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Straight Spliced Precast
Girder Bridges

Development of Spliced,
Curved U Girder Bridges
in Colorado and Florida

FDOT and PennDOT
standards for Spliced
U Girder Bridges

Case Study: JT Butler
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Summit / Modjeski Projects
Spliced, Post Tensioned, Straight Precast Bulb Tee and U Girder Bridges

1997 — IH70 over Washington Street, Denver, CO
2006 — Bijou St. over Monument Creek, U Girder, Colorado Springs, CO
2008 — SH66 over IH25, U Girder, Longmont CO
2011 — IH25 over the Platte River, Bronco Bridge, U Girder, Denver, CO
2011 — Light Rail Bridge and Station over Wadsworth Blvd., Bulb Tee, Denver, CO
2010 — DART Light Rail Bridge over Trinity River Levee, Dallas, TX
2012 — Sylvan Avenue over the Trinity River, Bulb Tee, Dallas, TX
2013 — SH120 over the Arkansas River, U Girder, Florence, CO
2013 — 125 Overpass at Santa Fe Boulevard, U Girder, Denver, CO
2015 — Dallas Horseshoe Bridges over the Trinity River, Dallas, TX
2015 - Santa Fe Drive over the Platte River, U Girder, Denver, CO
2016 — E470 / Cherry Creek Ramp Bridge U Girder, Denvel,a(a:_%

016 — IH10 Access Road over UPRR, Seguin, TX el
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“Summit / Modjeski‘Projects
: « «sSpliced, Post Tensioned, Curved Precast U/Box Girder Bridges

urved Precast Girder Bridges
rker Road / IH225, Curved CIP U girders

2005 — 270/ IH25 Ramp K
© 2008 — E470/IH70 Ramp H
2008 — 270 / IHZ6,R DY~ s
otin R i
2008 — [H25F dd Phased
2009 B TH /70 Ramp A

2010 — IH25/Tri

pta Fe Drive
5N, (Designed)

= 2015 - Boggy Creek Interch%___@ﬂajﬁ';& : : -
—2% = ; fer Expressway Flyover 1, (Under C Conswctﬂol‘m""

o ansit Light Rail Bridges, Seattle, WA~
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Complex Interchange Projects
Using Standard U Girder Sections

Long Span Spliced Girder Bridges using
Standard Bulb Tee Sections

Sylvan Avenue over the Trinity River — Dallas Texas
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Spliced Bulb Tee Bridges
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Wadsworth Light Rail Brldge and Statlon Denver Colorado '




CASE STUDY | Wadsworth Light Rail Bridge and Station

RID - $0r-0" LR Structurs.

Design

Original Steel Design

¢ 10 Haunched Steel Plate Girders, 48” to 84”
Web Depth

* Varying Cambers for each girder line

* Drop Cap Bent with bearings and CIP
Diaphragm

e 12 Drilled Shafts and Footing foundation

Precast Concrete Alternate Design

e 8 Continuous, Spliced Precast Concrete
Girders, 48” to 84” Deep

e Uniform Cambers

e Drop Cap w/ Integral Diaphragm, no
bearings

* Single Drilled shaft at each pier
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— CASE STUDY | Wadsworth Light Rail Bridge and Station

Precast Girders set on Temporary Shoring

> Girder Post Tensioning Stress in one > Diaphragms and Splices formed and
stage cast

summit Spliced Precast Bulb Tee Girder Bridges



CASE STUDY | Wadsworth Light Rail Bridge and Station

Platforms & Station mtegral with Bridge Deck

Spliced Precast Bulb Tee Girder Bridges




CASE STUDY | Wadsworth Light Rail Bridge and Station

Bridge Completed in 2010, Live traffic began in 2013 ‘
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Texas Looks to the Future with Spliced Pﬁcast Construction

7 Projects completed or under construction in the Iast 7 VGQ“&
‘ -

All projects from De5|gnMd and City Improvﬂﬂ@rmects

Trinity River Corridor between Dallas and Fort Worth ﬁ

2 New Precaster initiated pro;ects under way in Central Texas,@emgned by M&M/Summlt,,

Spliced Precast Bulb Tee Girder Bridges




Precaster’s Modified Pier Girder Cross Section: ) | JEERL | e

CASE STUDY | DART Trinity River Bridge
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CASE STUDY | Sylvan Avenue Bridge

Design

> Variable Depth Pier Girders
e TX82 to 130” deep Section
* Supplemental Post Tensioning in Top Flange

