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BRBEARCIE 2R iE1E 138 el

RC corbel

Qu,Z, et al. (2013). Subassemblage cyclic loading
test of RC frame with brbs in zigzag configuration
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Center Col. LL = 0.3(tf/ m?)
SDL = 0.35(tf/ m?)

Ave. weight: 1.2 tf/m? ,



T,=1.37sec (Y)
T,=1.28sec (X)
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s £%  1=125 R=40

S =08 S°=0.45

SM =10 SM=055

T . =005H""

T =min{1.4T ., Tsue |

code !

V =0.1185W
V,, =max<{V" =0.1185W

F. =1.0
F =1.0

V

> =0.1185W

V,, =0.1086W



XFI l\\n% (BRB RCF)

4|7I:|

28 2 B .| ®of [BRB()| DCR
12F
30 tf 0.90
11F 40x60 | CEOX60 C60x60
10F 2.25% 2.25%
120 tf 1.00
OF
8F
133 ff 0.86
7E
=
csogg% C80X§24% 212 ff 0.92
oF B50x70 | |
AF
332 tf 0.90
3F
oF
C90x90 | C100x100
2.81% 2.60% 2121 0.81
=
Unit: cm
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6800
10— tan—l( ) — 42.58°
@ 8000-600
A
%
(@)
(@)
----.Q. 'y
. 8000 mm
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30 230 190 t

‘ ; - gusset — 30mMm

780 mm
|

tstiffner

RC Column .
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¥ &« Demand: SN490: Ry =12,Q=13, /=115
( maxl ax,Z)XCOS‘g

_ (30 +120)x1.2x1.3x1.0x C05 42.58°
= 234 (tf) x 0.736 =172(tf)

m Capacity: REF): 12-#8
2
12x 22 3'54 (cm?) x 4200(kgf/ cm?)

—12x 21252(kgf) =12 x 21.3(tf) = 255.6(tf)

gT =0.9x2556=230>T =172
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( maxl ax,Z)XSine
= (30+120) x1.2x1.3x1.15xsin 42.58°
= 269 (tf) x 0.676 = 180(tf)

17
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BRB one Tension and one Comp.
( maxl max,z)xsmg

m Capacity:
1. Qu,Z Strut and Tie Model

V. =0, xbxlxcoséd
2. Simplified Softened Strut and Tie method
V. =K A, sing

3. ACI318-14 Corbel
V, = A, f,u<(0.2fbd,56bd )

18



h F

V. =180(tf) |
V. =Cxcosf =175 (tf )
C =0, xbxl
____009f
. fCt
\/1+4OOEC n:E_i dzéh

| =k :N(nps)2 +onp. —nps}xd
(27 (1)

N J
Qu,Z, et al. (2012). Shear resistance of
reinforced concrete corbels for shear keys 19
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V. =175(tf )

400 L L

—— 60

—~ 60

10-#4@120
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h: 600 mm
b: 600 mm
L: 200 mm
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Al vs A2: Length of C;o‘rbel
B1vs B2: Width and Depth

+

Al A2 B1 B2

h (cm) 60 60 60 40

b (cm) 60 60 40 60

L (cm) 20 15 20 20
Rebar 10-#4 | 10-#4 6-#4 6-#4

V, (tf) 180

Vh (tf) 175 175 112 110
e DCR 1.03 1.03 1.61 1.64
#H{R Vh (tf) 160 160 139 130
B BE | DCR | 113 1.13 1.29 1.38

22



152 (B1) V. =112(tF)

N h: 600 mm

b: 400 mm

L L: 200 mm
400 _

— 90

6-#4@100




152 (B2) V. =110(tF) =

N h: 400 mm

b: 600 mm

/L L: 200 mm
- 400 _

—Z 50
6-#4@150

—— 7 50
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Section C: C60X60 16 -#8 Rebar: 2.25%
Section B: B50X60 8 - #8 Rebar: 1.34%
7-#3@15 13-#3@10
- -l AFV
s B
Section B é o
60 g
« 80 « 80 | z.'; D
2 ©°° 2 T o | O O o O T O j© O Of O \; . 7}{
o 0 o 0 e T
L e I L1 % s
O 10 O OO ioooooo iooooo’gﬁ_)cr
Section C Section A Section D R
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PISA3D #-3|

