Design and Construction of Curved

Precast Girder Bridge Projects in Colorado
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Designed by DMJIM Harris, Denver

Built by lLawrence Construction Co, Littleton, CO




Uneder Constiliction:

ElVeVer Conneclor-reomEEN SIH27 016 EE
Interstate 76. |

A0 Pracast/Glrelees] (|2 Spans

Szl Eaplgins from 100/ to 25~'~ﬁ:t_i;0
INDIERGIS trafflc Crossmgs and Creek Crossmg.
Y60LRAGNS horizontalcurve .
€0oIoradeyDOT Design.

Value _E,ngz‘i":n_eering by -Summit Engineering
EdwardKkraenier & Soms,-Castle Rock 10

[f s

D L et




-~ Upicler VE Plelslejgieipie Corstrligilon, |

Fyeverseonpector from EB Interstate JARGNYIE
SHESENRLENEEIdeN.

38 - UBG PIecast Girderspisy Spanss

Span Lengths from 150¢ B%as. -

820’ Horizental CurvatufiEs

NlBmerous traffic Cross-‘jnfjs and creek crosSing.
CEHZIVIEEI Desig‘n.

Wl erERCIREErpENyAS ummit Engineering
AMESHEONSEIUCTIEY C(b Den\_(_e;r, CG,-




Austin Bluffs Overpass

Under VE Design and Construction.
Overpass over Union Boulevard.
24 - U85 Precast Girders, Dual Bridges, 4 Spans.
Span Lengths from 110’ to 210’.

950" Radius Curve In two spans.

Major Urban traffic crossing and creek crossing.
CH2M Hill Design.

Value Engineering by Summit Engineering
Lawrence Construction Co, Littleton, CO
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IH25 Viaduct, Trinidad

Contractor Alternate Design and Construction.
Early stages of construction.

Elevated Viaduct through downtown Trinidad. 24
- U85 Precast Girders, Dual Bridges, 4 Spans.

Span Lengths from 100’ to 265’.

Major Urban project with numerous traffic, river
and railroad crossings.

Base design, precast segmental.

Value Engineering by TSH Engineers and Summit
Engineering

Lawrence Construction Co, Littleton, CO




Curved Girder Bridge Quantities

L.F. Curved
Project Bridge S.F. Precast

IH25 / SH270 Ramp K 66,740 s.f. 2,840 |.f.

IH76 / SH270 Ramp Y 77,248 s.f. 4,544 |1,

IH70 / SH58 Ramp A 79,995 s.f. 4,095 L.f.

Austin Bluffs 57,715 s.f. 2,380 |.f.

IH25 Trinidad 65,728 s.f. 4,141 I.1.

IH70 / E470 Ramp H 75,952 s.f. 3,232 1.

Total 414,378 s.f. 21,232 I.1.




> for Goncrete Structures.
Seitlg Casis were rorminz). |
Concrete Alternatedess expensive.
Speed ofi Fabrication. .

Design Impact not S|gn|f|cant

Composite construction, splicing aned pesi
tensioning girders extends the span range

Shoring not reguired ever: traific.

Design used established technigues on new
application.

Attractive appearance.




What's the Catch?

EXtensive Shoring Necessary.
G Eél?* 'S are very heavy

Ielegies.
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270 Ramp Y Cost Comparisons

ltem Steel Design Curved Precast

Girder Cost $5,125,000 $3,086,240

Erection Costs $1,025,000 $890,000

Falsework $50,000 $250,000

Post Tensioning $0 $506,000

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

Cost / Ft. $1393 / If $1063
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Bridge Configuration

s 8 Spans, 6 and 2 span continuous
units.

s Span Lengths from 140’ to 200’
s Pler Heights from 10’ to 45’

s Spliced Construction

s Phased Erection w/ staged post
tensioning




Phased Construction
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Design Features

Curved, Precast Girders, CDOT U84
26°-4” Girder Spacing

Large overhangs and long span deck
panels

Composite Girder / Lid Slab construction

Secondary concrete pours for lid slabs,
diaphragms and bottom slab haunches.

Integral abutments and piers

Single expansion joint and bearing
location at Pier 7.

Access provided for inspection inside of
box girders.




Typical Girder Cross Section — Ramp K
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Typical Girder Cross Section — Ramp K
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Ramp K CIP Lid Slab

7' 113"

(15) #4@6" (CONT.)
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Ramps A & Y
Precast Panel Lid Slab

6'-9"

3" PRECAST DECK PANEL
¥ v TR R Py
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Pre-Casting of Girders

Up to 120" long, 265 Kip max weight
Curved Forms

Post Tensioned

Precast Anchor Blocks

Block Outs for CIP Anchor Blocks

Secondary Casting of Diaphragms,
Bottom Slab Thickening and Lid Slab

“Tongue” at Expansion Diaphragms




Curved Gl rder FOrmWIEPrK
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Typical Girder Cross Section







Cast in Place Haunch
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Erection Conditions

Girders supported on Falsework towers and
Straddle Bents

Torsional Bracing at ends of girders for stability.