*  Web Tendons harped to high point over pier

* 6’ long tapered End Blocks in Pier Girders

* Steel Corbels embedded in End Blocks to
support adjacent girders during erection

e Corbels replace conventional strong backs
and are permanently embed in splices
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CASE STUDY | Sylvan Avenue Bridge

Spliced Precast Bulb Tee Girde




CASE STUDY | Sylvan Avenue Bridge

Bridge Completed in 2013

summit Spliced Precast Bulb Tee Girder Bridges



— CASE STUDY | Dallas Horseshoe, Dallas Texas

Dallas Horseshoe Bridges over the Trinity River, Dallas, Texas

Twin 1200’ span Arches support pedestrian bridges on either side of the project
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CASE STUDY | Dallas Horseshoe, Dallas Texas

Bridge Configuration

> 6 Bridges with Spliced Precast
Concrete Superstructure and Simple
Span approaches.

> Continuous 4 span Spliced Girder
Units

> Typical Span Arrangements
240" — 260" — 260" — 240’
250" — 250’ — 250’ — 250’
240" - 270" - 270’ - 240’
> Variable Pier Girders

> Multiple Column Bents with Pot and
Expansion Bearings

> Cast-in-place Deck, Unshored.

Spliced Precast Bulb Tee Girder Bridges _




CASE STUDY | Dallas Horseshoe, Dallas Texas

truction Progress
Photo

y [ P e . y
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CASE STUDY | Dallas Horseshoe, Dallas Texas

Project Scheduled for Completion in 2017

At~ Spliced Precast Bulb Tee Girder Bridges



1 CASE STUDY | IH10 Access Road over UPRR, Seguin Texas

New Bridge Design — Seguin Texas Y T —
Precaster Initiated Alternate Design —
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CUADALUPE COUNTY TEXAS

IH10 OVER FM 78 & UPRR

BEXAR CONCRETE

Tar

CONCEPT DRAWING
NOT FOR CONSTRUCTION 1

3 span continuous unit using existing TX82 forms

All Girders are Constant Length and Depth

Spliced Precast Bulb Tee Girder Bridges X Summit
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CASE STUDY | IH10 Access Road over UPRR, Seguin Texas

Post Tensioning Layout
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‘ CASE STUDY | IH10 Access Road over UPRR, Seguin Texas

Construction Sequencing

End Girders Set on Piers, Drop In Girders Set on Erection Corbels .
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‘Mmﬁm IH25 Bronco Bridge over the Platte River d Summi
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Start Date End Date Duration
Nov. 22, 2011 May 4, 2012 164
May 7,2012 Aug. 19,2012 104

Aug. 23, 2012 Dec. 3,2012 102 f
Dec. 4, 2012 April 4,2013 121

1
2
3
4

Precast Piers and Full Depth Precast Deck




mﬁm IH25 Bronco Bridge over the Platte River d Summi

Experience great bridges.

A MODJESK[ and MASTERS COMPANY

Deck panels set on girder flanges.

Precast Piers Erected on Shoring
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‘\ IH25 Bronco Bridge over the Platte River Summi

ODJESKI=<MASTERS
Exp

erience great bridges.
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Fully Precast Bridge with No Bearings



‘\ IH25 and Santa Fe Drive Summin
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Experience great bridges.
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Intersection Bridges

Ramp 1 Flyover



Jmmm IH25 Overpass at Santa Fe Drive
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Experience great bridges.

Straight U Girders kinked to accommodate curved alignment




Curved Precast U Girder Bridges

SH58 / IH70 Ramp A Flyover, Golden, CO

CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado




Reinforcing Cage in Curved ] [
U Girder Forms Prior to Casting bt P

" L L it b i B bl

CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado



Curved U84 Girders in Storage Area

CONCEPT DEVELOPMENT | Precast U-Girder Bridge

A MODIESK| +-+ MASTERS COMPANY
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/. Completed Bridge featuring enhanced aesthetics.

All Structural enhancements not visible
— S

/N Summit CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado
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Girder Transportation

> Shipped to job site on high load,
steerable trailers

CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado

A MODIESK| -+ MASTERS COMPANY



Girder Erection

Bl > Girders Set on Temporary Shoring
with Hydraulic and Crawler Cranes

Curved Girders Braced to Shoring

>

Mtﬂ_ﬂ CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado
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Girder Erection

> Curved Girders Lifted with offset
spreader bar to balance roll

100 TON
SPREADER BAR =& SPREADER BAR

mms| | e , i ’ .

