Design of Precambered Prestressed Concrete Girders
with Moderate to High Levels of Precamber
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Tonquin Bridge in Ocean Shores, WA
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What is a precambered girder?

> Similar to standard non-precambered prestressed concrete girders (standard
girders)

> Precamber in girders + Natural camber = total camber
> Precamber built into girder formwork during girder fabrication

/ ~— PRECAMBER = 15"

< 120 FT =
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Advantages of Precambered Girders
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girder/longer span
> Reduce concrete haunch weight
> Improve aesthetics
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Razor Clam Bridge in Ocean Shores, WA

Tonquin Bridge in Ocean Shores, WA
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Advantages of Precambered Girders

> Shortening of project limits

PROJECT LIMITS
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Advantages of Precambered Girders

> Shortening of project limits

Project Limits with Precambered Girder

Project Limits with Standard Girder
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Advantages of Precambered Girders

> Allows for the use of deeper girder/longer spans
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Advantages of Precambered Girders

> Reduces concrete haunch weight

TOP OF ROADWAY PROFILE —

/// A DIM\(
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STANDARD PRESTRESSED PRECAST GIRDER

W "A" DIM

PRECAST PRECAMBERED GIRDER
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Advantages of Precambered Girders

> Improved Aesthetics
> Subtle arched profile.

Tonquin Bridge in Ocean Shores, WA
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Disadvantages of Precambered Girders

> Requires additional
analysis and design effort

> Less stable during
transportation

Tonquin Bridge in Ocean Shores, WA
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Disadvantages of Precambered Girders

> May require special
detailing at bearings to
accommodate increased

|u T

slope at girder ends iy l.‘ﬁiﬁl’ifjfiiilmmmmm

Tonquin Bridge in Ocean Shores, WA
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Example Projects

Girder Length Precamber
Bridge Name Girder Type Lyircler Ay eeamber B precamben’ bgirder
[ft] [in]

Tongquin Avenue Bridge® WEFS58G 146.0 21.5 1/81
Razor Clam Bridge] WF50G 118.8 17.3 1/83
Interurban Trail*] WE&4DET 167.5 22.3 1,90
SR19 Royal Brougham*]  WF58G 123.5 13.4 1/111
South Lander Bridge] WF50G 114.0 10.3 1/134
Marshall Avenue*] WESDET 137.5 10.5 1/157
Burlington Northern® WFB3G 1B6.8 13.0 1/172
NW Dogwood Street Bridge*] W3S5DBET 93.1 5.6 1/199
SR167 8th Streat* WF74G 180.7 3.0 1/723

*Data Courtesy of Concrete Technology Corporation

South Lander Bridge in Seattle, WA
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Precambered Girder Fabrication

> Straight strands are installed parallel to the wwass (07~ 4,
parabolic girder profile \

> Harped strand profile is established similarly J

to standard prestressed girders .
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Precambered Girder Fabrication

> Precambered girders fabricated ik L
using a series of straight formwork
segments arranged to create a
chorded girder profile,
approximately following intended
the parabolic profile
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Contributors: Concrete Technology Corporation
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Precambered Girder Fabrication
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Photo Courtesy of Concrete Technology Corporation
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Precambered Girder Fabrication
|
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Precambered Girder Fabrication
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EMBEDDED GIRDER PLATE

STRAIGHT STRAND DEVIATOR
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Slide 18

AWS5 Straight strands are installed parallel to the chorded profile created with the use of a straight strand deviator placed at a maximum 20’

increments along the length of the girder

Localized downward forces at each of these locations
Amanda Wong, 8/15/2017



Precambered Girder Fabrication
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Design of Precambered Girders

Design is similar to that of standard girders, but with the following additional
considerations/checks:

Straight Strand Analysis

Non-linear variation of harped strand configuration
Reduced deck haunch thickness

Transportation stability

Downward reaction at straight strand deviator locations
Levelling detail at bearing locations

SIS
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Design of Precambered Girders

1. Straight Strand Analysis
> No additional moment due to pre-camber

q=8PA/L

e 2 e
e i Y P S R PR 1 o~
P
P~ A I
< L S| 9=4a/L
At Midspan
Downward uniform force "q" causes - Positive Moment CANGEL
> EACH OTHER

P-A effect from force "P" due to precamber causes 2 Negative moment
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Design of Precambered Girders

2. Non-linear variation of harped strand configuration
> PGSuper designed for straight prestressed precast girders

>  Effective Upper and Lower Bound Analysis used to envelope non-linear harped
strand configuration within precambered girders.
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—— UPPER BOUND STRAND PROFILE

LOWER BOUND STRAND PROFILE
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Design of Precambered Girders

2. Non-linear variation of harped strand configuration

> Girder design is done similarly to standard prestressed concrete girders once effective
harped strand girder profiles are determined.

