9 6 3 0 3 6 9
Bk VilZ 150 T | T | 3
Iz MPa 24.8
AR ORI .
M T PR mm 315 100 — 22
B R~ (W*D) mm 400*400
s mm 1600
BT 4 z 5o -
TR fp i e = x
ERRERGREE £ MPa 362 ® >
=% o
i 8-D19 5 0 5
= s
[ iR 3 = L
— T
YR Fi 16 iR 3 & &
TR T D T @ ©
A R R e MPa 325 2 -50— -1 8
FEARTRE 9mm |
E VL 1R 2 100l— ,!h;:;‘é’{-fr Ohno and Nishicka 1984, L2 || 5o
R | 2 Bee ——— FExperiment
/{\J’%jﬂ‘ ] 4(& HH ASCE 41-13
i b mm 100 A—A—A TEASPA 31
i kN 127 150 ' | ' ' 33
_ -150 -100 50 0 50 100 150
A 0032 Lateral Displacement (mm)
B 3-33 %0428 FREE LR
[FHR KR 277 @iF]
N ey i Takemura and
Kawashima, Drift Ratio (%)
1997, Test 3 9 -6 3 0 3 6 9
BT Vi 180 I | | I 3
7 MPa 343
SECER L (O M .
AL (R mm 27.5 120 6
B 161 K~ (W*D) mm 400*400
e mm 1245
L 311 Z 60— 11 &
< =
= Ny S~ =
FRIERIEE £, MPa 363 ° e
= o
AR 20-D13 5 o . g
=y = 2 u
2 [l iR 6 = L
— ©
TR T iR 6 I 5
e T @ 3
TAIERRE £, |MPa 368 2 60— —-13 8®
AR 6 mm
R 2 Takemura and Kawashima,
HETiE s -1201— 1997, Test 3 H 26
,;'{'_&J’gjﬂ\’r] ﬂ:{ 2 —————— Experiment
— - Me——(—— ASCE 41-13
AR mm 70 A—PA—A TEASPA3A
L kN 157 180 ' ' I ' 39
i 120 -80 -40 0 40 80 120
iRl 0.029 Lateral Displacement (mm)

Bl 3-34 %605 A48 R BB %R

[FH %k Amg @ir])
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sl Wehbe et al.
1998, A2
B iR I -6 B
450 99

f MPa 27.2
gL AR mm 28
BT R (WD) mm 380%610 300 —es
HE mm 2335
=E 6.14 —_
=] e 2 150l— s g-
TRIEOURE f, | MPa 448 X =
TR 18-D19 8 @
s n Q 0 0 =
I TT1E S 4 g 0
I IT 1 it 7 S T
e - [}
FEAAPEIRGEE £, MPa 428 & 150 .33 L—U'
i 6 mm
bl = : Wehbe et al. 1998, A2
= -300(— ehbe et al. 1998, A2 |_| _
&E?‘I!\ i ;FE 4 Experiment 66
T = H——>¢—>( ASCE 41-13
frAnERE mm 110 A—A—A TEASPA 31
EE D] kN 1505 _45050 1|00 .‘:'!O I I 69

- -1 - - 0 50 100 150
; 0.239 .
Pt Lateral Displacement (mm)

Bl 3-35 %56 2178 F 5 R

[FAkim @ 27y ®iF])

AR T Mo and Wang Drift Ratio (%)
2000,C1-3 3669 -6 -3 0 3 6 9
BRIk T | I | | 81
1 MPa 26.1
SRt PR mm 34 240 —{ 54
Biiai < ~T (W*D) mm 400*400
e mm 1400
SELE 35 Z 120 —27 g
< =
TRRERRE £, MPa 497 ° e
—n [&]
AR 12-D19 5 o
— L 9 0 o
BT f& 4 = w
e 0]
YR Fr 6] 1R 4 % 3
TEFnERTRE £ MPa 459.5 1 -120, 27 ®
L 6.3 mm
PR
CACWlC] i 4 240 Mo and Wang 2000,C1-3 | | ¢4
EIE T [ 4 Experiment
Srod] E H—>€&— ASCE 41-13
fiAn R mm 50 A—7-—\ TEASPA3.1
e kN 900 -360 l [ 81
- -126 -84 42 0 42 84 126
i 0.216 .
L Lateral Displacement (mm)

B 3-36%0]7 A4 kB VR
[FE LRk 2y AiF])
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2R B SIRR ARTHELE PR

B TR Mo and Wang Drift Ratio (%)
2000.C3-3 9 6 3 0 3 6 9
— el 360 81
Brnii T l l I I
VA MPa 26.9
F) R ] mm 34 240 54
Eift < < (WD) mm 4007400
e mm 1400 .
ERLE 35 g 120 79
= zZ 4
ElE(Rom s MP; 497 Z A =
TR 7, z 2 . /l / 2
B 12-D19 S o 7] JL Y y 05
T - 4 17/ 77 2
HETE i 4 © ‘ // =
o M ©
SRFE T 1] i 2 ko /h /// 5
o / )
FERIFRGRE £, MPa 459.5 —1-120 / 77 4 27
TR SR 6.3 mm
e 7 i
,%t%ﬁ{w.] & 240 Mo and Wanipzeggeon,(cs <
TR IH] e 4 DM—3(— ASCE 41-13
i mm 54 A—A—A TEASPAB.A
[ELEP] kN 900 -360 I l 81
_ -126 -84 -42 0 42 84 126
LRI 0.209 Lateral Displacement (mm)
5, \ | 2 ~
B 3-37 %5 8 27 F S F ik
[FHR KR 277 @iF]
By By i Bechtoula,
Kono, Arai and Drift Ratio (%)
Watanabe, -6 -4 -2 0 2 4 6
2002, DIN30 240 48
BT R Tl
JA MPa 37.6
SRR mm 185 160~ 1%
Eiriai =<1 (W*D) mm 250%250
= 625 —_
& mm 2 80 —16 &
L 25 X <
TEHEAFERTRE S, MPa 461 3 8
—
ERTE 12013 S o 0 5
HETTIH & 4 © =
= —
ZEETTIE R 4 £ I3
e e -80}— 16 ®
FOERIE £, |MPa | 485 = % ¢35
AR 4 mm
e Bechtoula, Kono,Arai
C ARG Ui 4 -160}— and Watanabe, 2002, DIN30 |— -32
RE N S
a7 e mm 40 A—A—A TEASPAZ
GETR) kN 705 -240 I I | 48
_ -39 -26 -13 0 13 26 39
FEdIEE 03 Lateral Displacement (mm)

B 3-38%0]9 AT kLR VR
[FE LRk 2y AiF])
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AR Saatcioglu and
Grira 1999,
BG-1
(Rectangular)

=Tz i

£ MPa 34

RE L fRERE mm 29

B . ~f (WD) mm 350¥350

= mm 1645

= HED 47

EFFRRTRE f, MPa 455.6

F AR 8-19.5 mm

FETT [l i 3

AT [ TR 3

TERIFERIEE £, MPa 570

i ETr D10

GG ! 3

TEETTIR] i 3

filiAnTEEE mm 152

Lyl kN 1782

Itk 0.428
Bl 3-39 %

(74 %

DAy EiT])

SR TR Saatcioglu and
Grira 1999,
BG-6
(Rectangular)

Btk Tl

A MPa 34

TR RN mm 29

B4 2 < (W*D) mm 350%350

T mm 1645

= ELE 4.7

TEIERTRE £, MPa 477.8

B STl 4-29.9 mm

GG i} 2

PRI 1A i 2

fEfnlERserE £, | MPa 570

TERn TR D10

CEwsE| i} 4

RIS H1E & 4

fEfnIEE mm 76

o kN 1900

(e iyl 0.456

[ 5 % :

I
s
g
i
b2
X
4=
=g

Drift Ratio (%)

Lateral Displacement (mm)

Bl 3-40 & 6] 11 A 452 F s b % b i

Ay wiE]
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-6 -4 -2 0 2 4 6
240 I 54
160— — 36
2 80— — 18
<
[0}
(]
o
o 0 0
©
—_
[}
-
S -so— — 18
160 Saatcioglu and Grira 1999, BG-1 36
Experiment
M—>€¢— ASCE 41-13
IA—A——7\ TEASPA 3.1
-240 l l l l -54
-99 -66 -33 0 33 66 99
Lateral Displacement (mm)
<) 10 AT F RS F VR
Drift Ratio (%)
-9 -6 3 0 3 6 9
240 I 54
160 — 36
2 80, — 18
<
(0]
(&)
S
w 0 0
©
—_
[]
=
8 80 —-18
160 Saatcioglu and Qrira 1999, BG-6 36
Experiment
M—>— ASCE 41-13
/A—A—A\ TEASPA3.1
-240 l l l l -54
-150 -100 -50 0 50 100 150

Lateral Force (kips)

