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INTR

e San Francisco'Bay Bridge Projectis a
current world Famous Project under
Construction

e Cost about $6 billion

e |t connects Oakland to San Francisco

i




Crews have installed the first twe {of five] large moving
scaffolds, known as "travelers”, which will be used to maintain
the new East Span. The metorized travelers are suspended from
tracks beneath the bridge, providing safe access to the workers
who will conduct bridge inspections, repairs and painting
operations. The other three travelers are scheduled to be
installed in June. The video to the left shows how the travelers

were built in and transported frem Southern California.

LANE CLOSURES AND DETOURS

BAY BRIDGE ROD UPDATE DAILY LANE CLOSURES AND DETOURS If_

L e Teday's Bay Bridge ramp and lane closure times are
For the latest on the cngoing investigation into the breken reds on the new c ‘ . P

Eiaie Sy o e By B, ek e APPROXIMATE. Please continue to check this site for | =
i e Bay , here, =
' the most up-te-date informaticn. This page is

updated daily by 4 p.m.

Lane and ramp closure schedule
fer Friday (04/26/13) night to
Monday (04/25/13) morning:

American Bridge/Flucr has finished painting the SAS main cable, and removed

Friday {04/ 26/13) night to -
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the foctbridges the week of April 22

Watch how crews painted the main cable and its 200 steel-wire suspender

ropes. White was selected by architects to reflect the container cranes found at
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GEOMETRY

Plan View ofisStand-alene \WB On-Ramp

Horizontal Curve of 127.3' (38.8 m)
Radius




GEOMETRY

 Developed-ElevationofsStand-alone WB
On-Ramp

* Depth Varies With Hinges at both Ends

Sea "YBI WE
Trams 1+ ian Viadues
(Dn=FKamnp W1dan)®




GEOMETRY

 Typical SectienyofiStand-alene WB On-
Ramp




GEOMETRY

« Superstructure Section,Properties at 101
spans
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SEISMIC DESIN.CRITERIA

o Seismic Design Criteria for, YBl was prepared by
Moffatt & Nichol
 Two-level design Criteria.

» FEE --- Functional Evaluation Earthquake: Elastical
Performance Analysis

» SEE --- Safety Evaluation Earthguake: Non-linear Analysis
 Expected Concrete Properties used for Analysis
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(or use program EJ'IEI'dT&Cl data.)




SEISMIC DESIN.CRITERIA

 Expected SteeliPropernties used for
Analysis

Stea|:
(Plastic Hinge) (BEDC 7.9.1)

{overstrength)
(SOC 323

{(# 10 and smaller for confinement bars)

{#9 and larger for main bars)
(#8 and smaller)

#9)
(10 & #11)
(#i4d)

(#18)




SEISMIC DESIN.CRITERIA

« Unconfined:ConereteProperty

Input Parameters:

Tension Strength: 0 Kksi

28 Day Strength: 4.680 ksi

Post Crushing Strength: 0 ksi

Tension Strain Capacity: 0 Ten

Spalling Strain: 5.000E-3 Comp
Failure Strain:

1] =
Elastic Modulus: 3800 ksi gooo 0p02 0ODO4 0006 0002 0010 0012 0014

Secant Modulus: 2340 ksi stran




SEISMIC DESIN.CRITERIA

e Confined Concrete Property

Input Parameters:

Tension Strength:

28 Day Strength:

Confined Concrete Strength:
Tension Strain Capacity:
Strain at Peak Stress:
Crushing Strain:

Elastic Modulus:

Secant Modulus:

0 ksi

4.680 ksi

5.868 ksi

0 Ten
4.538E-3
14.86E-3 Comp
3899 ksi

1293 ksi

stress - ks

et
0000 0002 D004 0004 DOO2 0010 0012 DO14 0016

strain




SEISMIC DESIN.CRITERIA

* ReinforcementProperty

000 001 002 003 0D4 005 006 007 002 0.09

strain




GEOMETRY

e Column SectiomandiProperties at SEE
= Top of Column Bottom of Column




GEOMETRY

o Column Section Properties

= XTRACT Qutput
v Top Bottom




GEOMETRY

e Transverse:Hinge:Summary

XTRACT Hinges-Transverse-
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GROUND MQOION HISTORY

- Normal to Fault §

e Parallel to Fault

e Vertical




GROUND MQOION HISTORY

e Normal to Fault

» Parallel to Fault |§

e Vertical




GROUND MQOION HISTORY

« Normal to Fault " § bi— =

e Parallel to Fault [§

e Vertical




GROUND MQOION HISTORY

e Normal to Fault

e Parallel to Fault

e Vertical




GROUND MQOION HISTORY

e Normal to Fault

e Parallel to Fault

e Vertical




“Non-Li %r’ rEIyS|s

StandaloneM‘ to;hinge)

Five groups of time_history

Time Histories are scaled so as
similar to SEE ARS response

Direct Hiber-Hughes-Talor Nonlinear
Time History Analysis (HHT-NLTHA)




Non-Li %r’ r!ly5|s

(continue.) \V’

NLTHA is perfber. non Imear
dead load analysis

Longitudinal Combination:
100% Long.+30% Tran.+30% Vert.

Transverse Combination:
100% trans.+30% Long.+30% Vert.




