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8.1 GENERAL CONSIDERATIONS

In most aspects, working with silica-furme concrete is not different from working with
concrete without silica furmne. The most notable exception to this statement is in

finishing the concrete. However, if the finishing process is approached as is presented
in this manual, the differences associated with silica-fume concrete can actually be
turned into an advantage for the contractor. Here are a few general items to consider:

8.1.1 Coordination

It is critical that there be good coordination between the contractor working
with the concrete and the concrete supplier. Relatively minor changes in the
fresh properties of the concrete can make significant differences in the effort
necessary to get the concrete placed and finished. Some of the items to consider:

I Slump, No. 1. A good rule of thumb s to start at a slamp that is about 40 to 50 mm
higher than what would be used for concrete without silica fume in the same
placement. This increase in slump allows for the additional cohesiveness of the
silica-fume concrete. Don’t worry about segregation in this situation — it takes
a very large increase in slump to produce segregation in silica-fume concrete.

W Slump, No. 2. It is usually best to place at the highest slump that is practical for
actual project conditions. The higher the slump, the easier it is to close the surface
of the concrete during the screeding and bull floating operations. The limiting
factor for bridge deck or flatwork placements will usually be any slopes involved in

the placement. Use the highest slump that will hold on the slope that is being placed.

W Stickiness. Finishers frequently report that silica-fume concrete is “sticky”
and difficult to work with. Experience has shown that stickiness may result
from the interaction of the silica fume and the chemical admixtures (water
reducers and supers) that are in the concrete. One approach is simply to sub-
stitute one chemical admixture for another of a different chemistry. Another
approach is to remove about one-third of the super and replace it by an equal
amount of a mid-range water reducer. Don’t be afraid to try different combi-
nations of admixtures to get the best concrete possible for the project.
Another consideration in stickiness can be the grading of the fine aggregate.
It may help to change the fine-to-coarse aggregate ratio to include more
coarse aggregate. In some cases, changing the source of the fine aggregate
may help reduce stickiness. See additional discussion of stickiness in Section
6.5.
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8.1 GENERAL CONSIDERATIONS

8.1.2 Preplacement Considerations

There are two topics that should be considered before any silica-fume concrete
placement takes place. These are the preplacement conference and the test
placement.

W Preplacement conference. A preplacement conference is important for any
type of concrete work, but such a meeting is even more important for silica-
fume concrete. This is the opportunity for the contractor to outline all plans
for placing, protecting, finishing, and curing the concrete so everyone
involved understands what will occur. It is also the time for the contractor to
resolve any unanswered questions regarding the expectations of the owner
and the engineer. Frequently, the preplacement conference is held in conjunc-
tion with a test placement.

A key element to discuss at the preplacement conference is the rate of con-
crete delivery. A typical problem is getting too much concrete on site and
having trucks back up. This is particularly true for bridge deck overlays or for
silica-fume toppings over precast elements. In these types of placements, a
small volume of concrete will cover a large surface area.

W Test placement. It is almost imperative that a test placement be conducted
before concrete work actually starts on a project. This placement gives every-
one the opportunity to get the “bugs” out of the system and to observe and
approve all procedures. Representatives of all parties should be present:
owner, engineer, concrete supplier, materials suppliers, and, of course, the
contractor. If the test placement goes well, the next step is to begin actual
placements in the structure. Some of the topics that ought to be discussed
during the test placement include:
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8.1 GENERAL CONSIDERATIONS

I Concrete mixture. This is usually the first chance for the contractor’s finishers
to see the concrete mixture. This is their chance to fine tune the concrete.
The test placement is also a good time to determine whether any adjustments
to the concrete based upon weather or placing conditions will be required.
For example, it may be appropriate to request a retarder or a non-chloride
accelerator, depending upon conditions.

M Finishing approach. This is the opportunity to try different approaches and
different tools for finishing the concrete. Determine which tools work best to
close and finish the surface to the degree required.

I Acceptable finish. Have the owner define the exact nature of the finish that
will be acceptable for the actual concrete work. Don’t leave the test placement
without achieving this decision.