SR R 2 ik

Lateral Force (kips)
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SNEELTE Bechtoula,
Kono, Arai and Drift Ratio (%)
Watanabe, -6 -4 -2 0 2 4 6
2002, DIN6O 240 I I 54
EETEN e
I MPa 376
SR e mm | 185 1% 1%
BT )~ (W*D) mm 250%250
=] mm 625 —~
&“ Z 80— —18 @
= ELE 1.3 s _:‘_:_
FHRDGEE f |MPa |46l g Py
) © 15}
BT 12-D13 S o 0 o
s I LL
R 1R 4 I =
VR T iR 4 £ 8
e e -80— 15 ®
WA , |MPa | 485 80 3
RnERE 4 mm
e e 4 Bechtoula, Kono, Arai
'_%f%m‘,] & -160(— and Watanabe, 2002, D1N60 H -36
I%Ejﬂ”] *E 4 ——— Experiment
il mm 40 A—A—A :z:;;: 3113
Tl kN 1410 -240 | I . 5
il -36 -24 -12 0 12 24 36
FEETIEE 06 Lateral Displacement (mm)
Bl 3-41 2 6] 12 A48 3 s Bt R
[FHR KR 277 @iF]
ST Bechtoula,
Kono, Arai and Drift Ratio (%)
Watanabe, -6 4 -2 0 2 4 6
2002, LIN6B 1500 336
BriEiein HiE
7 MPa 322
S | R mm 345 1000 24
BT it 2~ (W*D) mm 560%560
SR 1200 —
FEf mm S 500 12 @
EHEEE 2.14 3 <
FRAEIRGRRE f, MPa 388 8 8
FEEE 12-D25 S o 0 o
e z — LI-
B 1 1R 4 © =
— 5 g
TR T A i 4 2 9]
— S 500~ 112 ®
TR £, | MPa 524 -
FEERTRE D13
2 E 1 i
T [ 4 Bechtoula, Kono, Arai
i gl & -1000{— and Watanabe, 2002, L1NGB [ -224
e A *E 4 Experiment
R mm | 100 AT
) kN 6000 -1500 ' I 1 -336
i 12 48 24 0 24 48 72
FEEIEE 0594 Lateral Displacement (mm)

[ 5 % :

Bl 3-42 %6 13 A0 F B %0t

Ay i)
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SEE TR Bechtoula,
Kono, Arai and
Watanabe,
2002, LIN60
Btk i
A MPa 392
RE T REE mm 445
Briai < (W*D) mm 600%600
i mm 1200
=ELE 2
FEAFERTRE f, MPa 388
EEnRE 12-D25
HRETT I & 4
FRPETT ] & 4
TR RRE [, | MPa 524
AT D13
CIEPSlG iES 4
PRI A R 4
fEEnElE mm 100
Tl kN 8000
FrETILE 0.567
B 3-43 %
[FAkim @ 27y ®iF])
T BMRC1
ErER I
A kgf/fcm? | 374
1R cm 4
EinEl K~ (W*D) cm 60*60
H= cm 360
=ELh 6
FHRRGEE f, kef/cm? | 5443
F FRE D25
Ty [l i 5
REETTI] Ui 5
EARERRE [, | kef/om? | 3476
FE ARSI D13
LTI i 5
RS TTIR] & 5
FiAn T cm 10
il ) tf 137
il bR 0.10175

[ 54 % :
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-6 -4 -2 0 2 4 6
1500, I I 336
1000— — 224
2 500— — 112
<
[0}
(]
o
c 9 0
©
—
[}
=
S -s00— — 112
Bechtoula, Kono, Arai
-1000— and Watanabe, 2002, LIN60 — -224
Experiment
M—>&— ASCE 41-13
A—A—A\ TEASPA3.1
-1500 ' | . I -336
-72 -48 -24 0 24 48 72
Lateral Displacement (mm)
<G 14 A 7208 SR % R
Drift Ratio (%)
-9 -6 -3 0 3 6 9
600 132
I I I I
400 — 88
2 200 — 44
<
[0}
[&]
1S
c 0 0
®
—
2
8 200 N aa
-400 BMR? ) — -88
xperiment
HK—>€—X ASCE 41-13
Ix—A——7\ TEASPA3.1
-600 l l l l -132
-324 -216 -108 0 108 216 324

Lateral Displacement (mm)

B 3-44 %0 15 m 4782 F B % 5t i

*FE g )
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Lateral Force (kips)

Lateral Force (kips)
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BT BMR2 Drift Ratio (%)
— — 9 6 3 0 3 6 9
Erafeik I 390 I 87
7 kgf/cm? | 265
R R cm 25
B 161 2 ~F(W*D) cm 6075 260~
& cm 325
%%tt 5.42 2 130 g
EWIERARE 7, | wefom’ | 3500 < <
(0]
TR 18-D16 g 8
— 0 5
BE I i 7 w ) b
S © i -
PRI 1] R 1 5 ’j,l’ g
TN RIRRE [, kgf/cm? | 5000 S 130 /”/’ —{ 29 §
T D10 ’,{
e =] 4 / / BMR2
—— -260— / Experiment | —] _
PRI TTIE i 4 HH(ASPCE 41413 %8
?E’F?,TJFDF]E[:‘ pes 3 IA—A——7\ TEASPA 3.1
Hdid tf 945 -390 l | | | .87
- -300 -200 -100 0 100 200 300
E 0.07924528 .
Pt Lateral Displacement (mm)
Bl 3-45 % (] 16 A 45579 S % 1L
(7 kil o 4 g ic]
RS TR BMR3
AT — Drift Ratio (%)
EJI'[.EU}[/W( I 9 6 3 0 3 6 9
Ix kgf/cm? | 260 390 I I I [ 87
AR cm 25
Biiai = ~F(wW*D) cm 60*75 260l _sg
He cm 325
= ELE 5.42 .
= 130 — 2
TR RARE f, | kei/om® 3500 Z -
TRRE 18-D16 8 g
—
HIETT [ i 7 S o 0 E
TR 7 ] i 11 © ©
q) —
FEFIERE £, | kef/em? | 5000 © 2
: —1 -130— —-29 S
TERDTREL D10
TETTIA & 4 BMR3
O 2 - — Experimen —
VERETT A i 4 260 Y—¢&—X ASPCE 4:-1t3 %8
?Eﬁj}rujmj T 13 [I5—2—2\ TEASPA3.1
[
Frdd T tf 142 -390 I l | l l 87
- -300 -200 -100 0 100 200 300
: 0.12136752 .
HRIIL: Lateral Displacement (mm)

Bl 3-46 % 0] 17 A 45209 s 2% 1L
[FE LRk 2y AiF])
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RS TR BMR4
iz T Drift Ratio (%)
TETEA I 9 5 3 2 . . .
A kef/fcm? | 209 390 I 87
AR cm 25
B &~ (W*D) cm 60*75 2601 e
He cm 325
= ELE 5.42
= Ny = 130 | —
EEERBE £ kef/cm? | 3947 Z 30 29 8
) X £
ERRE 18-D16 g é/
BETTIA i 7 S o 0o 5
T —_ L
I (6] i 11 © =
e e o
FERIFFNGRE /| keffem? {4600 5 g
— i 1 -130— — 29 ®©
TR E D10 4
.%f%ﬁ["l & 4 BMRA
RIS T[] ] 2 -260— Experiment | — -58
— _ M—>€— ASCE 41-13
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Frdm tf 142 390 l l | | 87
TR 515095353 -300 -200 -100 0 100 200 300
Lateral Displacement (mm)
B 3-47 %2 6] 18 A 452 8 s 5 1L i
[FA &k Ay ®WiF]
RS TR BMRL50
iz T Drift Ratio (%)
TETEA I 9 5 3 a s . .
A kef/fcm? | 182 480 I I 108
AR cm 25
B &~ (W*D) cm 60*75 320 1,
He cm 325
= ELE 5.42
e T— > 1 — )
EFFRRRE £, |kef/em? | 4196 z % % 2
~ 'S
ERRE 18-D19 :19: o\ 5
BETTIA i 7 S 0 0o 5
T —_ L
I (6] i 11 © =
e 2 o
FERIFFINGRE /i | keffem? {4296 © g
— i _1 -160 —1 3 ®
TR E D10 |
HET A 4
E‘% o s BMRL50
/TU’ETI’\”]’ ﬂ;‘( a4 -320 Experiment | —] -72
— - M—— ASCE 41-13
fEEhEEE cm 13 A—A—A TEASPA3.1
FrE ST tf 142 480 l | 108
TR EREEEYEE; -300 -200 -100 0 100 200 300
Lateral Displacement (mm)
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AN I

FA kgf/cm? | 257
stk IR cm 4
B KT (W*D) cm 30*50
M cm 50
EELL 1
LEFFERGEE f, | kef/fem? | 4462
T AR 8-D22
HRETTIE i3 3
ESER i 5
ke RaEE L kef/fcm? | 4382
FE ARSI D13
T i 3
RS TTIR] & 3
AR cm 10
il tf 112
55 WAL= w 0.290532

B 3-49 %

(74 %

DAy EiT])

