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Parameter Identification and Application of Reinforced Concrete Column

Based on Modified Ibarra—Medina—Krawinkler Hysteretic Model
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Abstract: A method for identifying the backbone curve parameters of the modified Ibarra—Medina—Krawinkler
(IMK ) model by using quasi—static test data of reinforced concrete columns and thus improving the simulation accu—
racy of reinforced concrete frame structures is proposed in this paper. In this method, a robust unscented Kalman fil—
tering algorithm based on singular value decomposition(robust SVD-UKF algorithm ) is introduced to suppress the in—
fluence of gross error of the observation on the parameter identification, and the particle swarm optimization algorithm
is adopted to automatically optimize the initial covariance matrix, the process and measurement noise matrices. The i—
dentification of backbone curve parameters of the modified IMK model is realized using MATLAB,in which the sym—
metric and asymmetric hysteresis behavior of the columns in the positive and negative direction is considered. The ef-
fectiveness of the proposed method is verified by model backbone curve parameter identification based on the mea—

sured hysteretic curves of reinforced concrete columns and its application in the nonlinear simulation of frame struc—
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tures.
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Fig.1 Backone curve of the modified IMK hysteretic model



128 IR R A4 (A AR B2

2021 4F

El p £l
EL 20.065+1.05 [ WA } 02<Eh <06 (1)

M, =bd,(EA (051455 )+

B[ ) -8 '+ (1-8)1(1-81)

(2)

O.pp = 0.12(1+0.55a,;) (0.16)*(0.02+40p,, ) x
(0.54)""""(0.66)""" (2.27)""" (3)
6,.= (0.76)(0.031)"(0.02+40 p,)'*<0.10  (4)
M./M,=1.13 (5)
A =(170.7)(0.27)"(0.10 )* (6)

P EL I 6, HIBTERE 56, NIE(ES
BEF s M, N IR SR s ML/, R IR BB AL 0 5 P/
A fw YINE L ; , ATk, R RS 13 A R BT
S, TEWAMERTIT6'=d'ld,d' 52 RIX %
)32 H ARG s BRI S 5 Shy P A X4 i A 1) I
ag NN RE (HIEIC L, AFIEH0);s,
s i R AL s,=(s/dy,) (£,/100)%, dy HYNH EAZ,
1o R IR s f IR EE RO PURIR S, AL
H MPaj e AN, Y £ MPa Bif
Cuni B 15 p, AFEIAVER X BRE m AI IEIRL L 5 0 SN
FBCATTZR b F d 43 ) A AR AR T ) 9 T g

2 EifFREBRBKEEL

2.1 #5fE UKF &%
2.1.1 B Ja)Fam

RIS K-1 2P ARAS 1) b 3 — 2H S B0 2L+1
1Y sigma 4 L FPIRSEMYERE X 7EAR SO N Ff
BUNMISEL K, K K fi f, FIVREE T7 r AR RS

it

X/?—l et = X1 (7)

Xio110-1=X \k_]+(\/m)iai:1 2,0, L
(8)

Xi-tii-1 =X o111 ~(VL+MP o Dessi=Lt1,+ 2L
(9)

Hep (V@AOPo o ) SR ITARN (LA P
B 3.

¥ sigma p B2 30 IR A5 55 B8 ok B BB 1Y
sigma 5, AR SCHCIR A LB oR BON il 3 i A B
Wi e b —E RS R T EAR T — B R
Al

X/fu;-lzf(/\//f-w;-l),izoyly"',ZL (10)

BT sigma p5 48 FH T TR 2 69 45 TR B
E-E

2L

X/;u;-lzzwi/\//fu;-l (11)
i=0

2L
Piija= zwi(le\la—]_ XI;\I;—] )(X/fu;-l —X/;u;-l )+ Q
i=0

(12)
HAp s EAR:
‘"SZL:\H\ ’wg:Li/\ +1_°‘2+B""::""L':2(LA+A) ’
A = ?(L+k)-L.
EWBE:a=10",k=0,8=2.
2.1.2 =M FF
FaiE BECh 2L+1 1Y sigma SR
X/ﬁ/;-lzxk\k-l (13)
Xir= X + (VL + APy )ini=1,2,,L
(14)
Xir= X = (VL + APy igyi=L+1,+++,2L
(15)

Hrr (VL + 0P ) 52N (L + AP
R i 4.

