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California Cast-in-Place Box Girder

Advantages
Seismically Resilient
Shallow Superstructure / Aesthetics =
Cost

Drawbacks
Construction Time
Urban Issues / Vertical Clearanc
Driver Inconvenience / Safety
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California Cast-in-Place P/T Box Girder
Folsom Bridge Over Lake Natoma
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California Pre-tensioned I-Girder

Facts About The California I-Girder
Used in California Since the 1960’s
Common Span Lengths 50 — 100 ft. e
Great for Widening Existing Bridges
Good Deflection Control
Deck Removal / Replacement
Reduced Construction Time
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California Pre-tensioned I-Girder
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California Bulb-Tee Girder

e Girder Characteristics:

Used to Span Between Bents, or
Spliced to Achieve Longer Spans

Simple Pre-tensioned D/S = 0.050
Multi-Span Cont. for LL  D/S =0.045
Spliced Multi-Span P-T D/S =0.042

= Spans 150+ feet Un-spliced — [E=eaiar e AEaE 2
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When Segments are spliced
Together with Post-
Tensioning &
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Genesis of Spliced Girder Desig

Spliced Girder Research "
NCHRP 12-57 “Extending span hhHililll==

REPORT 517 L
Ranges of Precast, Prestressed
Concrete Girders”

Extending Span Ranges

Ralph Whitehead & Associates of Precast Prestressed

LRFD Article 5.14.1.3 - Spliced
Precast Girders

Three Comprehensive Design
Examples
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AASHTO LRFD Code

Defines “Spliced 314152 o B
Girders” as a Unigque e e
Structure Type in 2005

Interims

4 Pages of Code &
Commentary Devoted
to Spliced Girders

Three Comprehensive
DeS|gn Examples The provisions herein apply to precast girders

fabricated in segments that are joined or spliced
longitudinally to form the girders in the final structure.
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NCHRP Report 517 Design Examples

* Design Example 1

200 foot Single Span
Spliced PCI BT Girder

14 inch Wet Splice on
Temporary Towers

96 in. Deep Modified PCI
Bulb-tees with an 8 in. Web

3 Girder Segments —
Center Segment = 90 feet

. I-6 | ] 6 Spa. @ 80" = 54'-0"
Depth-to-Span Ratio = AL SECTION AT SPLD
O 044 Figure 2-4 Typical Section of Bridge
| ]




NCHRP Report 517 De5|gn Examples

Design Example 2

Two-Span Spliced U —
Beam Girder

Precast Alternative for
Typical California CIP Box
Girder Overcrossing

6 Foot Deep U-Beams
(California Bathtub)

Spans Designed with both
2 and 3 Girder Segments

Depth-to-Span Ratio =
0.041
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NCHRP Report 517 Design Examples

Design Example 3

Continuous Three Span
Haunched Spliced Girder

Concept Developed for
Water Crossings in Florida

280 foot Main Span, with
Equal 210 foot End Spans

Midspan Girder Depth =
7’-6" (overall D/S = 0.030)

Haunched Girder Depth = ()
15’-0” (overall D/S = 0.057) %

END SEGMENT
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PIER SEGMENT DROP-IN SEGMENT
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Seismic Testing - UCSD

Girder and Bent Cap Details in the Integral
UCSD Seismic Testing Column to Cap connection Region:

Fully reversed horizontal
Displacement cycles until

target ductilities have been
reached. |

Return specimen to
undisplaced position,
disengage horizontal
actuators for subsequent
vertical displacement
cycles to failure.
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Seismic Testing - UCSD
* Applied Seismic Loading

Column Subjected to
Incremental Displacement
Cycles, up to a ductility £, =8

With a Column Diameter to

Structure of about 1, a Large
Plastic Moment delivered to the |
Bent Cap.

UCSD CALTRANS PCMAC
PRECAST BRIDGE

LOAD 1544 KN
DISPL 160.0 MM
DUCT 80

MAY 23 1996




Seismic Testing - UCSD

* Superstructure Performance

« Bent Cap Withstands Plastic
Moment Induced by Column

« Girders Remain “Essentially
Elastic” with Small Cracks

= Bent Cap Torsional |
Mechanism - Forces to &
Exterior Girders iy

Post-Tensioned Bent
Cap Clamps Girders

. Together - Increases
;. Torsional Rigidity
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California Pre-tensioned Bulb-Tee Girder
Main Street Bridge — Cottonwood Creek
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California Post-tensioned Bulb-Tee Girder
Sacramento River Bridge — Interstate 5
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California Post-tensioned Bulb-Tee Girder
Jefferson Boulevard Canal Bridge
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California Post-tensioned Bulb-Tee Girder

Angeles Crest Bridge — State Route 3
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California Wide-Flange Girder

Why Is California Interested in this New Shape?

