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Abstract: The Bouc-Wen model is a multifunctional nonlinear smooth hysteresis model that can char-
acterize the stiffness and strength degradation of structures and is widely used to describe the hystere-
sis behavior of various types of structures. Self-centering rocking wall (SCRW) structures have a
“flag-shaped” hysteresis curve due to their superior seismic and self-centering performance. Aiming at
characterizing the “flag-shaped” hysteresis characteristics, an improved Bouc-Wen hysteresis model
with higher accuracy and better practicality is developed based on the Bouc-Wen model. The parame-
ters of the improved Bouc-Wen model are the key to determining the mechanical characteristics of the
structural hysteresis performance. Due to the large number of parameters with undefined selection
ranges of this model, the qualitative and quantitative analyses are realized to meet the demand of effi-

cient identification of the parameters of the theoretical model, by constructing a flow chart in the envi-
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ronment of MATLAB / Simulink. Moreover, the genetic algorithm is applied to identify the parame-

ters of 10 SCRW tests, and the identification results are statistically analyzed to establish the relation-

ship between each parameter and the key point of the hysteresis curves. The suggested value ranges of

each parameter are given based on the statistical results. Finally, the validation results of SCRW pseu-

do-static tests show that this single-degree-of-freedom improved Bouc-Wen hysteresis model can bet-

ter reflect the “flag-shaped” hysteresis characteristics under repeated loading without residual deforma-

tion and strength-stiffness degradation. The proposed range of parameter values significantly improves

the identification accuracy and efficiency of the improved Bouc-Wen model, and the identification pro-

cess has a reference value for the identification of similar models.

Keywords: self-centering rocking wall (SCRW) ; “flag-shaped” hysteresis characteristics; improved

Bouc-Wen hysteresis model; parameter recognition; pseudo-static test
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gle degree of freedom structure
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Fig.4 The schematics of improved Bouc-Wen hysteretic

model
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Fig.11 Final results of parameter identification
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Table 2 Specimen number and basic information

WA P AR/ (mmXmmXmm)  #AE/ (%, /) A/ (%, kN)  WE FifE/ kN 7%;]?
RW-1 ‘
Restrepo™ 1350 X 125 X 4485 (0.15, 0.83) (0.80, 35.5) 55.8 1.1
(JC#ERE)
RW-2 Restrepo™ 1350 X 125 X 4485 (0.50, 0.81) (0.99, 58.2) 83.5 3.5
RW-3 ,
Perez"! 2540 X 200 X 7 140 (0.19, 0.54) (0.99, 540.4) 688.7 1.9
(TLHERE)
RW-4 Twigden” 800 X 125 X 2 860 (0.20, 0.65) (1.11, 88.9) 113.8 5.8
RW-5 Zhang™! 1000 X 125 X 2000 (0.13, 0.29) (1.57, 93.6) 115.4 2.2
RW-6 Gu™ 1500 X 200 X 3 340 (0.15, 0.36) (2.40, 455.2) 522.7 1.1
RW-7 Dang" 1000 X 200 X 3120 (0.41, 0.68) (0.92, 354.5) 472.4 1.2
RW-8  Mohammad™ 1350 X 125 X 4000 (0.12, 0.51) (0.88, 96.7) 126.6 2.1
RW-9  Yooprasertchai™ 900 X 150 X 2700 (0.25, 0.70) (0.95, 108.8) 131.7 2.6
RW-10 Su 1400 X 160 X 2 800 (0.05, 0.31) (1.50, 111.6) 123.4 2.5
*3 FAEEZHRXGSSHIE
Table 3 The values of each parameter for SCRW specimens
I 5 A n s y Lty k k, I
RW-1 0.5 1.8 0.05 —0.01 0.04 0.5 0.3 21
RW-2 1.5 1.5 0.05 —0.01 0.04 2 0.4 20
RW-3 2 1.4 0.07 —0.05 0.02 2 6 100
RW-4 1.6 1.5 0.07 —0.05 0.02 2 0.7 25
RW-5 2.8 1.8 0.06 —0.03 0.03 1.8 1.6 20
RW-6 1.8 1.6 0.05 —0.03 0.02 3 4.6 30
RW-7 5.5 1.5 0.07 —0.03 0.04 2.8 5.9 100
RW-8 9 1.8 0.07 —0.03 0.04 0.9 0.7 38
RW-9 1.4 0.07 —0.04 0.03 1.5 1.2 38
RW-10 4 2.0 0.07 —0.06 0.01 2 1.3 30
*x4 RHFEEEEITSH
Table 4 Main design parameters of specimens
A B3 54 - FERET: - W EF N/ kN A TTHR L A
ETRs [iTi=n e,/ mm [/ fi it & e./mm  f,/ MPa
SCRW-2 20°12.7 +268 0.45 2016 +152 400 200 1.85

TE z e, 71 e 23 59 S RE A0 11 T 3 599 795 0 RE B 000 A7 140 0 0 B 5 oA 908 B8 X 100 0 010 1 5,0 9 20 2 W B 588 2 B AL, 1 860 MPay

B . SCRW-2 iy JLART RS B B 7 4n 181 15 Jir 7, 1%
PR RS2 2 800 mm (Jf ) X 1 400 mm (5 58 ) X
160 mm (355 ) , @& %6 ook 2, 0 2 i 2 42 R 137
mm. R EEEITSHE 4.
ﬁ%ﬁﬂ%@ﬁﬁ%ﬁ%ﬂﬁ»“%%%ﬁﬁ
ZEHEAT o e yn il ) R T TSE A ST
JTT00 % 5] F3 2k 200 kN, 1 MTS H % fr] A 15 3h 5 1F
A5 7KV J7 1) 40 D0 R 52 AR 2k ke i ] 16
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Fig.16  The schematic of experimental setup
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Fig.17 Experimental hysteretic curves
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