B sigma AR 38 A UL pR S0 B 28T Y sigma
A RIVRIE ) i

¥i =h( X ),i=0,1,++,2L (16)

TNEGHHY sigma 53 & FH T AU 4 fti {8 (P
S IME) R 5 2256 R -

2L

Zk: zwi’)//i (17)
i=0
2L

P/A/Azzwi(%‘ —ZA)(')/; —EA)I+R (18)
i=0

ARSI PIT7 22T TR R S0 45 -

21

P)M: z C!)f» (X/fu;-l - XI;\I;—] )(’)’/ - ZA)I (19)
i=0

Kk:PXJKP/I!/,k (20)

flTE BBl R /K = U8 % (Kalman Filter, KF) ()
LR A AR, BRI K SRR (K KoLK,
Fis for) RN IT 2R -
)A(/;\/;Z )A(/;u;-l + K (Z, - ZA)
Pii= P — K Py Ki
2.2 $iZE SVD-UKF &%k
TENLINRL 22 AR 2E F R R TIET,
AU T 2R RE Sk R IEE M, BT
(Unscented Transformation, UT) A1) Cholesky iy %~

(21)
(22)



514

B AR SVD 43 il sigma pH4E , Z 5 T7E UKF
A v e 2 R 8 R R o R4 U0 K 2
G ZXEP SRR B, AR AR E A E 2
FR.

PRI
SVD Jfit
l LI A
P53 sigma pgE
) l WA
| wim
:
B
‘cl‘ A UL )7 2
dﬁfﬁlﬁgﬁﬁ R’ =R/6
A
LI pRAEAL5R 2 S,
2 | iMEAE
L F 0
biEA:

UHESE S

B2 AT SVD 4 e £ UKF Fox
Fig.2 Robust UKF algorithm based on SVD

221 REBR

PUZE R EAE N 7% g R 2R 5 | A DB
e B B S A TR R e MR A . SR TR 5% 25 44
AT PR T 6 B9RIAX S IGGIT pREL
TEAARRL, Hak =L T

1asvk<k0

0 = kiox [l]zl_is];k},kossvksh (23)
Svk 1= o
10_30,Svk>k]

Sk = |Uk—1;k |/0'k (24)

K ko ki HBUESEL ko 3B HEL 1.0 ~ 2.0,k HL 3.0
~8.5, R SCH ko B 1, ky B 350, A 24104 UL 55 4%
THMERIERZE ; o 8 28025 WINE S5 A T HE 5E 22 193
18 5.0 200 A 24 R LI 54k 3 F B 5 22 B A e
A DU ST H{E R 22 PRE AR 2.
222 SVD 5-ff 5 Sl W7 £ 4B 1504 8 5

R T ERAE S GO T AR P Iy 2256 B 2R 25 0F
EPETICIAE F Cholesky 43 i [R]85, 5] A SVD 43
T sigma AR TTEAUIT

FPE AR FE T EOH IMK PR B B AR e A S 80 R 3 5 B 129
SVD(P,.,) =[U,D,V] (25)
C=U\(L+A)D (26)
Xk-1= [561;-1\/;-1 ,561;-1\/;-1— C,.;Cl;—l\l;—l + C] (27)

FETH ST WL P 7 2 HE R I 5 | A5 22 1A 1,
8] e P A A WL R 22 O -

2L

Pui= X, 0 (yi- 2)(yi — Z)" + RIG, (28)

223 BFEAEWG TR
TR SR RS S B 1T
., SRS A SR AR R A R 2
F3E SR, NIk Bl B YiZ nhs Kb
WL E N ARG, RSN IR M Y B o Y
PRI, R AR AR A B ([ By s
T E AL A ) FIRRE RS I (AR g 50 48 S e
SO VESE F B3 305 ) B, X PR A BR AR 1,
RSN SR B RERR AR E AN ] 3 BR.
WA T RE

AR 1 (E
AINTAMERA

| immtar P
FE R E (] e

AR 1 (E
INT A RIRE

R l
[DACRSPEYE S

i)y
WefH

PATAA R T I
ZIE6FE po
IRAGE A I R
JERE Q
A e e
JERFE R

B3 ETHL®RLE

Fig.3 Particle swarm optimization algorithm flow
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Fig.4 Observations after adding anomalies
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Tab.5 Initial and identified values of backone curve parameters of the modified IMK model of middle column C

{8 Ki/(N-m™) K3/(N'm™)  Ki/(N-m™) fHIN SN K;/(N'm™)  Ki/(N-m™) JiIN SN
WIRE 13 018 891 464107 -1 225591 52 378 59 187 464107  -1225 591 52 378 59 187
PHIME 8 610 473 177 030 —479 884 40 524 41 675 364 131 —965 789 50 850 52 655
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Fig.15 Base shear —top displacement hysteresis
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