B T 1DL
FEHZN I

IA kgf/ecm? | 257
st O cm 4
i (WD) cm 30%50
S cm 50
= HELL 1
LHFERRE kgf/cm? | 4462
AR 8-D22
FE I i 3
PRI Ty Ie] i 5
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HE Ty 1] i 3
R T [e] TR 3
FEAAMEE cm 10
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[FH %k Amg @ir])
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S BEYREL | A E(em) | & BESREL | 4% B (cm) | =45 iE(cm)
R1F 531 12.8270 51 12.0330 12.4300 0.7395 1.0000
15F 531 12.4132 51 11.6768 12.0450 0.7375 1.0000
14F 531 11.8504 51 11.1744 11.5124 0.7358 1.0000
13F 531 11.1466 51 10.5369 10.8418 0.7340 1.0000
12F 531 10.3128 51 9.7757 10.0443 0.7321 1.0000
11F 931 9.3630 51 8.9037 9.1334 0.7298 1.0000
10F 931 8.3196 51 7.9414 8.1305 0.7271 1.0000
9F 931 7.2334 51 6.9384 7.0859 0.7237 1.0000
8F 931 6.1914 51 5.9803 6.0859 0.7187 1.0000
7F 531 5.1123 51 4.9810 5.0467 0.7126 1.0000
6F 531 4.0005 51 3.9423 3.9714 0.7047 1.0000
5F 51 2.8780 531 2.8753 2.8767 0.6951 1.0000
4F 51 1.8203 531 1.7790 1.7997 0.7105 1.0000
3F 51 0.8515 531 0.8077 0.8296 0.7316 1.0000
2F 51 0.0379 531 0.0306 0.0343 0.8503 1.0000
(544 m : wmmg 8]
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B E R RRERE UL TR HE

% 4-3Y »£5%+ B4 Rt aE i

@Y &+5%» 2+ AL ik

Yo 5% B4 R P Ei%+ k- Ax

A R B X =4 Dyax W& 3] =% Dy Davg Ay | Used Ay
SELE | e Eem)| $E%E | e dom) | =4 @ (cm)
R1F 73 19.8702 51 18.1487 19.0095 | 0.7588 | 1.0000
15F 73 19.1897 51 17.4154 18.3026 | 0.7634 | 1.0000
14F 73 18.2968 51 16.5174 17.4071 | 0.7672 | 1.0000
13F 73 17.1879 51 15.4459 16.3169 | 0.7706 | 1.0000
12F 73 15.8754 51 14.2089 15.0422 | 0.7735 | 1.0000
11F 73 14.3817 51 12.8256 13.6037 | 0.7762 | 1.0000
10F 73 12.7451 51 11.3287 12.0369 | 0.7786 | 1.0000
9F 73 11.0390 51 9.7759 104075 | 0.7813 | 1.0000
8F 73 9.3473 51 8.2202 8.7838 | 0.7864 | 1.0000
7F 73 7.6000 51 6.6283 74142 | 07925 | 1.0000
6F 73 5.8103 51 5.0177 54140 | 0.7998 | 1.0000
5F 73 4.0236 51 3.4346 3.7291 0.8085 | 1.0000
4F 73 2.3399 51 1.9721 24560 | 0.8180 | 1.0000
3F 73 0.9768 51 0.8170 0.8969 | 0.8237 | 1.0000
2F 73 0.0578 51 0.0536 0.0557 | 0.7478 | 1.0000
b)Y #-5%# B+ & e fhik
Yo 5% B4 R4 ik - AX
A W B~ 4 Dyax W& B =% Dy Davg Ay | Used Ay
SELE | e Eem)| S B | @8 dom) | =4 @ (cm)
R1F 51 26.1984 73 153035 | 20.7510 | 1.1069 | 1.1069
15F 51 25.1689 73 14773 | 199712 | 1.1030 | 1.1030
14F 51 23.8924 73 14.0821 18.9873 | 1.0996 | 1.0996
13F 51 22.3571 73 13.227 17.7921 | 1.0965 | 1.0965
12F 51 20.575 73 122175 | 16.3963 | 1.0935 | 1.0935
11F 51 18.5744 73 110708 | 14.8226 | 1.0905 | 1.0905
10F 51 16.4037 73 9.8161 13.1099 | 1.0872 | 1.0872
9F 51 14.1496 73 8.5087 11.3292 | 1.0833 | 1.0833
8F 51 11.901 73 7.2081 9.5546 10774 | 1.0774
7F 51 9.5985 73 5.8643 7.7314 10704 | 1.0704
6F 51 7.2664 73 4.4875 5.8770 1.0616 | 1.0616
5F 51 4.9712 73 3.1125 4.0419 1.0505 | 1.0505
4F 51 2.8481 73 1.8157 2.3319 1.0359 | 1.0359
3F 51 1.1694 73 0.7641 0.9668 10161 | 1.0161
2F 51 0.0614 73 0.053 0.0572 | 0.8002 | 1.0000
[FAkim @ 27y ®iF]
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Br g RS RS R B

o 443 B RN RAEA GEATD
Maximum Ax

X w +5% 0.9895

X % -5% 0.8503

Y e +5% 0.8237

Y % -5% 1.1069

[FH &k ~mg EiF]

A wldede 4-5 84 4-6 S o
W BWEABEHE LY I H(TESE TH) WE2IZ wi

BAWE3 X »IH(TEFETH),
% A-5% PR Fa TS (

)

#

g

Hal
W
A
o)
o
(=1
N
h
-
el
~—

A F T = K
[P ¢ &4 47 R0
Period Sum | Sum | Sum Sum | Sum | Sum
Case | Mode sec UX Uy Uz X Y 7 RX RY RZ RX RY RZ

2.275{ 0.009] 0.383| 0.000f 0.009| 0.383| 0.000{ 0.384| 0.008| 0.068 0.384| 0.008| 0.068

Modal

[

Modal 2| 2.061] 0.086| 0.119| 0.000| 0.095| 0.501| 0.000f 0.116( 0.083| 0.255 0.500{ 0.092| 0.323

Modal 3| 1.807] 0.429| 0.005 0.000| 0.524| 0.506| 0.000{ 0.004| 0.395 0.098| 0.504| 0.487| 0.421

[FH ik 277 HiF]
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TR B RRE RS S E

2 A6 HEWES LT (B¥e PRITHL I ¥ T F)

SRR ST — G

A b = B AN A A
Period Sum | Sum | Sum Sum | Sum | Sum
Case |Mode sec UX uy uz UX Uy Uz RX RY RZ RX RY R7

Modal 1] 2.196] 0.015| 0.581| 0.000, 0.015| 0.581 0.000{ 0.175| 0.004| 0.177| 0.175] 0.004| 0.177

Modal 2| 2.01] 0.124| 0.188| 0.000{ 0.138| 0.769| 0.000| 0.054| 0.033| 0.467| 0.228| 0.037| 0.645

Modal 3| 1.767| 0.665| 0.006| 0.000{ 0.803| 0.775| 0.000| 0.001| 0.163| 0.132| 0.229| 0.200| 0.777

(Fxnuj\,)g, N ] i%]

CERR T
MR SRS W2 R T A M ASCE41-13 42 A BT
% o ETABS & 37/ 425% 2. SR ¥ 4245 * ASCE 41-13 % 10-8 $odkc > &L TpF 4L
EH P-M3 ¥ 4zdy L’k'\’fﬁ_ IR L d define i% ¥ i » hinge {8 » B kx
generated hinge = ;Y& 5 M3 #4x > i~ (p £+1/27 ;“-_é‘_) 513k 2_fh+ 3
WA AR R o gt b o LR RO SR RS BIF e Bl 5 0 L5 Takeda 4c
Ao § A 4reT oy M3 5 PF > Moment SF 2 % R §# 48
BAtdpdhd £330 A BLm e R Y R F A WARRd BNp AR E2
FREE S UL TR X B RSB R N K o 444 % 4 ETABS 29
S0 EH M3 fudy O E T o

HAcH 4-100> ¢ AT ER R 4-11 3 537 2 P R=E R > 47
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PGA
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0.60 r ax
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Peak Ground Acceleration (g)

000 ¥———r
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TEfE 7% (cm)

(b) B b 8 B A G B SR
Bl 4- 14 X o plded 52 i &

[FR &k 2= AiF]

% 4-7TX o M BEE A AR

Step Disp. Force AT Ap

26 106.34 2886.1 0.32 0.571
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TR RRERF OISR

iR -2 = 4580 (e TPendas

X Y
§z | RF Disp. |Base_force. |RF4agsisl| AP Y RF Disp. |Base force. |RE4agfm | AP
535 | 45.55 2890. 0 1.00 0.387 48.18 2152. 9 1.00 0.313
231 | 86.53 2880. 0 1.90 0.518 104. 42 2067. 6 2.17 0. 462
51 106. 34 2886. 1 233 A 0571 ) 168.76 1985.5 3.50 K 0.600

Bl 4- 17} Bbdr £ 4vid R BRI E B
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% 4-9 BRe2 KT Ak R e
o S¢ sP s¢! X AT R
Sa P AR R 0.8 0.4 1.0 0.55 Ariv BTk
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$4 ¢t 271

SER

% 4- 102 E L TP i 1 pis ik

EFH S I a s Gl | R R 1 s ik
yAF o
Fa I:V
SP Sy s> s
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1.0 1.0 1.3 1.1
[ dom 54 < [27]]
F4-11 17371 #7k 0 S
BE4E Kis R RS AR EFS
NA NV NA NV
r>5km
1.0 1.0 1.0 1.0
(7o sim = %% < fr [27]]
o 4-12:359TR ® Y 2 KT e R Tl

