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Portland-Milwaukie Light Rail Transit Project

Project Overview

L7.3-mile light rail extension
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Program equirements

dPrescriptive vs. Performance Requirements

W Prescriptive — “Fixed” elements of PE Design
UBridge Type
UShape
UDimensions
QArchitectural Features

L Performance — Opportunity for Innovation
UMeans & Methods
L Pile Caps
UGround
OWork Bridges and access
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Program Options

dDeep foundations at main pier
JApproach foundations
Soil liquefaction / ground improvement
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Bridge Design
dOperating Loads

Dead Load (permanent loads)

ULive Loads (moving loads: trains,
buses, bikes/pedestrians)
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Bridge Design
JOther Loads
Seismic Loads (earthquake)
dWind Loads

Ship/Vessel Impact
Cable Loss (rupture of one stay cable)
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Wind Tunnel Analysis

(dDeck Cross Section

Completed Bridge

dDuring Construction
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Component Design Summary
e Edge girders controlled by Cable Loss

438814

10118 {Ty), 1200 DBz




Component Design Sumary

e Cables controlled by Live Load
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Component Design Summary

e Foundations generally controlled by Seismic in the NW
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e Complete Model with Main Span and Approaches
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Cables single element with equivalent catenary stiffness through E-modules
Monitor slack cables: 10% GUTS (anchorage wedge retainers)

Discretized cables for cable loss analyses (10 elements per cable)
ADINA Software
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Seismic Time-History Analyses

* Ground Motions

* 2 performance levels
e 475 yr return period (SEE): Serviceable Earthquake Evaluation
e 975 yr return period (NCE): No Collapse Event
* 3 time histories for each ground motion return period, 50% scour and no scour, lateral spreading

Motion # Description Ground Motion

1 50% scour, 475, 1st motion 1985 Central Chile Valparaiso (Subduction Zone EQ)
2 50% scour, 975, 1st motion 1985 Ceniral Chile Valparaiso (Subduction Zone EQ)
3 No scour, 475, 1st motion 1985 Central Chile Valparaiso (Subduction Zone EQ)
4 No scour, 975, 1st motion 1985 Central Chile Valparaiso (Subduction Zone EQ)

Liguefaction |Lateral Spreading Displacements
5 50% scour, 475, 2nd motion 1985 Ceniral Chile Endessa (Subduction Zone EQ)
6 50% scour, 475, 3rd motion 1986 Palm Springs Sunnymead (Crustal EQ)
7 No scour, 975, 2nd motion 1985 Michoacan La Union (Subduction Zone EQ)
8 50% scour, 975, 2nd motion 1985 Michoacan La Union (Subduction Zone EQ)
9 No scour, 975, 3rd motion 1989 Loma Prieta Capitola (Crustal EQ)
10 No scour, 475, 2nd motion 1985 Central Chile Endessa (Subduction Zone EQ)
11 No scour, 475, 3rd motion 1986 Palm Springs Sunnymead (Crustal EQ)
12 50% scour, 975, 3rd motion 1989 Loma Prieta Capitola (Crustal EQ)
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e Typical Structural Strain Limits

e Component Specific Strain Limits:

Seismic Time-History Analyses

Willamette River Transit Bridge

Criteria Strain Limits

Event Component Concrete Rebar | Steel Shell
L (1/2) (1/1) (1/2)
0475 Towers 0.0050 0.0100 NA
Piers 0.0050 0.0150 NA
Drilled Shafts 0.0050 0.0100 0.0100
[ 0975 Towers 0.0110 0.0500 NA
Piers 0.0075 0.0500 NA
Drilled Shafts 0.0110 0.0200 0.0200
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Summery of Process

Non-linear Moment-Curvature Input for all substructure elements from Xtract
runs (including tower except in saddle region).

Ground Motions varied with depth (every 2m) and location
Soil stiffness varied with depth (every 2m) and location
Non-scour, 50% scour and lateral spreading in separate runs

(P, Mg demands post-processed for all element and all time steps (0.02s)
and feed back into Xtract to back-calculate concrete and rebar strains

Strains evaluated against Criteria limits

Structural solution to lateral spreading — more economical to upsize shafts in lieu
of ground improvement.
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Construction Means and I\/Iethods AnaIyS|s

USuperstructure erected using Balanced Cantilever Construction
UTower checked for out-of-balance forces

L Cables installed and adjusted to elevation

L Geometry controlled at each stage to achieve final profile
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O Adv. Traveler O Install Temp Stay
O Build Segments
O Adjust Trailing Perm. Stay
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O Adv. Traveler L Remove Temp. Stay
U Install Perm. Stay O Adjust Leading Perm. Stay
O Build Segments
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Geometry Tracking

Load Case 530: Install Cables T3-C07:Post Install Cable Adj CO7

Survey: T3 Post CO7 Re-stress; 10.23.13, 0600,

—&—NB Survey with SF ‘

e E AN TARGETS
—»— 5B Survey with 5F
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e Original scheme called for precast MS closure

* Modification to use travelers and CIP
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I, INSTALL SEGMENT 2| CLOSURE FRAME AND FORM (ASSUME WEIGHT = 88 KIF).
2. CAST SEGMENT 2| EDGE GIRDER ONLY.
3. STRESS BOTTOM LONG|TUDIMAL PT TENDONS M| THROUGH M5 PER SHEET

Hl —

4, CAST DECK AND FLOORBEAM T3—20E
5. CAST DECK AND FLOORBEAM T4—20W.