> Iterative process to balance service and strength design checks, and deflection of girders
> DNexcess = precamber + (D-C)
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Design of Precambered Girders

2. Non-linear variation of harped strand configuration

> Upper Bound Analysis: governs vertical clearance
> Camber at time of deck casting, D, is based on 50% D40
> Haunch depth is based on 50% D40
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Design of Precambered Girders

2. Non-linear variation of harped strand configuration

> Lower Bound Analysis: governs minimum haunch at midspan

> Camber at time of deck casting, D, is based on D120
> Haunch depth is based on D120

8.75" HAUNCH

DEPTH N

i
/——\ |30'~0" CLEARANCE ENVELOPE
4.3" CLR g
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Design of Precambered Girders

3. Reduced deck haunch thickness TOP OF ROADWAY PROFILE —_

> Where a tighter vertical curve is \// A DIM\

required for the roadway profile,
precambered girders are better
able to match the roadway — —

profile than standard STANDARD PRESTRESSED PRECAST GIRDER
prestressed precast girders

resulting in a reduced deck TOP OF ROADWAY PROFILE "A" DIM
haunch thickness /—T\

> Reduction in weight results in
reduced project costs

/ \

PRECAST PRECAMBERED GIRDER
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Design of Precambered Girders

4. Transportation stability

> Higher center of gravity
resulting in less stable
transportation of the girder

> PGSuper analysis equations
modified to reflect higher
center of gravity
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Design of Precambered Girders

5. Downward reaction at straight strand deviator locations
>

Concentrated downward reaction is the resultant of a kink in the straight strands at
deviator locations; typically spaced at a maximum 20' spacing along length of girder

28
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Design of Precambered Girders

5. Downward reaction at straight strand deviator locations

> Strands inflict downward reaction on straight strand deviator — shear studs engage
concrete in bottom flange of girder — additional reinforcement placed on each side
of straight strand deviator is engaged transferring load into girder webs
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Design of Precambered Girders

5. Downward reaction at straight strand deviator locations

DEVIATOR NOTES:

. L. DEVIATOR PLATE SHALL HAVE A THICKNESS OF 34" MIN.
€ GIRDER & DEVIATOR
2. DEVIATOR FLATE MINIMUM YIELD STEENGTH SHALL BE
38 Kail

GIRDER QUTLINE
3. FINAL GEOMETEY OF DEVIATOE AND MISCELLANEOUS

%" DIA. x4" WELPED

SHEAR STUD, TYP, (4

PER STREAIGHT STRAND

DEVIATOR) WELDED
SHEAR STUD

FLATES TO BE DETERMINED BY GIRDEE FABRICATOR.
DEVIATOR PLATE SHALL COMFLY WITH THE GEOMETRIC
REQUIREMENTS SHOWN IN THE DETAIL.

4. STRAIGHT STRAND DEVIATOR ASSEMBLY SHALL BE
HOT-PIF GALYANIZED,

STUD AND TOP ROW

§ WELDED SHEAR
OF STRAIGHT
STEAND HOLES

5 ADD 2 [Gl] #5 (4 TOTAL FER DEVIATOE), AND A
BUNDLE OF 2 #3 (4 TOTAL FER DEVIATOR) ON
EACH SIDE OF DEVIATOR FLATE.

DEVIATOR PLATE

& DEVIATOR PLATE MISCELLANEQUS
Gl FLATES
ElE MISCELLANEOUS
e PLATES, (TYP}
STRAIGHT STRAND HOLE, :‘;':t NOTCH LIMITS FOR
TYP. “Hg" MAX DIAMETER “E PLACEMENT OF
e MARFED STRANDS

FRONT VIEW SIDE VIEW

STRAIGHT STRAND DEVIATOR DETAIL /71
o/

SCALE: 77" = 1'-07
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Design of Precambered Girders

6. Levelling detail at bearing locations

> Precamber in the girders results in a steeper angle at bearing locations. Therefore, a
typical recess in the bottom of the girder is not sufficient to provide a level bearing

interface between the girder and bearing.

GIRPER £
SEE SHEET BRIG

. —BOTTOM FLANGE
OF GIRDER

BEVEL £ 2 x 15 x 20,

RETAINER BAR ELASTOMERIC FOR BEVEL DIMENSIONS SEE

#ox Bk 290 (TYP)

: ' o a SECTION @
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Design vs Actual Camber in Precambered girders

8

Day 120 Natural
7 / Design Camber

=

L

— | ] ! !
mber ——G2.1.1
- - - - = 0= G221

/ - - -G2.3.1
| 17.25" precamber ( ) + 5" natural camber ( 22%) 1 { ! —@—Gl4l

L]

Measured Natural Camber (in)
chm

2
= 22 25" total camber (100%)
-+ (33.5.1
1 D40
[. L] L] L] L] Ll L] L] ! !
0 2 4 i b 10 12 14 16 1] 20 22 24 26 28 30
Graph Courtesy of Concrete Technology Corporation Age (days)

32 WESTERN BRIDGE ENGINEERS SEMINAR 2017 (D » i l



Summary

> Despite proven benefits,
precambered girders are still
underutilized as a result of lack
of familiarity with their
benefits, fabrication and design

> Attempt to further the
understanding of precambered
girders with the presented
design approach methodology
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