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Figure 2-3 Bridge cross section after rehabilitation with UHPC — (dimensions in cm) (Bruhwiler
and Denarie, 2008)

Figure 2-4 Typical cross section of the crash barrier wall and view after rehabilitation (Bruhwiler
and Denarie, 2008)

2.4.3. Rehabilitation of a Bridge Pier Using Prefabricated UHPC Shell Elements

As shown in Figure 2-5, an existing 40-year-old reinforced concrete bridge pier subjected
to severe environmental exposure of de-icing salt splashes was protected by 40 mm (1.57 in.)
prefabricated UHPC elements in 2007. Before the UHPC installation, chloride-contaminated
concrete, about 100 mm (4 in.) thickness, was removed. UHPC used in this project was made
with 0.155 w/c, containing 1300 kg/m? (2191 Ib/yd®) of cement, silica fume, quartz-sand, steel
fibers, and superplasticizer (Bruhwiler and Denarie, 2008).
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Figure 2-5 Strengthening of an industrial floor (Bruhwiler and Denarie, 2008)

2.4.4. Strengthening of an Industrial Floor

In this project, the load-bearing capacity of a 50-year-old reinforced concrete slab with an
area of 720 m? (860 yd®) was enhanced by applying a 40-mm (1.57 in.) UHPC overlay. The
UHPC was proportioned with 1300 kg/m® (2191 Ib/yd®) of cement, along with silica fume,
quartz-sand, steel fibers, and superplasticizer, and w/cm of 0.155 (Bruhwiler and Denarie, 2008).

Details of the overlay design and casting are presented in Figure 2-6.

Figure 2-6 Cross-section (dimensions in cm) with UHPC layer (in grey) and view of UHPC
casting performed (Bruhwiler and Denarie, 2008)

2.4.5. LOG CEZOSKI Bridge, Slovenia

As shown in Figure 2-7, UHPC was used to rehabilitate a bridge deck, measuring 65 m
(213 ft) in length with a 5% longitudinal slope over the Soka River in Slovenia in 2009. The
UHPC was applied to protect the full upper face of the bridge deck, footpath, and external faces
of the curbs. In this project, the UHPC thickness varied between 25 and 30 mm (1 to 1.17 in.).
UHPC mixture design included 763 kg/m® (1286 Ib/yd®) cement, 763 kg/m® (1286 Ib/yd®)
limestone filler, 153 kg/m® (259 Ib/yd®) microsilica fume, with W/(C+LF+SF) of 0.155. A
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mixture of micro-steel wool (1 mm (0.04 in.) length) and macrofibers (10 mm (0.4 in.) length
and aspect ratio of 50), with a total dosage of 706 kg/m*® (1190 Ib/yd®) (9% vol.) was
incorporated. The average mixing time of UHPC for this project was 12 minutes. The UHPC
overlay was moist-cured for 7 d after casting (Bruhwiler and Denarie, 2008).

: UHPFRC overlay 25 to 30 mm
: Asphalt pavement 70 mm
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Figure 2-7 Cross section of bridge with concept of rehabilitation (Bruhwiler and Denarie, 2008)

2.4.6. Pinel Bridge, France The Pinel Bridge (Figure 2-8 and 2-9) was constructed using CC in
1996 in France. The bridge has two lanes with a filler beam deck with two span lengths of 1220
and 1480 m (4001 and 4854 ft). In 2007, it was decided to extend the lanes from two to five
using prefabricated UHPC to increase traffic volume capacity on the bridge. The depth of the
seventeen UHPC beams was 620 mm (24.4 in.). The UHPC was produced using 2360 kg (5200
Ib) of premix, 45 kg (100 Ib) of superplasticizer, 195 kg (430 Ib) of water, and 195 kg (430 Ib) of
steel fibers, yielding 28-day compressive strength of 165 MPa (23.9 ksi) (Matteis et al., 2008).