D 1 i ; 5Ly

opoo000000 00000800 Q)

|
LIFTER ‘
(TYp.) NYLON SLINGS &
SHACKLES AS REQ'D. é;k ;/ﬁ\
END OF Zﬁii;ER LIFTERS
GIRDER —= —-
® GIRDER—=, RIGGING DETAILS

| * RIGGING OFFSET e IS TOWARD
OUTSIDE OF GIRDER CURVE

ASMmrmt CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado _




MID ATLANTIC Q/A WORKSHOP 2017

Erection Mishap in 2007

Crane Boom Failure,

Girder Fell 20’ hitting Crane

Crane was totaled

U Girder was placed on Abutments
with minor repair to top flange

d&lmmd CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado _
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MID ATLANTIC Q/A WORKSHOP 2017

Construction Engineering — Temporary Shoring

CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado



Temporary Shoring During Construction

> Ramp K Girders supported on Straddle > HOV lanes open during construction
Bents

_—

d&lmmtt CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado



Temporary Shoring — Straddle Bents
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— MID ATLANTIC Q/A WORKSHOP 2017

Construction Engineering - Temporary Shoring

> Maijority of Projects Constructed Over Existing Interchanges on Curved Alignment

BT 4 NV JeA S 1 & 3] 10%F0 33 SE R Wl s D e k

@_Llit CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado

A MODIESK| -+ MASTERS COMPANY



Temporary Shoring During Construction

> Ramp Y Safety Rail protecting > Falsework Bents Adjacent to IH76 Traffic




Temporary Shoring During Construction — Strong Backs

> Ramp K Erection completed using strong backs over IH25 and 270 Bridge

CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado



Erection of Precast U-Girders

> Only Vertical Temporary Shoring
required

> Adaptable to variable site conditions

> Able to accommodate Maintenance
of Traffic

ASMmmtt CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado _



— MID ATLANTIC Q/A WORKSHOP 2017

Maintenance-Of-Traffic — UPRR Rail Yard

> Bijou Street Bridge Erection used Strongbacks to avoid ground supported falsework

/X Summit

A MODIESK| -+ MASTERS COMPANY

CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado



— MID ATLANTIC Q/A WORKSHOP 2017

Maintenance-Of-Traffic — UPRR Rail Yard

> Bijou Street Bridge Erection of Span 3 over Rail Yard during continuous rail traffic




Maintenance-Of-Traffic

> Bijou Street Bridge Span 3 set over Rail Yard, 148" Clear Opening

Southernm

‘:lnnnuﬂjric’,

CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado
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Casting of Lid Slab - Precast U-Girders

PRECAST PANEL DETAILS

> Lid Slab Cast Prior to Stressing Longitudinal PT
> Creates a Closed Cell Box to increase Torsional Strength and Rigidity

d&lmmd CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado _




> Lid Slab can be CIP or use Precast Deck Panels

Erection of Precast U-Girders

> Diaphrams at Piers and Abutments cast prior to stressing longitudinal PT

M CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado

A MODIESK| +-+ MASTERS COMPANY




Longitudinal Post Tensioning Layout

;~TOP FLAMGE FT TEMDOMNS OR
| PRETENTIOINED 5T L
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200"

rAOILE oF |
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ROTES B & 77

IRDER LAYOUT

> Lid Slab Cast Prior to Stressing Longitudinal PT
> Creates a Closed Cell Box to increase Torsional Strength and Rigidity

Mﬂ CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado _




Post Tensioning of Girder Lines

> Expansion Pier Diaphragm cast at Abutment w/ PT Anchorages

B =z

d&lmmd‘ CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado



Designed for Future Deck Replacement

> Falsework Removed
Post Tensioning Stressed
No intermediate diaphragms

vV Vv

Decks cast in unshored condition

Mn_l_ﬂ CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado _



— MID ATLANTIC Q/A WORKSHOP 2017

[$

M CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado
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— MID ATLANTIC Q/A WORKSHOP 2017

Deck Cast and Project Complete — SH58 Ramp A Bridge, Golden Colorado

d&lmmd‘ CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado _




Project Cost Savings — Steel vs. Concrete

270 Ramp Y Cost Data

T e i

h Girder Costs $5,125,000 $3,086,240
9 Erection Costs $1,025,000 $890,000
Falsework Costs $50,000 $250,000

