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Opinion
In the manufacture of samples from high-strength steel fiber reinforced concrete, we 

encountered the following phenomenon: on the upper surface of samples 30mm thick, made 
from a self-compacting steel fiber concrete mixture, there was practically no bleeding during 
2 hours after molding, and after 3 hours water drops appeared. These droplets have grown 
larger over the next four hours, as can be seen in Figure 1.

Figure 1: Drops of water on the surface of concrete: a) after 3 hours, b) after 4 
hours, c) after 6 hours.

The appearance of drops cannot be associated with the condensation of atmospheric 
moisture, because a similar effect was also observed on samples covered with polyethylene 
film immediately after molding. In the literature was described a decrease of bleeding with 
an increase of the content of cement and finely dispersed mineral additives in the concrete 
mixture (see, for example, [1]), however, there is no quantitative assessment of the slowdown 
in bleeding in these publications.

In our case, a self-compacting steel-fiber-reinforced concrete mixture was used with a 
high consumption of cement and mineral additives and a steel fiber content of 0.7*30mm of 
1.5% by volume. The composition of the mixture is shown in Table 1. The weighted average 
equivalent diameter of solid particles was calculated from the particle size distribution of the 
materials. For fiber, the equivalent diameter was calculated for a sphere equal in volume to 
the fiber.

Table 1: Composition of mixture of self-compacting steel-fibre-reinforced concrete.

Material Consumption, kg/m3
Weighted average equivalent 

diameter of solid particles, 
µm

Portland cement CEM I 42.5 675 20

Microsilica granulated 67.5 0.1

Limestone dust 327 50

Quartz sand 1005 620

Plasticizer Polyplast PK-R 2-11 13.5 -

Water 211 -

Water 0.70/30 118 3830
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For comparison, self-compacting concrete of class B30 with 
crushed stone of 5-20mm with the same dose of plasticizer was 
tested. The composition of concrete is given in Table 2. The concrete 
mixture had a bleeding of 0.4% when tested according to GOST 
10181-2014. Both in the steel-fiber-reinforced concrete and in the 
concrete mix, plasticizing additives with a prolonged duration of 
action were used. Therefore, the setting of the mixture occurred 

no earlier than after 6 hours. Consequently, the process of water 
separation proceeded during the same time. The process of water 
separation in the concrete mixture is associated with the settlement 
of heavier solid particles and squeezing water upwards. Therefore, 
it can be assumed that the rate of bleeding is related to the rate of 
water filtration in the structure of solid particles of cement, mineral 
additives and aggregates.

Table 2: Composition of self-compacting concrete 0f class B30.

Material Consumption, kg/m3 Weighted average equivalent diameter of 
solid particles, µm

Portland cement CEM I 42.5 316 20

Microsilica granulated 31,6 0,1

Limestone dust 294 50

Quartz sand 833 620

Crashed stone 5-20 mm 800 12000

Plasticizer Polyplast PK-R 2-11 13,5 -

Water 154

The rate of liquid filtration in a medium with small capillaries is 
well described by the Kozeny-Karman formula [5]
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where: ε- porosity

2
pD -Average particle diameter

𝛼- Coefficient of proportionality.

For self-compacting high-strength steel fiber reinforced 
concrete with a high content of cement and the presence of mineral 
additives ε=11.7%. For low-slump ordinary concrete of class B30 
with the same additives ε=11.1%. Consequently, the porosity of 
concrete in this case does not have a significant effect on the rate 
of bleeding.

The weighted average particle diameter of cement, mineral 
additives, sand, coarse aggregate is 4.46mm for ordinary 
concrete, and 0.5mm for high-strength steel fiber concrete. The 
proportionality coefficient ∝ depends primarily on the tortuosity of 
the capillaries and, as a first approximation, it can be taken constant 
for different concretes.

Substituting the concrete structure parameters into the Kozeny-
Karman formula, we obtain that for high-strength finely porous 
concrete, the duration of water separation will be several hours. 
This explains the effect of the slow appearance of water drops on 
the surface of high-strength steel fiber concrete and their absence 
for ordinary concrete.
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