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/JABSTRACT/

To study the seismic resistance of the shear capacity of the RC beam-column joints of two-story and four-story RC buildings, sample
buildings are designed with ordinary moment resisting frame. For the shear capacity of joints, the equations of FEMA 356 and NZ seismic
assessment are selected and compared. For comparison, one group of buildings is designed only for gravity loads and the other group is
designed for seismic and gravity loads. For 16 cases of the designed buildings, seismic performance point is evaluated through push-over
analysis and the capacity of joint shear strength is checked. Not only for the gravity designed buildings but also for seismic designed
buildings, the demand of joint shear is exceeding the capacity at exterior joints. However, for interior joint, the demand of joint shear
exceeds the capacity only for one case. At exterior joints, the axial load stress ratio is lower than 0.21 for gravity designed buildings and

0.13 for seismic designed buildings.

Key words: RC, beam-column joint, joint shear capacity, seismic performance

LME

O WA} E1A] Tt o2’ AE ] tiE A2 AT ERC)
HETHEXGEZ(ordinary moment resisting frame) A| A8 0 2 o]
ek

=i} 7920099 A7 1o AI2ARE Bl e
O IS AR 1 o] RC E2a R Aol w9
Trfjol] FEdZo] w2 EA] Rtk AS52715(2016)[2] 57 5HA
&= HERHEARER] A3t Ao Aake flel ol 2a

5t F 715 57 ol o] 4wo] 28] 5] ok 7-pol

*Corresponding author: Lee, Young Wook
E—mail: leeyu@kunsan.ac kr
(Received June 7, 2019; Revised July 12, 2019; Accepted July 17, 2019)

d‘%’
ot
i
rl
1o
i)_ll‘
B~
)
rl
o!

{l]{e3
=
o
21'4
=
s
Y
EEI

S AL AR B

tlo
=)
rd
o
>
&O
£
30
[ron
>
ox
o
i)

I
o

ne
r]I.
I
i
B
ol
i
B
O
£
!
=,
ul
2
ook

e R ELR B N
)7} ol o AE 7
o] 3] vk oojA|7] |
s04] HEEA| WA Eofof

1.

dr o
=
i
In
o
ool
-z

_c'>L
kI
i
2
ot
o
Am
ol
i)
ok
=
o
=
&
rr
-
N
d
1o

{

=]
B

oZ
s

=2
R
e

¢

=
i
lo
=l
g
rlr
o
E
o
1
o
[m
g
im

A

i

il

S
1

7] ] skl Qe o2 Akt E
32 Rk HE ol 17} 220] g 79 Qb 0 2 ekl
2 A, i) vl A Ba0] ek o] 1 shie) 4%
Hob g v $3shal3] 7} uely = ek

HESH T ARelA 271 el o] gl 5 7H 4
S MU 7 o LA QAT o] A Bgto] A
ARIA) ghe RERMEAREOITh B AT RC HHo]
7 o] it T 7H) 220§l istel, ABol il A el g
31 o o) el Bt oAl S sk Hhl e ANs

A} i

249



otEX|7IEsts| =27 | 233 55 (E3 H[131%) | September 2019

QA4 175 0] U] H7H4le] thsloli= 23] )5t
ol 2ok FAR 0 2 HEo] g ok FEE A
ol 413 W Yol I4SISich T4z S 71l et
ol 4] 2B A Ul A (Push-over) B4 Boto] 5L
. 7} ARO) ol A8k vfee 23] ue Ayt 3
ol 7|8 Wl el G4 el Aol ek A

2.1 TR

ra

BiE

2 71E XS WxY 57 aF[4]0 A eJstaL glom of LHJ‘?&
FEMA 356[5]2] Ul-&3} fARIE R, 2 Ao A= oA
FEMA 356 2 9 7|25-8 v aslux} sl

FEMA 35694 g A= g ok A1} Zo] g olstar ik

S Aasae)s 7| A58 BolE Aol et e b
st

V, = My \/f, (MPa) A, (1)

b, =min b, b, + h,, b, +2z] )]

A7|M b, =715 &, b, =89 &, h, =G Zlo|, » =K | ZHEE
7158 SR Z77E A] FollA 2k grolth

FEMA 3562] 7] RC &2 gt g 7] HEe] ezt
ATC 40[6]<} 5 UM 521 =] et AP Ao A Akgahe M2 19
2k Table 13} 72t} Table 16]4] Bz 112} ZHo] FEMA 3560 41= 31
& %J_JHV}O 003 1|7k} o] ARl -2 sl 9 om, ZHe] Ktk

