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Nonlinear Finite Element Analysis of Reinforced Concrete Columns with
Steel Clip—Type Implements Subjected to Cyclic Lateral Loading
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Abstract

Both ends of the hoop reinforcement in the reinforced concrete (RC) columns subjected to lateral loading must necessarily be bent by 135°
so as to ensure a sufficient level of ductility. However, as this reinforcement is extremely difficult to construct, this requirement is often not
satisfied at construction sites. This study entailed an experimental investigation on RC columns subjected to cyclic lateral loading equipped
with steel clip-type implements that were developed to replace the complicated 135° hoop reinforcement details. Four RC column specimens
were manufactured, and the main test parameters included the use of high-strength concrete and steel clip-type implements. Furthermore,
three-dimensional finite element models were employed to evaluate the structural performances of the test specimens via nonlinear analyses.
The results of the test and finite element analyses indicate that the RC columns with the steel clip-type implements exhibit structural
performances equal to or better than those with the 135° hoop reinforcement details. Further, the finite element analysis results agree well with

the test results.

Keywords :

nonlinear finite element analysis

reinforced concrete column, hoop reinforcement, lateral loading, hysteresis behavior, steel clip-type binding implement,

o] SHAVE) T 9hE Wk o} A\ Ko] I3 7ok

oA

Sl 313l QITMOLIT, 2022a).
%44 A 71 Z(Korean Design Standard)-& w2 22] 31510

BE1350R 70
1, W 472 6 W F 4 75mm o4 A ELES Y3}

4z
ol

A, SHERE 1352 7 =

ol 718 ¥ thE TS 1352 oA 7
L] F ShubE AeshA) ek euto] £ 71 A mE
21 ah o] S UskA) oot Mol w Ao o T2 135°7}
oPd 00° 2 i e AIFFORN 71ES AR E55H

497 3% WAyt ek

Corresponding author:
Tel: +82-31- 249-9702; E-mail: bjchoi@kyonggi.ac.kr
Received June 16 2023; Revised June 20 2023;
Accepted June 21 2023
© 2023 by Computational Structural Engineering Institute of Korea

This is an Open-Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is
properly cited.

SHETMTEZEE =2F HM363 M45(2023.8) 243

it



(a) Shape and dimensions
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(c) C1 specimen

Fig. 3 Details of the steel clip-type implement

(b) ST specimen
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(b) Actual setup

Fig. 1 Details of the steel clip-type implement
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S (ST: 135° standard hook detail,
C1: Single steel clip implement)
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(N: Normal strength concrete,
H: High strength concrete)

Fig. 4 Specimen identification
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(a) Front view

Fig.5 Test setup of specimens
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Fig. 8 Reinforcement details of the FE model
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Fig. 11 Final crack patterns of normal strength concrete specimens
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(b) H-C1 specimen
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Fig. 12 Final crack patterns of high strength concrete specimens

A,

Fig. 159} Fig. 162 212 H%v}] 4| LB 9 1% 2
Fe)e 71 AR £2 2w @ 4 2UY AP
29 PA|E HolFi Abdloltt. 44 2YY A2

=
Aol 2 Raw|of glo] A WAy A A7) T4 S

N
o)
ik
ol
o
k=
30
ille
filo
fot
" o
et
+
39,
=
3!
a9
3
i)
3!
o
rlo
fa) _l}l_,
N
N

(@) N-ST specimen (b) N-C1 specimen

Fig. 13 Stress distribution of normal strength concrete specimens
by FE analysis

(@) H-ST specimen
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Fig. 14 Stress distribution of high strength concrete specimens by
FE analysis
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Fig. 17 Stress distribution of hoop reinforcement details for
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Fig. 18 Stress distribution of hoop reinforcement details for high
strength concrete specimens
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Table 1 Comparison between the peak loads from the FE analysis and test results for each specimen

Specimen Peak load by FE Peak k;j:gz}t]i:,e;t (kN) Relative error between ;I};Z;iliznd test peak loads (%)
analysis (kN) |Positive direction L Average Positive direction N Average
direction direction
N-ST 308.5 310.0 278.0 294.0 0.5 11.0 4.9
N-Cl1 350.6 368.2 365.8 367.0 49 4.2 4.5
H-ST 440.7 451.8 444.6 4482 2.5 0.9 1.7
H-C1 442.6 436.1 463.2 449.6 1.5 4.5 1.6

Table 2 Comparison between the initial stiffnesses from the FE
analysis and test results for each specimen

Table 3 Comparison between the test peak load and nominal
shear strength for each specimen

Initial stiffness | Initial stiffness Relative error Specimen Vitest (kN) Vxps (kKN) Relative ratio
Specimen by FE analysis | by test results (;) N-ST 294.0 330.8 0.889
(KN/mm) (KN/mm) ’ N-C1 367.0 ) 1.109
N-ST 432 43.7 1.3 H-ST 448.2 436.8 1.026
N-Cl1 452 45.5 0.6 H-C1 449.7 ) 1.029
H-ST 49.8 51.3 3.0
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