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i The NARLabs consists of Q

National Chip Implementation Center (CIC)
Instrument Technology Research Center $ITRC)
National Science and Technology Center for

Disaster Reduction (NCDR)
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National Center for High-performance
Computing (NCHC)

National Center for Research on Earthquake
Engineering (NCREE)

National Nano Device Laboratories (NDL)
National Laboratory Animal Center (NLAC)
National Space Organization (NSPO)
Science & Technology Policy Research and
Information Center (STPI)

Taiwan Ocean Research Institute (TORI)
Taiwan Typhoon and Flood Research Institute



‘Evolution of the NCREE ()

NSC project awarded to NTU in

1990
Merged into NARL as one of the
Centers in 2003

Major experimental facilities have
been running since 1997 when the
laboratory was completed
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; NCREE vision and mission Q

Pre-quake preparation, emergency
response and post-quake recovery

Integrate research capacities of
various EQ ENG research institutes in

Taiwan

Promote INTL research collaboration
on EQ hazard mitigation, and lead a

key role in the world EQ ENG
research community
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Basic LRFD Load Combinati@

1.4D

1.2D + 1.6L + 0.5(Lr or S or R)

1.2D + 1.6(Lr or S or R) + (0.5L or 0.8W)
1.2D + 1.6W + 0.5L + 0.5(Lr or S or R)
0.9D + 1.6 W

1.2D +1.0E + 0.5L + 0.25 y | J_4

0.9D + 1.0E Combinations
Including E




Lateral force vs. deformatio@

As Ay i
=0.003 rad. =0.02 rad.




Braced Frame Deformation@




Brace strain and story drift Q
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Brace response under cyclic Io
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The brace buckles at a small st @

Tension

LRFD ]
| —F,,=(0.658'")F,

~——F,=(0.877/\.})F,
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Slenderness parameter A
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Connection fa




Example of brace connectlon det.
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Example of brace connection details
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'Questionable connection details ?




Buckling-restrained brace (BR@

No Buckling
( Yi/elding)

(Concrete)

SN

Unbonding '
material
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® Nominal yield strength
Py :Fy XA

® Max. compressive strength

Pmax :Py ny th X/B
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Axial Displacement (mm)

Material Q.

R, : material overstrength factor

(), : strain hardening factor aNagoB 12 [ 13

B : compression strength A572 GR50 | 1.1 | 1.3

adjustment factor A36 5] 1.5




Select steel casing to prevent buck@
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P, =F, %A, -
Pmax :Py ny th X'B
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Lap VS. Butt BRB end connectl@

e Reduce the length and the number of bolts
© Convenlently connected to the gusset plate




A shorter connection is bet@

Increase the BRB fatigue life
and end connection stability

1]




Advantages of Double-core BRBs

Compact end connections enhance the stability

|

Increases the core region length, reduces the
brace strain and improves the BRB fatigue life




Predictable Effective Stiffness Q

@ Effective axial stiffness
: EAAA

oL, 2L LAA +FLAA +LAA
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Effective stiffness factor O

@ Length ratio ol b —al, oL —al

Wp) WP’

a, +a,+a, =1.0

@ Arearatio

At :at

@ Effective stiffness
a,d;

a.a.a; +a,d; +
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value and yield story drift 6y Q
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BRB core strain and story drift@
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Smaller Olc results in a larger EQ
Awp At A gwp P ( a,

L a'EAa’a
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Smaller Olc results in a larger EQ
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A smaller ecresults in a Larger@
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; Design Procedures for BRBF ()

Fundamental BRBF period T =0.070h3'*

} h = building height (m)
Compute base shear, using

3 Response Modification Factor (R=8, ASCE7-10)

Distribute the base shear vertically and
estimate the brace axial load

Select BRB core cross-sectional area A = i
I 0.9F,

Construct analytical model using truss

elements for BRBs K. =Q

e
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Applications of DC-BRBs

3

15 fabricators were licensed : :

Adopted by more than 25
engineering consulting companies

More than 12,000 BRBs have been
installed in more than 60 buildings

Buildings’ seismic performance is
improved cost-effectively




; Challenges faced Q

; Very large load carrying capacity
; Application in fast track projects
|

Reducing the steel material usage

Reliable and cost-effective
fabrication procedures for
unbonding mechanism

Economical on-site BRB-to-frame
connections

More researches have been conducted.




Benefits of Lapped End Connecti@

Shorten the connection length
Enhance the out-plane stability

Reduce the brace core strain
Reduce the BRB axial stiffness

Allow welded & bolted connectio

N
‘g\\i‘\\g
N




End-slot detail is very common




Welded end-slot BRB (WES-B

(7777 7 [




; Conclusions Q

S,

Compact and stable end connection
Reduce the BRB core strain

Reduce the BRB axial stiffness
Economical on-site BRB-to-frame

Improve the building seismic
performance

Cost-effective in BRBF construction
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Today’s presentations Q

Experimental performance of welded
end-slot BRB (An-Chien Wu)

Seismic design of WES-BRB and

gusset connections (Pao-Chun Lin)

A cloud service for seismic design of
buckling restrained braces and
connections (Ming-Chieh Chuang)




[ A

4
?7/‘/1{//1

4
4

i
'IIII{IIJ

Top girder

!‘ Gusset

Middle girder
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Gusset

Brace On Demand




WES-BRB and Connection Desi@
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Limit States -

(1) Steel casing buckling
(2) Joint region yielding
(3) Joint region buckling
(4) Gusset block shear
(5) Gusset yielding

(6) Gusset buckling

(7) Gusset to beam/column
interface strengths
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