


Presidio Parkway

e Project Overview:

» History and Phases
» Architecture
» Environmental

e Main Structural Elements

» Tunnels (cut & cover)
» Bridges (CIP/PS Slab, CIP/PS Box Girder)

o Structural Design Considerations
» Accommodation of Architectural Requirements
» Balanced Stiffness & P-Delta Effect
» Liquefaction Mitigation (Use of CDSM)
» Scour Analysis
» Construction Sequencing
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History & Phases

Seismically and structurally deficient structures
needed replacement

mproving safety evacuation routes
Providing direct access to the water front

Restore greenbelt for transportation safety on
Hwy 1 and local streets (use of local plants,
national park preservation)

Complying with regulations and requirements
of Presidio Trust of SF
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History & Phases (Cont.)

e Partnership
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Project Overview and Limits
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History & Phases (Cont.)

* Project performed in 8 contracts

Winter 2008/9 Fall 2009 Early 2011 Winter 2015

Contract 1 Recordation Meonitoring & Restoration

Contract2 | Uiy Verfication Utility Relocation ‘ Active with

main structure
Contract 3 Design AA" Construction SCOpe

Construction & @ Detour open to traffic

‘ AA* ‘ Construction

Contract 6 Construction

Contract 7 i Construction

Contract 8 Design

* AA = Advertise & Award
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History & Phases (Cont.)

Contract 4 awarded to Flatiron-Kiewit-HNTB
team in Sept. 2011

Over $1.2 billion total construction cost
First P3 contract in California

To be completed in 2015

Multiple stakeholders

Challenging site (liguefaction, tsunami, ...)
Environmentally and aesthetically sensitive
Historically and socially sensitive

Strict construction seguencing
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At Grade Section

HORTHBO UMD

314 : Varies From 167 to 41
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Architecture
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Architecture

e Landscape and Architecture driven project
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Architecture (Cont’d)

COLUMM S|IZES TYPF. EDGE OF DECK
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Architecture (Cont’d)

o Historic Preservation of Existing Bldgs.
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Demolition
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Environment

Close to a major body of water
High water table

Sensitive environment (native plants,
migratory birds)

In the heart of Presidio National Park and
National Cemetery

Sensitive Natural aquifers that should not
be punctured under bridge structure piles
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Main Structural Elements

e Bridges
» High Viaduct (CIP/PS Box Girder)
» Veteran Off-Ramp (CIP/PS Box Girder)

» Tennessee Hollow Bridges (CIP/PS Solid
Slabs) — 3 bridges

»Girard UC (CIP/PS Solid Slabs) — 2 bridges
e Tunnels
» Main Post Tunnels (cut & cover) — 2 tunnels

» Northbound Battery Tunnel (cut & cover)
Total of 7 bridges and 3 tunnels
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Main Structural Elements (Cont’d)

 Tennessee Hollow Bridges
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Main Structural Elements (Cont’d)

e Tennessee Hollow
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Seismic Design Criteria

FROJECT SPECIFIC SEISMIC DESIGN CRITERIA
FERFORMANCE MEASURES

Design Eorthgquakes Ferformance Level

Functional ity Functionality performonce level
Evaluation Repairable-to-serviceable domage, with or without troffic
Earthauake restrictions
(FEE] Immediote access to emergency vehicles following inspection
Sofety Evaluation Safety performance |level
Earthquake Significont domage/No-Collopse: |ife safety ossured
\SEE] Limited serwvice

“afety Evaluation Earthguake [(%EE)

Ervelope of the median [50+th percentilel deterministic Maximum Credible Earthquoke
(MCE)] ARS and o probabilistic hozord ARS for an event with o meon return pericd of
1,000 years (i.e., 7.5% probability of excesdonce in 75 years).

Functionality Evoluotion Eortnguake (FEE)

& probpobilistic hozord 4RSS for an event with o meon return period of 108 years
{i.2., B0¥ probability of exceedance in 75 yeors).