TEAFH R T AR B Rk Sps =SCF,N, =0.8

- f/jﬁﬂ Kok Ttk B Gl Sp1 =SlDFVNV =0.52

EFH B AT B RS R T A R Gk Sys =SYF.N, =1

- A Ee R4 KT R R | Sy, =S"FN, =0.605

(5 & 24 2 e [27]]
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S R RPERAL

F 4 1397PE2 INLRRATHAZE 3P T0F RHFEFLREAFT I XZ2 Y 9)

B2

5‘ B /iv’i& < EON P =k 1R EE 3 i F v & ip T 3e = =
R Ss | S Ref | EP ) RRER ) ade ) Ko w | B S,y (T=2.3485) | S, (T=4.1s)
PGA PGA PGA
(€9) (2 (€9) (2) (2
No.1 FHEE R | 1999 | TCUOS5 0.212 0.262 0.236 0.245 0.1194
No.2 FEE R | 1999 | TCU067 0.319 0.498 0.398 0.297 0.1314
No.3 FEE R 1999 | TCUI20 0.197 0.227 0.212 0.208 0.1269
No.4 7 & | 2010 | CHY089 0.175 0.274 0.219 0.138 0.0427
No.5 7o & | 2010 | CHYO023 0.091 0.124 0.106 0.100 0.0494
No.6 #k¥ & | 2016 | CHYO015 | 0.172 0.267 0.215 0.074 0.0203
No.7 ES 33 & | 2016 | CHY096 0.142 0.168 0.154 0.091 0.0617
No.8 FEER | 1999 | TCUO50 0.131 0.145 0.138 0.160 0.0935
No.9 7 i & | 2010 | CHYO021 0.139 0.134 0.136 0.119 0.0836
No.10 ?ing 2 | 2010 | CHYO078 0.063 0.104 0.081 0.051 0.0306
No.11 F k¥ & | 2016 | CHY064 0.115 0.139 0.127 0.098 0.0546
Bir i (1) T=4.15 5 RC L 855 47 flichk 35%% 2 9 - (2) T =2.3485 & RC ¢
%7 A 4TR g 29 T =2.639s ~ T,=2.058s (3) T = Tae =(T +Ty)/2 ¢
(5 som : ~mm g 9LiF)
i, I I H 1.4 Vi | H
i = Target spectrum(MCE) Iy : ! — Target spectrum
15 | - = :Selected ground motion | | 12th ! = = ‘Average
L i T a Iyt |
o i z ’ 1 | :
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T i @ !
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2 4 6 8 10 0 2 4 6 8 10
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Bl 4- 18 #7p+iE 11 L2 F sk & b R F # (MCE)2 v it

[FA %R ham g i)
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S g A RS RS E

o 4-14 L BRI B
aa | BE IDA 4 47 5 Jis3# P R (Q)
W% | #® | 01 | 02 | 03 | 04 | 045 | 05 | 055 | 06 | 065 | 0.7
No.l | 0.119 | 0.837 | 1.674 | 2.512 | 3.349 | 3.768 | 4.186 | 4.605 | 5.023 | 5.442 | 5.861
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No.g | 0.094 | 1.069 | 2.139 | 3.208 | 4.277 | 4.812 | 5.346 | 5.881 | 6.416 | 6.950 | 7.485
No.9 | 0.084 | 1.196 | 2.392 | 3.587 | 4.783 | 5.381 | 5.979 | 6.577 | 7.175 | 7.773 | 8.370
No.10 | 0.031 | 3.273 | 6.546 | 9.819 |13.091|14.728|16.364|18.001 |19.637(21.274(22.910
No.11 | 0.055 | 1.830 | 3.660 | 5.490 | 7.319 | 8.234 | 9.149 |10.064|10.979|11.894 |12.809
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4
i

% 5-4 R 7RI T

BRAAMNKE(FEE) - X

WA LA [ RAEERRTS [ RER oB | AT hHes |[RARNDA| TiHpe B A

Ve D A=Dj4-D VD (V/ID)a=x(V/ID)/3 | (VID)/(VID)y | (VID)/(VID)ai

() (cm) (cm) (tfcm) (tfcm)
R1F 138.57 337
15F 198.04 317 0.20 1011.96
14F 253.34 297 0.20 1238.22 1.22
13F 304.47 2.76 0.21 1434.83 1228.33 1.16
12F 351.42 2.54 0.22 1603.19 142541 112 1.31
11F 394.20 231 0.23 1751.22 1596.41 1.09 1.23
10F 432.80 2.08 0.23 1883.38 1745.93 1.08 1.18
9F 467.23 1.85 0.23 2004 .42 1879.67 1.06 115
8F 497.49 1.62 0.23 2120.59 2002.79 1.06 113
7F 523.57 1.38 0.23 2233.66 2119.56 1.05 1.12
6F 545.48 1.15 0.23 2353.24 2235.83 1.05 1.11
5F 563.22 0.92 0.23 248224 2356.38 1.05 1.11
4F 576.78 0.70 0.22 2634.90 2490.13 1.06 112
3F 586.17 0.50 0.21 2826.28 2647.81 1.07 1.13
2F 591.52 0.30 0.19 3069.64 2843.61 1.09 1.16
1F 596.87 0.02 0.28 2100.92 2665.61 0.68 0.74

LR 30T &K 708
wPE % NG NG

BRI RAKPHE)- Y

WA L [ REFRET (RERS | AFAHES [(RAERS2R| THR» PR
Ve D A=Dy1-D; VD (VD)a=x(V/ID)3 | (VID)/(VID)uy | (VID)/(VID)ai
(t) (cm) (cm) (ticm) (tiicm)

R1F 138.57 8.26

15F 198.04 7.79 047 419.75

14F 253.34 7.30 0.50 510.25 1.22

13F 304.47 6.78 0.51 592.47 507.49 1.16

12F 35142 6.25 0.53 661.93 588.22 1.12 1.30

1F 394.20 5.71 0.55 722.77 659.06 1.09 1.23

10F 432.80 5.15 0.56 776.88 720.53 1.07 1.18

9F 467.23 458 0.56 827.69 775.78 1.07 1.15

8F 497.49 4.02 0.57 876.94 82717 1.06 113

7F 523.57 345 0.56 927.49 877.37 1.06 112

6F 545.48 2.90 0.56 981.79 928.74 1.06 112

5F 563.22 2.36 0.54 1046.10 985.13 1.07 113

4F 576.78 1.84 0.51 1121.27 1049.72 1.07 1.14

3F 586.17 1.37 048 1227.32 1131.56 1.09 117

2F 591.52 0.91 0.46 1282.29 1210.29 1.04 113

1F 596.87 0.03 0.88 680.81 1063.48 0.53 0.56
LR F>0T K F>08

% NG NG
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CEE IR R E PR

i

B AEF 0 L AKX B LY v m B it FHG PR R
FRE R RE TR TR R AT L A MRS EN 2 foREE TR

A Elded 5-5tm e Z BHECRE AW SR 1 X e T H(TESFE e T H) i
E2:Y »IHg(TrEdhae TH) L3 Z vl o

TR RS DRITHE BT E 2 TR AT 2 A AR B 2

&

FOARBEFT R o Auldrd 52T T o W BREANAIEE LY »IH(T

EHErTH) R X p I H(TERE e TH) R Z e

2 5-SEHERELEFF (R%e PRITRT 2 TF)
(@) * 74
AR S0 R 55 R 25 )
Period Sum | Sum | Sum Sum | Sum | Sum
Case |Mode sec UXx Uy uz UX Uy Uz RX RY RZ RX RY RZ

Modal 1] 1.963| 0.485| 0.000 0.000| 0.485| 0.000| 0.000 0.000| 0.549| 0.000{ 0.000| 0.549| 0.000

Modal 2| 1.668| 0.000| 0.479| 0.000| 0.485| 0.479| 0.000{ 0.552| 0.000{ 0.001| 0.552| 0.549| 0.001

Modal 3| 1.390| 0.000| 0.002| 0.000| 0.485| 0.481| 0.000| 0.003| 0.000f 0.302| 0.555| 0.549| 0.303

A uk
(b) 7
DR 0K 55 e (5 1)
Period Sum | Sum | Sum Sum | Sum | Sum
Case |Mode sec UX uy uz UX Uy Uz RX RY RZ RX RY RZ

Modal 1) 1.430{ 0.000{ 0.527| 0.000| 0.000, 0.527| 0.000f 0.496/ 0.000| 0.003| 0.496| 0.000, 0.003

Modal 2| 1.258| 0.000| 0.006/ 0.000{ 0.000| 0.533| 0.000| 0.006| 0.000f 0.352| 0.502| 0.000f 0.355

Modal 3| 0.897| 0.520| 0.000{ 0.000{ 0.520| 0.533| 0.000| 0.000| 0.513| 0.000| 0.502| 0.514| 0.355

[FA kR Ay W]
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i

R %GR TR

F S5-0RPEFRLEFF (A0 DRITFEF Z#TZ
(@ ~7z 4
HHR Z 8k 55 B (R 2 )

