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Introductions
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I-5 NCC

Highway Phase 1 (2015-2018)

. Lomas Santa Fe to Birmingham Drive

Birmingham Drive to Leucadia Boulevard
3 Leucadia Boulevard to Palomar Airport Road

Palomar Airport Road to SR-78

Railroad Phase 1 (2015-2018)

e Batiquitos Lagoon Double Track
6 San Elijo Lagoon Double Track Platform

Environment Phase 1 (2015-2018)
‘ San Elijo Lagoon Restoration
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Project Overview
Owner - Caltrans District 11
ct * Oversight by Caltrans DES

la/trans  Delivery Method - CMGC

e Construction Manager/General Contractor

2P  sianska 1968 009

FLATIRON Witbeck

San Elijo Bridge Replacement and DAR Scope
* Replace San Elijo Lagoon Bridge
e Construct DAR and Multi-use Facility

» Construct Bike/Pedestrian Path Including Lagoon Pedestrian Bridge
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Why CM/GC?

Increases Focuses on

Fosters Owner - Accelerates Increases Cost, Value,

Collaboration Control and AL L Delivery Flexibility and Problem
Involvement Solving
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CM/GC Key Notes

CM/GC Contract Executed Post 65% P&Q

Sample Innovations Proposed

e Foundations

e Columns

Innovation Benefits

* Cost Savings

* Schedule Savings

* Risk Reduction
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LAGOON BRIDGE
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SE Lagoon Bridge Replacement
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View From Manchester Avenue
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Geometrics
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Bridge Layout
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Bridge Layout
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Bridge Layout
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Geometry - Parametric Variatio

= ————
‘ _ﬁ_\—j/'\ A==

I

15 ft min temporary vertical clearance and 16 ft min permanent clearance

Max. allowable structure depth = 5’-6" (depth/span = 0.024)

Balanced spans of 225’ and 167’ for positive flexure

13 ft structure depth at piers varying to 5’-6” at midspan




LARSA FEM Summary

Non-uniform bridge width (girder spacing) - grillage model

Haunch section - parametric variation
Torsional effects and resal shear effects - full 3-D model
Effect of highway bridge on pedestrian bridge - integrated model

’/

Foundation issues - non-linear soil springs
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Time Dependent Construction Staging

= “SD-5" LINE

68'-9" Min & VARIES 77°-9" 77°-0" 67'-0" Min & VARIES
LEFT (LT) BRIDGE - STAGE 1 CONSTRUCTION T RIGHT (RT) BRIDGE - STAGE 1 CONSTRUCTION
; 61'-0" 74°'-0" Min & VARIES, NOTE 1 . 3'-0" % Min & VARIES,
STAGE 1C TRAFFIC, NOTE 2 607" SEE NOTE 1
STAGE 1C TRAFFIC, NOTE 2 ‘
3 120 12 11 11 1 L0t 10t 1t 1 1t 12t 12t 2-7"
ZT | \ | | | = *F" \
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Time Dependent Construction Staging

/-"SD-S" LINE
68'-9" Min & VARIES 77°-9" 77°-0" 67'-0" Min & VARIES

LEFT (LT) BRIDGE - STAGE 1 CONSTRUCTION T RIGHT (RT) BRIDGE - STAGE 1 CONSTRUCTION
61°'-0" 74°-0" Min & VARIES, NOTE 1 _ 3'-0" % Min & VARIES,

' STAGE 1C TRAFFIC, NOTE 2 o SEE NOTE 1
STAGE 1C TRAFFIC, NOTE 2 ‘

B\| ] |J?f‘3:cuj::j_ g ) g g e
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Time Dependent Construction Staging

"SD-5" LINE

68°-9" Min & VARIES . 77'-9" 77°-0" 67°-0" Min & VARIES
STAGE 2A TRAFFIC, NOTE 1 [ LEFT (LT) BRIDGE - STAGE 2 CONSTRUCTION RIGHT (RT) BRIDGE - STAGE 2 CONSTRUCTION STAGE 2A TRAFFIC, NOTE 1
VARIES
2" Min

127 1 1m’ 1’ 2’ 1 1’ 1’ 1" 12° VARIE 12° 1" Min ¢
| La e *"r

\_ JINL L INEEVAN V4

CLOSURE POUR | 59"
| CLOSURE POUR

"

OPENING FOR CONSTRUCTING
PEDESTRIAN BRIDGE, OPTIONAL'
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Time Dependent Construction Staging

