


he excellent durability of heat-
T cured, precast, prestressed con-

crete bridge and parking garage
structures over the past 45 years, re-
sulting from the use of water-cement
ratios (w/c) between 0.30 and 0.40, is
discussed in Part 1 of this report.'

In Part 1, a review of literature from
1960 to 1994 was performed to ex-
plain the history and past performance
of precast, prestressed concrete high-
way, parking, and other structural con-
crete systems exposed to large
amounts of chloride, and freezing and
thawing. Essentially, all of these pre-
cast, prestressed concrete structural
members were heat cured or steam
cured without any in-plant supplemen-
tal moist curing following the
overnight heat curing.

A 1987 Federal Highway Adminis-
tration (FHWA) study® showed that
the chloride permeabilities of heat-
cured AASHTO-grade 0.44 w/c con-
cretes with or without calcium nitrite
were about 50 percent lower at the 1
in. (25 mm) depth, when compared to
identical moist-cured conventional
0.44 w/c concrete after a severe 1-year
cyclic salt water and air-drying test pe-
riod on full-sized columns, beams, and
bridge deck panels.

To verify this performance, the
Precast/Prestressed Concrete Institute
(PCI) funded this comprehensive
1-year laboratory study to answer
questions relating to chloride perme-
ability, water absorption, volume
of permeable voids, compressive
strength, coulomb values, diffusion
coefficients, and times-to-corrosion
for a wide range of heat-cured and
moist-cured concretes.

The water-cement (w/c) values used
for the conventional concretes were
0.46, 0.37, and 0.32, representative of
typical AASHTO 0.45 w/c concrete,
and of 0.37 to 0.32 w/c values com-
monly used in the precast concrete in-
dustry. Silica fume additions of 5.0
and 7.5 percent by mass of cement
were also studied. The three conven-
tional concretes were cured either in a
water tank, under wetted burlap, or
under wetted burlap in a heated cham-
ber, while the silica fume concretes
were cured under wetted burlap only.

While silica fume additions were
used at all three water-cementitious
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materials ratios (w/cm), it is well rec-
ognized that silica fume concretes
with 0.37 to 0.32 w/cm require more
effort, experience, and knowledge to
place and finish due to stickiness,
slump loss, air loss, and a lack of
bleed water, particularly when used
for jobsite flatwork. In addition, if
proper curing procedures are not fol-
lowed, concretes containing silica
fume with w/cm levels of less than
0.39 are more susceptible to cracking
that has been ascribed to plastic
shrinkage and self-desiccation.’

Field experience indicates that prac-
tical silica fume mixtures for cast-in-
place concrete flatwork use w/cm val-
ues of about 0.40 to 0.45. Therefore,
although this laboratory study used
0.32, 0.37, and 0.46 w/cm levels with
both silica fume addition rates, the re-
alistic corrosion performance compar-
isons should acknowledge that the
lower 0.37 to 0.32 w/cm silica fume
mixtures can be difficult to handle,
consolidate and cure, especially with
flatwork.

The main focus of the study was to
determine chloride ingress of the vari-
ous concretes subjected to salt water
ponding. These tests were conducted
using the AASHTO T 259 procedure,*
except that the normal 90-day ponding
period was increased to 365 days to
provide more accurate chloride diffu-
sion data. The 90-day period is too
short to allow appreciable chloride
ingress into these high quality con-
cretes and to allow the calculation of
diffusion coefficients. AASHTO
T 277 or ASTM C 1202 “coulomb”
tests,> ASTM C 32 compressive
strength tests, and ASTM C 642 ab-
sorption and volume of permeable
voids tests’ were also performed.

MIXTURE PROPORTIONS
AND SPECIMEN
PREPARATION

Fifteen concrete conditions were
tested to determine the influence of
curing and silica fume additions on
concrete permeability. When silica
fume was used, the portland cement
content was unchanged and silica
fume solids were added to the constant
cement contents at 5.0 and 7.5 percent
by mass of cement. The testing matrix

consisted of five groups of mixes,

each tested at three different w/cm.

These groups are:

* Conventional concrete — tank cure

® 5 percent silica fume concrete —
burlap cure

® 7.5 percent silica fume concrete —
burlap cure

¢ Conventional concrete — burlap
cure

* Conventional concrete — heat cure

Materials

The same aggregate, sand, cement,
and silica fume were used for all of
the mixtures. The cement was LaFarge
Type 1. The high-range water-reducing
admixture (HRWRA) was WRDA-19
and the air-entraining admixture
(AEA) was Daravair. The coarse ag-
gregate was a chloride-free river
gravel from Eau Claire, Wisconsin,
with a nominal maximum size of 3/ in.
(19 mm). The fine aggregate was a
river sand, also from Eau Claire, Wis-
consin. The silica fume was Force-
10,000, supplied in a densified powder
form.

During batching, the silica fume
was premixed with an equal mass of
water using a high speed electric
mixer to form a slurry. The slurry was
slowly added to the concrete during
mixing. The water mixed with the sil-
ica fume was accounted for in the
batch quantities. The mixes were cast
in groups, with all three w/cm con-
cretes of a given group being cast dur-
ing the same morning.

Mixture Proportions and Plastic
Concrete Characteristics

The concrete proportions are
shown in Table 1, as well as the mea-
sured slump, air, and unit weight. The
aggregate moisture contents were de-
termined immediately prior to cast-
ing. All quantities are the saturated
surface-dry (SSD) quantities. The
quantities have been corrected to ac-
count for the water present in the
AEA dilution, but not for the water in
the original AEA or HRWRA. All
mixtures were proportioned to con-
tain the same amount of coarse aggre-
gate, compensating for changes in ce-
ment content by changing the amount
of fine aggregate.
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