Period Sum | Sum | Sum Sum | Sum | Sum
Case |Mode sec UXx Uy Uz UX Uy Uz RX RY RZ RX RY RZ
Modal 1/ 1.906| 0.813| 0.000{ 0.000| 0.813| 0.000/ 0.000f 0.000f 0.190{ 0.000{ 0.000{ 0.190| 0.000
Modal 2| 1.585| 0.000| 0.803| 0.000f 0.813| 0.803| 0.000| 0.196/ 0.000| 0.006| 0.196| 0.190| 0.006
Modal 3| 1.359| 0.000| 0.005/ 0.000f 0.813| 0.808/ 0.000{ 0.001| 0.000| 0.817| 0.197| 0.190| 0.823

(b) z 4
AR 1% 55 I (25 )

Period Sum | Sum | Sum Sum | Sum | Sum
Case |Mode sec UX uy uz UX Uy U7 RX RY RZ RX RY RZ
Modal 1/ 1.258| 0.000| 0.661| 0.000| 0.000| 0.661| 0.000/ 0.179/ 0.000f 0.138| 0.179| 0.000| 0.138
Modal 2| 1.207| 0.000| 0.132| 0.000f 0.000{ 0.794| 0.000{ 0.036/ 0.000| 0.687| 0.215| 0.000| 0.824
Modal 3| 0.689| 0.745/ 0.000, 0.000f 0.746| 0.794| 0.000{ 0.000| 0.264| 0.000| 0.215| 0.264| 0.825
[FH# kim: 45 8iF])

3OS TEDHEE AN (§ 86 DRITET FHTE)

(@ A~z 4%
Circnlar
Caze Lode Period Frequency Frequency
sec cvelsec radfsec
klodal 1 4,242 .235 1.47a1
klodal = 3.206 0,303 1.2065
klodal 3 221 1,256 2.2363
TABLE: Modal Participating Mass Ratios
Case  Mode Period UX Uy UZ Sum UX Sum UY Sum UZ RX RY RZ SumRX Sum RY SumRZ
360

Modal 1 4245 051 0.00 0.00 0.51 (.00 0.00 (i 052 0.00 0.00 0.52 0.00
Modal 2 32 00 0.51 0.00 0.51 .51 0.00 0.51 (.00 0.00 0.51 0.52 0.00
Modal 3 2681 000 0.00 0.00 0.51 .52 0,00 Q.00 (.00 0.33 0.52 052 0.33
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R YR PR TR

(b) 74
Circular
Case Mode Feriod Freguency Freguency
sec cwclsec radfsec
hlodal 1 291 0,344 2. 159
hdadal 2246 0,351 22074
hdadal 3 2,763 0,362 22736
TABLE: Modal Participating Mass Ratios
Case  Mode Period UX UY UZ SmUY SumUY SimUZ  RX RY RZ  SumRX SumRY SumRZ
eC
Moddl 1 291 0.003 (474 0 003 04% 0 (.43 0.003 0032 043 008 003
Mol 2 286 0490 (.000 0 0503 0482 0 (1,008 (.49 0.006 040 0500 0038
Mol 3 293 001 0,052 0 0517 0534 0 0,046 0015 0,299 049 0516 0337
Moddl 4 08 0 0012 0 0517 056 0 0,014 0 0035 054 0516 0372
Moddl 5 083 0 0,066 0 0517 06l 0 0081 0 0.007 0505 0516 039
Mol 6 0805 010 0 0 06zl 06l 0 0 0,085 0 0505 0601 039
[FA kiR 2 g @WiF]
2 5-8FPEFRELETFF (FHFSRITFEET T2 T F)
(@ A7z 4
Circular
Case rlode Feriod Frequency Frequency
e caeisec radfsec
bAcdal 1 4,165 0.24 1.5026
hAodal = 3202 0,312 1.9625
hAodal 3 2,754 0.363 Z.281s
TABLE: Modal Participating Mass Ratios
Case  Mode Period UX Uy UZ SumUX SumUY SumUZ RX RY RZ SumRX SumRY SumRZ
SC
Modal 1 4165 07 000 00 070 000 0.00 021 0.00 0.0 021 0.0
Modal 2 32 0o om0 0 07 0.0 000 001 0 021 001
Modal 30 2T 000 00l 000 079 0.0 0.0 000 0.7 00 021 0.8
[FH Lk 2y A7)
I SR E

MR SRR s Rt AT ASCE 41413 405 3 RA T H k-
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[FR &k ~mg @iF]

AL sL

e B EE

BRI P S 05Tg e B A Y

HPIRC ¥ 4 I F e 3 51 4 B0 e S8 8 4o 5-12 997 « s

GO E e TR T 4 e ISWI o H ¥7a

B~ S UchoR) 5o 13 T AR

$
$Name
15Wlx
15W2x
25W1x
ISW1x
25W 2y
28W3y
ISW2ly
3SW3y

RC SHEAR WALL :OPERTIES

section [ ¢ H Hn lw tw Nu Ig

ISWlx 350 400 400 300 15 0 L3E+08
1SW2x 350 400 400 40 15 0 6.5E+07
Wl 280 320 30 90 15 0 47E+08
Wik 245 320 3 90 15 0 47E+08
2W2y B0 320 X 60 15 0 L4E+08
Wy 280 0 W W D 0 LZE+08
Wk A4 3 3 610 15 0 L4E+08
Wy A4 3 W B 1 0 L2E+08

db fy dh fyh b dww  fyv
0953 2800 0953 2800 52 093 2000 78
0953 2800 0953 2800 52 093 200 62
0953 2800 0953 2800 42 0953 2800 120
0953 2800 0953 2800 42 093 2800 120
0953 2800 093 2800 42 093 2000 80
093 2800 093 2600 42 093 280 7
093 2800 093 2800 42 093 2800 80
093 2800 093 280 42 093 280 76

Bl 5- 12 46 e (1 d dcft 5

[FR &k A=F @iE]
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5 COILLUNMN SECTION PROPERTIES
15WI1 x
SS90 15
10 2800 3 3
25 2800 3 3
40 2800 3 3
55 2800 3 3
T 2800 3 3
s55 2800 3 3
100 2500 3 3
115 2800 3 3
130 22300 3 3
145 2800 3 3
16y 2800 3 3
175 2800 3 3
190y 28000 3 3
205 2800 3 3
220 2500 3 3
235 Z800 3 3
250 2500 3 3
265 2800 3 3
250 2500 3 3
295 Z500 3 3
310 2800 3 3
325 Z300 3 3
340 2300 3 3
355 Z300 3 3
IO 2800 3 3
3HEsS 2500 3 3
400 2800 3 3
415 2500 3 3
430 2800 3 3
445 2500 3 3
460 28500 3 3
A47s 2500 3 3
A4 28500 3 3
505 2500 3 3
520 Z800 3 3
535 28500 3 3
550 Z300 3 3
565 28300 3 3
S80 2500 3 3
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(a) 3D View
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(b) Elevation View
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141 Elevation View - H - Displacements (pushY) Step 11/21 [cm] ]_
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050
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010 b
005 |

Peak Ground Acceleration (g)

R (cm)

(b)Y & B (A% T i B LA B R
Bl S5-18Y % RI4EW 52 il o SU(HE 2 BRE R

[F# kim: &g EWiF]

Z 5-10Y @ [hic Bhy £ Svid R

Step Disp. Force AT Ap

10 46.84 cm 1490.3 tonf 0.329 0.439¢

[FA kR Ay W]

=P BT § W=7763.8 ton

RAT 4 /258 E §(V/W)=0.192
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_[ 43 Elevation View - H - Displacements (push¥) Step 18/21 [cm]
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0.60

050 - w‘ax

L 4

040

030 r

020 -

010 r

Peak Ground Acceleration (g)

0.00 L 1 1 L 1 1 1 1 1 1 L 1 1 L 1 1 1 1 1 1 1 1 L 1
0 a0 40 &0 AW 100

IR (cm)

(0) Y & 7H Rt BT A BE A 4 B A
Bl 5-22Y % RI4EW SE R0 SL(H© RURE )

[F# kim: &g EWiF]

Z 5-12Y w fhae Bhy A Avid R

Step Disp. Force AT Ap

17 87.03 cm 1396.1 tonf 0.32g 0.499¢g

[FH ik 277 HiF]

P BT € W=7763.8 ton

ARG 4 /EFREE(V/W)=0.18
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Fig ¢

UK B3 B 614 4T3 31

o 5-13 Mac Bhi R Avid R 2T D RITHM
X Y =
UG 8 K AR | Drift 8 K AR | Drift
Ap ADp
I =#(D)| %4 (V)| ratio =#(D)| ¥ 4 (V)| ratio
1340.1 1490.3
] 66.76cm 2.67% |0.5069|46.84cm 1.81% (0.439g
tonf tonf
1180.6 1396.1
3 118.11cm 3.52% |0.5119g(87.03cm 2.73% |0.4999
tonf tonf
[T %0 452 g 1]
(3)FEMA-440% £ B3z it P ¥ 2 4 B
a. X o i BH(F $Te P RITEE 4T F)
E3 FEMA 440 Equivalent Linearization
. Legend
é’-’ 452 -

-204

-185

-105

-5

95

145

Spectral Displacement, cm

195

245

295

() X v % £ Ri#
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TR P BRE SRR HE