"SD-5" LINE

68°-9" Min & VARIES . 77'-9" 770" 67'-0" Min & VARIES
STAGE 2A TRAFFIC, NOTE 1 [ LEFT (LT) BRIDGE - STAGE 2 CONSTRUCTION RIGHT (RT) BRIDGE - STAGE 2 CONSTRUCTION STAGE 2A TRAFFIC, NOTE 1

VARIES
2" Min 1 VARIE 12° 1° Min ¢

12" 1’ 1 1’ 2 "' 1m’ 1’ 12°

\_ JINL L INEEVAN /

CLOSURE POUR | 59"
| CLOSURE POUR

OPENING FOR CONSTRUCTING
PEDESTRIAN BRIDGE, OPTIONAL'
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Time Dependent Construction Staging
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Geotechnical

Typically Alluvial Material

* Silty Sand, Sand with Silt,
Sandy Clay, Poorly Graded
Sand, and Very Soft to Stiff
Lean Clay

Sedimentary Formation

e Elevation - 142’
e Sandstone, Siltstone
and Claystone

water (Logoon).

Not Logged (Native ALLUVIUM).

-10
g:uad SAND with stl.'l (SP-SM); dense; dark greenish gray; wet; mostly fine SAND; Ii+tle
flm. frogments.
=20 |
- troce shell frogments.
-30 = dark gray, nc shell frogments
SILTY sm:} (SM); dense; dork groy; wet; mostly fine SAND; IT++le SILT.
- medium dense; very dork greenish groy; some fines.
=40 | |
Lean CLAY (CL); medium s+iff; very dark gresnish wet] few fine SAND; vories from medium
+o high plasticity; PP= 0.75 to 1.0 taf. (<
_-50 | - few shell frogments
- atiff; PP= 1.25 +to 1.5 taf.
=60
SILTY SAND (SM); very loose; very dork greenish gray; wei; moatly fine SAND; some SILT.
Lean CLAY (CL); stiff; very dork greenish groy; wet; few fine SAND; medium plosticl
=i IQ PP= 1.25 to 1.; Taf.‘ J L : P e
SILTY SAND (5M); medium densej dark greenish gray; wet; fine and medium SAND.
I.lon I:LA\" with SAII'I {CL); stife, dark Ish wat] |ITtle fine SAND;
_80 Lean CLAY with, d 3 very greenish gray; vet; i
w‘ _rl.ogn gu‘f ICLJI vories from stiff to very stiffj dork greenlsh groy] wet] some flne SAND}
-90 PP= 1.5 tef.
SILTY SAND (SM); medium dense; dark V‘l‘ﬂl'.ﬂ gray; wet} mosTly medium SAND; some SILT.
_ - very densej fine SAND; Iltftie fines.
=100 DY CLAY (CL); stiff; dork gray; wet; some fine SAND; PP= 1.5 t&f.
CL.Ill\‘E\‘ sun (5C); dense; dork greenish gray; weti fine ond medium SAND; some fines; PP=1.5 tsf.
_ ESRD SILTY sm'?!ﬂ]: medium dense; dork greenish gray; wet; fine ond medium SAND; some fines.
=110 SANDY CLAY (CL); very s+iff; dork greenish groy; wet; some fine SAND; PP= 2.5 tef.
f&nﬂmi (SM); medium dense; dork greenish gray; wet; fine ond medium SAND; some fines;
-120 SANDY CLAY t'cL'.ll hard; dork greenish gray; wet; some fine SAND; PP> 4.0 tef; few GRAVEL.
y-graded SAND with SILT (SP-SM); dense; dark greenish gray; wet; mostly medium ond coorse
D 7% “Fine SAND; few subrounded Tine. GRAVEL: v
= Wel |- groded m IIH\ SILT and GRAVEL (SW-5M) n? dense; very dark greenish gray; wet; fine
=130 to coarse SAND; fine and medium subrounded &A £
=140
SEDIMENTARY ROCK Indurated SANDSTONE); mossive; fine-grained; greenish alightly
!O"_ﬂr?;a'!;’! P".m, froctured; (SANDY CLAY (CL); very stiff; wet; some fine H
= ®
=150
s — [SILTY SAND (SM); very dense; greenish gray; wet; some fines; mostly fine ond coarse SAND).
o
=160 | Y SEDIMENTARY ROCK (CLAYSTOME); mossive; greenish gray; slightly weathered; very soft; (Lean CLAY (CL);
wet; fow fine ond medium SAND).
= (Fat CLAY (CH); wet; few fine SAND).
=170 | - (Lean CLAY (CL); wet; fine SAND).
=180
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Foundation Options

e Recommendations

from geotechnical Input from CMGC
orenee RIS * Reduce p-y curves
g?er}g?ecr:gg Subcontractor for lateral design
(schedule/ method/ (vibrated shell)
risk) not known * Large diameter shaft * Use single cage
e Foundation preferred from CIDH to
redundancy to * Driven piles will affect cased shaft
complement schedule - * Use #18 pile
uncertainties oscillate/vibrate shell reinforcement
« Driven piles preferred with noise attenuation e 6” construction
* No need for tolerace between
cofferdams - reduce cased shaft and
risk and cost CIDH

