UHPC In lowa

Omaha, Nebraska

Presented by:
Dean Bierwagen, Methods Engineer,
Office of Bridges and Structures, lowa Department of Transportation
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Overview

« Wapello Co Project
e Pl section
* Buchanan Bridge Project
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Presentation

UHPC / Ductal®
Project overview
Testing of UHPC
Design

ISU Testing
Casting

Bridge Construction
Future Research
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UHPC / Ductal®
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UHPC Development

France in 1990’s
Industrial projects (France, United States)

Commercial (France, Canada, United
States)

Pedestrian bridges (Canada, Japan, Korea,
France)

Highway bridges (France, Australia,
United States)
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Why UHPC?

High compressive strength

High durability

_ow permeability

~ibers (removal mild reinforcement)

After curing (stable, minimal creep and
shrinkage)

More efficient sections
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What 1s UHPC /
Ductal®?

High performance cement based material

Finely graded, silica fumes (glass), cement,
fine sand, water, superplasticizer, and fibers

Metallic or organic fibers (2% by volume)
Steel Fibers (0.008 inches x 0.5 inches)
Largest aggregate (fine sand 0.024 inches)
WI/C ratio 0.15-0.20






Properties?

Compressive strength = 18-33 ksi.
Tensile strength = 1.1-1.6 ksi

~lexural strength = 4-7 Kksi.

~inal modulus of elasticity = 7,800 ksi
Density = 0.156 kips/ft3
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Why Ductal® ?

e Avalilable in the U.S.
e Testing by FHWA
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Wapello Co Bridge

YEU L AT A AL O L O

e 110 ft Single Span
o 3 Girder cross section
 Prestressed girders cast with UHPC
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Wapello Co. Bridge

27'-2

24'-6 ROADWAY
9’-3 TANGENT ON 2.0 % SLOPE 3’-0 PARABOLIC

CROWN SLAB AREA = 19.38 SQ.FT.
SLAB AREA DOES NOT
INCLUDE THE NOMINAL

I INCH HAUNCH.

1

*32“_ 7 SPS.e 1'-0 = “‘\/*3£ 6bl TOP OF SLAB TYP.

9 8 SPS.@ I’-0 = 8’-0 6bl BOT. OF SLAB TYP.

T

3
" FOR DETAILS OF RAIL
5j1 BARS AT 9" ¢’s AND RAIL REINFORCING

SEE STANDARD BARRIER
(CENTERED BETWEEN Ta ~
BARS IN TOP OF SLAB) ARUMETRICAL RAIL SHIEET- T

¢ ROADWAY

No\ AT 9" §'S TOP OF SLABW

L . @2/ .

S
%

7 /// \—SEE DIAPHRAGM

ﬂi;,gj DETAIL SHEETS
/ |
81, 82 47f

2 BEAM SPACES e 9'-7 = 19'-2

-
Ed
-
-
>
-
>
-
-
-
-
Ed
-
-
R
-
-
-
-
-
-
Ed
-
-
-
-




XX 00000
(Y

\ \



Completed Structure
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Pl Girder

e Developed by MIT/FHWA
e Optimized section

 No Mild Steel

* Integral Deck

e Tested by FHWA
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Pl Girder X-sec

96 in.
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Pl Girder X-sec
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Testing Results by FHWA

 Longitudinal
e Low service capacity transverse in deck
* Low live load distribution between girders
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Improving Transverse Strength
and Lateral Distribution

« \Worked w/ existing forms initially
* Thickening deck

* Providing ribs

 Post-tensioning

« Addition of steel diaphragm
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Finite Element Analysis

e Analyzed by ISU and FHWA
* Analyzed girder unit and bridge

e Load combinations 16 Kip single and 12.5
Kip tandem wheel loads with impact.

\ LA D R

O A

-
Ed
-
-
>
-
>

e
-
-
-
Ed
-

-
R
-
-

— -
-
-
-
Ed
. -
2 B
L

-




EEARRARRAAARRERRRARRAARAAALL

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SX (AVG)
R8YS5=0

DMX =.045048
SMN 805.617
SMx =1410

-805.617 -313.219
-559.418 -67.02
TRANSVERSE STRESS IN THE BOTTOM OF THE DECK




UHPC Design Data

 Modulus of elasticity final = 7,500 ksi

* Compressive strength at release = 14.5 ksi
o Compressive strength final = 21.5 ksi

e Tensile strength ~ 1.20 ksl
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Allowable Service Stresses

o Compr stresses at release
0.6(14.5 ksi) = 8.7 ksl

« Compr stresses at service
0.6(21.5 ksi) = 12.9 ksi

e Tensile stress at service
0.7(~1.20 ksi) = ~0.80 ksi
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Revised Section

« High initial bid
 FHWA suggested purchase new forms for
Improved section

e Use In additional projects

I R R

\

-
Ed
-
-
>
-
>
-
-
-
-
Ed
-
-
R
-
-
-
-
-
-
Ed
. -
-
L
-




I It S L I

PNt

-
-
-
-
-
-
-
-
-
-
-
e
-
-
-
-
-
-
-
-
-
-
-
-
. =
-

Revised Section

Deck width increased to 8 ft — 4 in.

