(Static analysis)

(Dynamic analysis)

(Return period) 100-500

IDARC2D V.4.0

IDARC2D v. 4.0

21

C
(Inertia force, f 1 = mu), (Stiffness force, f5)

(Damping force, / 0 = eu)
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t
P p(t)
m <27

v iz \w

|
Kl 2 12 f;/’j””J;’E[E'fD’J;/z
T A we ] A w /
()

()
2.1 1
fl -lf_o -l_fs = p(0 @
p(t)
U1U
(Hooke's law)
fs = ku @l
fs = f (,) (2.3)
, (Equation of motion)
mil + QU+ fs = p(t) (2.4)
fs :ku
fs =t ( )
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2.4

mil + cil +ku = p(t)

(2.5)
( )-
2.2
‘0 = (0 + g(t) (26)
f1=mu
mil +cil + ku = -mig(t) 2.7)

2.2



lateral
F displacement

2.3
21.2

24

mi+Ql+fs(, ) =-mi ()

24
J 7") restoring force
1 [ ]
A D
horizontal
ground
acceI'eAr\atlon 2% E displacement
tme 1_ plastic hinge
2.4
1
GDE 2.4 OADG

(Dissipate energy)

19

(2.8)

(2.9)
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(Ductility)
2.2 IDARC2D V40
IDARC Park
(1987) IDARC2D v.4.0 (A computer program for the inelastic damage analysis of
buildings) Valles (1996)

(Rigid floor diaphragms) (Degree
of freedom per floor) 1 2 (Plane
frame) (Torsion)

221
IDARC 2.
2 2
3

(Linear spring element)



a 2
edge column edge column
Av» g ¢
3 | '
N x
IW*.0 NG5
beam . —X,.
gil zone 21 :,.6 ;
length € ! \
L shearwall
M .fi".Kg) (] ]
tigid A beam - L X,
p\glngzlﬁne \%/m 8
| |
r,.v,
() ()
- : »
" L 5
Tgid zone gt 1one
1 ; Ig\length W g\ength
M a1OI I\}h.,e,,
Mb,eh Mb 60
()
2.5
el
= [K')s ° (2.10)
eb
M'a M'b

[*']



plasticity model) 1

(Tri-linear model)

X ]
=[E][*][4
Ma Mb
00 06
Xa Xb
[Kel

Mn
Mb

(Hysteretic model)

(Rigid zone)

-l

(Rigid zone)

ua

ub

2

(Spread

(2.11)

(2.12)

(2.13)

(2.14)

(2.15)
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X0 0
d
Xh b
b
nio=es 1ol (2.16)
ni=. -1 1y
Ya VP
d
Yb vh
b
L
2.2.2
(Spread plasticity model)
2.6
2.7 2.8
9{, : [./Lm fah] \ K 217
0/, fhu
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- > . CVOVEE) (2.18)
1 9 Y Em ), GA7
m .(X) m 7(x)
b
Vik)  V.(x)

rigid zone (j°irtcore)-

g_)/
_Q)

vd
RE W e

AMoment Ohstnbution

1%
\t inelastic deformaticn

elastc deformation

\‘\\v M, M6

Curvature Distribution

2.6 (Curvature distribution)

T

T
I

2.7 (Spread plasticity model)



- Jo 2 lfo == S
o ™ oyl
~aj7" * ah.L"
2.8 (Yield penetration length)
2.7
' . | eiy, 11 1
- " P T -
to= Ela E|0\1§6a"'4CC ) el
7) 1 1
243-23)- 28 3 - ,
booE g B g 6 i
fb'a' f
(b4 11 eanaapeal)+ a
2 Elo1 %a Elo_ El  Elo ™
EIO (Elastic rotational stiffness)
El1 (Tangent rotational stiffness)
E |b (Tangent rotational stiffness)
GAZ (Shear stiffness)
LI
aa ah

(Yield penetration coefficients)

