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Application of Energy Dissipation Capacity to Earthquake Design

o H % g

=

[

Lim, Hye Jeong Park, Hong Gun

of g é’,'

Eom, Tae Sung

=
oERY
712 v|ME BN U X jMoMe E223LE 2ZEQ oWX] &AMsE S HEs| IafstA| 25D Uct AT APoME AW HEE32]|E EX9
HlUx] AMSEHE HES| HIlE £ e Ao] Hesden 2 oM o IS 0|8510] ollix| Adsg Haks) Tae = Qe My 38 o S5
B4 B S HUSIICH BIME TN NS 9I50f OfLiX| AMEE IMZ HLEHT 0|2 MBSO SHAAHEHUHS s, w3 HHE S5 HNE Azt
04 QE‘-E—ﬂﬂlé Hro| chestE o|X| 7|E FIAS Y2 Hetsilct Mete RHAS FAjel ZMo 7| £t 7| Ee FIAHERAE Y| 2XE FI|HE U
LSS RIS HESP BUT 4 2Tt 2 ATOIME Mokl Wil we u Y BH o SH Sl BHS HYUSYO0 ofF HBH HFH 4 T2
3"?—”% JHEkSIACE M ohEl s A whie RAje| CH el HI2H| w2 FE] S AA Wol e o x| AMSHEE YESIH DistD XFLMA| o X 24520]
FxE9 Mao njx= U8 HE 5 Art
FQ0] : H|ME| M SHAHER-Y oKX 2N, UK AHREY M o4 J]X FI|HS2H

Traditional nonlinear static and dynamic analyses do not accurately estimate the energy dissipation capacity of reinforced concrete structure.
Recently, simple equations which can accurately calculate the energy dissipation capacity of flexure-dominated RC members, were developed
in the companion study. In the present study, nonlinear static and dynamic analytical methods improved using the energy-evaluation method
were developed. For nonlinear static analysis, the Capacity Spectrum Method was improved by using the energy-spectrum curve newly
developed. For nonlinear dynamic analysis, a simplified energy-based cyclic model of reinforced concrete member was developed. Unlike the
existing cyclic models which are the stiffness-based models, the proposed cyclic model can accurately estimate the energy dissipating during
complete load-cycles. The procedure of the proposed methods was established and the computer program incorporating the analytical method
was developed. The proposed analyfical methods can estimate accurately the energy dissipation capacity varying with the design parameters
such as shape of cross-section, reinforcement ratio and arrangement, and can address the effect of the energy dissipation capacity on the

structural performance under earthquake load.
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— 1 « E a
Type A 1.00 i E
ul
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*

Type C 0.33 ED ED

E kh (x : dmaping coefficient factor)

Fig. 2 Evaluation of energy dissipetion capacity(ATC-40)
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K, : reloading stiffness
Rp : plastic rotation

K, : initial stiffness
K, : unloading stiffness

0<a<04
{a) Unloading stiffness

0<B<0.6
(b) Reloading stiffiness
Fig. 3 Extended Takeda Model(DRAIN-2DX)
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. Plastic
"™ Hinge Element

M" Mbi M si
K = M,, + I/T

(A | Oy ’ Osi
Beam-Column Elastic _ Plastic
Element Element Hinge Element

g =26 + & M=K¢g=f"g

M= M, = M, £=f + £

M, , 6, :moment, rotation at i node

M,;, 6, : moment, rotation of elastic elemert at i node

M, 6, :moment, rotation of plastic hingeelement at i node

K, , K, :stiffness of elastic element, plastic hinge element

M, 8. f : moment, rotation, flexibilty matrix of element

Fig. 5 Beam-Column Element with potential plastic hinges
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Fig. 8 Frame model for nurrerical analysis

