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Analysis of Hysteretic Behavior of a New Type of Rocking Column with
Buckling-restrained Longitudinal Reinforcements

LI Gang, ZHOU Chongyang, LI Ronghua
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Abstract: In this paper, a new type of rocking column with buckling-restrained longitudinal reinforce-
ments is proposed. It is a new kind of rocking column formed by using the buckling-restrained longitu-
dinal reinforcements, instead of ordinary steel bars in traditional reinforced concrete columns, and by
relaxing the constraint of the column and the foundation. The corresponding resilience model is pro-
posed and verified through analyses. The monotonic compression tests and numerical simulation of the
buckling-restrained device were carried on. The restraining function of the buckling-restrained device
was verified and the effects of the reinforcement diameter and the space between the buckling-re-
strained device and the reinforcement on its restraint function were studied. The numerical simulation
of the column was carried out, and the effects of the reinforcement diameter and the axial compression
ratio on the hysteretic behavior were investigated. The results show that the hysteresis curve of the
rocking column with buckling-restrained longitudinal reinforcements is a typical flag type, and its
strength is the superposition of the strength of the rocking column and the longitudinal reinforcements.
The rock of the column occurs after the longitudinal reinforcement yields. A rational design can make

the structure not rock in the small earthquake stage, and rock in the moderate earthquake stage when
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the longitudinal reinforcement yielding occurs. Also, the increase of the axial compression ratio and

the reinforcement diameter can increase the lateral bearing capacity of the rocking column with buck-

ling-restrained longitudinal reinforcement.

Keywords: rocking column; buckling-restrained; hysteretic behavior; numerical simulation
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Fig.1 Configuration of the rocking column with buckling-re-

strained longitudinal reinforcements
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Fig.2 Configuration of the buckling-restrained device
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Fig.3 Schematic diagram of the buckling-restrained longitu-

dinal reinforcement specimen
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Fig.4 Photograph of the buckling-restrained longitudinal re-

inforcement specimen
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Fig.5 Comparison of test results
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Fig.6 Comparison of experimental and simulation results
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Fig.7 Multi-wave buckling and deformation diagram
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Fig.8 Load-displacement curves of the buckling-restrained longitudinal reinforcements under different parameters
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Fig.11 Loading system of horizontal cyclic load
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Fig.12 Hysteretic model of rocking column with buckling-re-

strained longitudinal reinforcement
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Fig.16 Rocking analysis of BRC-4-14
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Table 1 Theoretical values of maximum flexural capacity

A7 kNem

T 4 = M A A 4 M

RC-1 41.17 BRC-1-20 86.17

RC-2 79.19 BRC-2-20 124.19

RC4 146.59 BRC-4-20 191.59
BRC-1-14 62.67 BRC-1-24 108.67
BRC-2-14 100.69 BRC-2-24 138.69
BRC-4-14 169.09 BRC-4-24 214.09
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ARAE T, AR R 8 g A PR o B A
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Table 2 Simulation values of maximum flexural capacity

PAA7 . kNem

LT 2 M, LT i M,

RC-1 41.17 BRC-1-20 81.91

RC-2 79.19 BRC-2-20 121.21

RC-4 146.59 BRC-4-20 178.86
BRC-1-14 57.21 BRC-1-24 103.19
BRC-2-14 88.23 BRC-2-24 136.51
BRC-4-14 171.41 BRC-4-24 206.46

537



T fe K A2 45 7R 48 0 1Y 388 1 RS 000 1Y 1
26 BN L 106, A) DA SC T 4 5 09 0 24 S il 20
A3 B A2 A Y S5 K A2 4 R O e A AR E .
F b AT Bif A N A AR R R L B 3, 24 R R
i D\ A3 A A Y B R 32 A R AR R 2 B K
3.2.4  AnAE N BRI IE G N E

A SR A A W RE BT O 5 AL RS Y AR R
i, HitE AN

k= AF,/A¢, (3)

A, e NI 50, KL RS s F ol BY ).

O3 T A LR A ) 46 W RE A, SRR R S NI
by, TLFE 3

x3 VBRNEREZRENE
Table 3 Initial stiffness and stiffness after rocking
BAf7 . kN/mm

R i b, k, B i 5 ki ks
RC-1 1.37  —0.04 | BRC-1-20 1.62 0.14
RC-2 1.31 —0.03 | BRC220 1.55 0.17
RC4 1.07  0.20| BRC-420 143 0.23

BRC-1-14 1.44 0.12
BRC-2-14 1.38 0.15
BRC-4-14 1.17 0.21

BRC-1-24 1.88 0.24
BRC-2-24 1.87 0.27
BRC-4-24 1.63  0.29
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Table 4 Displacements when rocking begin

PAfV . mm

HE IR G 5 AL F LT i AR 7S

RC-1 10 BRC-1-20 15

RC-2 17 BRC-2-20 20

RCH4 24 BRC-4-20 35
BRC-1-14 12 BRC-1-24 17
BRC-2-14 18 BRC-2-24 24
BRC-4-14 30 BRC-4-24 36
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