TRUCKEE RIVER BRIDGE (Tahoe City, CA): A Unique Cellular
Abutment Approach Provides Significant Reduction of Cost and
Bridge Deck Area as Well as a Pleasant Trail User Experience

TRAIL ACCESS BELOW A RIVER BRIDGE
John Rohner, PE, CH2M
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Introduction

Project Purpose
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Introduction

Project Purpose

Improving pedestrian, cyclist and driver safety

Making public transportation more effective with better connectivity,
reliability and travel times

Providing two viable emergency evacuation routes from the West
Shore

Lessening environmental impacts by reducing vehicle emissions and
improving storm water treatment

Enhance trail user experience

® Bring pedestrians closer to the river



Introduction

Project History

1994 Project identified in Tahoe City Community Plan

® November 2000 — SR89/SR28 Transportation Concept Reports

® March 2002 — Project Study Report

® ... More Studies

® April 2013 — FLAP Application Submitted

® July 2013 — Notified of FLAP Project Acceptance

® September 2013 — CFLHD/CH2M Scoping Trip & Report

® July 2016 — Bid Opening

October 2016 — Construction Began, Bridge construction in August 2017



Structure Type Selection




Structure Type Selection

Initial Proposed Option

e el

Caltrans Advanced
Planning Study (APS)
Stage

® Three Spans
® Deep Foundations

® Complicated Geometry




Tasked to validate
design and cost
estimate

ISSUES

Retaining walls
under east span

Span-to-depth
ratio

Roundabout on
west bridge span

Structure Type Selection

Initial Proposed Option

PROFILE GRADE e SN
45'-3" Min & Vories 22'-4" Min

Depth/Span = 6.125/86.21 = 0.071

NO SCALE 1 & Varies
19" | g3z, 42'-3)" 8 Bont 2 ]‘3"‘%". Il B
243'-4}" Neosured along "E" Line “shid Unr"ﬁ Structure }Es:f 3 Lol
& Crown Vories 1
i a2l 18- g = | g C
T o : L e
PCPS 44—
Bulb T T

48 Column,
Typ ™

1 | 1
L e Ly

=
|
:

9L

-+ -—1-

12400 13400 7400 1500 CULUT 1 ....L PRME DY
Assumed Closs 140
Plles, Typ
ELEVATION TYPICAL SECTION
1" = 50° ey
Dote of Estimote 01-17-13
Structure Deptn =8'-1 172"
Length = 243"-a"
Wigth = Varies
Area = 23,731 sf
cost/F1 Including
10% Mobilization &
25% Contingincy = %257
Total Cost = $6,111,000
Lengend:

Indicates Point of Minimum Vertical Clearance.

Concrete Barrier Type BO

Bent 12+497.67"
Structure Approoch Type Ni30S)

.. EL 6241.55°
-.! 1

OO+

Structure Excovation Type O (Bents 2 ond 3).
Vehicular Troffic

g 13400 e X New oiignment. Mo traffic ot the site.
2. Traffic will be detoured oway from the site.
3. Traffic will be corried on the structure.
Stage construction wiil / will not be requirea.
4 Traffic will poss under the structure on

&.__ Mo falsework allowsd over traffic.
B.__ Folsework openingls) required:

Temperary Vertical Wigth Of Traffic

Clearance Opening
__ Bna
__Bna
__ Two-Way
C.__ Temporery troffic lane reduction needed for footin
excavation,

