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rINTB PROJECT OVERVIEW

Extend light rail service 7.3 miles from South
Waterfront in Portland to City of Milwaukie

Achieve key project component — 1,720-ft bridge
spanning the Willamette River

Design bridge for transit-only use — first cable-stayed
transit-only bridge in the United States

Provide shared use between light-rail, buses,
pedestrians, and cyclist




rINTB CRITERIA FOR NEW BRIDGE

Remain economical
Provide signature structure

Ensure good seismic resistance

Design tower height not to exceed
elevation of 200.0 ft

Offer low maintenance

Provide required navigational clearance
Minimize impact to Willamette River
Use prescriptive design-build approach




rINTB SPAN REQUIREMENTS

 Navigational clearance requirements:
Assume mean water at elevation 12.04 ft
Provide 150-ft width to elevation 82.91 ft
Provide 600-ft width to elevation 70.39 ft

Final span selection:
Main span of 780 ft
Back span of 390 ft; place end bents on land
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rINTB FINAL BRIDGE TYPES STUDIED

o Cable-stayed H-tower bridge

« Hybrid suspension/cable-stayed H-tower bridge

 Wave-frame bridge




rINTB BRIDGE DEPTH MATRIX
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CABLE-STAYED OPTION




HYBRID OPTION




rINTB HYBRID ELEVATION

200’ HYBRID BRIDGE: 360'-830"-360’



rINTB WAVE-FRAME OPTION
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rINTB ADDITIONAL HYBRID COST

Bridge Component Cost Differential

Concrete-Superstructure -5$1459000
Epoxy-Reinforcing Steel Superstructure -5206,950
Stay Cables -S649,300
Main-Suspension Cable S3,383,700
Suspenders $163,200
Structural Steel-Furnish S1,777,000
Structural Steel-Erect $3,949,000
Structural Steel-Clean/Paint S222,800

Total Additional Cost $7,180,450



rINTB SIGNIFICANT PEDESTRIAN USE
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DECK PLAN
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rINTB PEDESTRIAN COMFORT

e Transit vehicle-induced vibrations
Rolling Stock Analysis

« Pedestrian-induced vibrations
Synchronous Lateral Excitation Analysis




rINTB ROLLING STOCK ANALYSIS

 Design criteria
Combine vehicle- and wind-induced vibration
Operation speed of 25 mph
Wind speed of 30 mph

e Vibration limits:

0.05¢g vertical acceleration
0.0259g horizontal acceleration
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FINTB

Vertical, Z - Acceleration (g)
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rINTB AXLE-LOADING FUNCTION

Loading Fuction: Node 50037, Bent 2, V=25-mph
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rINTB ALTERNATE TRAIN PASS LOCATIONS

Abutment 1
Bent 2 Tower 3



ROLLING STOCK ANALYSIS RESULTS
"INTB — WITHOUT WIND
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ROLLING STOCK ANALYSIS RESULTS
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SYNCHRONOUS LATERAL

Ll EXCITATION

 Design criteria
Pedestrian loading across entire bridge

Sétra — French Ministry of Transport and
Infrastructure

e Vibration limits:

0.05¢ vertical acceleration

0.01g horizontal acceleration




UNTB SYNCHRONOUS LATERAL EXCITATION —
BASIC CONCEPT

A percentage of pedestrians will randomly
synchronize walking frequencies

Statistical studies establish this percentage

Pedestrian synchronized walking frequencies must

match bridge frequencies for synchronous lateral
excitation

Bridge will resonate dynamically

If bridge response is sufficient, other pedestrians
adjust walking frequency to match and then
synchronous lateral excitation occurs




rINTB SETRA PROCEDURE

Determine footbridge class

Class | — Urban Footbridge: very heavy traffic;
frequently fully loaded

Define comfort level

Maximum comfort range 1: 0.05g vertical acceleration;
0.01g horizontal acceleration

Develop analytical model
Determine natural frequencies of bridge

Lower bound mass: mass of structure alone
Upper bound mass: 14.6 psf pedestrian mass




rINTB IDENTIFY FREQUENCIES OF CONCERN

Veritical and Longitudinal Vibration

Frequency (Hz) |0 1 1.7 2.1 2.6 5
Range 1 M26- 1.64
Range 2 M33- 2.0

Range 3

Ranged | —

Transverse Horizontal Vibration

Frequency (Hz) |0
Range 1

1.3 2.5

M11-0.89

M14- 1.0
Range 2
Range 3

Range4 NN

Risk of Resonance

Range 1: Maximum Range 3: Low for Standard Loading
Range 2: Medium Rabge 4: Negligible



DEVELOP LOAD PATTERNS

HNTB AND FUNCTIONS

Develop load intensities

Apply to entire deck in direction under
Investigation

Sign of load to match mode shape

Use sinusoidal-loading function




rINTB EXAMPLE - SIMPLE-SPAN BRIDGE

A TIME 1006

l.-l‘ ADINA VERIFICATION MODEL
N
A

Simple Span Beam

Span = 100-1

121t x 4.0-1t Cancrete Box with 67 Thick Walls & Slabs
E = 300,000 ksf

First Mode Set To Approximalely 2.0 cyclesfsecond
75 pst Fedestrian Loading Used




HINTB MODE 2
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MODE 2. F 7.795
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rINTB RESONANCE RESPONSE
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SYNCHRONOUS LATERAL
Ll EXCITATION RESULTS

« Portland-Milwaukie Light Rail Bridge not
subject to synchronous lateral excitation

e Maximum horizontal acceleration of
0.005g at Mode 3

 Maximum vertical acceleration of 0.015g
at Mode 3



rINTB CONCLUSIONS

* Through prescriptive design-build, the owner
maintains control of important aspects when using
design-build

e To accomplish this, the owner should perform
adequate preliminary engineering studies prior to
Issuing Request for Proposals

Synchronous Lateral Excitation and Rolling Stock
analyses important with large pedestrian use




