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The contents of this report reflect the views of the author(s) who is responsible for the facts and the
accuracy of the data presented herein. The contents do not necessarily reflect the views of the
Oklahoma Department of Transportation or the Federal Highway Administration. This report does
not constitute a standard, specification, or regulation. While trade names may be used in this report,
it in not intended as an endorsement of any machine, contractor, process, or products.
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INTRODUCTION

The two bridges used in this evaluation are located on I-35 in Carter County, 1.6 km (1 mi) north of
S.H. 53. ADT at this location is 27,500, which includes 21 percent trucks.

Silica fume can be defined as a very fine noncrystalline silica produced in electric arc furnaces as
a by product of the production of elemental silicon or alloy containing silicon; also known as
condensed silica fume or microsilica. Microscopic sized silica fume particles are 100 times finer
than those which make up cement, this allows it to physically fill voids between cement particles

which produces a denser concrete.

The two bridges were builtin 1979. By 1997, both bridges were showing considerable deterioration.
Delamination and cracking, with spalling where cracks met, were widespread (1). Maintenance
forces had patched both decks numerous times. These conditions combined to produce a rough ride

on both bridges.

A rehabilitation project, which included full and partial depth patching, coldmilling, and placement
of a silica fume modified PCC overlay (hereafter referred to as a “silica fume overlay’) was

completed in 1999.

This was the Oklahoma Department of Transportation’s(ODOT) first use of the silica fume overlay.
An evaluation was performed in cooperation with the Federal Highway Administration (FHWA).
Some of ODOT’s concerns regarding silica fume overlays were excessive and/or premature cracking

and the ability of the overlay to resist penetration of chloride ions to the reinforcing steel.



OBJECTIVES

The objectives of this project are as follow:
. Evaluate conditions of each installation before overlaying.

. Document procedures for specification changes in the mix design proportions and other
characteristics in the mix.

. Document preconstruction preparation.

. Monitor construction and document procedures.

. Record results of job control testing for each site.

. Evaluate bridge deck repair and overlay placement.

. Do an annual evaluation of the bridge deck installation.

OVERLAY CONSTRUCTION OPERATIONS

Before construction of the overlay began, 51 mm(2 in) of the existing surface was removed (by
coldmilling) from each of the bridge decks. Areas where delamination of the concrete had been
observed were jack-hammed out, and the corroded reinforcing steel was cleaned. Patches of Class
A concrete, with silica fume were poured, and then placement of the silica fume overlay was

completed, and the deck was covered with plastic.

When placement of the silica fume overlay began, grout was broomed onto the deck surface. Trucks
backed onto the deck and discharged the silica fume concrete. Each load was tested for slump, air
content and temperature by a contracted testing firm. See Appendix A of the construction report for
Job Site Testing. The concrete was placed in 51 mm (2 in) lifts in front of the paver, one lane at
a time. The concrete paver vibrated the mix as it rolled transversely across the lane. Then, dual

augers on the paver leveled the material to the designated height. Concrete placed along the walls



and the centerline was hand vibrated. A vibra-tamp roller, located on the paver, helped consolidate
and smooth the surface. Dual steel rollers finished the mat in both directions as they passed. A fog
bar, located above the rollers, misted a pre-cure evaporation prevention film on the concrete.
Behind the rollers was a drag pan used for further finishing the surface. Small adjustments or
corrections were made by hand finishing, while the Fresno float smoothed and finished the mat. A

tine float formed grooves in the mat. The shoulders on the deck received a broom finish.

White curing compound was applied from a 208 L (55 gal) drum with a gasoline engine powered
sprayer. A burlap cover was placed over the deck and saturated with water. Finally, the deck was

covered with plastic for 78 hours before the cover was removed.

INVESTIGATION

The investigation activity prior to, during, and after construction, other than scheduled surveys

(semi- annual, annual, etc.) are covered in the construction report for this project (1).

Investigation activity done after that (described in the construction report) included the following:

. Annual crack surveys, half cell testing, chain-drag testing, skid testing and profilograph
testing. These tests were done in October, 2000.

. Annual crack survey and chain-drag test done in September, 2001

Data collected from each survey is summarized below:

The October 2000 survey showed hairline cracking as the major distress found on both bridge decks.

