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B̧RB  
ŖC D-region          
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5000mm 
3
2
8
0m

m
 

3
1
3
0m

m
 

Column: 500x500, 12-#7 
Top Beam: 400x500, 8-#5 
Mid Beam: 450x500, 8-#7 

Vertical force  
Applied: 2550kN 
=0.3fc

ΩAg 

Actuator 

Actuator 

North  South  

fy=420MPa, fc
Ω=35MPa 

Column steel ratio=1.86% 

Beam steel ratio 
Top Beam=0.5% 
Mid Beam=0.78% 

250mm 

2550kN 

BRB-RCF  
2550kN 
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B̧RB-RCF  
¸  

ŖC D-region  
¸  
¸  
¸  

 



Keff BRB  
Q  
Lwp  
Ac  

5 

,wp22
c

eff
jc t

c t

wp

j

E A
K

LL

QE

LL

A A Ag

= =

+ +

LcLt Lt Lj,wp

W.P. W.P.

Lj,wp

At Ac At A̞jA̞j

Lwp

Lwp  

QE, Ac 

BRB  
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¸RC frame 30%  
¸BRB 70% 

Ҧ RC Ҧ BRB  

ETABS  
¸RC =0.7 EcIg 

¸BRB Q=1.5  
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Vdesign  

Vdesign  M u 

M u (kN -mm ) M n (kN -mm ) DCR 

Top Beam  120212  126227  0.96 
Mid. Beam  203503  238329  0.86 

ETABS  

 
BRB 0.9Py  

PBRB=0.9 Py (AISC 341-10) 

ҦVdesign  

BRB 1F 2F 
Q 1.35 1.39 

RC  

M u â M n , =0.9   
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Pmax 
Hub2

Hub1

Huc1

Huc2

Vub2

Vub1

Vuc1

Vuc2

Pbrb,1

Pbrb,2

Vb Mpb
D-Region

D-Region

D-Region

-  (PBRB= Pmax ) 

¸  
¸   
   ACI 318-14 
    

B̧RB  
¸  

RC D-region   
A̧CI 318-14  
A̧CI 318-14  
¸  



N
C

R
E

E 

WES-BRB  

 

 (1)  

 (2) BRB  

 (3) BRB  

 (4)  

 (5)  

 (6)  

 (7)  

http://BOD.ncree.org.tw  
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B̧RB-RCF  
¸  

ŖC D-region  
¸  
¸  
¸  
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RC  
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¸  
    UFM + Frame Action  
¸  
    UFM only ( ) 

Hub
Vub

Vuc

PbrbHuc

HFA

HFA

VFAVFA

Hb,c
Vb,c

Vc,c

Hc,c Pbrb

+ =

Hub

Vub

Vuc Pbrb

HFA
HFA

VFA

VFA

Hb,t

Vb,t

Vc,t

Hc,t

Pbrb

+ =Huc

 

¸  
     
¸  
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NC1 FB SC1 MB  SC2 NC2 TB 

No.  of  
shear stud  

(19 , 115mm ) 

4 12 4 12 4 4 12 

As (mm 2) 1800  2300  1800  2300  647 647 1800  

t f (mm ) 14 10 14 10 18 18 10 

tpw  (mm ) 8 7 8 7 12 12 7 

DCRshear  1.53 0.83 1.28 0.72 0.81 0.81 0.50 

DCRtension  0.85 0.67 0.85 0.67 0.68 0.68 0.59 

DCRpw  0.73 0.57 0.73 0.57 0.70 0.70 0.50 

DCRfw  0.84 0.72 0.84 0.72 0.79 0.79 0.61 

As 

t f  
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B̧RB-RCF  
¸  

ŖC D-region  
¸  
¸  
¸  

 



Compression  

Tension  
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D-region  



¸  
    UFM + Frame action  
     + Beam shear  

 
¸  
    1. ACI 318-14  

 
    2. ACI 318-14  

 
    3.  
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2 1u b b bV V V V= + +

'0.85n c wV f b d=

'(0.2 ,5.5 )n vf y c c cV A f f A Am= ¢

Vb2 

Vb1 

Vb 

' sinn c strV K f Az q=

D-region  
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lv

lh

Cd

̣

Vh

Vv

Cd

Vh

Vv

Cd

Vh

Vv

' '1( )z z+ - == v h c cd str strK KC K f A f A

:dC

 

:strA

:K
': 3.35 / ( ) 0.52cf MPaz = ¢

[ ǯ , 2002 ] 
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2tan 1
0 1

3

2cot 1
0 1

3

h

v

q
g

q
g

-
¢ = ¢

-
¢ = ¢

2

2

1

1 0.2( )