Table 1 Properties of beams and columns

type | locations | &mm) | Almm) | iz (mm)| 0, (%) | 0,(%)
1~3F 700 700 610 1 1

Columns| 4~6F 600 600 510 1 1
7~10F 500 500 410 1 1

Beams | all stories| 400 600 520 1 0.75

A3 S|4 A, Fig 99 LR vhe} 20] NARCFrame
3 DRAIN-2DXS] 277} 53] Q2)at

4. HIME HH oA

NARCFrame 2 7Z£E9] AuA 22H53E JE5}H)

Fote dH FHE £ A2L2A o]F CSMo #&atarx
o S A oo RA ZROY HFA] 0|8 FRES AL
FAATELREN 2 A4 AEE

P oz

Sk ohel, B9

2dg A3t T2 WG ATNAE A #F
o & ¥¥E 4% A3 & fenzg I§Fo) 47
ARFEE, FRED Fpol thate] P AEOY
ek

o]& o 2+ Fl Centro 1940(Component : NS, PGA=
0.319g), Northridge CA 1994(Component : 196°, PGA=0.412g)

1) ¥ 33 48 Fdste] d54d(Capacity Curve)
2 oY A A5 (Energy Capacity Curve)S Zth A
AL HET WA(A)S 2AdGE(V) #AE o
Bt AUALTZNE J4F U e wudey
# FEEY F AUA 240 AAE UMY, e
I 22 o r F3ti(Fig. 10)

O B& a2 718t o SAF 42 weet 2
A, Zh Baef vgyd WS 7
@ A (AD)F (A AHEat ZF FAE oA

FE o714, PR wEaFO AT
FA%BA 9% AR 78 5 9ok
M3} o] 437 AFA =
Ihe 7H98 Abgate] ouA AN

U

O

b oft
tlo

)
I
EY
Q =

c
of
i

T,
o
(o
e
|o
Ny

(“

o
® 2 U 2443E BF dalo F2F A
N 2 WYk

&7
&
Ps,

> 06 0 0 ¢ o

NN S 3 IR

-10 00 1.0 20 -1.0 00

NARCFrame
(a) Roof displacement and Base shear relationship

DRAIN-2DX

1.0 2.0

NARCFrame DRAIN-2DX
(c) Location of plastic hinges

45 [ il 0.08 I~
—~ ~ i —_ Y. Z
g g | P 4
bt z © .9 oo /
Eb % % 5 . 0.6 ”
30 ! //
= = * g 0.05 Ve
%5 l s
2 8 o004 e
15 & 0.03 yd
10 £ o002 ’/
_ SN
5 B 001 P e
0 o ¥
0.0 1.0 20 0.0 1.0 2.0 0 0.02 0.04 0.06 0.08
Displacement (m) Displacement (m) Rotation( NARCFrame)
( NARCFrame) ( DRAIN-2DX )