+

Fiber Beam Column Element

Truss Elem‘_én i)
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PISA3D-Fiber Element

Integration

Points
Node ‘/N Node
N\

N,
Element ’

\\\"
]

i

Fig. G18 Fiber BeamColumn Element

41



42

NEY
<
o
| =
9
5 e
> S
‘- o oL
o 5 g
@ | @ 7]
— (=) (]
O = «® = 1
m w. (ed) sseng 2
O 0 o
=) o v
o
9

(edpy) ssons

500

e
c
D
@D
LLI i1 1 1 1 1 11 o
L \eie e e <
O [T Ok 8
O _|ailiiliel 88
T s[T

1 1 1 1 1 1 1 | \
U [
e U S
= e, 0 i@ .0
O c
& S

4|,



C

+

olumn Cyclic Analysis

015Agfc ®© o0 0 o

B = 60cm

D=60cm| ¢ ®

L=3400 mm
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PISA3D Fiber Element

N
-
Q

N
-
Q

Shear Force (kN)
Q

A N
S o
S o

3 2 4 0 1 2 3 4
Drift (%rad)

[N
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Cyclic Test
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Disp. Control

[ | ™\
QA o b Bl
U
5 |

45



Story drift (%)
A WNRPROPRNWM

Cyclic Test

&\ |
il ‘
|\

® Cyclic Loading Protocol (ACI 374.1-05)

3.5%
| ||
1.4% ,Z;Z%H_ﬂ
0.75%
AAAAAAAAAAAAAN T
0.25% AR
0-5% 1.0%
1.75% H‘V
2.75% I
0 5 10 15 20 25 30 35

Cycle number

| MO
|
L1
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10F Joint
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10F Joint
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Column

\

Beam
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Corbel Shear
Actuator

S

BeamAxial
Actuator

Column Shear JC
Actu ator

\
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x10

Beam Moment (KN-mm)

20 40 20 0 20 20 60
Beam End Disp. (mm)
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5000
0

Axial Force (kN)

-15000
-20000

-10000;

_5000nmMmmmmwmwmmwwwmmmmmww;wmwm

—TEST
Yleld Surfack.

1 0 1

Moment (kN-mm) 10°
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North U South
Col.

U-{Steel Tension

WEST

Beam
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North ]

South

LO7+L09 = S-Corbel Deform. vs. Shear Force
1500 : : : ‘

1000;

(&)
o
o

Shear Force (kN)
o

5 4 3 2 0 1
S-Corbel Deform. (mm)

1500

LO8+L10 = N-Corbel Deform. vs. Shear Force

1000~

o
S
e

Shear Force (kN)
o

0 1 2 3 4 5

N-Corbel Deform. (mm)
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1500

1000

On
-
-

5000

Shear Force (kN)
o

1000 A/

-1500

597175 (12T

Joint Shear Deform. vs. Shear Force

.-Joint Shear Deform. (mm)
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Column

WEST
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R

2500 0
3 2000 Z 500
S 1500¢ S
o o -1000!
"= 1000} o
o o
(_1’:) 500! (_1’:) -1500;

% 1 2 3 a 2009

N-Corbel Deform. (mm)

N

3 2 1 0
S-Corbel Deform. (mm)

7

North
Column

South
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B1 B2
h (cm) 60 40

b (cm) 40 60

L (cm) 20 20
Rebar 6-#4 6-#4

Vv, (tf) 180

Vo (tH) | 112 110

NBERE DCR | 161 1.64
ML [ Va(t)| 130 | 130
BRILBE | pDCR| 129 | 1.38

610)



i
North South
Column
3-#8
Vn — A\/f X fy X:u
=8x5.06x4200x0.7
ES
=119 (tf )
ea
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Joint Shear Deform. vs. Shear Force