Non-Linear Time‘History Analysis
by-SAP 2000

o Group 2-LongitudinalRisplacement vs.
Time at Top of Bentd/ & Bent 8-Ul
Direction

SAP2000




Non-Linear Time‘History Analysis
by-SAP 2000

 Group 3-LongitudinalDisplacement vs.
Time at Top of Bent 7 & Bent 8-U1 Direction

SAP2000




Non-Linear Time‘History Analysis
by-SAP 2000

e Group 4 - Longitudinal Displacement vs.
Time at Top of Bent:7 &Bent 8-U1 Direction

SAP2000




Non-Linear Time‘History Analysis
by-SAP 2000

e Group 5 - Longitudinal Displagement vs. Time
at Top of Bent / & Bent 8-U1 Direction

SAP2000




Non-Linear Time‘History Analysis
by-SAP 2000

e Group 6 - Longitudinal Displaecement vs. Time
at Top of Bent / & Bent 8-U1 Direction

SAP2000




Non-Linear Time‘History Analysis
by-SAP 2000

o Groups 2 & 3 - Transverse Displacement
vs. Time at Top of.Bents 7 & 8-U2 Direction

SAP2000 Plot Functions 1/1 ] SAP2000 Plot Functions 1

smic-NLTHA-U2 - Cast TH-2 - Kip, in, F Units

10e+01 M: 1. 01at1 01




Non-Linear Time‘History Analysis
by-SAP 2000

o Groups 4 & 5 TransverseDisplacement vs.
Time at Top of.Bents../.&.8-U2 Direction

SAP2000 2.05 SAP2000

LTH-5 - Kip, in, F Units.

Min is -1.48: )1 at 7.3200e+00 Max is 8.400e=00 at 1.0140e+01 02400




Non-Linear Time‘History Analysis
by-SAP 2000

 Group 6 - Transverse Displacement vs.
Time at Top of Bents 7:&8-U2 Direction

SAP2000




Non-Linear Time‘History Analysis
by SAP 2000

« Summary of Nen-linear fime History
» Transverse Displacement

Ul Wps2 Wps3 Wps4d Wps5 Wps6
Bent 7 38.2 36.0 34.0 10.3 31.5

(Jt30)
Bent8  38.6 33.6 34.6 8.7 27.6
(Jt 20)




Non-Linear Time‘History Analysis
by SAP 2000

« Summary of Nen-linear fime History
» Longitudinal Displacement

U2 Wps2 Wps3 Wps4d Wps5 Wps6
Bent 7 12.5 13.3 14.0 12.1 13.5

(Jt30)
Bent8  11.8 12.9 14.1 11.9 13.8
(Jt 20)




LINEAR ARS'CURVE ANALYSIS
by, SAP 2000

 ARS Curve (SEE)-same as NLTHA
» Combination 1: 100% Transv. + 30% Longit.+30% Vert
» Combination 2: 100% Longi. + 30% Iransv.+ 30% Vert.

» Results will be compared.in Table below.
1.800 |

1.600 -

1.400 -

1.200

1.000 + longituginal

0.800 m—Transverse

0600 T Vertical

0.400 -
0.200 -

0.000 ——+——




+ OPENSEESNY 4V 1 |
»The Open System for'Earthquake
Engineering Simulation (OpenSEES)-
developed by UC-Berkeley

» The same load case, same structure,
same hinges are used.

»Results are list in the following table.




NON-LINEARPUSH-OVER
ANALY'SIS By SAP 2000

e Push-over model-Forces are
proportional to DL




NON-LINEARPUSH-OVER
ANALY'SIS By SAP 2000

 Transverse Pushover Curve at Bent 7

SAP2000

DISPLACEMENT

252 204 335




NON-LINEARPUSH-OVER
ANALY'SIS by SAP 2000

e Longitudinal Pushover Curve at Bent 7

SAP2000
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CALTRANS SDC.CAPACITY

o Caltrans Seismic Design.Criteria
(Caltrans SDC)

» Caltrans SDC Equations are based on
Idealized Structure-Transverse




CALTRANS SDC.CAPACITY

o Caltrans Seismic,Design.Criteria (Caltrans
SDC)
» Caltrans SDC Eguationsare based on

Idealized Structure-Longitudinal or Multi-column
bents at transverse




COMPARISONOF RESULTS

e Transverse

Category Top of Bent 7 (Jt 30) Top of Bent 8 (Jt 20)
NLTHA-SAP 2000 38.2 38.6
NLTHA-OpenSees 41.1 42.6

ARS Linear Analysis 23.4 17.6
Caltrans SDC, Dy 21.5 18.7

Non-Linear Push-over, Dy 10.2 9.0
Caltrans SDC, Du 79.3 68.6
Non-Linear Push-over, Du 45.5 45.0




COMPARISONOF RESULTS

e Longitudinal

Category Top of Bent 7 (Jt 30) Top of Bent 8 (Jt 20)
NLTHA-SAP 2000 14.0 14.1
NLTHA-OpenSees 15.1 15.8

ARS Linear Analysis 17.8 17.4
Caltrans SDC, Dy 10.5 9.7

Non-Linear Push-over, Dy 5.5 13.0
Caltrans SDC, Du 41.3 38.4
Non-Linear Push-over, Du 48.4 44.0




« NLTHA: SAM!ﬁEES

»SAP 2000 provide mere cenvenient input

>OpenSEES can provide multiple support
earthqguake excitations input options

»OpenSEES usually provides higher demands
than SAP 2000

»ARS Curve analysis is good for elastic or lightly —
non-elastic performance analysis



« NL Capacity Mh!over

» Caltrans SDC provides convenient theoretical
calculations

» For Straight Structures, especially pre-stressed
concrete box girder, superstructure is much stiffer
than columns, SDC can provide acceptable
results

» For horizontally curved bridge, SDC is about 30%
to 50% off from push-over results, push-over
analysis Is strongly recommended. .‘



results for non-lineak timée history analysis
» SAP 2000 Is easierfor.input

» OpenSEES provides more options for
earthquake excitation input as you write proper
programs. This option is good for Long bridges.

» It Is strongly recommended performing 3-D
pushover and structural analyses for horizontally
curved bridges.
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» Further Investig: Ft&
for most commonly u e
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