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Buckling Restrained Brace

Case

(a) BRB Parts

(c) BRB in frame

Selected BRB Deformation vs. Force

Concrete

Force

Unbounding material

(b) BRB cross-section

Deformation

(d) Hysteretic Behavior Slide 3



Buckling Restrained Brace

* Nearly symmetric and stable
hysteretic behavior.

= Capable of significant amounts of
accumulated cyclic ductility before
failure.

= Easyinstallation.
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BRBs on Bridges
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BRBs on Bridges

* Vincent Thomas Bridge -

Seismic Retrofit
= Viscous dampers lost
effectiveness due to leakage.

" |ncreased seismic response and
excessive bridge movement.

= BRBs provide longitudinal
restraint and seismic
displacement control.
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SR BLUAS R NEL < BN YT

= Builtin 1967 by Department of
Water Resources (DWR)

= 780" Long, 4-Span Bridge

* Seat Abutments |

Hollow Pler Walls & Solld Calssons b

EXPJT @ FRAME 2

(SINGLE SPAN)

FRAME 1 (3 SPAN
CONTINUQUS)

ABUTMENT 5

[ ] Expan5|on Rocker Bearing

PIER No. 4

A Fixed Rocker Bearing

N A = All existing bearings are fixed in
ke T s the transverse direction
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Canyon Creek Bridge - As-Builts
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Canyon Creek Bridge — Expansion Joint

= 25" Gap between Frame 1 and Frame 2
= Expansion Rocker & Fixed Rocker Bearing
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= Site Classification: Vs30 = 1,200 m/s

" PGA (975-year): 0.19¢9

" ARS peak acceleration: 0.459 @ T = 0.155
* T=1.16s Longitudinal

" T=1.855Transverse
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Canyon Creek Bridge — Seismic Hazard
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Canyon Creek Bridge — Ground Motions

Earth Mechanics, Inc.

Table 1. Target acceleration response spectra

Geotechnical & Earthquake Engineering

Table 2. Ground motion scts
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Peciod 5% Damped Spectral Aceeleration (g) Sot Earthquake S Station - Dist. I.::“ —
fied) 225-yr 975-yr 2475-yr Number(s) Event (NGA #) ok (km) isccpl R
Horizontal Vertical Horizontal Vertical Horizontal Vertical 2251
0.01 0.095 0.065 0.190 0.131 0.290 0.201 975-1 Landers | 1992 e 23 | 152 | 002 | 3s00
0.02 0.098 0.068 0.200 0.141 0310 0.221 Galial
0.03 0.110 0.083 0.230 0.176 0.350 0.270 2252 (%'",-U"- 1909 K““T‘:‘)" 76 172 0.01 2200
amwan JlL
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i T % octsu Ogatak =
0.190 0.112 0410 0.242 0.620 0327 ::;_:‘;-_\1 Chuetsu-oki 2007 (4848) 6.8 18 0.01 6000
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0.160 0.104 0.320 0.209 0.480 0.257 975-4 Tohoku | 2011 : Ty 9.1 100 | oo1 [ 16000
0.130 0.089 0.260 0.178 0.390 0.215 24754
78 .22 )15 32 A7 975- x Hikaw:
Ll e e g.156 U CL L i hn Tohoku | 2011 ot 9.1 1s3 | oor | 16000
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075 ~ Y A - A0 | (1R
0.039 0.028 0.081 0,059 0,120 0.072 Z:‘;;_(; Iquique o (6001377) 5 w02 001 608
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0.006 0.006 0.014 0013 0.024 0.014 2. Time step and number of steps are after modilications to the original records.
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= All bearings are fixed in the
transverse direction
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Bearings with Spherical Bearings_ :

= Replace Rocker

" Connect Frames 1 &2
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Canyon Creek Bridge — Design ar

* NonlinearTime History Analysis (NTHA)- E
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! Canyon Creek Bridge — Seismic Retrofit

= Two Options to Connect Frames 1 & 2
= Web Splice Plate
= Buckling Restrained Braces (Evaluation) |




~ Canyon Creek Bridge — Expansion Joint

= 25" Gap between Frame 1 and Frame 2
= Expansion Rocker & Fixed Rocker Bearing

ct.
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= 25" GAP
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Canyon Creek Bridge — Design and Analysis
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Add BRB to control the
Longitudinal Displacement
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= New Bearings assigned
= Selected BRBs:

" Yield under g75-yr event
" Gap Displacement <2.5"

= NTHA —BRB Parametric Design
= Range of BRB Core Areas Considered/Modeled.

* Remain elastic under 225-yr event

Canyon Creek Bridge — Design and Analysis
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Canyon Creek Bridge — Design and Analysis

= NTHA- Retrofitted Bridge

. |Pier 4 Gap |
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" Pier 4 Gap

[- Force in BRB ]

Hazard

225-Yyr

975-Yr

2475-Yr

= NTHA- Retrofitted Bridge

BRB Force

(kips)

322

390

Force (Kips)

Canyon Creek Bridge — Design and Analysis
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Canyon Creek B

ridge — BRB Retrofit Alternative
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Canyon Creek Bridge — BRB Retrofit Alternative
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Canyon Creek Bridge — BRB Retrofit Alternative

= Caltrans Seismic Design Specifications for Steel Bridges

» Caltrans Bridge Design Practice (Ch. 20.2)

= AISC 341 - Seismic Provisions
of a ductile component greater than its idealized plastic strength. The overstrength factor,
Q) shall be determined by the project-specific criteria. Based on research
recommendations, the following overstrength factors, Q, may be used:

For shear in |-shaped links Q2 =175

For shear in box-shaped links 02 = 1.50
For buckling-restrained braces @ = 1.00
For all other cases Q= 1.20
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. . 5, ,/CASING
L E 'j ;.A-' "' ;A P "_ ;A /-E1"x8" CORE
Ta = @rFyescdse R,
L B e ,A‘\““—UNBOUNDING
2 g % . MATERTAL
I
P — a)CF -.A > R R
: a 7 yesc” Tsc
& SECTION C-C
CALIFORNIA DEPART] 3" = 1'-0"




' Canyon Creek Bridge — Conclusion

* BRB retrofit effectively controls longitudinal displacement
" Relative displacement demand remains below the available 2.5"
gap under all hazard levels.
" No impact or unseating risk observed in nonlinear time history
analyses.
= Selected BRBs perform as intended:
» Elastic under 225-year event
" Yield under g75-year event
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