Performance Point
Foint Found

=hear (kef)
Displacement (cm)
sa (g)

=d (om)

T secant (sec)

T effective (sec)
Ductility Eatio
Damping Eatio, Beff
Modification Factor, M

Tes
1055606,03
1055282

0, 173287
81,0702
4,34

4, 206
1246053
00528

[, S Q002

(b) X & 2% B
B 5-23 %X w5 &R

[FAkim @ 27y ®iF]

Mt PR & 4R RS
Vmax = 1085606 kgf Displacement = 105.528cm

Sps =0.80 Sp1=0.52

k =0.50 Ae=7.03

Mode Shape Weight

Q1 = 0.063 W1l= = 529863 kgf
D2 = 0.142 W2 = 516707 kgf
®3 = 0.234 W3 = 516707 kgf
d4 = 0.329 W4 = 516707 kgf
5 = 0.423 W5 = 516707 kgf
D6 = 0.513 W6 = 516707 kgf
Q7 = 0.598 W7 = 516707 kgf
d8 = 0.677 W8 = 516707 kgf
@9 = 0.750 W9 = 516707 kgf
®10=  0.817 W10 = 516707 kgf
®l1= 0.874 W11 = 516707 kgf
®12= 0.921 W12 = 516707 kgf
®13=  0.957 W13 = 516707 kgf
®dl14= 0.983 W14 = 516707 kgf
®15=1.000 W15= 516707 kgf
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PF1=1.2944
a1 = 0.7999
Sa= 0.1748
Bo =0.0000
Bs =1.0000
Teq =4.3321

57 eq

2.51,

0

A __<L0><43321
TP\ 2.5 % 0.65

a.p

LEE R T T E TP

W =7763761kgf

Sq = 81.5238
Beq = 0.0500
B1=1.0000

To=0.6500 —To<Teq

| 25 ) I,
s el =241 for T, €027,
» B 02T, d

Jor 021, <T,

eq

<7,

for 1, <T,

) X 0.1748 = 0.4660g

b.Y w it BH(F 4T BAEITRE T ¥ T F)

E-3
952 -

852 -

752 -

652 -

552 -

452 -

353 -

Spectral Acceleration, g

253 -

153 -

53 -

FEMA 440 Equivalent Linearization

Legend

—s— Capacity

== Single Demand
Period Line

—— Demand Family

47 4

' ' ' ' ' '
-155 -105 -55 -5 45 95

Spectral Displacement, cm

'
145

'
195

'
245

i
295

@Y % % £ R

158




LEEIRIEE X TR E R e

Ferformance Point

Foint Found Tes
whear (kef) 1336421,59
Displacement {om) 79,8314
ma ) 0209512
=d (cm) 61.644

T zecant (zec) 3438

T effective {sec) 3,334
Ductility Ratio 1.239336
Damping Katio, Beff 005287
Modification Factor, M 0, Q402260

(b)Y % it 2
B 5-24 B4 Y » F 2 RSB

[FAkim @ 27y ®iF]

Mt PR A e R
Vmax = 1336422 kgf Displacement =79.831cm

Sps=0.80 Sp1 =0.52

k =0.50 Ae=6.47

Mode Shape Weight

Q1 = 0.071 W1l= 529863 kgf
D2 = 0.179 W2= 516707 kgf
@3 = 0.250 W3 = 516707 kgf
D4 = 0.357 W4 = 516707 kgf
D5 = 0.429 W5= 516707 kgf
D6 = 0.536 W6 = 516707 kgf
D7 = 0.607 W7= 516707 kgf
D8 = 0.679 W8 = 516707 kgf
D9 = 0.750 W9 = 516707 kgf
®10= 0.821 W10 = 516707 kgf
®11=  0.857 W11 = 516707 kgf
®12= 0.893 W12 = 516707 kgf
®13=0.929 W13 = 516707 kgf
®14=  0.964 W14 = 516707 kgf

®15= 1.000 W15 = 516707 kgf
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PF1=1.3153
a1 = 0.8162
Sa = 0.2109
Bo =0.0066

Bs=1.0218
Teq = 3.4030

Fig ¢

W =7763761kgf

Sd = 60.6930

Beq = 0.0533
B1=1.0165
To=0.6534 —To<Teq

UK B3 B 614 4T3 31

| 25 )T,
s 1] =21 for T, 02T,
» B 0.2T0 g

B
4,215 for 021, <I, <1,
5]:’(
S S for 1, <1,

0

2,57, *F

~ A

<1.0218 X 3.403

X 0. = V.
2.5 x 0.6534 ) 0.2109 = 0.449

p

EiN

BLE P el i PR & 4

T o ik

10% -

4 5- 14 4 B F Rl - FEMA-440 3 § 23

& b % o FEMA-440 % 8 Bt chibil B R

i R Apkeh i

# B FEMA-440 2 £ R3ki2 57 5

02 oMt g PR A A B R

1 i B O FEMA-440 % & Z3# i
X Y = X Y #»
B AAT A Vina 1180.6 tonf | 1396.1tonf | 1085.6 tonf | 1336.4 tonf
8 # 4% ,Roof Disp 118.11 cm 87.03cm 105.53 cm 79.83cm
i p s A4k R LA, | 05119 0.499g 0.4669 0.449g
[FAkim @ 27y ®iF)
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(a) 3D View

(b) Elevation View
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43 Plan View - 2F - Z = 400 (cm) - Displacements (pushX) Step 14/14 [cm]

L

Cc71 Cc74

c43 C46

(c) Plan View

B 5-25 X & 38 A 47 5 5% (H & B 2 1)

[ 74 %

*E g HiE]

43 Hinge Response - C43HS5 (Auto P-M3) ] ~ >4
= B << Step 14 > 7|
apCcadiCaselan DO E+6 Hinge Response - C43H5 (Auto P-M3)
Load Case push® 36.0 -
Hinge DOF M3
4 Hinge Identification
Story 2F 30.0 -
Obiect Twpe Frame
Frame Type Column
Column Label C43 2@ o
Hinge C43H5 (Aute P-M3
Hinge Type Interacting P-hA3 '______—-I-—‘"
Eelative Distance a1
4 Hinge Response Curve ek =
Visible Yes
Line Type Selid £
Line Width 3 Pixels £ 120-
Line Color Il Ele 2
4 Backbone Curve -
Visible Yes 2 so0-
Line Type Selid -
Line Width 1 Pixel (Regnlary S
Line Color Ml Red g = L
4 Legend =
Legend Type None
4 Current Step Data 60
Load Step 14 :
M3 (gf-cm) 0
Plastic R3 (rad) 0007704
Plastic R3 Max (rad) 0.007704 =D =
Flastic B3 Min (rad) 0
Hinge State =E
Hinge Status =P -18.0 -
]
L
-24.0 4 ' ' ' ' ' ' ' '
-6.00 -4.50 -3.00 -1.50 0.00 3.00 4.50 6.00 7.50 9.00 E-3

Plastic Rotation, rad

(a) PushX_C43 B 4 M3 B3R 1
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33 Hinge Response - C46H5 (Auto P-M3)

B = - << Step 14 >> R
aicadiCaselan DO E+6 Hinge Response - C46H5 (Auto P-M3)
Load Caze push 250 -
Hinge DOF M3
[« Hinge Identification y
Story oF 200 -
Cbiect Twpe Frame
Frame Tyvpe Column
Column Label C46 15.0 -
Hinge C46HS {Auto P13 :
Hinge Type Interacting P-h3
Relative Distance 0.1
4 Hinge Response Curve Ly
Visible Yes
Line Type Solid £
Line Width 3 Pixels & seo-
Line Color I Gl =
[« Backbone Curve o
Visible Yes 2 oo L]
Line Type Selid -—
Line Width 1 Pixel (Regular) S
Line Color Il Red g =@
[« Legend =
Legend Type None
4 Current Step Data
-10.0 -
Load Step 14
b3 Gegf-wm) 283364.11
Flastic B3 (rad} 0007537
Plastic R3 Max (rad) 0,007537 =B =
Plastic R3 Min (rad) 0
Hinge Stats =E
Hinge Status =P -20.0 - /+__'_/4
-—
-25.0 - | i i ! ! i ! ! h
-6.00 -4.50 -3.00 -1.50 000 150 300 450 600 750 9.00E-3
Plastic Rotation, rad
B > g 4
(b) PushX_C46 B f1t M3 2Lk 16
r#1 Hinge Response - C/1HS5 (Auto P-M3) ] ~
= - E- << Step 14 > /|:
[+ Load Case and DOF E+6 Hinge Response - C7T1H5 (Auto P-M3)
Load Case pushX 36.0 -
Hinge DOF M3
+ Hinge Identification
Story 2F 300 -
Object Type Frame
Frams Type Colnmn
Column Label C71 zap
Hinge C71H5 (Auto P-M3 : —
Hinge Type Interacting P-M3
Relative Distance a1
4+ Hinge Response Curve D =
Visible Yes
Line Tyvpe Solid £
Line Width 3 Pixels £ 120-
Line Color Il Elue =
« Backbone Curve -
Visible Yes 2 so-
Line Type Solid -
Line Width 1 Pixel (Regularh S
Line Color Il Red g a0 L , |
4 Legend =
Legend Twpe Meone
4 Current Step Data
Load Step 14 607
M3 Qegf-cm) 21366.00
Plastic B3 (rad) 0.008236
Plastic R3 Max (rad} 0.008236 =124 =
Plastic B3 Min (rad) 0
Hinge Stats -E
Hinge Statns =P -18.0 -
]
240 - @ | | . I , . . .
-6.00 -4.50 -3.00 -1.50 0.00 1.50 3.00 4.50 6.00 7.50 9.00 E-3