DESIONED BY

OV 61717413

DRAW BY OATE o 1113

PLANNING STUDY
TRUCKEE RIVER BRIDC

Bike Trail




Existing Tahoe
Rim Trail

® Culvert
undercrossing to
remove retaining
wall sump

® Shorten bridge
crossing to help
get roundabout

off west span

Structure Type Selection

Scoping Trip Evaluation

! e v P f . SR
o Dk G2H T/
| 2 _I‘r | o \4-7; & ng" ) el 4 !
| T Y
: | wye Roundabout ; ﬂ’:a \ It .-
l : : £ T i Ay
I - »
tion 12 Section 7 | *{,f(% :.’ﬁf e o
Existing Truckee ‘3;.% %, s 3 ,—— Lake Tahoe Dam
River Trail Lo — TS 3= 7 are
ect Existing Pedestrian ’fm\ B A.,ﬁ\
R 89(1) Bridge Rt 5%@% SN,
'00+00.00 gl ol 3.
ect Wes oundabout :
R89(1)
08+70.00 o .
s
g N 3 | ,
D T + + 4‘.’0 o - ¥ /
58 K o i1 5 ;
8 " R A o |
NG\ WeE 5 & ,f
o _ S Mg o NPk il o '
L - :‘ i _‘—‘: W i ,'1F|'uu men ine = = _'u | |
B s BBl . ¥ 4 E g |I
B ; T 7 " s 3 |
w r.l‘ai" b "BK‘-‘-“’ Ung] i K B UO"‘:]O g‘ g Lora
3 = =B Line 1 N B> 23 |
2 AT o AR P A £ B ]
| | ! ] - 7 4 {? Py f H ;"_
Cfil'b'an_s Miamtenirfcf Yard _t e /J&M«’ b > %. ko ﬁj Eastern Roundabout I|I
- . e —~@¥Existing Tahoe Rim | © !
| el —— e o Vo : gt v = :
R__Rj'.’ .. * T e e _""%Tﬁ%\'f Trail ”ﬂo+sﬂ_¥, ) rf? |




Structure Type Selection

Scoping Trip Proposal

® Two single span GRS (o |\ Bsting T mm Trail
bridges to reduce deck ~\\Vay
%% /
area
B - | | /{6 <%
® River bridge to carry / 8/l
Truckee River Trail .- Prb:’we# c&eeRJverdege

® Utilize existing upstream ~
pedestrian bridge

® Wall type change: CIP
walls on piles to Rockery
Walls

® QOver $3.5 million
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Structure Type Selection

30% Design Proposed Option

ISSUES

® Tall cantilevered
abutment walls

® Retaining walls
supported by deep
foundations
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Structure Type Selection

30% Design Proposed Option

® Project was projected to be over construction budget
® Still not two separate bridges and felt this was an opportunlty for savmgs
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Structure Type Selection

Post-30% Design Study
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Structure Type Selection

Revised 30% Design, Option 1
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Structure Type Selection

Revised 30% Design, Option 2

Length of Bridge = 170'-0"

—— —
17"-6" 135-0" 176"
|
® Short end span oo | 2 e
| §3: 9 Se oRx
tion, cellular SIS i ds S&S
op , aoh _Ins _INg E[RF
SINY B VY - Caltrans ST-80 oV QNN
abutments & ,{Ef g‘ﬁif bridge railing §|ﬁ"2 2 E’:S
QAT T +2.00% GAL WKOm
° | ____— l
Shallow ‘
" , 14!_0"
| E
fou ndatlons —— H?% ‘ c T —— Low chord 2%-—- T —Ftyp'j—‘-
| T ~_ _ Fl.6233.64 ”];_—_
® $2.83 million e -
El~
(g
IS
N

ABUT. 1 ABUT. 2



Same as option
2 but hugged
ordinary high
water mark

Purposely
shrunk to the
absolute
minimum to see
what reaction
would be

® $2.56 million

Previously 190 fee
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t
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Structure Type Selection

Revised 30% Design, Option 3
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Structure Type Selection

Selected Design Option

Single Span supported by Cellular ""“”’””:’j:ﬁ';"”""' N-
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Structure Type Selection

Selected Design Renderings




Structure Type Selection

Selected Design Renderings




Scour Considerations




Scour Considerations

State Scour Requirements

® 100 year design flood for
stability (vs. 500 year for

FHWA) 15.3.2 Embedment and Depth of Footings
® Top of pier footing is not to The footing embedment shall be carefully determined for degradation and
be exposed when Total contraction scour for the base (100 year) flood, as well as short term scour depth. The
embedment depth of the footing should be adequate to ensure the top of the footing is
Scour haS occu rred not exposed when total scour has occurred, as shown in Figure 15.3-1. If the footing
is not in water and freezing is not of concern. a muminmm cover of 2 to 3 ft is
® Structure type not covered sl