(b) Floo- displacement

(d) Deformations of plastic hinges

Fig. 9 Comparisons with DRAIN-2DX

BIEx|AB e =27

112

HM7H M6 (52 F34%) 2003.12



UZ ZAE ffet o] A0 MEH| &8

Load Case
= yo
- W 6
.’ > - ED!(IZ)
Dl 4
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Table 2 Performance point for load case 1 : triangular lateral load
(a) El Centro 1940
lteration d,(m) a,{d) A L{m) V,dkN) E 5o(kN-m) EpkN-m) By (%) d,(m)
1 0.2097 0.0996 0.2790 909.1 126.8 2004 17.57 0.170
2 0.1818 0.0971 0.2418 886.1 107.1 142.3 1557 0.180
{b) Northridge CA 1994
Iteration dy(m) a,i{d) A {m) V,(kN) E so(kN-m) E 5(KN-m) B %) d,(m)
1 04613 0.143 06136 1043.7 3202 7513 2367 0210
2 0.2097 0.0996 0.2790 909.1 126.8 2004 1757 0235
3 0.2237 0.10C7 0.2976 9192 136.8 2300 18.38 0.230
d,, ay ° trial performance point Eso : maximum strain energy
A, Vi o roof displacement, base shear at trial performance point  £p : dissipated energy
Bey : effective damping d, ' intersection of demand spectrum and capacity spectrum
Table 3 Performance point for load case 2 : uniformly distributed lateral load
(a) El Centro 1940
Iteration dyi(m) axlQ) A m) V,kN) E 5o(kN-m) EplkN-m) Beyy(% ds(m)
1 0.1360 0.1075 0.1767 1021.6 90.3 69.7 1115 0.220
2 0.2137 0.1205 0.2776 11450 1589 2209 16.06 0.170
3 0.1845 0.1164 0.2397 11057 1325 163.6 14.82 0.184
{b) Northridge CA 1994
lteration d ,{m) aslQ) A 4m) V,kN) E so(kN-m) E p(kN-m) By (%) dy(m)
1 0.3302 0.1322 (0.4289 1256.2 2694 465.0 18.74 0.237
2 0.2525 0.1252 0.3280 11894 195.0 3015 17.30 0.243
Table 4 Comparisons of Damping Modification Factor
(a) Load case 1 : triangular lateral load
A m) V, (kN AL (m) v, (kN EgkN-m) Ep(kN-m) z
Proposed method ATC-40
0.2418 886.1 0.1340 7755 275.1 142.3 0.52 067
(b) Load case 2 : uniformly distributed lateral load
A m) V,kN) a,(m v, (kN EukN-m) EpkN-m) ad
Proposed method ATC-40
0.2397 1021.6 2.1173 909.2 3530 163.6 0.46 0.67
V4x Kinitial 3. HIA-IJ E C'HA‘I
Vi B Kisecant
ROl N B ATA AR RAle] FAAFRLL AHeste] B
a /¢ Capacity spectrum
! I Centro 19403} Northridge CA 199 % A3 7M&% o]gd]
/ vhste] WIAE AZelgsia e $aEh R 14E AY 7}
I 5 |y w oA &% oje, QAATY o]z, H43 W9 ol HelZTh &
,’I —J"\‘\ Bilinear representation g Fig- 15= H|43 T Hole BE H TXH-'] ]’ ;‘(é];g
[ PR, OF capacity spectrum Mol AEHE-FHZ o]@e BoZu gz o3ty
AR 9 zubol] Hu] W) mEe & o]Hrh A2 ¥
Fig. 13 Bilinear curve oA o]8 AEst7] wEo] R Aate] Eol dojulx]
k-2 o 5 itk H Centro 194022 Sl5te] T8 Ao
0673 & Folg Holx glom, webd FEES oux  ANE 24AAS YR Fig 1601 FAIH Hhel 2k
22¥58o] AAuc B Hrkd S gk aye) ol Hu) H4= W) U YHATH S Table 50 v}
=R ES =2 H7A ez (87 A4S 2003.12
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Fig. 14 Results of Nonlinear dynamic analysis
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Fig. 15 Cyclic behavior of beam resulted from nonlinear time history
analysis
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Fig. 16 Location of Plastic hinges(El Centro 1940)

BAAANEE 72U A T2 »=067 485 HE3 SV,
a3 HAE Aol e A HLtﬂoﬂ o3 FxE
AW A4F A9 49 Ho) 2RAGE V& Table 59 H)
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Table 5 Comparisons of results of nonlinear static and time history analyses

{a) El Centro 1940

CSMlload case 1) CSMlload case 2) T Nonlinerar time history
Proposed method ATC-40( %=0.67) Praposed method ATC-400( x=0.67}—‘ analysis
A {mm) 2418 2232 239.7 2019 2477
vy 886.1 | anes 11057 10570 11906
(b) Northridge CA 1994
*P CSMlload case 1) CSMload case 2) Nonlinear time history
Proposed method ATC-40{ x=0.67) Proposed method ATC-40( x=0.67) analysis
L Am) 2976 2790 3280 2902 3565
VIKN) 9192 909.1 11894 11562 13936
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Fig. A1 Cyclic curves of RC members
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