Plastic Rotation, rad

(c) PushX_C71 B 44 M3 2L i
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r#31 Hinge Response - C74H5 (Auto P-M3) 1 -
BiFE- - - | << Step 14 >> -
[ el G ol D1 E+6 Hinge Response - C74H5 (Auto P-M3)

Load Case push3 300 -

Hinge DCOF 13
« Hinge Ideatification

Story 2F 25.0 -

Cbiect Type Frame

Frame Type Column

Column Label <74 —

Hinge C74HS (Aute P-M3 :

Hinge Twpe Interacting P-M3 ——

Relative Distance 0.1 b
4+ Hinge Response Curve 2D 5

Visible Yes

Line Tvpe Solid £

Line Width 3 Pixels _.'-_’ 100 -

Line Coler I Elu= =
4 Backbone Curve -

Visible Yes 2 so-

Line Type Solid -

Line Width 1 Pixel (Regular) 5

Line Color I Fed = L
4 Legend g

Legend Type Mone
[« Current Step Data o

Load Step 14 :

M3 (kgf-cim) 551,57
Flastic R2 (rad} 0,007322
Plastic R3 Max (rad) 0,007332 =SB =
Flastic R3 Min {rad} 0
Hinge State =E
Hinge Status =CP -15.0 -
.
- "___’—l’_//.
-20.0 5 ' '

-6.00 -4.50 -3.00 -1.50 0.00 1.50 3.00 4.50 6.00 7.50 9.00 E-3
Plastic Rotation, rad

(d) PushX_C74 B 44 M3 2L fi
Bl 5-26 X B -+ M3 2k i

(5 sim 0 2y @iE]

1600000

1400000

1200000

1000000

BO0000

E00000

BEEN(kg)

400000

200000

BRI (cm)
(@) X & fplded &
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045
040

035
030
025
020
015
NV
005

Peak Ground Acceleration (g)

0.00 i i i i I i i i i I i i i i I i i i i
0 0 40 &0 80

IEEU#(cm)
(b) "Bk M3 & i B A b B M

Bl 5-27 X & fplde o SR 200 0 A(H 2 EOR B R

[FH ik 277 HiF]

Z S5-15X o {ha Bhi & 4vid R

Step & =4 (D) ART 4 (V) AT Ap

13 61.27 cm 1456.08tonf 0.329 0.386g

[FAkim @ 2y ®iF])

FEH R £ ¥ W=8572.95ton

ART A 25 0L 2 (VIW)=0.170
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2.Y e A drisk (5% BRITHEE F¥ T 2RI

43 3-D View - Displacements (pushY) Step 13/28 [cm] |

5 (OK S SN -l

(a) 3D View

c20 C68 CB7

(b) Elevation View
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43 Plan View - 2F - Z = 400 {cm)

- Displacements (push¥) Step 13/28 [cm]

[

c87

C68

c20

(c) Plan View

pan

Bl 5-28Y & 4w A 47 5 % (& BOR E R))

Kk Ay iE]

r#1 Hinge Response - C20H7 (Auto P-M2) ] ~
= - - << Step 13 > > 2|1
LoadfeasolandROK E+6 Hinge Response - C20H7 (Auto P-M2)
Load Case push 250 -
Hinge DCF Mz
Hinge Identification 5
Story oF B =
Tbject Type Frame
Frame Type Column
Column Label 20 15.0 -
Hinge C20H7 (Auto P-b2
Hinze Type Interacting P-M2
Relative Distanca 0,15
Hinge Response Curve 1D =
Wisible Tes
Line Tvpe Seolid £
Line Width 3 Pixels £ so- u
Line Coler I Bl =
Backbone Curve e
Visible Yes S oo —
Line Tvpe Seolid -
Line Width 1 Pixel Regular) =
Line Color Il Red E sms
Legend g
Legend Type Mone
Current Step Data 00 4
Load Step 12 -
W2 egf-cm) 0
Plastic R2 (rad) 0.016404
Flastic R2 Max {rad) 0.016404 =124 5
Flastic R2 Min (rad) s}
Hinge State =E
Hinge Status =CP -20.0 -
/,_,_'——"_’—l.l
250 1, ' I ' ' ' ' ' '
-120 -9.0 6.0 -3.0 0.0 3.0 6.0 9.0 120 150 18.0E-3

Plastic Rotation, rad

(2) PushY_C20 B #f-1 M2 RLi i 1
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1431 Hinge Response - C68H7 (Auto P-M2) ] -
= - - << Step 13 > Ve |:
[+ Load Case and DOF E+6 Hinge Response - C68H7 (Auto P-M2)

Load Case pushf’ 40.0 -
Hinge DOF Mz
[+ Hinge Identification
Story 2F 320 - -
Ohisct Type Frame f
Frame Type Column
Column Label 68 o
Hinge CB8HT (Auto P-M2]
Hinge Tspe [nteracting P-LI2
Relative Distance 0.15
4 Hinge Response Curve 16.0 -
Wisible Tes
Line Twpe Selid £
Line Width 3 Pixels & so-
Line Coler M - =
4 Backbone Curve o~ -
Visible Yes = 00 ———
Line Twpe Selid -
Line Width 1 Pixel (Regular) 5
Line Color Il Fed =R
4 Legend g
Legend Twpe Mone
4 Current Step Data B
Lead Step 13 :
BAZ (kef-em) a
Plastic R2 (rad) 0.010418
Flastic R2 Max (rad} 0.010418 Oy
Plastic B2 Min (rad) Q
Hinge State =E /_{/ll
Hinge Status =CF -32.0 - -——
-40.0 , , ! , . . . ! !
-0 60 -40 -20 oo 2.0 40 6.0 8.0 100 120 E-3
Plastic Rotation, rad
, - e
(b) PushY_C68 B 44 M2 B3 fi
431 Hinge Response - C87H7 (Auto P-M2) 1 ~

- - [wl- | << Step 13 >> P
< Load Case and DGF E+8 Hinge Response - C87H7 (Auto P-M2)

Lead Case pushy’ 480 -

Hinge DGF M2
4 Hinge Identification

Story 2F 40.0 -

Cbisct Tspe Frame

Frame Tvpe Column

Column Label 87 o

Hinge C8THT (Auto P12

Hinge Type Interacting P-b2 ._’——-l'—J:;ﬂ‘

Relative Distance 0,15
< Hinge Response Curve

Visible Yes

Line Type Solid £

Line Width 3 Pixels _:g 16.0

Line Color Il Blue =
4 Backbone Curve o

Visible Yes = so

Line Twpe Solid -

Line Width 1 Pixel (Regular) =

Line Color Bl Red g 00 b ]
4 Lezend =

Legend Type Mone
4 Current Step Data amd

Load Step 12 :

A2 kef-cm) s}

Plastic R2 (rad} 0,010622

Plastic R2Z Max (rad) 0.010832 =D =

Plastic B2 Min (rad) 0

Hinge State =E

Hinge Status =CP -24.0 -

-— "_'—"—_’_'—.
-32.0 4 ! !

' ' ' ' ' ' i
-8.0 -6.0 -4.0 -2.0 0.0 z2.0 4.0 6.0 80 10.0 12.0 E-3

Plastic Rotation, rad

(c) PushY_C87 & -4+ M2 B3 i
Bl 5-29Y & B it M2 Bk i

[FHkim @ 2y ®iF)
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EEMI#E(cm)
(@Y # R4 e &
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035
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015
010
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0,00

Peak Ground Acceleration(g)

0] 10 an an 40 an £
IBE{U#(cm)
(b) & =4 2 1t BhE 4 oid B W AR

Bl 5-30Y @ Rl4ed A G0 S(HE 2 AR E D)

[FA kR 27y ®WiF])

4 05-16Y b fhit BhE 4 4cid B

Step ThEB0) | BAT (V) AT Ap

12 54.13cm 1296.89tonf 0.329 0.347g

[FH kim: g HiT]
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$I% Y FRAEEEEINAE %

Eh % E F W=28572.95 ton

ART A 25 5§ (VIW)=0.151

Fo S- 17 HPIEF 2 gRss K 2 M Bh & dviE B R

X & Y #
R T AR S
E5| f]D iy Drift A f]D Y Drift A
Rl 1 1 1l
Ay =4, c ratio s g o ratio P
(cm) (tonf) (cm) (tonf)
R
i 118.11 1180.6 | 3.52% |0.511g| 87.03 1396.1 | 2.73% [0.499g
$x 33
i A 61.27 1456.08 | 1.60% |0.386g| 54.13 | 1296.89 | 1.42% [0.347g