IDARC2D V. 4.0

25

(2.19)

(2.20)

(2.21)

(2.22)



1
A J Oa
Y 12e 10e 1Q£7., GA1L"
/m
falb' = AV AV +
12E I0E la, E I,
L
fb'b" mAV + .
12e 10e 1, £7, GAZ
AV = 4 + (£/,- EI )EI (6aa- - 4aR + *
+ (EI10 - EI,)Elal
f = .2ElaE I,-(E10-EI,)E I,(2a2?2 -al)
-(E 10- EIL)Ela(2a2 -al)
fl, = 4Ela.E|l,+ (EI0-E I,)E I,a |
+ (EI0-E I,)E la, (6 a,-4a2 +al)
2.10
[r] = Av Av
Av Av
AV (fl,b,GAzL'2 + 12E I0E 1a.E I,)
Av = Av = - n & (fl,GAzL'2. 12EICEI,E,)
De,L'
Av I2EI°EI"Elb' (/:m GAzL'2 + 12E IOE 10.E 1,)
Del = GAZL (fl,fl, - fil) + 12E10E I, E I, (fl,
2.2.3 (Yield penetration model)
(Yield penetration model)
coefficients, an, ajl (Flexural stiffness, £70)

26

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)

(Yield penetration

(Spread plasticity
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model) an, ah
(Cracking moment)
b ocfl, ah
224 (Hysteretic model)
IDARC Park 3
(Three parameter park model)
Mr max Mm ---------- %
M™ |- A b
A K <%
T R :
Aol kEE ¢, ¢,
M
',I”ﬁ
/s
y X
o foM |

() ()

()

2.9 ' ' 3 Park
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1 (Stiffness degradation)
(Unloading branch)
2.9
k* A -aM
- rmac-aly) (2.34)
:("max'OMy/k)
M mex Hiax
(X (Stiffness degrading parameter)
M
k (Initial flexural rigidity, EI)
2. (Strength deterioration)
(Ductility) (Dissipated hysteretic energy) 2.35
(2.35)
M*' = 1- A m 11/\
laem
M * Mm
pE Prf
(E+) (Curvature ductility, 14 )
2.36
k=k —<k (2.36)
k k M *

IDARC
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(Curvature ductility)

3. (Slip and pinching behavior)
2.37
M* =vyMy (2.37)

y

2.25 IDARC2D v. 4.0

IDARC2D v. 4.0 4

1 (Static analysis)

2. Pushover (Pushover analysis)

3. (Dynamic analysis)

4, Quasi-static (Quasi-static analysis)

2 3 1
1 = (Pushover anal
(Dead load) (Live load)

[K,1tA = af}- {AP}- {AD, (- (AD ,}- AP ,}+c,, {AF,} (238

(apv}, {aPfr}, @PHy)  {aP,W}

(Viscous dampers), (Friction dampers)
(Hysteretic dampers) (Infill panels)
c corr , (Correction coefficient) 1

{al T} (Unbalance forces)
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2. (Dynamic analysis)
(Dead load) , " (Live load)
WAE} + JeHao) + dAu} = -[ ] ({i,}AT, + K )

- {APn }- (AP,T- {AP, } + {AF,,}

M (Lump mass matrix)
[c]
{Azi} {au}
ikny g1
IDARC2DV. 4.0 Newmark-Beta

Newmark (1959)

}, +al = p ad8 - o+ A(A 4 .. (2.40)
@»1 & La y{} (2.41)

P y 025 05

240 241 2.39
L * = (2.43)
m[c] + (2.44)
P(A ) 7 PAr
@ = Jqe A%, -t-KIAjiJ- " }-fap.}-
Y

{aPw } + cdr{aren} + 2PL I - LAle] py (2.45)

M i



2.2.6

81

81

Py
idEL

(1992)

9m

Or

Mv
Eh

ki

(Damage index)

