Laboratory Testing Methodology

The bond strength between the substrate concrete and the
new overlay concrete was tested for four different concrete
removal depths:

Case 1- Down to the upper surface of the reinforcing steel
Case 2— Down to half the diameter of the reinforcing steel
Case 3— Down to the full diameter of the reinforcing steel
Case 4-Down to the full diameter of the reinforcing steel

plus an additional 0.5 to 1 in. below it

For these four different cases of removal depth, the bond
between the substrate concrete and the new overlay
concrete was evaluated using four different tests:

e Pull-off test

 Push-out test

¢ Positive bending flexural test
¢ Negative bending flexural test

Positive bending flexural test formwork for substrate
concrete with steel plate under the reinforcing steel bars

Pull-off test specimen with substrate concrete removed using
a jackhammer to below the reinforcing steel before building
the overlay formwork and placing the overlay concrete

Pull-off test specimens in overlay formwork with studded
steel plates pushed into overlay concrete on top

Push-out test (left) with specimen on bottom and positive
bending flexural test (right) with specimen on top

Negative bending flexural test specimen with substrate
concrete on top and overlay concrete on the bottom

Factors that were taken into consideration for comparing
the bond strength were load at stiffness changes, maximum
load, shear stresses at stiffness change and at failure, and
stiffnesses.

Two types of concrete mixes were used for all of the tests.
For the substrate concrete, Class C4 was used; and, for new
overlay concrete, Class HPC-O was used.

Key Findings and Conclusions

The literature review of fast-curing concrete mixes led

to a conclusion that CTS Rapid Set Low-P cement mixes,
4x4 concrete mix, polyester polymer concrete, and very-
early-strength latex-modified concrete (LMC) are possible
substitutes for Class HPC-O and O mixes, and, therefore,
could be used for overlays to reduce curing time without
any loss in the necessary strength requirements.



Observation of the ongoing overlay construction project
concluded that additional machinery like sandblasting
equipment, jackhammers (and the number of workers
using them), and dump trucks could be used at times when
it would lead to time savings.

Based on the laboratory testing to determine the required
concrete removal depth level, the following results were
found.

e For the pull-off test, the load at failure and the tensile
bond stress at failure showed slight variation with respect
to the concrete removal depth. This suggests that the
removal of the additional sound concrete beyond half the
diameter of the reinforcing steel bar would not have a
significant effect on the bond strength.

 Push-out test results showed that the concrete removal
depth Case 1 showed significantly lower bond strength
than the other removal depths. The load and the shear
stress values at the stiffness change for the concrete
removal depths Case 2 through 4 showed insignificant
variation. The stiffness values for all cases showed
very small variation. The load and the shear stress at a
stiffness change (i.e., crack development) are important
parameters when it comes to ensuring long-lasting
structural performance of a bridge deck. The push-out
test indicates that the removal of the additional sound
concrete below half the diameter of the reinforcing steel
bar would not result in a significant difference in the
bond strength.

Results from flexural tests with positive bending showed
that the maximum load, stiffness, and elastic shear stress
at the bond interface were slightly different for different
concrete removal depths. The results show that Case

2 provides sufficient bond strength and no additional
bond strength is achieved with additional sound concrete
removal.

e For the flexural tests with negative bending, the load
at stiffness change, maximum load, and elastic shear
stresses showed relatively small change in values with
changes in concrete removal depths. This shows that the
removal of sound concrete below half the diameter of
the reinforcing steel bar would not lead to a significant
increase in bond strength.

Opverall, from all of the laboratory tests, it can be concluded
that the removal of the substrate concrete to half the
diameter of the reinforcing steel bar provides as much
bond strength as removing additional sound concrete. If
unsound concrete exists below half the diameter of the
reinforcing steel bar, removing only the unsound concrete
would likely be sufficient. The test results indicated that
removing the additional sound concrete half the diameter
of the reinforcing steel bar would not result in a significant
difference in the bond strength.

Pull-off test specimen failure at the concrete bond interface
showing the failure planes on the substrate concrete surface
in the center and the overlay concrete surface on the right

Implementation Benefits and
Readiness

e CTS Rapid Set Low-P cement mixes, 4x4 concrete mix,
polyester polymer concrete, and very-early-strength LMC
should be further evaluated for use as overlay materials.

Contractors could possibly look at potential means and
methods to help minimize closure time.

During the removal of the unsound concrete on an actual
bridge, a trial attempt should be made with the following
removal conditions:

¢ If unsound concrete exists to or above half the
diameter of the reinforcing steel bar, all concrete
should be removed to half the diameter of the
reinforcing steel bar.

e If unsound concrete exists below half the diameter
of the reinforcing steel bar, all the unsound concrete
should be removed until the depth to which it exists,
but no additional sound concrete should be removed.

* The performance of overlays should be evaluated over a
period of years following installation.

One of the major concerns about the construction of an
overlay is the time it takes to open the bridge to traffic. As
with other construction activities, attempts to minimize
construction time must not compromise the structural
soundness or longevity of the bridge.

However, reducing the time required for overlay
construction could have a significant impact on reducing
the socioeconomic costs associated with bridge deck
rehabilitation, including those for agriculture, business,
and industry, as well as the inconvenience caused to the
traveling public.



