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Improved Numerical Model for Predicting Monotonic Backbone Curves of Reinforced

Concrete Columns
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Abstract

Reinforced concrete (RC) columns are critical components of moment-resisting frames, and their failure during earthquakes can cause severe
structural damage. Accurate prediction of their nonlinear behavior requires well-defined backbone curves; however, available monotonic test
data are scarce. Existing approaches often rely on cyclic test data, which not only underestimate nonlinear behavior but also produce results
that depend on the loading protocol. To overcome these limitations, this study proposes an improved method for backbone curve parameters
that better reflects the post-peak behavior typically observed in monotonic tests. The effectiveness of the proposed method is verified by
comparing predicted and experimental responses under monotonic loading.
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247 olslele ©x 9 ¥ stF 2HAAY AFS
1. M2 BARHo R BAG & ok
L1 A7¢ &4 s &4 222 W) 34 (backbone curve), &4 T
ATEIYE RC) RHIE XA 7|52 9 3% 2] (damage rule), ¥ T3 (hysteretic rule)= <3l oF 3
I & stes TAC AA sk HAA FAolth g A H, o] T W FAHY 71FY dx ATE WwIdh
o] ¥ A 7Fe 3 WY sYH 43 =3t Ibarra, Medina, & Krawinkler (2005)7} #|¢+8 modified
13

S
AA T AstE Al AAz E4o] ¥AstH, ol IMKPinching 2@ olz]g Mo F4d& 2xF3te] RC 7]
ZE AAY FHZ olojd = YTt (Sezen and Moehle, T o8 AFS ERHoRE AT F Qo] e o
2002; Wang et al., 2020). WetA 71& F2E WA 4% TollA Z&=o] Skt (Haselton et al., 2016; Huang, Kim,
< AEgsA Hriskr] AiME 7159 olE AsEs A & Kwon, 2022).

e

SHA| o =3t= ZHo] A o). I3 Y modified IMKPinching =2 2] o] =4 ujs] =
7159 o8 Awe EASH] 98 I FAHRE T oo dx dPo=iH /‘P%EMOIE ?}Oﬂ
o] AdHol stow, dutHow HPF 24 =L Tk, g AP we AH T3 = o] %E}

(concentrated plasticity model), ¥4t &4 =@ (distributed oo wel tIFREL AFoHE= ‘_P% *‘:—‘jii—,—lﬂ
plasticity model), 73 24 =9 (finite element model)Z & 2 FAE vro s o 48 Ao, E]'g
EHt} (PEER/ATC 72-1, 2010). ©] & HF &4 2de o] & 7}A] A Ho] EAlg
g9edd A ZE&derE dE 8 jloen AR, 2 24 7R WY 42 gdx A4y Aol
(Haselton et al., 2016), 712 &4 249 Y 22 Hig W2 ¥ At B ATS dFdn. =
A, A TR V1E7e st ZEREZ wEt A 2
* FoFr) ek ukabay g e 7 dd" Z3 =Fo] oJHT (Maison and
= ok AZFE 2y, T Speicher, 2016). A A, 52 A3 Axle] wtzd = 53
g ok AR Aoe gAZ A AZSLS Ho|, & 13 o]Zo=
(Corresponding  author : Department of  Architectural F24% vd W Z7p7 dA ok (Sezen and Moehle,
Engineering, Hanyang University, swhan82@gmail.com) 2002). 1V 71E wpE e olEE & uty] o3 Z3
o] A& 20259 E YAHUAHT Au] Aol o7 Ao 7 AZe AHs vt Eato),

9. A 5 B0080901000971 e gers 8% reEzdAs RC Z15e] Hd)
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A% ol%F dAg AFTE AFI] 95T & e woy 4
B 7o) desith B AFoAE 71E dAE RS
WA E modified IMKPinching =22 Wt 4 B3 Wy
< At AQtE WL 9 AN BFEH= FH
O X o]F9 A3l AFS AEFoEN, HHE FATe
25 J#" Wl FHE AT F UEF AT 1A
oz Tt dlF ZZEZ w2 A4y Zdgel At
wo M-S vw @ AF3 AtE IR AFAHE
7ret At

2. Modified IMKPinching 222 t{cf =M

B AFdA= gds stE ZEZEZA RC 7159
HAY AsE BASH] f3ted JF 248 2d& 483
Atk HAF 24 2Ede FA9 w4 FHERE ofyet A
= 9 A4 Az @At ved 7y SE7A A
3] wALE &= Qlojof gt} (Ibarra, Medina, & Krawinkler
,2005). Figure l(@)= AMHEE 3 229 F4& Yehd
AR, 7S AA 842 AL @Rl 3d 2=
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IMKPinching Aestg o, =2do
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o W Eo Sge wdacr md A%w Ans L0
=E% F Utk Table 1% oA Lo AdAl W) Al . 5(;)33}'0]& 4 A% s (eyel N
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A8 AAE AR n ol 2okEo] ok s cn el e
= o o deterioration)TF WAy g A& YEPATE ojuf HiE JAH O
2 AFdAE g9 7T & o e 2R F 2BE (6.0 (6.0 N7 AT = gomm
AEE e 15 (10 AdA)elA =2 A%hs T8 TE OIS (0.M)F AF SRY T WERS,
Table 1. Summary of material properties of RC columns
Group Specimen b (mm) h (mm) L (mm) p (%) o, (%) VIV, v Loading type] n
2CLDI12M Mono+Cyclic
A 5CLDI12 457 457 2946 0.02 0.07 1.00 0.15 Cyclic 1.3
N-27M Mono
B N2TC 300 300 900 2.68 0.21 1.14 0.27 Cyclic 1.5
C Do 300 300 600 1.69 0.42 0.90 0.23 MO"C°+C.y°1‘° 1.9
yelic
D S-Mono 450 450 1800 2.13 0.15 043 0.20 Mono 23
S-Cyclic Cyclic
0O-Mono Mono
E O-Cyclic 450 450 1800 2.13 0.54 0.94 0.20 Cyclic 1.7
Mono : monotonic loading; Cyclic : cyclic loading with gradually increasing deformation amplitudes
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