Seijsmic Analysis ond Evaluations

Displacement Demandd

Response Spectrum Analysis
Displocemant Copocity:
Inelastic Stotic Analysis
ALLOWABLE COMCRETE STRAIN

Performance Goal Allowable Concrate Strain
Functional performance 0.005
Safety Mo-Col lapse performance BT« Ecl_|+
+ Ultimaote Concrete Strain (€., ) considering confinement of t+he concrete core
ALLOWABLE STEEL STRAIN

Performance Goal Reinforcement Size Allowable Steel Strain®
Functional performance #10 Bars ond smaller 30% €4,
Bors Larger Than #10 0% eg
Safety/No-Collapse performance [#10 Bars ond Smaller BTH €
ors Larger Than #10 BTH £

# Maximum Steel Strain #10 Bars ond Smaller €5y = 0,12

Maximum Steel| Strain Bors Larger Thon #10 €5y = 0,09
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Abut. Connectivity & Casings
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Ductility (Type |l Shaft)
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Ductility (cont’d)

Local displacement ductility capacity for a particular member 1s defined in Equations 3.6.
A

L4

i

.= for Cantilever columns,

for fixed-fixed columns

Idealized |
Yield Curvature
I

Actual Curvature

ldealized

Equivaley(:urvature

-

=

Figure 3.2 Local Displacement Capacity — Framed Column, assumed as fixed-fixed
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Ductility (cont’d)
 Mp Calculation (longitudinal)

‘Moments about the X-Axs - lap-ft
1600

1400
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400

a8
|
rzzazaas“&;’%hﬁ%%@ﬁ 0
J ﬁ

0.00 001 noz 003
Curvatures about the 2-Awxs - 1/t

Moment Curvature Relation
Ioment Curvature Bilineanzation

Material Types and Names: Analysis Results:

Unconfined Concrete: B Uncenfinedl Failing Material: Confined]

Confined Concrete: [l Confined1 Failure Strain: 14 28E-3 Compression

Strain Hardening Steel: B Stecll Curvature at Initial Load: -3657E-20 1/ft
Curvature at First Yield: 1921E-3 1/f
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Ductility (cont’d)

 Mp Calculation (transverse)

Moments about the Y-Axs - kip-ft

2500 g,
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A

1&&&3&2&.
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Curvatures about the Y.Axs - 1/t

Material Types and Names: Analysis Results: —#—  Moment Curvature Relation
- —=—  Moment Curvature Bilineanization
Unconfined Concrete: B Unconfinedl | Failing Matenial: Confined1

Confined Concrete: [l Confinedl Failure Stramn: 14.28E-3 Compression
Strain Hardening Steel: B Steell Curvature at Initial Load: -10.85E-9 1/t

Curvature at First Yield: 1.079E-3 1/ft
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Spectral Analysis (SAP model)

vINTB

Ali Rejaie, PhD, PE




Spectral Analysis (SAP model)
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Deformed Shape (3D)

FEE Level
Lower Bound Pt Obj; 94
Longitudinal PtElm: 534
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Long. Response & Abut Design

g g g Afructure Approach
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Push Over Analysis (2D & 3D)

Typically
performed at
each bent or at
least at
governing bents

Ali Rejaie, PhD, PE



Pile & Column Design lIteration

Option 1 Option 2 ?M _ _ Option4
B4' X 30" with 5° Inner 64' X 30" with 5' to 10" Inner 54' X 20" Solid CDSM Gnid, 44' X 30" Solid CDSM

Walls, 5" embedment Walls, 5' embedment 5' embedment Grid, 5" embedment

~— N
— s
‘ - ;
.
B
=< :
1

|
—

———

Option Option 6 Options 7 to 9@ i

? _ . , ) ! i Option 10

64 X 30" with 7° to 10" Inner 44" X 25" Solid CDSM 48' X 25' Solid CDSM Grid, 49' X 25' Solid CDSM
Walls, 5 embedment Grid, 5' embedment 1", 3", and 5' embedment Grid, 2' embedment