Approximately 10% of the northbound bridge deck had random hairline size cracks while the

southbound bridge deck had similar distress over approximately 25%. No delaminations were

detected during chain-drag testing. All half cell readings were in the lowest potential class (ASTM

C 876). The southbound bridge had only 7% and the northbound bridge had 2.9% class “ A” range

readings. Skid values were measured on the southbound right lane at 43 and 52, and the northbound

right lane at 42 and 46, which indicates good skid resistance. See Figure 1 for a graph of the

profilograph test results from 1999 to 2000.



ROUGHNESS/INCHES PER MILE

SMOOTHNESS MEASURED WITH PROFILOGRAPH

25
A — —

/ \‘/
10

YEARS
1999 and 2000
—&- SOUTHBOUND RT. LN./LWP —&— NORTHBOUND RT.LN./LWP
—— SOUTHBOUND LT.LN./RWP A NORTHBOUND LT.LN./RWP

Figure 1. Profilograph testing of the total project which includes 200 ft (61 m) on each side of the
bridge deck and on the bridge deck for the years 1999 and 2000. Locations 1 and 3 are
results of testing on the bridge decks and locations 2 and 4 results of testing the length of

the total project.




The southbound expressway bridge right lane in year 2000 had 751 ft ( 226 m)of cracking. Most of
this was random cracking, but a construction joint crack of 148 ft (45 m) that runs the length of the
bridge deck is included. Year 2001, 274 ft ( 84 m) of random cracks, in addition to those measured
in 2000 were observed. The total amount of cracking for year 2000 and year 2001 is 1025 ft (312
m). Cracking in the left lane has the smallest amount. In the year 2000, the linear feet of cracking

was 48 ft (15 m) and it increased to 138 ft (42 m) in the year 2001.

Cracking in the northbound lane has been less severe. In year 2000, the right lane cracking totaled
263 ft (80 m). Of that, 124 ft (38 m) was a longitudinal construction joint crack that runs the length
of the bridge deck. Left lane cracking has been moderate. In year 2000, 86 ft (26 m) of random
cracks were recorded. Two hundred and sixty three feet (80 m) of cracking was measured in 2001.
Both construction joint cracks had a width opening of 1/4 in (6 mm) and the random cracks are still
hairline size (2). The linear feet of cracking is graphed in figure 2. from the years 2000 and 2001,
the graph shows the new cracking observed each year and a combined amount from both years. Each

year, chain-drag testing was performed on both bridge decks and no deliminations were found.
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Figure 2. Bar graph of linear feet of cracking on the bridge decks in the years 2000 and

2001 in both lanes.




CONCLUSIONS

ODOT is testing silica fume to find alternate methods that will increase serviceability in a
rehabilitated bridge. Durability and diffusivity are two major components that can be looked at.
Durability of a bridge deck overlay can be related to strength, low amounts of corrosion in the deck’s
reinforcing steel, and the ability to resist cracking. The cylinders broke between 5,000 psi (34,475
kPs) and 9,000 psi (62,055 kPs) (1). These strengths were greater than required by specifications.
Diffusivity is the rate of ingress of some deleterious species such as chloride of sulfate ions regulates
the initiation of deterioration (6). The silica fume overlay has made the two bridge decks less
permeable than the typical bridge deck. Therefore, the rate of deterioration from ion penetration

should be greatly reduced. Half cell potentials indicate relatively low corrosion activity.

Cracking has an effect on the amount of ions passing to the reinforcement bars. The hairline size
cracks have increased each year. The southbound right lane has more than double the amount of
cracking as the northbound right lane. While the northbound left lane has more cracking than the
southbound left lane. There is no pattern with regards to traffic which would account for the great
difference in cracking. The cracking problem should be examined with a goal of determining any

connection to air entrainment and curing during construction.

According to smoothness measurements shown on the line graph, three out of the four readings show
the entire project being slightly rougher than the bridge deck and there was no noticeable increase
in roughness for 1999 to 2000. Profilograph testing was not done in year 2001 but the ride quality

felt approximately the same as previous years. Both bridges still have smooth riding surfaces.



RECOMMENDATION

Cracking continues to be a major concern which could affect the life of this project. It has increased
each year and should continue to be observed and evaluated to determine its rate. Although the ride
is currently smooth, and the overlays are performing well, an additional three years of investigation

to observe cracking, ride quality and surface distress is recommended.
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Figure 3. Photograph Of Entire Bridge, Showing Overlay 3 years After Placement.

Figure 4. Overlaid Deck, No Distress Present Other Than Cracking.

A-1




Figure 6. Longitudinal Construction Joint Crack.