&5 Sk Ao wet A s TSl itk

ACI352-91[7]9] W8-S 2, Type 1-& 11285} v A3 #50] 7]
=]7] k2 RS Aol ARE Skl thoto] T gurael
uReslso st **Zﬂﬂ Ay 240 29] Zgo|

v
o
&
2
e}

(¢

[\
rir

Table 1. Value of + for Joint Strength Calculation (FEMA 356)
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Interior Ext. Joint
" Knee joint
p w/h transverse beam|w/o transverse beam|w/h transverse beam|w/o transverse beam
<0.003 1.00 0.83 0.67 0.50 0.33
>0.003 17 1.25 1.25 1.00 0.67

p” = volumetric ratio of horizontal confinement reinforcement in the joint
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Fig. 1. Specimens of Joint for gravity designed frame of NCEER [3]
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Fig. 2. Test units 3 and 4 Specimens of PEER [11]
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Table 2. Experiment results of Exterior joint of PEER [11]

Upward (tension at Downward (tension at

bottom bar of beam) top bar of beam)
Test| Ju 4 Peak Peak
No | f. |Drift(%)| ~+** | Load |Drift (%) ~** | Load
(kN) (kN)
1 0.1 1.5 0.43 20.7 1.5 0.89 431
2 1025 1.5 0.58 28.3 1.5 0.87 425
3 0.1 2 0.86 422 1.5 0.84 41.0
4 (025 2 0.92 451 1.5 0.97 475
5 0.1 2 0.93 44 1.5 0.80 38.2
6 |0.25 2 0.95 45 1.5 0.91 431

* axial stress ratio to concrete strength
** the coefficient when concrete strength used in MPa unit

Joint Shear Mechanism
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Fig. 3. Joint strength-rotations of Units 3 to 6 of PEER [11]
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Fig. 4. Alternative damage mechanisms for exterior tee-joints [12]
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Fig. 5. Strength degradation curve for exterior joints [13]
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Table 3. Symbols for designed building models

Design . *
loads Story Soil type le "Level
GO* 2 S2 11
EO** 4 S3 12

* GO : OMRF designed only for gravity loads
**EO : OMRF designed for earthquake & gravity loads
* |g : Seismic importance level
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Fig. 10. Building plan of sample design models
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Table 4. Beam design results of building models (Main re-bar : D22)

F16719] Aol =doh=
251tk FEMA 3562] 7

#iSfoll ) gk ek
SSENZ2) 7pidlol wet o] el

22 37l et At

EO02-82 EO02-S3 EO04-82 EO4-S3
ID* Location | Re—bar GO2 GO4
] 12 1 12 I 12 11 12
End Tob bar 4 4 5 5 5 5 8 7 8 8
n
- Bot. bar 2 2 3 3 3 3 3 3 3 3
Tob bar 2 2 2 2 2 2 2 2 2 2
Cent
Bot. bar 3 3 3 3 3 3 3 3 3 3
Tob bar 4 4 5 5 5 5 8 7 8 8
Ext. End
Bot. bar 2 2 3 3 3 3 3 3 3 3
Tob bar 2 2 2 2 2 2 2 2 2 2
G1A Cent
Bot. bar 4 4 4 4 4 4 4 4 4 4
Tob bar 5 5 5 5 6 5 8 7 8 8
Int. End
Bot. bar 2 2 3 3 3 3 3 3 3 3
End Tob bar 3 3 4 4 4 4 7 6 7 6
n
o2 Bot. bar 2 2 3 3 3 3 3 3 3 3
Tob bar 2 2 2 2 2 2 2 2 2 2
Cent
Bot. bar 2 2 2 2 2 2 3 2 3 3
Tob bar 3 3 4 4 4 4 7 6 7 6
Ext. End
Bot. bar 2 2 2 2 2 2 4 2 4 2
Tob bar 2 2 2 2 2 2 2 2 2 2
G2A Cent
Bot. bar 2 2 2 2 2 2 4 2 4 4
Tob bar 3 3 4 4 4 4 7 6 7 6
Int. End
Bot. bar 2 2 2 2 2 2 4 2 4 2
*Beam ID : refer to Fig. 10. For all beams, section size (breadth x height) = 300x500, stirrup = D10@200.
Table 5. Column design results of building models (only for 1! and 2™ floor, Main re-bar : D25)
. o EO2-S2 EO02-S3 EO04-82 EO04-S3
ID Description GO2 GO4
11 12 11 12 11 12 I 12
Size (BxH)* mm 300x400 | 400x400 | 400x400 | 400x400 | 400x400 | 400x400 | 600x600 | 550x550 | 600x600 | 550x550
C1 | Re-bar | (layer-T.N.B)* 2-4 3-8 3-8 2-4 3-8 3-8 5-14 4-12 6-18 5-16
Hoop D10@ 300 400 400 400 400 400 400 400 400 400
Size (BxH) 300x400 | 400x400 | 400x400 | 400x400 | 400x400 | 400x400 | 550x550 | 500x500 | 550x550 | 500x500
C2 | Re-bar | (layer-T.N.B) 3-6 2-4 3-8 3-8 3-10 3-8 3-12 3-10 3-14 3-10
Hoop D10@ 300 400 400 400 400 400 400 400 400 400
Size (BxH) 300x400 | 400x400 | 400x400 | 400x400 | 400x400 | 400x400 | 550x550 | 500x500 | 550x550 | 500x500
C3 | Re-bar | (layer-T.N.B) 2-4 2-4 3-8 2-6 3-8 3-8 3-12 3-10 3-12 3-12
Hoop D10@ 300 400 400 400 400 400 400 400 400 400
Size (BxH) 300x400 | 400x400 | 400x400 | 400x400 | 400x400 | 400x400 | 550x550 | 500x500 | 550x550 | 500x500
C4 | Re-bar | (layer-T.N.B) 3-8 2-4 3-8 3-8 3-8 3-8 5-14 4-12 5-16 3-12
Hoop D10@ 300 400 400 400 400 400 400 400 400 400
+: Coulmn ID : refer to Fig. 10 e B R
*: B means breadth (X-dir) of column (refer to right example and directions are same as in Fig. 10) - Y 3-10
. . e o 00
H means height (Y dir) of column <Example> "
A: layer means the number of layer in X dir. for T.N.B (refer to right example) o | X
T.N.B = the total number of bars | oo
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Table 6. Beam-column joint DCR of building models at seismic performance point