CDSM GRID LAYOUTS CONSIDERED FOR A TYPICAL 3-PILE PIER

Presidio Parkway Project
San Francisco, California
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Pile & Column Design lter. (Cont’d)

102 ]

150.00

g s - Upslope . )
Isometnc View ) LtEa dsp Longitudinal Loading Defermed Mesh Longitudinal Loading Deformation
Side Loads (Scale exagerated 25 times)
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Side Elevation Upslope Elevation

Transverse Loading Deformed Mesh Transverse Loading Deformation
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Pile & Column Design lter. (Cont’d)

| { | . -
[T RENT TELEY. | MoMENT “b{:\@,. 1 L LESIMTL VRS BRENT Mo

“;'é—:ahqfa‘t 'ﬁsggf\qc_amﬁk SEek QQ%
@? -: s'htt{}t, fe‘i’dﬂrwm D cukL Q{—J{
AL Hera suf@aw:adw«r_ J-A-‘v»'q;’l

S ™ 5 N 5 6 NV S A

| EN 5@65);?11&&% ﬂb%@lﬁﬁ oh.g?i

| c;l'b_:,_?.,

R :z —”FI"‘EW% Ft:avi‘_-g,

GOLDEN LINK




Pile & Column Design lter. (Cont’d)

Longitudinal Leading Deformed Mesh =
(Scale exagerated 25 times) Plan View: Longitudinal Loading
Tension Zones

Elevation View: Longitudinal Loading
Tension Zones

ad

Plan View: Transverse Loading
Tension Zones

Transverse Loading Deformed Mesh

(Scale exagerated 50 times) Elevation View: Transverse Loading

Tension Zones

Note: Orange colored markings denate tension cracking zones; red markings denote shear cracking

CDSM DEFORMATION AND TENSION CRACKING PATTERNS FOR THE CRITICAL 3-PILE PIER
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Pile & Column Design lter. (Cont’d)

Bending Moment (kips*ft)
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PILE DEFLECTION, SHEAR FORCE, AND BEENDING MOMENT PROFILES
CRITICAL 3-PILE PIER, TRANSVERSE LOADING, 100% KINEMATIC + 50% INERTIA LOADING
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Pile & Column Design lter. (Cont’d)

Deflection (in) Shear Force (kips) Bending Moment (kips*ft)
0.0 01 0.2 03 o4 s 0.6 o7 =200 0 -5000 -S000 -3000 -2000 -1000

0o 3o
_— T C
50

P

/7 ™

™,

10 30-5
&)
p =

el
(o4
=]

Pile Length (ft)
Pile Length (f)
Pile Length [ft)

Pl
ok
=]

PILE DEFLECTION, SHEAR FORCE, AND BENDING MOMENT PROFILES
CRITICAL 3-PILE PIER, TRANSVERSE LOADING, 100% INERTIA LOADING
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Pile & Column Design lter. (Cont’d)
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Pile & Column Design lter. (Cont’d)
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Balanced Stiffness

Constant Width Frames Variable Width Frames

For any 2 Bents in a :
frame 20 (7.1a)
or

any 2 Columns m a
Bent

For adjacent bentsma | f*
frame /e = 075 (722
]

or
adjacent Columns in a
Bent
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P-Delta Effect

Py x4, <020x M (4.3)

A, = The relative lateral offset between the point of contra-flexure and the base of the plastic
hinge. For Type I shafis A, =4, — A,

A, = The shaft displacement at the pomt of maxinnmm moment

8 P,
&

v

Ground Ling

Celumn Height

Flastic H'E

Plastic Hinge

Figure 4.2 P-A Effects on Bridge Columns
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Balanced Stiffness (Cont’'d)
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390'-0" megsured along "SB" Line
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Addition of Rock Slope Protection
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Elimination of Deck Expansion Joint
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Low Congestion in Deck Reinf.
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Addition of Deck Drainage
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Conclusions

Architectural driven project
posed design challenges.

Iterative process was
required to address several
design parameters.

Challenging site required
additional design iterations.

All complexities were
resolved.
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