Journal of the Korea Institute for Structural Maintenance and Inspection

Vol. 23, No. 6, November 2019, pp.1-8 PISSN 2234-6937
https://doi.org/10.11112/jksmi.2019.23.6.1 elSSN 2287-6979

OF HIX|E Soio2| a0 H-7|S HEHE WXl Hs mot

| — N =]

zolA!, AR H5 8 AR AP

Evaluation of Seismic Performance of Beam-Column Connections Using
Minimally Spaced Headed Reinforcements

Ah Sir Cho', Hyeong-Yeop Shin', Seung Yong Jeong', Thomas H.-K. Kang®, Woosuk Kim**

Abstract: To resolve the conservative requirements for clear headed-bar spacing in KBC 2016 and ACI 318-08, two 2/3-scale exterior beam-column
connections were tested under cyclic seismic loading. The seismic tests primarily explored the effect on their seismic performance of using (a) small
clear spacings and (b) multiple layers of headed reinforcements in the beam. Also, the previous test data were thoroughly analyzed. It was concluded
that the clear bar spacing of 24, or the use of two bar layers might be permitted for headed reinforcements embedded in extetior beam-column connections.
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Table 1 Dimensions for heads and headed bars

Bar diameter, d, 19 mm
Bar area, 4, 284 mm’
Head diameter, dj,cqq 48 mm
Head thickness, #, 30 mm
Net head area, 4, 1,500 mm?’
Net bearing area of head, 4., 1,500 mm?’
Aprg/ Ap 5.3
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Fig. 1 Test specimen reinforcements (unit: mm)

(a) Steel coupon test
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(b) Headed reinforcement

Fig. 2 Steel coupon test and headed reinforcement



Table 2 Beam-column connection specimens

BCHD-L1 BCHD-L2

Number of beam top or bottom bar layers 1 2

Specimen

40 mm 25 mm

Smallest spacing between beam bars (horizontal) ~ (vertical)

Moment strength ratio M,

based on measured properties 21 23

Joint transverse reinforcement ratio, 11 11

P}/ﬂh, ACBIS
pn= A,/ (s,n") where sh is the hoop spacing and /2 ” is the connection
core width;
or.acms Was computed in accordance with ACI 318-14.

Table 3 Calculation of joint shear strength

Confined on three

Confined on vertical faces or on
Code four vertical . Other cases
two opposite
faces .
vertical faces
KBC 2016
1.7 A 1.254/f, A 1.04/f, A,
(KCI 2012) VA, Vhad, Vi,
ACI 318-14 L7y/f] A 1.2/f A, L0V A,
Acl Typel 207 bh, L7+/f/bh, 1.2/f/bh,
352R02 Type2  1.7y/f bh, 1.2:/7bh, L0V, bh,
Table 4 Development lengths
Code KBC 2016/ T ACII 352R”1-“02 2
ACI318-14 P! Ype -
connection connection
/ (mm) 285 270 240
a_req (15d,) (14.1dy)  (12.7dy)
/ (mm) 285 315 295
dt_prov (15dy) (16.5d5) (15.5dy)
/ (mm) 335 320 285
l_req_meas (17.7dy) (16.7dy) (14.8d5)
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Fig. 3 Cyclic loading (ACI 374-05)
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Fig. 4 Failure mode and cracking patterns of BCHD-L1
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Table 5 Experimental results vs. ACI 374.1-05 acceptance criteria

Acceptance BCHD- BCHD- BCHD- BCHD-

ID hiteria LI LI() L2() 12 () Nowe
SatM, <05% 22% 28% 1.7% 2.7% -
Mo 05 14 12 117 117 -
i . . . . .
el ~075 095 092 091 o093 Durine
M, ) ’ ’ ) ) the 3rd
B >0.125 0.136 0.174 cycle
among
[[(; >0.05 0.7 012 025 027 4%dift
cycles

&, at M, Drift ratio at which Mn is reached;

M,: Nominal beam moment strength;

Myax: Maximum beam moment;

M;: Nominal beam moment during 3rd cycle of 4% drift;

B: Relative energy dissipation ratio (ACI 374.1-05);

K: Secant stiffness for positive loading from a drift ratio of 0.35% to
a drift ratio 0.35% (ACI 374.1-05);

K: Initial stiffness for positive loading for first cycle (ACI 374.1-05)

Table 6 Measured joint shear force vs. predicted joint shear strength

Specimen BCHD-L1 BCHD-L2

Va1 (KN) 539 524
Viuz (KN) 440 450
NO‘rI:)‘“:rlﬁT:t' 759 759

ACI 318-14 /ftpl .
pcm‘;irgl:s' 795 795

Vin (kKN) ;

N‘”r‘:“:rltg:t' 631 631

ACI 352R-02 A‘j tpl .
ctualmat. 662 662

properties

]Lg)ﬁak
Jrul = 0.9d - V;,peak; V;‘.uZ :Asfyi V;.[)H(lk‘

Vepeakis the column shear force (= £,,,,,1,/1.) at peak lateral force; Feu
is the peak lateral force obtained from the test; /; is the distance between
the loading point and beam-joint interface; /. is the column pin-to-pin
story height; d is the effective beam depth; 4, is the area of tension
longitudinal reinforcement; f; is the measured steel yield strength.
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