— —
On - &)
- - -
- - o

5000

Shear Force (kN)
o

1500
Joint Shear Deform. (mm)




4|7*§ _E é;;‘l j] H rj EE f’: Joint Shear Spring Simulatior:;ﬁ.: |
1500 ‘ |

1000

&)
o
o

-500F - , :

Shear Force (kN)
o

-1000¢ ~ 1

195007, 2 0 2 4

Joint Shear Deform. (mm)

Joint Shear Spring Simulation
1500 ‘

1000_ ................................... i v

&)

o

o
1

500~ ]

Shear Force (kN)
o

-1000¢ 1

15007 2 0 2 4

Joint Shear Deform. (mm) 68
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Shear Force (kN)
5L
Q
Q O

-1000
-1500

-5 4

15 f5¢

—fest |

i — PISA Spring

32 401 2 3 4 5
Joint Shear Deform. (mm)
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Joint Tension Spring Simulation

1000
800
600

Joint Tension Force (kN)

¥
]
400t £/
q i/
f /4
[l 4 s
o I
0/ 5 J y
oy, / 77 A
- J7
200 (/44
/ Ay
»
y | 4 ,,

— PISA Spring

0 01 02 03 04

Joint Tension Deform. (mm)

ke
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I Baker, J. (2010). PEER site-specific
ground motions for Oakland

DBE Level: 40 site records with 2 dir.
SLE Level: 40 site records with 2 dir.

!

I 28 ith B2 40 £

{ MCE Level: 40 site records with 2 dir.

l L l
M

Ground Motions .
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Story

12

GM: Oak 10/50 FN_2

2

0 1
Story Drift (%rad)
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Max Story Drift (%rad)
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Jr%ng Bl E (MCE)
A25 MCE ' Max:2.1%
5 |
S 2
é
= 1.5}

)
n
% 0.5
0
0 20 40 )
MCE EQ no.
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Max Story Drift (%rad)

s ARBERUZ A (DBE)

2.5 DBE "Max:1.67%
ol
1.5¢
1l
0.5
00 2I0 4I0 GIO 80
DBE EQ no.
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Base Shear
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Base Shear (kN)

=

K84/ (MCE)

20 40
MCE EQ no.
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Base Shear (kN)

x104

HIK547] (DBE
ik ( )

—=— Base

0

20

40
DBE EQ no.

-+ 2P, Cos¢
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ik (SLE)

4 —p
3x10 ?
—&— Base
. BRB
~2r e
S
@
£
2 Nt e |
© AR
o L::Ju u 1y “u"u u_:,u
| 2P, Cos¢
00 20 40 60 80
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o
QN = O 01 = O 01 =

BRB Shear / Base Shear
o o

RBE37] / BIREY /I

o

{Mean:0.195

SLE Mean:0.23
0 - 20 60 80
EQ no
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BRBH/T

I maxX

10F | " Max:0.588] = -~ °

(MCE)

| FF | " Max:0.476

BRBH / Tmax

| riF | " Max:0.416

]
s R D -EEEE MR [ e 0 B [Faof o B
e BT SR B v & B B SR TER P TEE 7 [ OREE |y
i I i
MCE é& no.
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BRBH/T

I maxX

10F | "~ Max:0.542] = - X -

(DBE)

L FF | "~ Max:0.47

BRBH / Tmax

L riF | " Max:0.345

- - - L] N1 n "‘- Al Al L - R lal ekl 7
;5‘ ::‘::—::::“‘u :":-'l-‘r ] L':‘ .: I-:n h==ﬂ o r":::gr Ty o = ::"‘:E:.l: i
1 1 i
DBE €8 no.
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22877 vs. BRBH
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Force/T

[ LN
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GM: Oak 10/50 FN_2

10F

—Beam Axial

---BRBH

-
-_\
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-

-
—ip
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—_—

10 15

Time (s)

20 25

30
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Beam Tension / BRBH

=

=

o

10F | Méan:0.47| -
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BRBH / Tmax

0 20 MCE é&
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BRBH / Tmax

DBE é& no.

60
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10F BRBH / Tmax

EQ

40 60 80
Nno.
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