W Protecting the concrete. It is appropriate to leave a portion of the test con-
crete unprotected against drying to see how quickly it will dry out what the
consequences may be. This is also an opportunity to determine how well dif-
ferent protection schemes will work.

8.1.3 Formed Silica-Fume Concrete

For concrete that is formed and not finished, such as columns and walls, there
will be no differences between normal practices and those required for silica-
fume concrete. Place, consolidate, and protect the concrete as appropriate for
the application and job conditions. A higher slump will help get concrete into
congested forms with a lot of reinforcing steel. However, high-slump concrete
will still require vibration to remove air voids. When using a silica-fume con-
crete with a high dosage of superplasticizer, don’t forget to consider the form
pressures from the fluid concrete.
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8.2 CONCRETE DRYING

Much has been written about the tendency of silica-fume concrete to dry out
during placing and finishing. This section will explain what is really happening
and how to adjust the work to accommodate the concrete. Note that the
descriptions and recommendations in this section apply to concrete with and

without silica fume.

Because of the very high surface area of silica fume that tends to absorb water
and the typically very low water contents of silica-fume concrete mixtures, there
is little, if any, bleed water. As the silica fume content increases or as the water
content decreases, bleeding will be reduced or eliminated. There are good and
bad aspects of this lack of bleeding. On the positive side, the lack of bleeding
means that finishing can start earlier and be completed sooner. Additionally,
bleed water will not accumulate under aggregate particles and under horizontal
reinforcing bars. There will be no bleed water channels for chlorides or other
intrusive materials to use as a “shortcut” to get into the concrete. On the
negative side, the lack of bleeding means that silica-fume concrete flatwork,
under the appropriate environmental conditions, will dry from the surface
downward. This drying will make it more difficult to close the surface of the
concert during finishing. Drying can also lead to plastic crusting and, eventually,
plastic shrinkage cracking.
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82 CONCRETE DRYING
822 surfaceDrying

8.2.2 Surface Drying

Let’ first look at the environmental conditions that lead to drying of the concrete
surface. There are four elements to be considered: air temperature, relative
humidity, concrete surface temperature, and wind speed. Many years ago, a chart
was developed to estimate how all of these factors interact to contribute to drying
of concrete. This chart is shown in Figure 8.1. By entering the appropriate val-
ues in the chart, an estimate of moisture loss in units of kilograms of water per
square meter per hour can be developed. The conventional wisdom presented by
ACI is that if the predicted loss is less than 1.0 kg/m?/hr, then there should not
be a problem. Because this value was determined for concrete without silica
fume, many recommendations for silica-fume concrete use a value that is one-half

the original value: 0.5 kg/m’/hr.

Many specifiers include a requirement to use this chart in their specifications for
silica-fume concrete. If the estimated rate of moisture loss exceeds some specified
value, these specifications require some form of protection for surface drying of
the concrete.

However, it is important to look at this approach to estimating evaporation a little
more closely. Table 8.1 presents the recommendations for actually measuring the
parameters involved. Usually, the measurements are not made as recommended;
instead, weather data is obtained by calling the local weather office. The data are
then plotted and decisions are made regarding whether to place or not place
concrete and whether to protect or not protect the concrete. Everyone on the
job is satisfied because the requirements of the specification are being met.
However, the actual requirements of preventing drying of the concrete may not
be met, and that is what gets contractors into trouble with crusting and plastic
shrinkage cracking.
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8.2 CONCRETE DRYING
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TABLE 8.1
WHERE TO MEASURE INPUT FOR EVAPORATION CHART
I Air temperature: 1.2 - 1.8 m above surface, in shade
I Water temperature: Equals concrete temperature
B RH: 1.2 - 1.8 m above surface, in shade, upwind
M Wind speed: 0.5 m above surface

Source: AC 308R, Guide to Curing Concrete.
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8.2 CONCRETE DRYING

"The best approach is to combine the use of the chart with a little common sense.
First, go ahead and obtain the values from the local weather source and use the
chart to develop an estimate. But don’t rely solely on the estimate from the
chart, particularly if the estimated value is near the limit of 0.5 or 1.0 kg/m?/hr.
Apply a little common sense and look at the particulars of the actual project site.
Is the placement in direct sun, is the wind increasing, is the humidity high
enough to make workers uncomfortable? Remember, the more uncomfortable
workers are personally from the temperature and humidity, the less likely that
the concrete will dry out. Don't forget — it's always best to err on the safe side
when deciding whether to provide protection against concrete drying out.

