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Figure 4. Temperatures at Varying Depths of Deck Concrete

Condition Survey

While the soaker hoses were being set the day after placement, transverse cracks over
both piers were discovered. Cracks propagated across the entire width of the deck over the
control pier, but there was cracking over only half the width of the deck with the fibers. A few
plastic shrinkage cracks were observed at the south end of the deck in a section without fibers.
Three weeks after the placement of the bridge deck, these cracks were not noticeable, probably
because the warmer temperatures had caused the concrete to expand and close the cracks.

The roadway was opened to traffic on September 27, 2001. In April 2002, another site
visit was made; no cracks were visible on the deck. However, in May 2002, a very tight
transverse crack was visible above each pier. During a more extensive survey in July 2002, two
transverse cracks over both piers extended across the width of the bridge; the cracks in the
section that was not reinforced by fibers were 0.20 mm to 0.25 mm wide, and those in the fiber
section were about 0.20 mm wide. The fiber section had three shorter transverse cracks 0.20 mm
wide that averaged 10 ft in length; the remainder of the bridge had only one other transverse
crack, which was 10 ft long and 0.20 mm wide. There were also 15 longitudinal cracks in the
control section, 6 to 12 in long and about 0.15 mm wide. There were no plastic shrinkage cracks
in the fiber section of the deck; the control section had a few plastic shrinkage cracks near the
parapets in hand-finished areas. In April 2003, another visit to the deck indicated that cracking
was still very limited, without noticeable change compared to the previous year. Two transverse
cracks with a width of 0.30 mm were observed over each pier, including in the concrete both
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with and without fibers. On June 15, 2005, a final visit showed much of the same—Ilimited
cracking in both the control and the fiber deck sections. Over the piers, both the control and the
fiber sections of the deck exhibited two transverse cracks. The ones in the control portion were
about 33 ft long and 0.36 mm wide, and the two in the fiber section were about 29 ft long and
0.29 mm wide.

CONCLUSIONS

e LWHPC can be produced such that the material is lightweight, workable, strong,
volumetrically stable, and durable.

e The elastic modulus for lightweight concrete is lower than for normal weight concrete. The
elastic modulus can be calculated theoretically using the appropriate constant. Currently,
ACI 213 provides constants for strengths up to 6,000 psi. Extrapolating linearly to higher
strengths appears to provide satisfactory results.

e In the test beams, the actual compressive strains measured at the level of the strands were
less than those estimated by the ACI model® and slightly more than those estimated by the
PCI model.’

e Structural tests for the trial beams indicated that the members had similar or higher actual
flexural strength compared to the theoretical values.

e LWHPC and NWHPC beams had shorter transfer lengths than were predicted.

¢ In the test beams, specified strengths were not achieved. The LWHPC had much lower
strength than did the NWHPC, which was attributed mainly to extra water in the LWHPC.
Thus, better water control, including aggregate moisture, is needed in the production of
LWHPC.

e The ratio of the flexural strength to the compressive strength was lower in LWHPC than in
NWHPC.

e Shrinkage in the LWHPC deck was satisfactory and within the limits recommended in the
literature.” Shrinkage of LWHPC was greater than shrinkage of NWHPC in the beams
because lightweight aggregates offer less restraint and the LWHPC was suspected to have a
high water content.

e Fibers provide residual strength that is expected to control cracking; however, the limited
transverse cracking observed in the deck suggests that LWHPC does not require fibers in the
initial years of exposure. Fibers appear to aid in controlling plastic shrinkage cracking since
none was visible in the fiber section but a few were present in the control section
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e The presence of fibers tends to reduce workability, which may be compensated for by
additional water. However, water adversely affects the strength, permeability, and durability
of concrete. Therefore, water-reducing admixtures should be used to improve workability.

RECOMMENDATIONS

e VDOT’s Structure & Bridge Division should use LWHPC in beams and decks for reduced
weight.

e VDOT inspectors should use density measurements to control the air content of the
lightweight concrete after a relationship is established. The volumetric method for
measuring air content is time-consuming and can cause adverse delays when a continuous
deck is placed.

BENEFITS AND COSTS ASSESSMENT

In assessing the cost-effectiveness of LWHPC, the up-front material cost for lightweight
concrete must be weighed against a variety of benefits, many of which accrue over the life cycle
of the structure. The premium paid for lightweight concrete relative to normal weight concrete
may range from 25 to 30 percent of the cost per cubic yard, which is expected to decrease with
more use of this material. However, this increase is less than 10 percent considering the per
cubic yard cost for in-place concrete. In the total cost of the bridge, the increase is much smaller,
within a few percentage points.

Several benefits of LWHPC are realized immediately and are expected to offset this cost
largely. The reduced dead load of LWHPC translates directly into longer spans, reduced pier or
smaller piers, and reduced substructure requirements, resulting in large cost savings. The cost of
transporting and erecting LWHPC superstructure elements would be significantly reduced
relative to those of normal weight concrete. In bridge decks, the internal curing and the lower
modulus of lightweight concrete are expected to minimize cracking, as observed in this study.
The enhanced durability of LWHPC is expected to lead to extended service life with minimal
maintenance costs. The lower initial cost because of the lighter weight concrete elements and the
increase in the service life of the bridge because of the enhanced durability should result in a
reduction in life cycle costs of at least 10 percent. The savings for VDOT should be greater than
$20 million per year.
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