4’ CISS Piles

(Group of 4) with
pile cap - shell ~ - (oscillate/ vibrate

shell to -115’) and

* Test piles not needed 10.5’ cased shaft

driven to -155’
10’ CIDH below

to -270’
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Seismic

 Horizontal ARS Based on Caltrans ARS Online
e Vertical ARS Based on Vertical Ground Motion Prediction Equations

‘ LOW quuefaCthn POtentIaI Horizontal Acceleration Response Spectrum

5% Damping
1 2 | | e 3

* No Lateral Spreading !

08

04

Spectral Acc (g)

0.0 1.0 20 3.0 40
Period (s)
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I-5 Bridge Replacement
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Hydraulics

Comprehensive Lagoon Analysis Conducted

Modeling Scenarios:

* 50 - Year (Design Flood): 2’ Clearance Required
e 100 - Year (Base Flood)
* Tides and Sea Level Rise (SLR)Included

e SLR Projections: 2.0’ (2050), 5.5’ (2100)

* Pedestrian Bridge Controls High Water Clearances

Hydraulic Summary

50-yr 100-yr
Fraquency (Yeurs) Design&;’lood Base Ffood A0e-yr
Discharge (cfs) 19,767 23,255 31,311
Current 10.34 10.96 12.36

Water Surface Elevation
I-5 Bridge (NAVD 88) 2050 SLR 11.71 12.28
2100 SLR 14.83 15.31
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79'8" 910" 91'0” 79'8"

& =i ™ =

ABUTMENT 1 Pier 2 Pier 3 Pier 4 ABUTMENT 5

EXISTING BRIDGE
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CONSTRUCTION OF WORK PLATFORM
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NEW BRIDGE CONSTRUCTION
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167°2" 225'0" 167'2"

ABUTMENT 1 Pier 2 Pier 3 ABUTMENT 4
IL )
Trail Wildlife S S M:l;::l\eusetef

= ‘_ Bem:h )

NEW BRIDGE
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PEDESTRIAN BRIDGE
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Pedestrian Bridge
. — —
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Design Procedure

_ Structure Design Architectural Design
Type Selection — °* Section — * Materials
* Objective and Criteria e Stays e Cables
* Restrainers * Finishes

Pedestrian

Wind Design Vibrations Seismic Design

Stage Construction
Analysis
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San Elijo Lagoon Pedestrian Bridge
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Structure Type
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Materials
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Full Locked Cables
s >
— g




Site and Environmental Constraints
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General Elevation

PROFILE GRADE

Mo Scale

410°-6" (PEDESTRIAN BRIDGE)
MEASURED ALONG "SD-5" LINE

BB ‘\ - SUSPENDER CABLES SPACED AT 12°-6", STAGGERED, TYPICAL - /—EB
CABLE RATLING G L
[ LAGOON & UC, NOTE 2

..... T _ MANCHESTER
= AVENUE

— .
e ~
100 Yr STORM HIGH ~~ === ---o o . T DRIVEN PILES, Typ
WATER ELEVATION, Approx FG AFTER P Abut 2 4- CLASS 90 (Al "V},
BANK PROTECTION, SEE NOTE 1 /LAGOON RESTORATION EACH ABUTMENT, NOTE 1
— BANK PROTECTION,

SEE ROADWAY PLANS
—RESTRAINER CABLE

TBD

DATUM ELEV —20.00\ S
Il }

T U
2062 2063 2064

-Approx 0G
}

U T
2065 2066
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Deck Section

A - |
- -

#8 Cont Tot 5

=|. i_ .GMCSTCP&BQTTOH* #8 Cont Tot §
S 05
= g s
Typ - 5 ’:ﬁ\\”_—“’/&‘. a
e | I /.
T T ’ 7
—r s -

CSBOD

PRESTRESSING DUCTS, Typ
MOTE 1

#8 Tot 3 28 Cont Tot 2

#8 Cont Tot 2 26 Tot 3
NAY EE TERMINATED MAY BE TERMINATED
AT SUSPENDER AMCHORAGES TYPICAL SECTION - REINFORCEMENT AT SUSPENDER ANCHORAGES
WHERE MECESSARY ——

NHERE MECESSARY
(BETHEEN SUSPENDER CABLE LOCATIONS)
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Wind Design Criteria

Structural
Design

No Good

No Good W| nd

v

Wind Tunnel Testing
Non-linear Dynamic Analysis

Numerical Wind Evaluation

. Pseudo-Static Analysis
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Pedestrian Vibrations

Structural
Design
N NN I
No Good Vibration No Good
‘1’ Pmin<10%
GUTS
Non-linear Dynamic Time History Critical Density vs.