Post-Tensioning Costs SO $506,000

Total $6,200,000 $4,732,240

Cost/Ft. $1,393/Ft. $1,063/Ft/

d&lmmd CONCEPT DEVELOPMENT | Precast U-Girder Bridges in Colorado _



g COST ANALYSIS | STEEL PLATE GIRDER vs. SPLICED U GIRDERS

- - :
MODJESKI--MASTERS Steel Plate vs. Precast U-Girder Cost Comparison
(Assuming Steel = $1.25/Ib, Varying Precast = $400 to $800/ft. PT = $2.00/Ib)
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Superstructure Costs Based on Average Values and Actual Data



Innovative Use of Precast Members

A MODJESK! snd MASTERS COMPANY
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PennDOT U Girder Standards

[TOP FLAKE FT_TENDGNS CR
PRETENSIOND TGS
REGTD FOR DESKN

+ T

uAN SPAL EETTON GRDER WITH 10
e

SUAB TEKDON ANCHOS— s PO Lon paNT—,

Prototype Girder and Post

SPLRE 3 Low Pt

P Tensioning Layouts

/IO TLANGE. FT_TENDONS_ R
[ PREENSIRNED STRANDS
/ weas ron

oL

/SPLCE LOCATONS.
iy ey IR

or

i
CumATURE, SEE [/
s 8 & T

IRDER [AYOUT _ owpond  FUED Low PO a SUES \ oy poan 1
5 \ sor_ s pr o ok = 4
Ty, £ FREENSONED STts Fom ] ]
W o - = HANILING & SHPPING E |3
ATION — PT LAYOUT
bl Ct e L R DONS
1 s a sucEr 3 saLeE 3 “ SPUCE 4 = P SPUEE 6 2 sPueE 7 o T R

Tk /
I HARDLNG & SHIPFING:

f::
|

il

P = = W = W ™ " a
o0 Gaen P FER GR0R oRoe W GaoER 0R0P I GROER e GRoR 0P W GROcR o cRoER

T 3 SN COMTIRUS AT SHDAN O TH ORANNG 15 RTENORD O LLUSTRAT & SORGNG EONCERT 7R
SRUCLD V-GRERS
SPAN LENGTHS MAY VARY UP TO A WAXINUN RECONMENDED SPAN/DEPTH RAT (@ MAX HAUNCH. NCLUONG PENNDOT DRAWING 15-601-BDTD
S1) o 475 1% WITRGR SRS [ AL AR ==
AR LIRS o NS, 8 KAAING UMTS, STF CORIMONS AX1/OR% ASTRLE LOGKTONS FOR TR AR
SHORING TOWERS. o

SPLICES WAY BE LOCATED AT ANY PONT ALONG THE SPAN BUT ARE TYPICALLY PLACED AT 1/4 POINTS 10 COMMONWEALTH OF PENNSYLVANIA [0
SRR B IR SN OEPARTMENT OF TRANSPORTATION |soaE

5. STUCE CORGRIE 13 FIAGED O STE W SRENGIS THAT WLL TYPEALLY WATY FROM GROBR OONCAEE s &7

& D ko w8 EASY 0 A COANON DAL, IACALY AONG N CINTTRAE O R SPLGED POST-TENSIONED o cuntBt* S /7

7. CURVED GIRDERS MAY BE CAST TO ANY RADIS THAT TAN B REASQNASLY ACCOVMOOATED BY FORMWWORK. CONCRETE U-GIRDER STANDARDS o8 %o, WOTES 6 & 7. £

& UL TOMCAETE DUENSONS om0 [ERVCACELN S S48 108 LALETRATon PUAPOSES onty: A

5 Culh W3 STRNGHT GROCRS MY 8 USED IVIERCIANGENR Y TN ANT Sl 10 ALCORIAE FONMAY THREE SPAN GIROER LAYOLT v w0 en
AUGHMENT. W/ VARIABLE & CONSTANT DEPTH GROERS 5

w =Y = w =
PER 1 PER 4
© N0 GRDER PER GRDER DAGP I GADER FIER GRS N GREER

Span Ranges from 200’ to 300’ - REEEE

THE 3 SPAN CONTIMJOUS UNIT_SHONN ON THIS DRAWNG 'S NTENDED 10 (LLUSTRATE A WORKING
GONGEFT FOR SPLEED U-GRIERS

2. SPAN LENGTHS s VARY UP TO A WAXMUN RECOMWENDED SPAN/DEPTH RATIO (INCLUDING
L) L] 3 c\m]* LENGTHE ARE DETERMNED BY HAULNG UMITS, STE CONDIIONS AND/OR FOSSIBLE PENNDOT DRAWING 15-601—80TD
Ehe i .
urv i i ot : e
7. CURMED GIRDERS WAY BE CAST T0 ANY RADIUS THAT CAN BE REASONABLY ACCOWMOODATED BY SPUCED POST—TENSIONED
FORMWO! CONCRETE U-GIRDER STANDARDS

Summit

A MODIESK| +-+ MASTERS COMPANY



MID ATLANTIC Q/A WORKSHOP 2017

PennDOT U Girder Standards

Post Tensioned Layout Details
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CASE STUDY | JT BUTLER EXPRESSWAY, JACKSONVILLE, FL.