One additional thought on drying is appropriate. As the weather gets hotter
every sumimer, many contractors or concrete suppliers add a retarder to increase
working time of their concrete. Under the appropriate circumstances, this
approach may be correct. However, for concrete flatwork, the use of a retarder is
usually not correct. The retarder will slow the initial hydration reactions, which
will expose the concrete to the drying conditions for a longer time. The retarder,
in some cases, can actually make the situation worse rather than better.
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82 CONCRETE DRYING
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8.2.3 Results of Drying

There are two consequences of concrete drying - plastic crusting and plastic
shrinkage cracking.

Plastic crusting — Concrete finishers frequently say: “My concrete is setting
from the top down. The surface concrete may actually be setting more quickly
than the underlying concrete if it is a sunny day and the surface temperature is
high. Or, the surface concrete may simply be drying out if the environmental
conditions are conducive to drying and if there is little or no bleed water coming
to the surface. In either case, a crust will form on the surface of the concrete as
shown in Figure 8.2. If a finisher touches or steps on the concrete it will seem
like it is setting and that it is ime to begin floating and troweling. But actually,
only the surface is getting stiffer and the center of the concrete may still be very
soft. Finishing under these conditions will typically result in a very wavy surface
that will not meet any smoothness or flatness requirements.
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FIGURE 8.2. Crusting of concrete surface. Under some circumstances, crusting may lead to plastic cracking.
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8.2 CONCRETE DRYING

Once the surface begins to dry, it is very difficult to recover from the situation.
The tendency is go get onto the concrete “before it gets away.” Water or
“finishing aid” is frequently applied to the surface, which may resultin a
concrete surface that is less durable than intended.

Plastic shrinkage cracking — Under some circumstances, rather than crusting of
the surface, cracking will appear. Usually, these cracks are oriented randomly
and typically don’ go to the edge of a slab. Also, they are usually not full depth.
Figure 8.3 shows plastic shrinkage cracks in silica-fume concrete. Exactly why
cracking will occur in some placements and crusting occurs in other is not clear.

o

FIGURE &.3. Plastic shrinkage cracks in silica-fume concrete.
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8.2 CONCRETE DRYING
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When does the drying leading to plastic crusting or plastic shrinkage cracking
take place? Look at the typical finishing procedure presented in Table 8.2. The
time when the concrete is most likely to dry and cause problems is during the
initial waiting period between the first pass of bull floating and the actual
beginning of floating and troweling. This period is usually several hours while
waiting for the concrete to begin to harden. The actual time will vary depending
upon the type of placement, mixture proportions, cement and silica-fume content,
presence of other pozzolans, concrete temperature, and use of accelerating or
retarding admixtures. For bridge decks the waiting period may be significantly
less than that for other types of flatwork. If estimates of moisture loss raise
concern, it is during this initial waiting period that steps must be taken to
protect the concrete form drying.

A second period of potential damage is between the final finishing pass and the
beginning of curing. Usually, the concrete has gained enough strength by this
time to resist plastic shrinkage cracking, but prolonged drying after finishing
will result is a less durable surface.

TABLE 8.2
STEPS IN FINISHING CONCRETE FLATWORK
PLACE — SCREED — BULL FLOAT

WAIT — DANGER!
FLOAT — TROWEL
WAIT — LESS DANGER!