BRIDGE DESIGN AIDS 6-1 = MAY 2009 DRAFT BRIDGE DESIGN AIDS 6-1 - MAY 2009 DRAFT

CALTRANS PRETENSIONED “WIDE-FLANGE" GIRDER [l CALTRANS POST-TENSIONED “WIDE-FLANGE” GIRDER|

40 41"

8 18N 1y T, TS

AASHTO LRFD Bridge T—*—
Design Specifications [r=}2-.l‘2'
typ) —

Customary U.S. Units j
4th Edition C.G. Prestress.

2007 = Force

American Association of State Highway
and Transportation Officials

>— Post-Tensioning Ducts:
b

C.G. Prestress &

| R=2%" (typ)

o
x
%" chamfer. - 2%y #I," chamfer 8@ =146 "

87 3-8

SECTION PROPERTIES SECTION PROPERTIES
[ "y ¥ Sp [ Yo W S Sy r

fin%) (in} {in} (in) (in%) (in) (in) (in*) (i) (in}
131 480 15.79 20.21 8327 135 540 15.80 20.11 8 630 & 740 12.76
194 940 1837 | 3373 10 670 : 201410 1240 | 23.60 10948 | 8534 | 15.15
273 010 2079 | 27.21 13 132 282 700 20.85 | 27.05 13404 | 10451 | 17.50
366 470 23.35 | 3065 15 604 380 270 2355 | 3045 16147 | 12488 | 19.82
476 050 2585 34.05 18 345 494 980 26.19 33.81 18900 | 14640 | 2210
802 500 2857 3743 21088 1 3 627 670 28.85 37.156 21756 | 16808 | 24.36
746 560 31.23 | 4077 | 23805 778 180 3154 | 4048 | 24705 | 19258 | 28.58
1000400 | 3662 | 4738 | 20776 1142100 | 3700 | 4700 | 30866 | 24700 | 3004
1513 400 42.08 5301 35855 i 1 580 200 42.53 53.47 373080 | 20740 | 35.21
2021 200 47.62 60.38 42 444 ’ 2 130 200 48.12 50.88 44260 | 35575 | 30.30
2619600 | 5321 66.79 | 49 231 2762700 | 5378 | @624 | s1501 | 41788 | 4350

-1 STANDARD “SUPER™ GIRDER -1 PRETENSIONED SUPER. GIRDER
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California Wide-Flange Girder
LRFD Code Requirements

HL93 Live Load Case for Service llI
Design

California P-15 Permit Vehicle for 2
Strength 1l Design (versus the P-13) IS

= 7 Pairs of Axles vs. 6 Pairs
Increase from 48 to 54 kips / Pair

Permit Truck Load Factor Increase | o
Dynamic Load Allowance (IM) = 1.33 KRNI

) v
00 00 00 o} o0

L|Ve Load Dlstrlbutlon FaCtOrS {131~.Hlsf'rH&)L nn’LM}
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California Wide-Flange Girder

Comparison With Existing California Bulb-Tee

Wider Bottom Flange (3-8 ¥2” and 3’-9 142”)

Greater Capacity for Pretensioned Strand (38% Increase)
Thinner Web (6 ¥2” and 7 ¥2”)

Thinner Top Flange

CALTRANS PRETENSIONED “WIDE-FLANGE" GIRDER CALTRANS STANDARD “BULB-TEE” GIRDER

4-0

-8’

66 Strands 48 Strands
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California Wide-Flange Girder
Additional Benefits of the New Shape

A Wider Bottom Flange Results in:
= Increased Eccentricity with Lower Strand Pattern
= Enhanced Lateral Stability During Transportation
Decrease in Initial Concrete Strength, f'ci
= Decrease in Final Concrete Strength, f'c, at Bent Cap

Thinner Top Flange Reduces Weight
Web: 6 % in. Pretensioned and 7 %z in. Post-tensioned
LRFD Shear Requirements Satisfied With Thinner Web
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The New California Wide-
Flange Girder
A Super Girder for California Bridges

Thank You!!!

T

ﬁ > Introducing: Jay Holombo, Ph.D., P.E.
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September 22, 2009
Sacramento Convention Center
Sacramento, California




Comparative Design Example
CAWF versus Cast-in-Place

Western Bridge Engineers’ Seminar
September 22, 2009
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California Bridge Market

Caltrans administered (2003 — 2007)

$167M / year
Cast-in-place: $153/sq. ft
Precast: $257 / sq. ft

Steel: $481 / sq. ft

Precast Concrete

Steel

Cast-in-place: 85%

51 oS



Comparative design study
CAWEF vs. cast-in-place
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Super Girder

¢ Casting length

43'-0"

Confinement stirrup #*

T Bent

10 ‘?— AL Path of center of girder symmetrical
Jiee o BRESEr SOTV o= ¢~ =r
| r__.-—-—""-'- E>_<::I"l<
—t ] T e
S el T T T G SRS, O
WWR1 WWF 2 WWF 3 X/2 Hold down point
"L"=Girder casting length
No. of Deflected | Strand | Distance
Number of ran Concrete Strength
Gird Strands Strand  [peflection! bet i
irder Length , eflection| between (ksi)
Location Per | Deflected 1 Centroid |~ ¢ | Holddonn
i - Strands at Ends

YC (in.)