Park (1984)
IDARC
2
8 B
DI = = + dE 2.46
58,5, 15 &40
IDARC2D V. 4.0 Kunnath
0, -0
DI =——"+ b E, (2.47)
Gu _Gr M)'eu
(Unloading)



2.
( )
( )
3.
(Dissipated energy)
member ~ ~ (®))section (D It) (2.48)
sory 1t/ ) component ) component (2.49)
Overa” = T j(Xiis'ory (D 1Ii) story (250)
E 1
(*.3) (2.51)
vf- t 1) section
(*.,) component t (2.52)
V!-t <Ycomponent
r B A 253
i) story . .
I t
IDARC
2.52
DI=¢ -4 (2.54)
<h <
<m
ifu
&
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Stone Taylor (1993)

82

21

21 (Stone and

Taylor, 1993)

, DI
0.00< 1<0.11 No damage or localised minor cracking
0.11< 1<0.40 Repairable - extensive spalling but inherent stiffness remain
0.40< <0.77 Irrepairable - still standing but failure imminent
DI>0.77 Collapsed

2.3

IDARC
(Moment-
curvature relationship)
IDARC
Kent Park (1971)
IDARC
2

Kent Park (1971)

Sheikh Yeh (1992) Park Sampson

(1972) (Fiber model method)



(Neutral axis)

231
2311 (
Kent Park (1971)
ok
. B
A .
05/
1Nep2/, 0
A U i\ b
€0 €504 €204
2.10
AB: €C < £0
2e fe

BC: £0<£c<Ell

/;-Z ,(e0-se)

CD: ec™e AU

£0 0.002

34

confined concrete)

3

(2.55)

(2.56)

(2.57)
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/; - 0.5/ (2.58)
- m 3»- 0.002
50» 3 +eloolo;o (2'59)
b 0.8/;
von = "y (2.60)
2.3.1.2 (Confined concrete)
Sheikh Yeh (1992) 4
S A
gcl 857 8(8* 8(30 8V(
211
AB: C< cl
2"
Je = Jfee faTal (2.61)
. 8riy
BC: (Cl<eC<
fo = fe (2.62)
CD: e@2<8C<8(D
o =00-2,( ,-M)] (2.63)
DE 8C>8Q
/, = 0.3t (2.64)
fecc = N5/, (2.65)

x20e%i0 4
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(1= o0.55ks(\0 - 6) 4000 I/ 2(2.66)
0.0022« 5 (2.67)
- 1+. 08 45 . 0250— P I 2.68)
<0 c KB j
5 = 0225p1 2 +8 (2.69)
10 (2.70)
o
2 «C2 Vv
- o 10.:85 5.5CBz A 25 P @
=1- 0575p - Po < 10 (2.72)
swe = [7(40- 4) (2.73)
f0 = 0.0022
/; ( I 2
0 ( 2
5 ( 2
5 ()
C ()
/1 ( I 2
5 ()
P5
P ( )
Pb
0.003
( )
A (2
C ()
2.3.2

Park Sampson (1972) 3 2.12



A
f 1 D
AL f + >
E,\ Esh Esu 85
2.12
AB: 5< 81
/| =E5s

BC: 1<85< 83l

(1 1 )(30r +1)2-60/--1

m -

r=o9» -g,A

15/'2

-g,/)+2 + (E1-Erf)(60- )

0(85- ")+ 2 2(30r + 1)2

( 5>83)

(Ultimate moment and curvature)

2

31

(2.74)

(2.75)

(2.76)

(2.77)

(2.78)
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(Ec>£0)
£ = 0.004 + XAp*y f§ (2.79)
foc
24 (Performance Objective)
FEMA 273 (Structural
performance level) 3
1 (Immediately occupancy performance
level)
2. (Life safety performance level)
: (Partial
collapse) (Total collapse)
3. (Collapse prevention performance

level)



0.40

Stone

39

Taylor (1993)

0.11-
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