2.4.7. Experimental Validation of a Ribbed UHPC Bridge Deck in France

An experimental validation of a ribbed UHPC bridge deck made of two segments
assembled by post-tensioning was conducted as part of the MIKTI French R&D national project
focusing on steel-concrete composite applications, as shown in Figure 2-10 and 2-11. One of the
segments was made of Ductal®-FM and the other of BSI®. The UHPC ribbed slab was supported
by two longitudinal steel beams. The slab thickness was 0.05 m (0.16 ft) and the total thickness
with the ribs was 0.38 m (1.25 ft) (Toutlemonde et al., 2007).
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Figure 2-8 General view of the existing bridge (Matteis et al., 2008)
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Figure 2-9 Deck cross section of the existing bridge (Matteis et al., 2008)
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Figure 2-10 Longitudinal cross-section of precast segments. Longitudinal ribs are 50 mm-wide
only at the bottom. (lengths in mm) (Toutlemonde et al., 2007)
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(b)
Figure 2-11 Model ribbed slab for validation tests. a) casting; b) cold joint (Toutlemonde et al.,
2007)

2.4.8. Sherbrooke Pedestrian Bridge, Canada

A new pedestrian bridge was constructed over the Magog River in Sherbrooke, Quebec,
Canada in 1997 (Figure 2-12) using a reactive powder concrete (RPC) prepared in a concrete
precast plant. The bridge had a single lane measuring 60 m (197 ft) in length. The bridge was
precast in six segments measuring 10 m (32.8 ft) long and 3 m (9.8 ft) height) each with a space
truss system. Using UHPC allowed the top deck slab to be as low as 30 mm (1.2 in.), using no

passive reinforcement in the bridge (Russell and Graybeal, 2013).
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2.4.9. Glenmore/Legsby Pedestrian Bridge

As shown in Figure 2-13, the Glenmore/Legsby Pedestrian Bridge was another example
constructed using Ductal over an eight-lane highway in Calgary, Alberta, Canada. This bridge
was a single span measuring 53 m (174 ft) in length. Post-tensioned girders were 3.6-m (11.8-ft)
wide at the mid-span. The T-shaped girders were 11-m (36-ft) deep and 33.6-m (110-ft) long. A
high shear mixer was employed to deliver proper and sufficient mixture for this application
which required 40 m* (52.3 yd®) UHPC. The prepared Ductal was hauled to the job site from the
batch plant using CC trucks (Russell and Graybeal, 2013).
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Figure 2-13 The Glenmore/Legsby pedestrian bridge, Calgary, Alberta, Canada
(Russell and Graybeal, 2013)

2.4.10. Mars Hill Bridge

The Mars Hill bridge (Figure 2-14) located in Wapello County, lowa, was built in 2006
and was the first bridge in the United States made of UHPC (Russell and Graybeal, 2013). Three
prestressed bulb-tee girders of this bridge were fabricated using Ductal UHPC. The girders were
33.5 m (110 ft) long and 1.14 m (3.7 ft) deep with a cast-in-place concrete bridge deck. Other
bridge parts were constructed using CC materials. Ductal UHPC consisting of fine sand, cement,
silica fume, and quartz sand were incorporated in UHPC mixture in low w/cm between 0.15 and
0.19. The achieved average 28-d compressive strength ranged from 125 - 207 MPa (18 - 300

ksi), depending on the mixing and curing process. To improve ductility, steel or polyvinyl
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alcohol (PVA) fibers at an amount of 2%, by volume of concrete, were included to improve

ductility.

-

Figure 2-14 Mars Hill Bridge, Wapello County, 1A, USA (Russell and Graybeal, 2013)

2.5. UHPC AS BONDED OVERLAY

UHPC has extremely high impermeability, negligible dry shrinkage if properly cured,
and excellent post-cracking tensile capacity. UHPC also exhibits high compressive strength,
ranging from 125 to 230 MPa (18 to 33 ksi) at 28 d, depending on the curing regime. This is
required for the rehabilitation of bridge decks when added load capacity and load transfer is
desired (Graybeal, 2006; Misson, 2008). Furthermore, UHPC develops high early strength,
which can reduce traffic closure time and increase the rate of precast bed turnover. In order to
fully benefit from the superior properties of UHPC, the bond integrity of the novel material to
the conventional concrete deck systems need to be evaluated. The thickness of the UHPC
overlay should be optimized to reduce the dead load while maintaining the integrity of the bond
interface.

In spite of the aforementioned benefits of UHPC over conventional overlay materials, its
high initial cost can limit its broad use. Bonneau et al. (1996) reported the UHPC’s price as
$1400/m® ($1071/yd®) in 1996 in Europe, which was decreased to $750/m® ($574/yd®) in 2000
with more common use (Blais and Couture, 1999). The cost estimation of the UHPC was
$2620/m® ($2005/yd®) in North America in 2007 (Suleiman et al., 2008). More recently, a 30
mm (1.2 in.) thick UHPC was used as an overlay to repair a short span of a heavy traffic road
bridge (Bruhwiler and Denarie, 2008; Denarie et al., 2005). Two alternatives were suggested in

this overlay project, which were the rehabilitation using UHPC without water proofing
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