YD (in.)

f'ci

& to ()

171/-3"

60

14

04

50

321_OII

6 8.5
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Super Girder

Confinement stirrup Field bend Top strands tot 4 tensioned
#4 ( ) — ~—typ ’ to 2.0 kips/strand placed
\M_h___ \ ——symm about € girder
. N \ Top strands tot 4 tensioned
Optional A \ ) to 2.0 Kips/strand placed
| e const _|‘|'-_/} \ 3 \ | 7]0 c B ¢ Girder /----symm about € girder
IS I'f I".I = i . £ S~ i I
\ : C i [
‘ A /_‘_ | \ | J
A\ L) o o olo o o
L 1 olo
B \. | ‘!—H :‘: /_’J m
= | \ ok 1. For WWR-B, WWR-T & WW
! °re see "Girder Details N
1" clr ! !
=T |
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1 )_ Ll_l — '
= 20 .
~3<' o6 8 ‘ o @ 6" i~
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B ‘ 000
: R0 61610 6i% -
WZ"C—'rJ L_ : Extend circled —” ! X
typ except strands (t+yp
as shown @ both ends) 2" Ctrs
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Threaded Rod Continuit

Girder shoring

STAGE 1

No Scale

Cast girder continuity block Threaded continuity rods

see "Girder Details No.2

Four bent cap

Remove girder shoring
after bent cap concrete
reaches 3,000 psi

STAGE 2
Mo Scale
Form and pour deck
s s, ¥ e

STAGE 3




Threaded Rod Continuity — Internal
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Threaded Rod Validation Testing

——,




—Girder shoring, typ

STAGE 1

FL

d

shal,
cang

BTN

No Scale
. tbut 1
; Eerigs Apply 1st Stage P/T RO S
| | after cap & Abut diaphragm |
/T reaches 3,500 psi
i J— % — i
| — |
b _— % - -
o - TTe— —_—
8 —_— 4 = 5 -y —
H
= S
i o ~——Pour bent cap =
1
! o i
i 2 i
: - Remove girder shoring ;
i after 1st Stage /T, +yp i
i i i i i i
| 0.40L | 0.50L | 0.10L | 010l | 0.50L | 0.40L |
I ] ] ] ] ] I
| : L=174'-3" : | : L=174"-3" : |
i i i
STAGE 2
N
€ Abut 1 © Scale L abut 3
i Form and pour deck- § Bent 2 _ Apply 2nd Stage P/T X [
| \. | (—after deck reaches 3,500 psi d
H | H | 1
Yz y B
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o — Te— -
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) 3 o |
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I I I I |
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i i i
STAGE 3
No Scale



¢ Column 2

Bent Cap
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¢ Bent 2
]
- 3!_6“ '-—]__- 3!_6“
#11 tot 2— |
Deck reinf— const | __|—— 2-#11 Bundled
~joint i _— (Tot 10 bundles)
||l /
...-....(i.--g.g.».u--....
il [] [] - I
#11 tot 10 | \ |:MI-§
. | ] | 1 #6 S le 1'-0"
| |F | —
#6 tot 12 —f_m_‘___q:_:.-J[r—_ — i 1l | / ‘
'=-~|I\\ . = | _:__—;—f——————-#'f stirrups
“1:.) I "
1 2, Ty
| i | . I . ——End of precast
I i 1|l / girder

2-#11 Bundled _ — See "Girder Details No.1" for
(Tot 10 bundles) strand extension
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UCSD

-2

{inches)
0

Vi

140

+ 100

1 20

Vertical Force {kN)
;b
S
S o

(kip)

+ -20

1 -140

-0

0

Vertical Displacement (mm)

-180

200

Figure 5.6 Vertical force-displacement hysteresis plot (Bathtub unit)



Abutments
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CIP Box Girder Alternative Threaded Rod Alternative



Comparison by Component

ltem Super G CIP Box | CIP/Super G
Superstructure $2,034,000 | $2,515,000 1.24
Substructure $770,000 | $1,055,000 1.37
Other* $398,000 $304,000 0.76
Total $3,202,000 | $3,874,000 1.21

ltem Super G CIP Box | CIP/Super G
Superstructure 1.2 months | 2.4 months 2.0
Substructure 2.2 months | 2.2 months 1.0
Other* 0.4 months | 0.4 months 1.0
Total 3.8 months | 5.0 months 1.3

*Includes approach slab, copgrete barriers and joint seal
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