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Fig. 1. Typical Time-Bleeding Curve,

ever, wide variations in cracking tendency can occur not only on
different jobs but on the same job and on the same day to make this
a complex and recurring problem.

For instance, the rate at which bleeding water reaches the surface and
the total amount accummlated may vary substantially, depending on
the Dbleeding characteristics of the concrete used, its depth and an the
rate at which the moisture evaporates. A typical time-bleeding curve
is shown in Fig. 1. The rate and total amount of bleeding decreases
with an increase in cement and fineness and with o decrease in water
content and slump. With the same concrete more water will accumu-
late at the surface of a thick slab than a thin slal because there is more
water available in the thicker slab. The rate and amount of bleeding
will also decrease with increase in temperature of the concrete. At
normal concrete temperatures of 60 to 75 deg. I'., bleeding usually
stops about 1} hours after the concrete is placed.

On the other hand, the rate at which moisture tends to evaporate
from the top surface of a concrete slah also varies hetween wide limits.
It is influenced by a nmumber of factors. The rate of evaporation is
increased Dy increase in the temperature of the top surface of the con-
crete and of the air, by increase in the air or wind speed across the
slab, and by a decrease in the relative humidity or vapor pressure of
the air.

The chart in IFig. 2 gives a quick indication of the dryving tendency
of the air for any set of conditions. IFor example, suppose that we
want to know the rate at which moisture tends to evaporate from con-
crete whose surface temperature is 70 deg. . at a time when the dew
point is 40 deg. F. and the wind speed is 10 mph. We find that the
rate of evaporation or drying tendency is 0.13 Ih. per sq.it. of surface
per hour. This is somewhat above the normal rate of bleeding but is
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the cocnerete 10 to 20 deg. helow the air temperature. A simiple way of
doing this is to chill the mixing water and add crushed ice to the ccncrete
nuxture.

We are often called out on jobs where plastic cracking is believed
to have occurred and found after investigation that cracking was due
to normal drying shrinkage for which adequate provisions had not
been made. In each case the owner, architect, engineer or ready-mix
operator was seriously concernecd about the problem. Often they sus-
pected cement as being the culprit, just as they did in Spokane, but
in each instance so far we were able to find the real causes of crack
development and to suggest appropriate changes in design or construc-
tiun procedures to eliminate the tronlle.

Recently we were asked to investigate cracking in the Hoors and
rcof of a hospital heing huilt at Beckley, \W. Va.. for the United Mine
Workers, This job had heen shut down by the architect. An inspec-
tion of the structure revealed that the cracking was much less severe
than had been reported. Some cracks were found to be due to failure
to provide construction and control joints. Other cracks did occur
while the concrete was in a plastic condition and could he ascribed
to rapid evaporation and possibly absorption of moisture from the con-
crete by the aggregates. Four remedies were suggested for reducing
‘he rate of dryving—namely, the prompt application of curing compound,
the use of sunshades and windbreaks and the lowering of the tempera-
ture of the fresh concrete somewhat helow the prevailing air tempera-
ture. There have heen no further complaints on cracking on this job.

()n another occasion we were asked to investigate plastic cracking
in Duluth, Minn. Cracking had occurred quite prevalently in the coal
docks mentioned previously and in the floors and roofs of water reser-
veirs and schools. Conditions were {requently found to be favorable
for rapid evaporation from the exposed slabs. Plastic cracking in
these structures was virtually stopped by the prompt and adequate
application of a good curing compound. Cracking of the concrete
slabs in the coal docks when conditions for drying did not appear favor-
able, especially during foggy weather, posed another problem. After
careful examination of the conditions surrounding their construction
it was found that rapid drying was caused by two factors—one, the
use of concrete with a temperature considerably higher than the air
temperature, and the other, the use of dry aggregate that absorbed mois-
ture from the concrete. Tt is believed that adequate attention to mini-
mizing these factors would have prevented the cracking ohserved.

Cracks in the walls and roofs of sewage-disposal tanks and in side-
walks at the new concrete taconite-processing plant being built by the
Reserve Mining Co. of Silver Bay, Minn.. were also attributed to plastic
cracking. An inspection of the job revealed that cracking was due
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