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ABSTRACT The applicability of headed bars in exterior beam-column joints under reversed cyclic loading was investigated. A
total of ten pullout tests were first performed to examine pullout behavior of headed bars subjected to monotonic and cyclic loading
with test variables such as connection type between head and bar stem (weld or no weld), loading methods (monotonic or cyclic
loading), and head shape (small or large circular head and square head). Two full-scale beam-column joint tests were then per-
formed to compare the structural behavior of exterior beam-column joints constructed using two different reinforcement details:
i.e. 90° standard hooks and headed bars. Both joints were designed following the recommendations of ACI-ASCE Committee 352
for Type 2 performance: i.e. the connection is required to dissipate energy through reversals of deformation into inelastic range.
The pullout test results revealed that welded head to the stem did not necessarily result in increased pullout strength when compared
to non-welded head. Relatively large circular head resulted in higher peak load than smaller circular and square head. Both beam-
column joints with conventional 90° hooks and headed bars behaved similarly in terms of crack development, hysteresis curves,
and peak strengths. The joint using the headed bars showed better overall structural performance in terms of ductility, deformation
capacity, and energy dissipation. These experimental results demonstrate that the headed bars using relatively small head can be

properly designed for use in external beam-column joint.
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Fig. 2 Headed bars used in exterior beam-column joint
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Table 1 Geometry of head

Index d,or bid; or h| thk Ap Aper A/ 4,

(mm) | (mm) (mm?) | (mm’)

SQ 320 320 19.0 284 792 2.79
CL 450 172 19.0 284 1,358 | 448

CS 350 172 19.0 284 730 2.57
Note: SQ = square head, CL = large circular head, CS = small
circular head, d,, d;= outside and inside diameter of a circular
head, respectively, b, 7 = width and height of a square head, thk.
=head thickness, 4, = cross-sectional area of a reinforcing bar,
A,.,=net bearing area of a head

(mm)

(a) Square head: SQ

(b) Small circular head: S
Fig. 3 Head shape
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Table 2 Pullout test: summary of test variables

Index It{y?ed Welding (]\iIICI];a) (l’l’%{l) ]t“yopag
CSN-M CS No 35.1 190 M
CSW-M CS Yes 351 190 M
CLN-M CL No 351 190 M
CLW-M CL Yes 35.1 190 M

CSN-C CS No 35.1 190 C
CSW-C CS Yes 351 190 C
CLN-C CL No 35.1 190 C
CLW-C CL Yes 35.1 190 C
SQN-M SQ No 35.1 190 M
SQW-M SQ Yes 351 190 M

Note: CS = small circular head, CL = large circular head, SQ =
square head, welding = welding between head and bar stem, M
or C =monotonic or cyclic load
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Fig. 4 Pullout test setup

S A¥A AF F ACI 352 91439 HAF 27
A Z o] i FAHJoER MNAH AR tst
AAZ ABAEAL, o A3 FEFHE7E Y AL
Zate AL AT, F Y HAE 2] R =-
7% AR AGAE 90° £F224 729 headed barZ Z+
Zh AbgE H3R TRA e g AF 9] gt
o HEgHE W B FHEZ (90° EFZIE EE headed
bar)S AYsr ZF FL3A A=A Fig. 591 90°
EFZEHE AME-3 A8A (SH joint)9t headed barg

Tk
g cover : 32.5mm  |cover : 27.5mm
-1 =1 s}
(. 2 a o “ha
s, ﬂﬂ;ums a,l 8-D19
o B Dot
2 . 5 450 450 |
- . ' D
X L ~ A-A'section | B-B'section
; 1 75Standard hook D10@120 »B
A, + 7 i |
g Y f i
g 7 L
A - = e |
b= 4 —4 P - \\\ S B'
N | 60 TN \\\
® Headed bar
s & DI0@150 I —=> | Beam
RS W ]
PVChole )
7 (4450)
c;i <—Column .
S HD-Joint
¥ Dy ] A
450 | 2400 ¢ 550 J
R > >
: 3400 |
“« »

Fig. 5 Beam-column joint details (unit =mm)
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Table 3 Beam-column joint test specimen details
Column Beam Panel zone
No. | Index -
Section (bxh){ Main bar | Column ties | Section (bxd) | Top bar | Bot. bar | Stirrups Ties Anchor'g | hr(mm)
SH 450%450 12-D25 | D10@150 | 450x490 4-D19 4-D19 |D10@120|D10@120| Hook 285
2 | HD 450x450 12-D25 | D10O@150 | 450x490 4-D19 D19 |D1I0@120|D10@120| Head 285
414 | st=E232|E8ts =28 H193 45 (2007)
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Table 4 Properties of materials used in beam-column joint test

: f €, fult Es Cult
Reinforcement (M%’a) (x1 0-6) (MPa) | (GPa) %)
D10 570 2,790 697 204 12.8

D19 (head) 481 2,410 575 200 14.8
D19 (hook) 460 2,300 580 200 139
D25 407 2,000 602 204 143
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Fig. 6 Beam-column joint test setup (unit: mm)
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Table 5 Summary of pullout (p/o) test results

Index I;a;zd Welding L(t);sglg (13-[”113“;) O'z:)z )/J;
CSN-M CcS No Mono. 525 113
CSW-M CS Yes Mono. 514 111
CLN-M CL No Mono. 596 128
CLW-M CL Yes Mono. 683 147
SQON-M SQ No Mono. 569 118
SQW-M SQ Yes Mono. 530 114
CSN-C CS No Cyclic 502 108
CSW-C CS Yes Cyclic 495 106
CLN-C CL No Cyclic 630 135
CLW-C CL Yes Cyclic 624 134

Note: 0y = max. stress developed in the bar stem, f, =465 MPa
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Fig. 9 Load-displ. plot of p/o test specimens: cyclic load
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Fig. 10 Beam-column joint test under progress
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Table 6 Type crack patterns developed during test

Stage 1 2 3~6
o
Drift ratio (cycles) | 0.5% (1-3) 0.8% (4-6) 12 (,2/’ 1?3’) ik
Type of cracks | Flexural | Flexural diagonal | Diagonal
Position of cracks| Beam | Beam panelzone | Panel zone

(a) SH Joint (standard hook)

(b) HD Joint (headed bar)

Fig. 12 Crack patterns at failure
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Table 7 Summary of beam-column joint test results

Prediction Test
No. Specimen P, 5y P, Oy P *u 5%, mn 0, M M % v /th;f

' &N) | (mm) | (N) | (mm) | (KN) | (mm) (%) pre b “ test
(Nm) | Nm) | KN) | KN) '
. SH + 880 | 235 116 46.5 116 46.5 1.98 1.94 584 1.17
- 934 | 202 128 66.0 128 660 | 327 | 275 643 1.29

412 270 499

5 HD + 83.8 | 20.8 111 62.2 89 940 | 299 | 392 559 1.20
- 86.8 16.0 127 67.8 102 908 | 424 | 3.78 640 128

P, : initial cracking load, P, : yield load, 6, : displacement at yield, P, : max. load, J,: displacement corresponding to P, P*,: failure
load, d*,: displacement at failure, 4 : displacement ductility ratio (J,/ d,), 6, : deformation capacity (d*/2,400), M. ot My, = A (a) £,

*d ~al2), V,=4;(@) f, = Veal
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