CIP lid slabs to control torsional deflections and
stresses.

Cantilevered construction w/ temporary post
tensioning

Final 4 girders hung over 270 and IH25 prior to
making closure

Heavy lifts with limited crane radii
Complicated site conditions.
Multiple traffic closures

Staged Post Tensioning.

Long tendons installed at site.
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Falsework Design at Pier 5
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Erection Plan — Girders 10 L&R
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Girder Erection

Precast Girder Weight = 25Q K
Maximum Lift = 330 K
300 and 240 Ton Hydraulic Cr%
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Initial Erection at Span 1 M




Setting Girder at Pier 2
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Erection Approaches 270 Bridge and
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Casting of Anchor Block and Lighs
at Girders 10 and 13 '
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Setting Girders 10L&R at Pier'6

r
s, e *

= 330 Kip Llft Welght ——
= Cantilevers 54’ beyond Pier 6 over 270 Bridge

= Girder 10 Is restrained to Girder 9 to prevent

tipping
-




© BRIDGE

14" DO RO
FEAVY B-25 NJT w/
B=17 WASHER (T

SEGVENTS BR) & @0

R
i
b
BY ),

1 FEADFRANES ad

w
S
/C)) M1 8542 7% 8" —6" MIN.
|L-—ERD A (TYP)
EGMENTS (TOR) & (00 o
l=]
a I
=
o
x

NOTE:

THICKZN LD SLAB @ QL) GRITO 87 as
SHOWH

- —— —F% spuz

BUCE 5-2
\

IYSE 7 HEAD-RARE
REQUIRED @ )

i

]
Il

1O Py 11878 e
HCLE CEM 0 INE —
@ CACH BOT (TYPD N

CIRDCR

z

(LOOKING JTSTATION

.l 1‘ I i JL LOF. = 519800
[P e |
‘ \
8-z g'-g"
i € RANGE & TovR € TOWER
G ®
SPLICE 5-2

1) HEAVY 3-25 - i N~/
NUT w7 HEAVY B L PR HERY —
311 WASHER A WASHER (YR
Tvp) i
[
- _—
=
r~
o
|
T
@
a
()
bR 1 =
0sBe4" | owy 104" =
FOLE CENTERED IN 2 —, =
& FACH BOLT (YRI B~
o h ¥
E S oy
o >
| = o |
| : 1L SLZ|(2nm
5 O =,
T : Sl | e gllse
s | & gLl =t Sll:a
aln o — =N
N =

PRELIMINARY BOLT DETAIL

NOT FOR CONSTRUCTION

BROUP,
CONSULTING STRUCTURAL ENGINEERS

%" COL ROD wf

DRARING .

v
—
Lo

(-







Girders 10/ L&R from! 270 Bridge
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Erected Girders w/ Lid Slab




Bridge Ready for Final PT
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Precast Panels onrGirder Elanges




Panels installed, overhang forms set and
deck cast




sisipglslisied Structure




Deslgr Lessorns Lezarred

Torslornial deflecitions end siresses l’JerJJ erecilorn

were critical. o e iy

Fleill] welgrit zir) rJ irder torsion limit the glrder

arection rrore therr e e il i tzloile] @
gnlcficopitipitlinZissiclons were diffictlimTe] mstall

Frictionlosses |mpacted tne _aesign.

Limited: eccentnuty of weBtendons.

Local tendons were effectiveNnileng,spans.

Negative moments at interior piers\wereseritical
design condition:

Strain compatability analysis necessary @Ue o
limited compression; block.

Compressioni steel inrgirders for negative
momenits Was effective.

Service stresses in deck steel Is important.
Shear design not: crtical.
Lightwelghit Concrete cani significantly impact

: d/




Consiruciion Solutlons

\QL allty corrtrol Is ridrnoer rine| [
Desigrn of econornicaeiiewgellignol reirnfoccigopearicl gost
tensioning in precasifeifel |
rererorgLr/ SUEUIIERC esign IS critical to project success.
a )

f1COr0okeiEe 10rS]0) JA raicirig in falsewor el [e[gk

EEStallish contlnwty ostrEstandrdiaphragms first after
erection. i | -

Create a closed bex section ea.rJ’y after erection.

Quality Controliis numberenes
Simplify precast forming as much; as pessiiBle:
Use CIP anchor zones.

Precasters understand precast, poest tensionerstunderstanad
post tensiening.

Make significant allowanecesHior neavy cranes during
erection te handle heavy/leads.

Quality control Isi AUMIBEr CRE.
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