CURE

THE WAITING PERIODS ARE WHEN THE SILICA-FUME CONCRETE MUST BE PROTECTED
FROM DRYING. USING THE ONE-PASS FINISHING PROCEDURE CAN ELIMINATE OR
MINIMIZE THE WAITING PERIODS.
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8.2.4 Protecting Against Drying

"Table 8.3 presents some of the commonly recommended approaches for
protection against drying. Of all of the approaches shown, the most commonly
used with silica-fume concrete are fogging, using an evaporation retarder, and
using the one-pass finishing technique. Each is discussed below.

TABLE 8.3

APPROACHES FOR PREVENTING PLASTIC CRUSTING AND
PLASTIC SHRINKAGE CRACKING

M One pass finishing

I Synthetic fibers

W Cool concrete

I Dampen sub grade

B Erect wind breaks

W Erect sunshades

I Use evaporation retarder

M Use fogging

M Work at night

M Cover concrete with plastic between finishing operations

I See ACI 308R, Guide to Curing Concrete, for additional recommendations
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8.2 CONCRETE DRYING

W Fogging. The goal of fogging is to maintain a high humidity above the
concrete surface during the time from placement to application of curing.
If environmental conditions cause a concern over drying, fogging should
begin immediately after the concrete is placed by a finishing machine or after
bull floating. Depending upon the type of placement and the degree of
finishing required, it may be necessary to fog between finishing passes.

FIGURE 8.4A.
Proper fogging of
silica-fume concrete
in a parking structure
to increase humidity
and prevent drying of
the concrete surface.

FIGURE 8.4B.
Fogging equipment
mounted on paving
machine. Note that
fog nozzles are
pointed upward so
moisture is not added
to concrete surface.
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8.2 CONCRETE DRYING

Fogging is best accomplished using a nozzle that combines compressed air
and a very small amount of water. Figure 8.4 shows a hand-held fogging
device being used on a parking structure and a fogging system mounted on a
bridge-deck finishing machine. The equipment can be commercially
purchased or it can be made on site. Misters like those used in a supermarket
for produce or pressure washers with a fine nozzle have been used successfully.
The key is to deliver a very small amount of water in a very fine mist.

There are frequently concerns expressed by inspectors regarding the potential
damage that fogging can do to the concrete surface. Just like almost any other
construction practice, fogging can be abused, and if this happens, surface
damage will result. Remember, the goal of fogging is to increase humidity and
not to put water on the surface that gets finished into the concrete. However,
if environmental conditions are such that rapid drying is a concern, a little
water that does fall onto the concrete surface can be expected to evaporate
quickly. Just as it is true for any other placement operation, do not finish
bleed water or fog water into the surface.

W Evaporation retarders. These are probably the most abused material in
concrete finishing. For many years, the products were promoted and sold as
“evaporation retarders and finishing aids” by the manufacturers. This practice
has been reduced, and most data sheets now refer to the products as only
evaporation retarders. Using too much of these products and finishing the
product into the surface can result in damage to the concrete.

e ..-. SO

{f .’Fl WM

= Applying evaporation
N retarder to silica-fume
concrete to prevent
loss of moisture

1 before curing begins.
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8.2 CONCRETE DRYING

How are they supposed to be used? Figure 8.5 shows an evaporation retarder
being applied. These products form a very thin film on the surface of the
concrete. This film is technically supposed to be only one molecule thick, so
the products are frequently called “mono-molecular” materials. This thin film
will keep moisture in the concrete, even under extreme drying conditions.
Apply the evaporation retarder after the bull floating is completed and do not
disturb the product until floating begins. If any type of finishing tool is run
across the surface after the evaporation retarder is applied, then the film will
be broken, and it will no longer keep in moisture.

Because of the nature of the active ingredient in these products, they tend to
“slick” up the surface very well and make it very easy to work the surface.
But don’t forget that the products are more than 90% water. Working this
water into the surface will ultimately result in a less durable concrete.

I One-pass finishing. The final approach to preventing problems associated
with drying of silica-fume concrete is to use the one-pass finishing approach.
This procedure takes advantage of the lack of bleeding and eliminates the
waiting period between placing and finishing. One-pass finishing is described
in Section 8.5.
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8.3 PLACING AND CONSOLIDATING

Silica-fume concrete has been successfully placed by all means of placing concrete.
These include direct discharge from mixer trucks, crane and bucket, tremie
under water, and pumping. Given the nature of the applications where
silica-fume concrete tends to be used, the vast majority has been placed by
pump. Overall, do not expect to see any significant differences when placing
and consolidating silica-fume concrete.

