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Enhancing Seismic Performance of Exterior R.C. Beam—Column Connections
Using Headed Bars
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Abstract

The reinforced concrete beam—column connections are in lack of constructability and are likely to show anchorage
failure because of the complex details of joint regions. Under seismic loads, a destruction of the column or the
beam—column joint leads to collapse of the whole structures. For this reason, the safety of structures has to be
guaranteed by following procedures which are based on the strong column—weak beam design concept: 1) failure of beam
by generating plastic hinge in the beam maintained a certain distance from the surface of column, 2) failure of column or
beam—column joint. In this study, headed bars were used as longitudinal reinforcements of beam and joint reinforcements
in order to improve the strength and constructability of joint and to relocate plastic hinge. The finite element analyses
(FEAs) were performed to the reinforced concrete beam—column joints utilizing headed bar reinforcements. To verify the
availability of the analysis models, the FEAs for experimental tests performed by previous researchers were conducted
and compared with the experimental results. Additional variables are also considered to confirm the excellence of headed
bars. Analysis results indicate that the constructability of beam—column connections can be improved by using headed
bars for the full anchorage of longitudinal reinforcements of beam under similar structural performance. In addition, the
plastic hinge was relocated to the intended place by using headed bars as joint reinforcements. Under cyclic displacement
loading, the energy dissipation capacity and ultimate stress were increased and the decrease in stiffness was minimized.

Keywords : Beam—column connections, Headed bars, Finite element analysis, Plastic hinge, Seismic performance

M= olefet 715 HE B L HYRe st

L PEE A9 B AR0R 9% v 5 9
A2 7140 el wet e BAES A 7] mhe] of9] mgpHel g B o7 Aol
o] Tkt Y o] 2 <3 7Ze] mFeH W A W gk AvATON} gRAIo] gh= FERY RC

o] Z43P7} 7Vl HSlth 13y ZAES] A jacket ®7F &¥H(Wang and Hsu, 2009), 2] s]tj
TR= B0l HAS /A7 o) 1T 2B E A} 2 ¥l &3 (Lee and Ko, 2007), WA AME- &3

B9 Ak 947 Astal vk wEbA FA2ES] 11 (Hwang et al., 2005) 9} o] 7]&9] RAAEE thF
ZFEstel W AR E wa FAS dATE TR g ow dgate] JEHe] Aes A flgt
ap7] fJ8te] A= BAAIRS] Fado] tiFsar Stk AT7F W e} T3t Holli= HPFRCCE AH-gE 4
53] AIEAYE B—7)s A 1o H2E, V) A rJW]I?'LT%(Parra—Montesinos 2005), HEgHU
T AT g wATe] B oR xsha, WildsE o778 s Ao #3437 Brooke, 2006),
FINTN7) S8l B ¥l Ao R BAE sb] wliel CFRP sheets?] Eﬂ'&ﬂ'(u] 11 % 2006) S 22 A
HijZo] B o o] Hatgto] Pasly] wlEe] 22 HAAE 283 A7 wol s 9t
A7 B 7heAdol stk gl ACI 352R-020141= -] sheia 4w
1) A3, noistn AZALE]E7d-gsk aalakA * Corresponding author : ysyoon@korea,ac kr 02-3290—3320

2) A819, Teldfela BRIANS R Welul A le BT o B Ro] ojgt £ 20119 5% 319714 S8l HUjFAY 20114 79
3) A8, meldeta AZAEBA RIS Wp So E221E AMSHISU,

186 x=zickts|x| X158 RM33(2011. 5)



o shsatoll A AR SlEsh Wi o] WY of o] wt
H—7]& A5-E oklgh 2ol Type 13 Type 2% 4
FolA AAlHES AlRkstaL Sl
- Type 1 connections @ #3lsel tiste] vleHd W13
710 4= gl AR 519))
- Type 2 connections : X]Zl ZZof| oJsto] Y
H]E]—/ﬂ tﬂﬁ/\]—EHoﬂ}ﬂ
AR o—r(‘ﬂﬂ?oﬂ)
upeb ARk Wi 7=l A ARAad s
17] S8 71E W A 'IRS] el 1z, s iR
HollA LA 7] o "ozl Kol 243314 (plastic hinge)
5 WIAA B nh7} HaE ol HgH-e} 7| wo] 5k
Y= A71e S (strong column—weak beam) 2] 37|
s A8ste] 7252 PddS FHsles slal girk
 ATelA= olelst ARIA o) s R A
WS B AT Sleto] W1 At A
H R dTow Fos vE EsiGit) st vt
5 AR AR A9 APAFAE (Wallace et
al.,, 1998; Chutarat and Aboutaha, 2003; Chun et al.,
2007; Kang et al., 2009) o] 2= 43 F oL} o]
23 A= AYE F3 A7k BAPR el tist A
R 9 AARdS Aoksl= #o] 35 o]F 9)
= e 04?01]/\15 olefgt H—71% A<l izl
Ao W 2AIA o]F S AEZEINE DEslo] AT
FozA g vk }HH:L o] A 2= @
A o7 Hrrehs 7|xARE Alwstaat sh, Fv=
vke] ARt BRAEy 53k ol Bzt sigitk ol&
S8 Murty 5(2003) ol <3l $=3% AP A0S wpgo
et S F3ste] siAe S AFsEha,
A71el FH = vke] s SEb] Qs AlEs 37
slo] BB o] wWE 72 7se dS5sisith