PROJECT BACKGROUND

* Modjeski and Masters is the EOR
for the Flyover 1 Bridge

» Modjeski is also serving as the
construction engineer for SEMA

«Total Project Bid - $66.7m




FLYOVER 1 BRIDGE

* Total structure length is 1342 ft
e Span lengths from 140’ to 230’
e / span structure
*Unit 1 = 4 spans (767 ft)
*Unit 2 = 3 spans (575 ft)

» Multiple traffic crossings with
tight clearances
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FLYOVER 1 — CROSS SECTION
e Constant radius = 1100 ft
2 girder lines, Spaced at 23’-9” o/c
* Deck width = 47°-6”, 7.5% cross slope
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FLYOVER 1
CONSTRUCTABILITY

» Cantilevered Sections over Traffic
» Precast, post-tensioned pier caps
» Strongbacks

 Straddle Bents




CURVED PRECAST POST-
TENSIONED U-GIRDERS

*Design considerations
*Max girder length 115 ft
» Max girder weight 320 kips.

*PT anchors at cantilevered girder
ends

«Staged PT during handling and
erection




PRECAST POST-TENSIONED PIER CAPS




PRECAST POST-TENSIONED PIER CAPS

*Why precast the pier caps? e
N P

~ | [ clearance
|

*Piers 2, 3, 6, and 7 adjacent to
and above traffic
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PRECAST CAPS

« Hammerhead

Cap

 Full Continuity Connection to Pier
 Partial Depth supports girders
» CIP Diaphragm completes final cap
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GIRDER ERECTION OVER IH95

AR s g v TR SRS T —

* Drop In Girders supported at each
end from strong backs resting
on ends of Pier Girders




POSITIVE MOMENT CROSSOVER TENDON

*The combination of pier geometry and H Il _'w M wJﬂ L

maximum girder lengths required that a
splice be located in the positive moment

region of span 6 PR | fiBEcmaiiss
J P jﬁ_: i % L

*Splice 10 is located over traffic on SR-202
and supported by a straddle bent

Strongbacks @ Girder Ends

”_-S'-t_raddle Bent @ Mid Span Splice



GIRDER ERECTION OVER SR202

| L A - L =
= EADSE \ - bt
il N \ T e o i © el

* Drop In Girders supported at one
end from strong backs and
mid span at Straddle Bent




JOB SITE PROGRESS AS OF SEPTEMBER 30, 2017

«Strongback girders erected over 1-95,
completing girder erection in Unit 1

 Final girder erection over JTB late
October / early November

*Project completion early 2017
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HURRICANE MATTHEW — OCTOBER 7, 2016

PEAK WIND GUSTS

|CHARLESTON|

71 mph| 2 88 mph
SAANAA] O o

[TYBEE ISLAND|
O

JACKSONVILLE AREA|
|DAYTONA BEACH]

o

| CAPE CANAVERAL |

» Strong back girders erected 1 week before
 Closures cast 2.5 days prior to hurricane hitting Jacksonville area

» Contractor reported no damage to girders or falsework



JOB SITE PROGRESS,
WEDNESDAY FEBRUARY 6, 2017

* All Girders Erected, All PT Stressed

e Deck Cast on Unit 1, Formed on Unit 2

» Project completion expected July 2017



Summary

* Aesthetically pleasing, durable structures
 Cost Effective Option with Less Maintenance
 Splicing makes longer spans feasible
» U Girders can be cast curved or straight
 Design Option for Complex Interchanges

Spliced Precast Bridges
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Questions?

This concludes the educational content of this activity.




“Modjeski and Masters, Inc. has met the standards and requirements
of the Registered Continuing Education Program. Credit earned on
completion of this program will be reported to RCEP at RCEP.net. A
certificate of completion will be issued to each participant. As such, it
does not include content that may be deemed or construed to be an

approval or endorsement by the RCEP.”
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Purpose and Learning Objectives

The purpose of this presentation is to inform the
audience about current developments and projects
using spliced precast beam and slab construction

At the end of this presentation, we hope that you will
find the materials we have presented to be informative
and interesting and will have a good appreciation of
how this technology can be used on future projects.
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