OK

g Circulation Estimate —

Pseudo Static Stochastic Analysis
Linear Dynamic Time History Analysis

.
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Linear Time History Evaluation

SO
—

Vibrations from Pedestrian Input Footfall Impulse

Q.2
.15
0.1
0.05

e Vertical and Horizontal Movements

Linear Time-History

force (kN)
o=

n ; il ] |
Analysis was performed o
015 ' ' V

0.2
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Frequency Based Stochastic Vibrations

Load, Ibf

—— Dynamic Load
—— 1st Harmonic
~—— 2nd Harmonic
— - 3rd Harmonic

1
0.5

1
1.5
Time, s
—— Dynamic Load
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Pedestrian Vibrations Analysis

g ~—F}D7HHWHWHH { .2 Hmﬂﬂﬂfﬂmgw - HHHHHDGHHHHHHHHH&N H N WGHHHHHHHHHQEHHW
Figure 1, Histogram of Figure 2, Histogram of Speed
Step Frequency
é EMHHH _ iz? _:_ II. " I I I
100 {1 & I Ul [
0 HHHHUHHHHHTTHHHH '_I‘JI.S'_"_‘ = C:.B ) —4x10" )
Figure 3, Histogram of u s
Figure 4, Modal Loading

Arrival Interval
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Vibration Response

0.06
e N N =
B
2 ig
g I
] 0.02 I
=2 v
| 1" | 1
o PR Preee | PR T O S U ' G [ ST | U Ut | R (P NSRS | I A ST 1 T 1Y [N (I | Y
100 200 300
Time

Figure 13, Normalized, Absolute Acceleration

Transform

0 2 4 6 8
Frequency, Hz

Figure 14, Fourier Transform of Response
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Vertical Acceleration Acceptance Criteria

ST YOI ; ' .8
bD e an e =
SR
3 — O
= —

s —_—
2 == -
QO | T TTTTmmeme—ee
5 | S
Q
<
—
4]
& o i
0.01 | I | |
‘ 2 4 6 8
Frequency, Hz

— Baseline
----- Offices, residences
—  Indoor footbridges, shopping malls, dining and dancing

=== Rhythmic activities, outdoor footbridges
© ¢ Response to Pedestrians
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Max Credible Live Load

Figure C3.1-1—Live Load of 50 psf Figure C3.1-2—Live Load of 100 psf Figure C3.1-3—Live Load of 150 psf
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Cable Restrainers

SAN ELIJO LAGOON
€ PIER 3
E & UC BRIDGE, NOTE 1 / § SAN ELI1JO LAGOON
& UC BRIDGE, NOTE 1

SAN ELIJO LAGOON & UC §

ERIDCERCOSCMELINCTER] CABLE RESTRAINER 2
Typ CABLE RESTRAINER 1 V
BB
/ /

. 4 € PEDESTRIAN BRIDGE p
CADLE A\ SAN ELIJO LAGOON & UC CABLE A EB
RESTRAINER 4
RESTRATNERES / BRIDGE COLUMN, NOTE 1 /
Typ
CABLE RESTRAINER - PLAN
T

SAN ELIJO LAGOON & UC
BRIDGE COLUMN, NOTE 1

WORKING POINT B g
"! FOR Reinf DETAILS NOT SHOWN,

37"

SEE "TYPICAL SECTION 1" SHEET

FACE OF COLUMN
62

s{r_ "ANCHORAGE A [ § \
o .
PLATE DETAL" = 2'% GALFAN
CABLE RESTRAINER

. . FOR CABLE RESTRAINER ANCHORAGE, SEE
DETAIL A", "SAN ELIJO LAGOON & UC" "PIER DETAILS
SEE NOTE 4 NO. 2 "SHEET ON STRUCTURE PLANS.

CABLE RESTRAINER DETAILS @ @Y WORKING POINT A
Vr=1-0"
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Seismic Design

Structural
Design

— !

No Good EQ

Pmin<10% —

v GUTS

No Good

Non-linear Dynamic Time History

OK

Stressed Eigenvalue Analysis
Pseudo Static Analysis
(Pushover)
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Stage Construction Analysis
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