w oo

width thickness

P =

reinforcing bar

'

friction—forging process or welding
head

Fig. 1 Details of headed bar

2. &Cl= Hio| EA U Ms

Lo AL 7 oeile] AEES diAs )4 3

N

oF Bl Hxw A4H T = Fig. 19 YeRt
A2 PAS} o] QFo] HF A|AE0] FEE HLo)

o2

O B 3 Zofl EEU §40® FA% JEE vt
A3 Sk o]yt Fl== iAo 7L o] FHITH
o gk AFZo|= FE sHte] AP Ee] T5EdE
W9 = Qlom R V|Ee] ARy A2 4ol A
o YRR e ZIE B W A SolA
g, ZaYES] F&ad, FA A Sdiskst 2
A 23 95 F Sk Y= v Els ar)= A
2ol Agshs sheg AR ES] ot sl=2] WY §l
o] ST <ol = ZAYEC] Fs] AL 5 9
of st} o]ejdl s|=2] Z71= ACI 318—08 (2008)¢]
A AT DEAe] 4] ol oR e sk gloH,
ASTM A 970-09 (2009) oMz dll= A7)l digt &
e S T QA fth 2 AtelME Fl = ke
ARES BEl SRS e R ¢ s
A 9~10u] A719) = ARSI o, AMEE
St vke] Al 78S Table 1o YeRASITH

3. BE-7I3 TEiRel & A HlMY st

P AR MR e dE-58A157 () & Table 29}
285 1 QTHACI 352R—02). & <

ToH= olE 5 Fig. 2(b) &F 22 2% (exterior) H—
71s Agel g siAs FEsiith
Table 1 Headed bar dimensions
) Reinforcing bar Head
Reinforce— — ) -
ment types Diameter Are? Thickness Areéi Width
[mm] [mm°] [mm] [mm?®] [mm]
Longl. rein.| o) 314 14 2,840 60
bars
Joint rein. | 200 12 2,000 50
bars

IxsFTsks|x| M153 M3s(011. 5 187



® &

) Interior ) Exterior

iy

) Roof —exterior

(c) Corner

) Roof—interior ) Roof—corner

Fig. 2 Typical beam—to—column connections

Table 2 Values of 7 for Beam—to—Column Connections

Classification Type 1 Type 2
Joints with a continuous column
—Joints effectively confined on all four 24 20
vertical faces
—Joints effectively confined on three 20 15
vertical faces or on two opposite vertical
faces
—Other cases 15 12

Joints with a discontinuous column

—Joints effectively confined on all four 20 15
vertical faces
—Joints effectively confined on three 15 12
vertical faces or on two opposite vertical
faces
—Other cases 12 8
V, =0.083v,/f. bh. (MPa) (1)
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Fig. 3 Geometry and reinforcement details of specimen
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Table 3 Comparison of lateral strength

Q1 67.9 93.1 94.5 0.72 0.99
Q3 91.6 93.2 97.7 0.94 0.95
R1 75.0 93.5 95.3 0.79 0.98
R3 94.2 93.3 102.0 0.92 0.91

* H " is computed lateral strength of subassemblage corresponding to
flexural capacity of beam when steel stress reaches 1.25f,
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Table 4 The ultimate strength of specimens (unit: kN)

Joint 1 Joint 2 Joint 3
H H, H/ H, H H,
Q 94.5 83.8 126.2 | 1253 97.6 97.7
R 95.3 84.2 126.0 | 123.6 97.4 101.7
H 96.1 86.2 1254 | 124.3 97.9 99.3
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