As noted earlier in Section 8.1, it is always easier to work with as high a slump as
practical for a given placement. Use a slump for silica-fume concrete based upon
actual job conditions and not based upon arbitrary recommendations that were
probably developed for concrete without silica fume and superplasticizer.

Because a lot of silica-fume concrete is placed by pump, there are the usual
concerns over air loss. Silica-fume concrete is no more or no less susceptible to
air loss than any concrete without silica fume placed under the same circumstances.
Following good pumping practices, air loss of 1 to 2% going through the pump
can be expected. If greater air loss is being seen, look at the procedures and
configuration of the pump boom before blaming the concrete mixture. If higher
air losses are being experienced, be very careful attempting to fix the problem by
increasing the air content of the concrete going into the pump. What may work
on one day may not work well the next day if the configuration of the boom is
changed. See ACI 304.2R, Placing Concrete by Pumping Methods, for additional
information on pumping and air loss.

Silica-fume concrete is a very fluid material, particularly if the recommendations
regarding increasing slump are followed. However, don’t be fooled by the apparent
workability — this concrete still needs to be adequately vibrated during placement.
Do not assume that a vibratory screed will vibrate concrete in deeper sections
such as beams cast integrally with slabs. An internal vibrator must be used in
accordance with recommendations from ACI. For more information, see

ACI 309R, Guide for Consolidation of Concrete.
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84" FINISHING BRIDGE DECKS

Finishing silica-fume concrete bridge decks is very similar to finishing bridge
decks without silica fume. The greatest differences are the requirement to move
quickly from one step to the next and the requirement to begin curing immedi-
ately after the concrete is placed and finished. Actually, because of the equip-
ment that is available, finishing bridge decks can be done under an even more
compressed time scale than other flatwork. Finishing other types of silica-fume
concrete flatwork is described in Section 8.5.

The procedures described below are the same for both full-depth placement and
overlays. The only difference is the necessary surface preparation and the possible
requirement for a bond coat for overlay placements.

‘Typical bridge deck finishing steps are shown in the flow chart in Figure 8.6.
Note that this flow chart covers silica-fume concrete used in both full-depth or
overlay placements. The steps shown in the flow chart are discussed below:
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84" FINISHING BRIDGE DECKS

BEFORE PLACEMENT DATE

Determine degree of finish required

}

Conduct preplacement conference

}

Conduct trial placement

N,

FULL DEPTH PLACEMENT

Prepare surface

¥

Apply bond coat, if used

~~

Place concrete

}

Consolidate and finish

}

Texture the surface

}

Protect and cure
FIGURE &.6. Finishing steps for concrete bridge decks. The steps are described in the text section noted.
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84" FINISHING BRIDGE DECKS

8.4.1 Determine the Degree of Finishing Required

For bridge decks the degree of finishing required will usually be defined in the
project specifications. Remember that the least amount of working of the
concrete surface usually will result in the most durable concrete

8.4.2 Conduct a Preplacement Conference

As is discussed in Section 8.1.2, this meeting is the opportunity to discuss the
contractor’s plans for all aspects of the work. Don’t leave the meeting with any
unanswered questions.

8.4.3 Conduct a Trial Placement

Also as is discussed in Section 8.1.2, a trial placement is an ideal time to finalize
all decisions regarding finishing. The trial placement must be attended by the
DOT representatives who have the authority to accept the mixture and
procedures demonstrated. The contractor must commit to having the finishing
crew conducting the trial placement be the same crew to be used on the structure.
The trial placement must be large enough to allow for realistic finishing
techniques to be demonstrated. At the conclusion of the trial placement, one

of two conclusions must be reached: an acceptable finishing approach has been
demonstrated and accepted or the need for an additional trial placement has
been established.
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