MIDSPAN

N

. CONSTRUCT MAINSPAN CLOSURE SEGMENTS. SEE MAINSPAN
CLOSURE SEQUENCE THIS SHEET (ST/ 30A-300).
. CAST BARRIERS RAILINGS.
ACK SLAB.
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1 -/ gu \- gl FLOORBEAM POUR.
SEG. 13-205 SEG. T4-20W MIDSPAN

SCALE: N.TS
EBAR AND CAST EDGE GIRDER ONLY OF SEGMENT T3—20E

T .
2. PLACE REBAR AND CAST EDGE GIRDER ONLY OF SEGMENT T4—20W. —
1 U .

Y
CLOSURE POUR i i i 7 ——
T T T 1
L 1 ONGITUDINAL PT
STAGE 30D
SCAIF: NTS

e e e e e e e e e e et e e e e e e et Pt P



Western
Bridge

—r . EEEN\N Engineers’

MS Closure Frame Seminar

! VRN il e




Western
Bridge

e g = 8 - = L Engineers’

Construction N8R Seminar

-—




B : Western
" = ) . ey Bridge
e - __ Engineers’

Tower Co ) i —




Western
S————— _ & Bridge
s - WSSNSE Engineers’

Suport P|Ie for Drill Shaft PIatform I sy, Scminar

‘4 "11




Western
SN———— _ Bridge
) TR __ Engineers’

Drill at Platform Seminar




T - - e Western
7 ST . = Bridge
O = RSN _ Engineers’

Footing Construction S8R Seminar




Western
Bridge
Engineers’
Seminar




Western
Bridge
Engineers’
Seminar

* - .x/f_if_"lrl;‘: i “_\‘-& . .

Pylon Jum Frs




A

!
{/
f

dad

=1

ddles

Western
Bridge

Engineers’
Seminar




=
-
=
S
=

Bridge

Engineers’
Seminar




Western
Bridge

-—— e

) e

Pier Tabl'

i .\‘\-—-ﬂ“"‘" S

Ly Engineers’
sework Seminar




Western
Bridge
Engineers’
Seminar




Western
Bridge
Engineers’
Seminar




Western
Bridge

e " N .

S : Engineers’
Overhead Form Traveler Seminar




Western
Bridge
Engineers’
Seminar




Western
Bridge
Engineers’
Seminar

. " RSN o
ther Segment

Tempora ytaysve ry O




Western
Bridge
Engineers’
Seminar




S5 - Western
3 H\\ Bridge
A e \ Engineers’

Temporary Stay Anchor at Deck B I} Seminar

e

.f;n"\ 'Q vV 4 -'



Western
Bridge
Engineers’
Seminar




Western
Bridge
Engineers’
Seminar




Western
Bridge
Engineers’
Seminar




Western

Bridge
> Engineers’

Temporar Sta A Seminar

DA -



Western
Bridge

e W

A - Engineers’
Permanent Stays

Seminar




Western
Bridge
Engineers’
Seminar

/*‘-




Western

- 7 S—— , Bridge
w7 Lt - W . __ IR Dricee o
Strand Contlnuous thru Pylon Seminar

T

‘R"--

\ W\




Western
Bridge
Engineers’
Seminar




Western
Bridge
Engineers’
Seminar




Western
Bridge
Engineers’
Seminar

S—— A

Temp stays slacked. Permanent stays support the
leading edge.

. it
I

N
\
|

T -
bf-:
A 4 S

-.
i
—g 1R 3
of
4
TNty
o -




Western

g _ —_—— : Bridge
— T S e e E - C Engineers’

Form Travelers ) B Seminar




=
-
=
S
=

Bridge

Engineers’
Seminar




Western

——— _ _ Bridge
| - Engineers’
at Se Seminar

S --:.-'.q';-'l_,,"_l"g =

ey

PIaci Concrete



Western
Bridge
Engineers’
Seminar




Western
Bridge

" £= L

ez : Engineers’
Placing Concrete at Segment 9 Seminar




Western
Bridge
Engineers’
Seminar




Western
Bridge

" £= L

ez : Engineers’
Placing Concrete at Segment 9 Seminar




Western
Bridge
Engineers’
Seminar




Western

————— _ Bridge
s = BSSSSS __ Engineers’

Lower & Launch Traveler Seminar




Western
Bridge
Engineers’
Seminar




Western
Bridge
Engineers’
Seminar




Western

Bridge
Engineers’

Lower & Launch - U Seminar

) ¥



Western
Bridge
/e Engineers’

Launch Traveler I} Seminar




Western
Bridge
Engineers’
Seminar




Western
Bridge
Engineers’

Seminar




Western
Bridge
Engineers’
Seminar




Western
Bridge

. -

r Rein

e = ' Engineers’
fo rci ng Seminar

Edge ire

/N

.........

i EAAARAMAIIN

ki

o~
=
—
)
—

: ‘_‘T 3
4

Cbbbbbb/ibe b



Western
Bridge
Engineers’
Seminar




Western
Bridge

e = e

E | Engineers’
ments Behind I} Seminar

East ntiI“eV r—5 Seg

"y o ’ i ;
ST el -
" > AN a oy
L 23 > P ; ; ¥ &
: ¢ N "
i .
& : —
o




Western
Bridge
Engineers’
Seminar




Western
Bridge

g . WSS

Engineers’
Seminar

V. Vi
‘6 -l

Thaﬂkyou

Design Team
Bridge - TY Lin International
Geotechnical - EMI, Northwest Geotechnical
Electrical - Reyes
Main Foundations - BSE
Wind Analysis — West Wind Laboratories
Track — STV

Owners Engineer — HNTB