® Scour is referenced to piers,

not abutments \ /“/—/

® Structure type not covered Bl i
I and local pw} scour depﬁ

® Preferred use of deep
foundations

Figure 15.3-1 — Minimum Embedment for Scour Protection

Chapter 15 — Shallow Foundations 15-2




Scour Considerations

NCHRP/FHWA Requirements

FHWA/CFL wanted us to follow new method not yet published in
HEC-18

® NCHRP Scour Condition A requires depth below channel thalweg
® NCHRP Scour Condition B requires depth below abutment toe

® HEC 23 DG 14, protection of abutments with rip rap on new
bridges wasn’t being allowed

® No rise requirement for floodway

Less than 1 ft of rise for floodplain



® West Abutment Scour
Condition A

® East Abutment Scour
Condition B

® Worst case applies to
both abutments

® 1 -Sheet Piling
around perimeter of
spread footing

® 2 - Lengthen bridge by
20 feet to move the
West Abutment into
Scour Condition B

Scour Considerations

Solutions to Keep Shallow Foundations

Tie-Rod for scoured wall
support as necessary (typ)

No structural toe wall req'd
with sheet piling (typ)

EVATI
Baottom of sheet pile Elev -E!‘ 2 (est ma?eg) (will verify with 2 design) _

~ Brldge rafling

—1 »t - o — = : ? 15 2. ===z {
1
E (YRl ===~
| -
6341.08 1 Z "y
L “L - = ) \-6222.78

Q5o WS El. 6224.2

ABUT, 2

ABUT. 1 (upstream face)

ELEVATION



SCOU r Solutlon Scour Considerations

13.54'

® Moved west abutment 20 ft R
away from channel

Top of toe

2% EL. 6222.86

® Curtain wall on three sides of Contraction + LT Degradation e v 2z |
Scour EL. 6220.91 I - \ ;{’7 . D‘ 3

abutments J4 |

Bottom of footing
EL. 6220.25

® Bottom of footings 6” +/- below
500 year scour depths vs 100 Bottom of toe wal
year state requirement

/- Profile grade
|

&
-
S

NCHRP SCOUR - WEST ABUTMENT

- Structure tr

Bridge railing Low chord
/ El. 6234.01 ™\

g e s i THHE—I

e EL 6222.10 -
v Qsx WS EL 6225.8

— v

(2]
N
PN
L
| b
a
|

Qo WSEL 6224.8 . o QWS El 6224.2

Contraction + LT Degradation
Scour EL. 6220.91

Scour EL. 6219.06

\ General Contraction Scour /

+ Long-term Degradation

- Te=al / gf"g’z"jfsr_,:’g"w" g | | contraction + LT Degradation

Bottom of footing

Bottom of footing EL. 6218.50

EL. 6220.25
Bottom of toe wall
Bottom of toe wall _ EL. 6216.0

EL. 6216.0

ABUT. 1 (WEST) ABUT. 2 (EAST)



Superstructure Design




Superstructure Design

Superstructure Overview

AASHTO LRFD 2012 6th Edition
Caltrans Amendments

Decked Bulb Tee Girders
Level Bearing Seats

Steel Reinforced Elastomeric
Bearing Pads

CIP Concrete Topping
CIP Diaphragms
CIP Barriers

TYPICAL SECTION

(Looking back station)



Superstructure Design

Superstructure Analysis and Design

43.5 ft
40 ft 1,751t

® Design Load Combinations ﬂ

L
s p ey

2D Model in CONSPAN LT58,

® Strength 2 (Caltrans P15) 271f, 542ft . 542ft . 54pf . 542ft . 642ft . 549ft . 549% 285f
® Service 1l (] 2] =] [+] [s] o] [] [s]
® Service 3 s4k s4k sk sk 1 Kk
® Hand Checks e ;T‘:g% e e =
. . . ) 18 1t 18 to 60 1t 181t 181t 181t
® Grillage Model in MIDAS Civil 3D to Verify
Distribution Factors . 16