Deck thickness increased to 4 inches

Web thickness increased by Y2 inch

Webs shifted 2” closer

Round fillets added

Steel diaphragms provided at ¥ pts
Grouted dowel connection between girders
Mild steel added



Final Section New detail

& STRANDS 1’-9

#5 REINF
AN

N

p |
/CR=8" > 7’ |
s 3o|_
#5 REINFORCEMENT

5-6 LONG @ I’-O SPACING
15"® HOLES

/ FOR DIAPHRAGM (TYP.)

SPACING
% STRANDS
#5 REINF.

2 STRAND

-

STRAND
SPACING

€ 1470 HOLES 33
FOR OTAPHRAGM

SECTION A-A

A = 860.8 in?
BOTTOM STRAND DEBONDING yb = 22,5 in

symoL | DEBONDED LENGTH FROM I=105730 in’
EACH END OF BEAM wt/ft = 0.932 k/ft

= 30 SECTION PROPERTIES
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Girder Casting

e Premixed bags

e Mixed In two redi-mix truck
e Water added as ice cubes

e Total mixing time ~ 6-7 hours
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Curing procedure

o |nitial set to break forms (25-30 hrs)
o Strand release (40 hrs)
o Steam cure (48 hrs at 195 degree F)
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Buchanan Bridge Project

e 3 spans
e End spans CIP concrete slab
« Center span 3 Pl girders
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Plan View Proposed Bridge
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d | ':’f | |
1 _.-‘I__ |-
N /rciove prsie——1
5/ STRUCTURE &
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End Span Cross Section

24'-03 OUT TO OUT OF SLAB

‘l‘
A

0% SLOPE 2.0% SLOPE

<

l«—— SYMMETRICAL ABOUT § ROADWAY

! 5dI BARS 1’-0 CENTERS
chI BARS @ I'-O CENTERS
1

]
IR A
NSNS %
. L LJ L3 L2 LJ L Ld Ld LJ LJ L3 | d LJ L L LJ Ld LJ L L Ld Ld

Y

Z 5" 3" DRIP
9°N' GROOVE (TYP.)

23 SPACES 1’-0 = 23'-0; 6bl BARS
46 SPACES e 0'-6 = 23'-0; 9al BARS

HALF SECTION NEAR PIER HALF SECTION ABUTMENT
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Pl cross-section

25'-0 EDGE TO EDGE OF SLAB

24'-6 ROADWAY

l—— € ROADWAY

€ JOINT € JOINT

HSS 5x5x | HSS 5x5x 4 SOL . soL
DIAPHRAGM "A*: DIAPHRAGM “B" HSS 5x5x 4 HSS 5x5x 4 - HSS 5x5x ¢
DIAPHRAGM "A" | | DIAPHRAGM “B" | DIAPHRAGM "A" |
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Bent support

l«—— ¢ CAP & PILE

l—— ¢ PI BEARING &
END OF Pl BEAM —> I x 6 x |10 NEOPRENE PAD

“

ym
(® ®

NON-MONOL I THIC
PIER CAP WITH
END SPAN

PIOA TYPE 3 PILING
(ENCASED HPI10OxX57)

DETAIL A

(RAIL NOT SHOWN )
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Final Section New detail

f

C
CHAMFER | < #5 REINFORCEMENT L RE INFORCEMENT
3 (TYP.) lj L (BY OTHERS)
1
4

AL A
v Vv

PLAN VIEW SHOWING DOWEL POCKETS

/—@ JOINT

o s e s wr overs
| LI <
T 3 . o )]

FOAM GASKET
H#
(TSYPR-I)-: INFORCEMENT BY OTHERS)

TYPICAL LONGITUDINAL SECTION
THRU JOINT DETAIL AT POCKET LOCATIONS
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Girder Placement

e TWoO cranes
e Seton 1 in neoprene pads

 Steel diaphragms installed at % points after
placement

e Girder ends encased in CIP concrete on
Site
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Current Status

Casting completed September 2008
— 2-25 ft test girders for FHWA

— 3-51 ft bridge girders

Bridge Project let in June 17, 2008
Construction started September 2008
Girders placed October 16, 2008
Pockets grouted October 21, 2008

End spans cast October 30, 2008
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