Note: Pz = % 7‘##
WHAE = BMEE R
G YA 1D

¥

ks

§ ¥ RRRPE

-~ P RF R
AEGIEA 53 ABEFEF DR KV kg TEAF A RR RS
EfRW, B R RPEF B E et BR2SD 8P v S SN sz it etk

BRIk T R REF,OF ek 5-182 £ 5195 d A Kb

She
4

TR ST TT AREAS A RE RSP A 2450 T F AT e

"‘5\1'\
5

AEFF Ny~ Nydod 5200 @ j P e 328 0 3 irirk w b P 20k
T gk B Gl ok 5212 %% .
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Z 5-18 B W2 kT ¥4eid B Ml

R¥ S5 Sy S¢' 5" BT ETR
RN 0.8 0.4 1.0 0.55 | Arit ek

(R %R 54 2 [27]]

% 5-19@F e L FH R 1 a2 ik

EFH S I a s Gl | R R 1 s ik
o AE L 3R
F, F,
S2 s SP s
EH
1.0 1.0 1.3 1.1

(R %R 54 2 [27]]

FEA itk B2 A ETF S A4 E 2T
NA NV NA NV

r>5km
1.0 1.0 1.0 1.0

[FR Rk 54 <k [27]]

3521 iTHER B 2 kT4 B Gl

EFH KR T A R ik
K 2 s il ﬁ' SDs:SsDF NA=0.8

a

— PRI Hp L ok T # R A
f/ \"/{F ¥ [y ﬁ, SD1=S]_DFVNV 2052

EFH AL ER R KT E R R
TETR ' SMSZSQAFaNA:]-

A R R KT e A
P TETR AR B SMEN, —0.605
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POER R RA ST AT B PER Ao 413 Hr > &

o BF i SeE B P AR 4-18 2B 4-19 907 o
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305220 E L L RATNE BSPTF RuELRAE S X2 Y 9)

i | kow | St _
Bkihi | BRLHE | B | RldE PGA PGA PGA Som (T = 2.878s)
® ® ® ©
No.1 BEHRE | 199 | TCUOS5 0212 0.262 0.236 0.174
No.2 BEXR | 199 | TCU067 0319 0.498 0.398 0.188
No.3 BBEXRE | 199 | TCUI20 0.197 0.227 0.212 0.161
No.4 " s 2 | 2010 | CHY089 0.175 0.274 0.219 0.092
No.5 " s 2| 2010 | CHYO023 0.091 0.124 0.106 0.064
No.6 £E¥E | 2016 | CHYOI5 0.172 0.267 0.215 0.05
No.7 £EEE | 2016 | CHY096 0.142 0.168 0.154 0.066
No.8 BEHE | 199 | TCU050 0.131 0.145 0.138 0.112
No.9 "2 | 2010 | CHYO021 0.139 0.134 0.136 0.117
No.10 " s R | 2010 | CHYO7S 0.063 0.104 0.081 0.047
No.11 £E¥E | 2016 | CHYO064 0.115 0.139 0.127 0.067

%31 ()T = 2.878s 5 RC i  #75 475 4 fichk 35%F5 2 ¥ #: # ¢ T, = 2.8465 ~ T, = 2.91s

@) T=T, =T +T )2 - [F# kiR @ a7 @iv]
T i 1 14 1 i
; === Target spectrum(MCE) : — Target spectrum
15 i = = +Selected ground motion| | 12+ I = = 'Average
S i 8 :
2 i i c o4 I
c | ! [¢] !
S i g |
5 1 i 08 !
T i 8 !
3 i Q !
< <06 '
T T |
(%_D 50 (ZJ 0.4 !
1 &8 H
0.2 )
PR— r
_____ I
0 : - 0 :
2 4 6 8 10 0
Period (sec) Period (sec)
Nl IR >3 Rl BN 5 I - =¥
(@) L3 FRAF RH (b) $4:iE Bz TiaF ik

B 5-31 #7345 11 £ 2 F B2 p R F BHMCE)2 +*t #2

[FH KR Ay @iF]
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3 T : 3 \ v T .
E Target spectrum (MCE) ! Target spectrum (MCE)
25 = = TCUOS5 (No.1) 25t : = = TCUO67 (No.2)
RS : 2 ‘
s 2 : S o} i 1
g : © !
3 : 3.l : |
< ! < N :
= : e i
5 1 ' a5 1 : i
NN 5N
%) ' .
05 .“‘ ! : 05 : ]
¥ ' '
T ¥ ' b ¥
0 min L_avg nax I 0 min L avg nax n
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3 19990921 Chi Chi 3 20100304 Jiasian
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g15¢ : 181501 ! |
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, Z 3 T 7
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Period (sec) Period (sec)
(c) Bt %, No.3 (d) B %% Nod
3 20100304 Jiasian 3 20160206 Meinong
i ‘ = : T i ‘ . :
' Target spectrum (MCE) :I ' Target spectrum (MCE)
| : - — CHY023 (No.5) L ! = = CHYO015 (No.6)
5 2.5 E © 25 : 1 E
= ' < ! :
S 27 ' 1 2 2n i
© ' = '
ks : 3 |
© ' O '
g 1571 ' ] g 1.5 ." . '
= . = I \ .
g : o I |
g 1 I 1 g 1 7— ARN !
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0 min 1 :l\lg L =l - O min L 1 :I\Ig L = == 0 — o ] s
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R %GR TR
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(e) Bt ¥ No.5
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Spectral Acceleration (g)
3

'K
1 f& 1
1
N
0.5 0.5 ;
f it - P
min avg Ma% = = === min avg . nax N
0 9 S 0 9
0 4 6 8 0 4 6 8
Period (sec) Period (sec)
(g) Bk %% No.7 (h) 2k %% No.8
3 20100304 Jiasian , . 20100304 Jiasian
E Target spectrum (MCE) : Targ;at spectrum (MCE)
25 = = CHY021 (No.9) o5 ; - = CHY078 (No.10)
G : ° ;
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2 27 : S 2} :
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(0] 1 = 1
° : @ !
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Targ;et spectrum (MCE)
s - — CHY064 (No.11)

-

Spectral Acceleration (g)
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CEE SR LR e e
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Acceleration (g) Acceleration (g) Acceleration (g) Acceleration (g)

Acceleration (g) Acceleration (g)
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Acceleration (g) Acceleration (g) Acceleration (g) Acceleration (g)

Acceleration (g) Acceleration (g)
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20100304 Jiasian
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Number | Number | Fraction | Theoretical
Log
Sa (g) of of causing fragility | Likelihood
likelihood
analyses | collapses | collapse function

0.1 11 0 0.00 0.00 1.00 0.000

0.15 11 0 0.00 0.00 1.00 0.000

0.175 11 0 0.00 0.00 0.97 -0.027

0.2 11 1 0.09 0.06 0.36 -1.036

0.225 11 3 0.27 0.33 0.24 -1.416

0.25 11 8 0.73 0.71 0.26 -1.350

0.275 11 10 0.91 0.93 0.38 -0.974

0.3 11 11 1.00 0.99 0.88 -0.130

0.35 11 11 1.00 1.00 1.00 -0.001

0.4 11 11 1.00 1.00 1.00 0.000

0.45 11 11 1.00 1.00 1.00 0.000

0.5 11 11 1.00 1.00 1.00 0.000

0.55 11 11 1.00 1.00 1.00 0.000

0.6 11 11 1.00 1.00 1.00 0.000

median 0.2359 | dispersion 0.1061 Sum = -4.935
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Story Point Load FZ
BASE 631|DEAD 64910.22
BASE 631|DL2 -74.74
BASE 631|DL3 4731.34
BASE 631|DL4 4868.59
BASE 634|DEAD 106127.4
BASE 634|DL2 -100.97
BASE 634|DL3 8872.23
BASE 634|DL4 9971.16
BASE 638|DEAD 112854.46
BASE 638|DL2 -85.95
BASE 638|DL3 10285.17
BASE 638[DL4 10692.38
BASE 642|DEAD 107122.97
BASE 642|DL2 -72.46
BASE 642|DL3 8991.65
BASE 642|DLA 10066.39
BASE 645|DEAD 114703.4
BASE 645|DL2 -62.69)
BASE 645|DL3 10718.82]
BASE 645|DLA 11068.52
BASE 648|DEAD 113737.71
BASE 648|DL2 -52.6
BASE 648|DL3 10583.65
BASE 648|DLA 10966.26
BASE 651|DEAD 114982.25
BASE 651|DL2 -39.69,
BASE 651|DL3 10777.81
BASE 651|DLA 11166.49
BASE 654|DEAD 94057.16)
BASE 654|DL2 -56.38
BASE 654|DL3 7731.58
BASE 654|DLA 8001.7
BASE 708| DEAD 13513.62,
BASE 708|DL2 11.34]
BASE 708[DL3 1197.36
BASE 708|DLA 725.32
BASE 759|DEAD 10250.97
BASE 759|DL2 2.73
BASE 759[DL3 1157.17
BASE 759|DL4 646.96
Summation|0, 0, Base |DEAD 13721500
Summation |0, 0, Base [DL2 264708
Summation|0, 0, Base [DL3 1667752.1
Summation|0, 0, Base [DL4 1543846.5
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