. . Figure 3.4-3 P-15 Truck
® For Interior Moment with 2 trucks

® AASHTO Equations g=0.52
® CONSPAN Grillage g=0.46
® MIDAS Grillage g=0.41




Superstructure Design

Decked Bulb Tee Girders

® UDOT Standard Section ® Utility Hanger Inserts

® 4” Min. Top Flange Thickness ® Embedded Curb Bars
® Modified from 6”

. . ® Projected Interface bars

® 5” CIP Composite Concrete

Topping ® Blockouts for diaphragm pour

EXTERIOR GIRDER INTERIOR GIRDER
(At intermediate diaphragms) (At intermediate diaphragms)

TYPICAL GIRDER SECTIONS



Substructure Design




AASHTO LRFD 2012 6t Edition with Caltrans
Amendments

® Caltrans Seismic Design Criteria 2013 v.1.7

® Design Load Combinations
® Strength 1
® Strength 2
® Servicel
® Extreme Event 1
® Spread Footing with Toe Walls
® Columns with Corbel Beam
® Retaining Wall as Backwall

Solid Top Slab with Utility Voids

Substructure Design

Substructure Overview

ABUTMENT FRONT ELEVATION
(Lowsing Back Sraien)

ABUTMENT ELEVATION




Substructure Design
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® Beam Element Model was used for Corbel Design

® Solid Element Model in SAP 2000
® Plate Element Model in MIDAS Civil 3D




Substructure Design

Substructure Design

® Corbel Beam Design
® Ledge Designed with AASHTO 5.13.2.4

® Beam Designed using conservative assumptions e .,T
"
® Detailed for Crack Control and Force Spreading [ -l
~ |
® TxDOT Design Example from AASHTO 2010 [~ k--T
e |
[ ] [ BN, ] .:. (1] i
P e P o | e |
_-* ) B“II'“.;.E e (e e e e
l Texas Department of Transportation DEIVISION N : ; .
County: Any Hwy: Any Design: BRG Date: 6/2010 . : ' °
Inverted Tee Bent Cap Design Example [ ] [ ) [ ] [ ) [ ] [

Design example is in accordance with the AASHTO LRFD Bridge Design Specifications, 5th Ed. (2010) as i
prescribed by TxDOT Bridge Design Manual - LRFD (May 2009). !

CORBEL DETAILING



Substructure Design

Design Parameters

® PGA 0.44g T=0
& Design Response Spectrum
¢ Site Class D

® Seismic Design Category D

Site Coordinates 39.1724°N, 120.13916°W

Site Soil Classification Site Class D - "Stiff Soil”

- r ¢ T
T

Sa (g)

1 1
oo 1.20 1.40 1.60 1.20 2.00

0.00 t t I .
0.00 0.20 040 0.60 020 1.

Period, T (sec)

http://earthquake.usgs.gov/



Substructure Design

Inelastic Seismic Design

® Purpose of Analysis

® Ensure ductile plastic hinging in column so it is repairable

e it
http://www.dot.ca.gov/hg/esc/earthquake_engineering/da

2 =
https/fwww arch.virginia.edu/-kmée/ttitti- mage_report/1_Visual_Catalog_of_RC_Bridge_Damage.pd
f

summary/full/mex-city-shear-col-noted.jpeg



Substructure Design

Full Model Results

Maonitored Displacement(D)

® Columns hinged but system continued to gain strength due to backwall



Substructure Design

Substructure Seismic Detailing

® Slabs H ____________________________________________________

® Hooks and Embedment N[ T T o

® Seismic Ties in Back Wall

TOP SLAB |, ——
=
{ ==t _
. i =
~= T :

BACK WALL BOTTOMSLAB




Conclusions




Awards

® Project received FHWA'’s Corporate Award for implementing innovative
solutions.




Presentation Take-Away Points

® Designing for Constructability from Initial Design Phase

® Design for Efficiency

® Allow Design to Incorporate New Details

® Accept Input from Others to Improve Design

® Take Advantage of Refined Design Techniques when Needed

® Don’t be too wrapped up into a ‘standard’ way of doing things

Simple Span Bridges can Still be Interesting
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