Demand to Capacity Ratio of Joint (5)* Performance Point
D Ir:r)x Ffi))r (3) FEMA 356 (4) NZ :'t't“eri (sgtrAe’;f'r;?;d - (8) Roof (Q)St’;”;"-
Level for Ext. Sal(g) Drift
Int, J Ext. J Int. J Ext. J Joint Int, J Ext. J Drift(m) |Drift ratio| patio (%)

GOR.S2 11 1 0.73 1.10 0.71 1.27 J 0.22 0.16 0.216 0.038 0.58% 0.61%
12 1 0.69 1.08 0.66 1.24 J 0.22 0.16 0.212 0.032 0.48% 0.52%

11 1 1.02 1.25 0.98 1.43 J 0.22 0.16 0.220 0.043 0.65% 0.73%

60283 12 1 1.00 1.07 0.96 1.22 J 0.22 0.16 0.214 0.036 0.55% 0.55%
GoaS2 I 2 0.90 1.16 0.84 1.26 B-J 0.24 0.19 0.131 0.095 0.72% 0.94%
12 2 0.76 1.05 0.71 1.14 J 0.24 0.18 0.114 0.080 0.61% 0.79%

GO4S3 I 2 1.03 1.18 0.93 1.24 B-J 0.27 0.21 0.144 0.108 0.82% 1.10%
12 2 0.86 1.13 0.80 1.23 B-J 0.24 0.19 0.127 0.090 0.68% 0.88%

£02.52 11 1 0.78 1.05 0.82 1.30 J 0.16 0.13 0.297 0.041 0.62% 0.64%
12 1 0.76 1.04 0.79 1.28 J 0.16 0.13 0.287 0.041 0.62% 0.64%

E02.53 11 1 0.97 12 1.01 1.46 B-J 0.16 0.13 0.338 0.047 0.71% 0.76%
12 1 0.79 1.05 0.82 1.29 J 0.16 0.13 0.281 0.039 0.59% 0.64%

E04.52 I 3 0.61 0.85 0.67 1.13 J 0.13 0.10 0.179 0.071 0.54% 0.70%
12 3 0.77 1.08 0.80 1.34 J 0.16 0.12 0.114 0.080 0.61% 0.79%

E04.53 I 3 0.69 0.91 0.76 1.20 B-J 0.13 0.10 0.201 0.080 0.61% 0.76%
12 3 0.71 0.94 0.74 1.21 J 0.16 0.1 0.156 0.073 0.55% 0.70%

* Failure pattern is B-J when joint shear failure and beam plastic hinge has occurred and J only when joint failure occurs at performance point.

06 T
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0.0 @ : : : : |
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Sd(m)

(a) GO2-S3-11 model
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Il

OO & } } } |
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(b) EO4-S3-I1 model

Fig. 11. Performance point of sample buildings
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