1

1 0.2( )

h

h h

v

v v

K

K

g g

g g

=
- +

=
- +

'

'

( )cos

( )sin

h h h c str

v v v c str

F K f A

F K f A

g z q

g z q

=

=

1 ( 1)

1 ( 1)

th yh

h h h

h

tv yv

v v v

v

A f
K K K

F

A f
K K K

F

= + - ¢

= + - ¢

  

 

Vb2 

Vb1 

Vb 
ɗ 

' '1( )z z+ - == v h c cd str strK KC K f A f A

sinq= dnV C

[ ǯ , 2002 ] 



Location  NC1 FB SC1 MB  SC2 NC2 TB 

Vu 421 146 423 789 302 285 400 

ACI 318 
Deep 
beam  

Vn 

(kN ) 
1057  4361  1057  958 1057  1057  858 

DCR 0.35 0.09 0.35 0.73 0.25 0.24 0.46 

ACI 318 
Corbel  

Vn 

(kN ) 
1198  1648  1198  1086  1198  1198  863 

DCR 0.40 0.03 0.40 0.82 0.29 0.27 0.47 

Simplified  

SST 

Vn 

(kN ) 
1193  4052  1193  846 1255  1255  549 

DCR 0.35 0.04 0.35 0.93 0.24 0.23 0.73 

20 

D-region DCR 
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B̧RB-RCF  
¸  

ŖC D-region  
¸  
¸  
¸  
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BRB-RCF  
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B̧RB-RCF  
¸  

ŖC D-region  
¸  
¸  
¸  

 



Tests of Specimen 
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Post tension 
590kN  

Col. axial force 
2550 kN  

Actuator x 3  

Actuator x 3  



3
.2

8
m

 
3

.1
3

m
 

5m 2550 kN  2550 kN  

T : 
¸  
    (Fiber element)  
¸ : 
              Opensees  Con04  
¸ : Degrading  

BRB: 
 ̧       

    (Hardening material)  
¸  
    (Truss element)  

 

PISA3D  



M  M  

M  M  

ɝ 1=ɝ 2=2%  

T1=0.38sec  
T2=0.13sec  

 
  

 T1å0.4sec 

 
 

 

Mass=0.113 kN  Ƣ s2/ mm  



Free vibration test 1  

50/50 hybrid test  

Free vibration test 2  

10/50 hybrid test  

Free vibration test 3  

2/50 -1 hybrid test  

Free vibration test 4  

2/50 -2 hybrid test  -1 

-0.5 

0 

0.5 

1 

0 5 10 15 20 

sec 

LA22 ť MCE (2/50)  

-0.2 

-0.1 

0 

0.1 

0.2 
LA43 ť FOE (50/50 ) 

-0.6 

-0.3 

0 

0.3 

0.6 
LA9 ť DBE (10/50)  

28 

PGA=0.14g  

PGA=0.51g  

-  

PGA=0.9g  



 (2% 5% ) 
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(ACI 374.1 -05) 

2F1

F1

2 1̀

1̀

Phase 1 

1.0% 
1.4% 1.75% 

2.2% 
2.75% 

3.5% 

4.5% 

-  

Free vibration test 1  

50/50 hybrid test  

Free vibration test 2  

10/50 hybrid test  

Free vibration test 3  

2/50 -1 hybrid test  

Free vibration test 4  

2/50 -2 hybrid test  

 

Free vibration test 5  

Cyclic loading test  

Phase 2 
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B̧RB-RCF  
¸  

ŖC D-region  
¸  
¸  
¸  
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+0.22%  

-0.16% 

+0.19%  

-0.19% 

+ 0.67% 

-0.6% 

+0.58%  

-1.0% 

+0.43%  

-1.02% 

+1.04%  

-2.23% 

50/50 -FOE 10/50 -DBE 2/50 -MCE 1 

-  
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2320  

2430  

1170  

1307  

1230  

+0.31%  

-1.03% 

+0.96%  

-2.5% 

Cyclic test  2/50 -MCE 2 

-  



NorthSouth
34 

Actuator (+)  

N 

10/50 5.35s (-)

10/50 5.66s (+)

CYC +1.0%

CYC +1.4%

CYC - 1.4%

2/50 1.23s (+)

1: 
2: 
3: 
4: 
5: 
6: 

1 
1 

1 

2 

3 

3 

4 6 
6 5 

 

S 

Actuator (+)  
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50/50 -FOE 10/50 -DBE 2/50 -MCE 1 

BRB -  
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2/50 -MCE 2 Cyclic test  Cyclic test  

BRB -  


