Proof of the woater resistunce of steel-fihre-reinforced concrote

Concrete modified with steel fibres -
waterproof even in hardness test

In recent years, concrete modified with steel fibres
has hecome generally accepted in a variety of ap-
plications. In principle, the weather resistance of
concrete is increasingly hecoming a crucial factor in
determining its use in construction. In terms of the
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However, investigations into the water
resistance of concrete samples after
curing in the laboratory do not re-
flect the actual water resistance of the
concrete in a finished  structure.
Every construction, even the simplest,
‘works’ under repeated applied and
relaxed loading. The effect of the va-
riability of static load application on
the concrete parameters over time
has already been well known for a
long time, particularly in regard to
compressive strength (2). These facts
prompted the author to examine the
water resistance of concrete which
lias been modified with steel fibres af
ter subjecting it to different load ap-
plication cycles.

During the investigation, 5 mixes were
prepared for 18, 15 cm x 15 cm x 15
cm test pleces in cach case and modi-
fied with steel fibres (V) from Polish
production at concentrations ranging
from 0 to 2 %. The geometries of the
steel fibres are shown in Figure 1. The
conerete was prepared with a water
cement factor of 0.5 based on a fine-

grained aggregate, the parameters of
which are collected in Table 1. Taking
into consideration that adding steel fi-
bres to the concrete mixture consoli-
dates its consistency to a significant
extent, all concrete mixtures were also
modified with 1.8 % plasticiser.

The test results were submitted to 4
statistical analysis in which the values
weighted with rough errors were eva-
luated using the Smirnow Grabbs cri-
terion. The objective nature of the in-
vestigation was ensured by selecting
the sequence of individual experi-
ments from a table of the random
numbers. All calculations used to de-
termine the values for the regression
cquations and graphical interpreta-
tion of the mathematical model ob-
tained were performed using the ‘Sta-
tistica’ program.

Based on the test results described in
(2}, the test pieces from each mixture
were divided into three independent
groups and subjected to preloading -
cach group according to a different
cycle. The first cycle consisted of app-
Iying the load ro the samples eight
times uatil the moment the smresses
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expected service life, the interdependent characte-
ristics, such as water absorption capacity, frost resis-
tance and water resistance, are hecoming more and
more important - even in the case of steel-fibre-
reinforced concrete.

which make up 45 % of the fracture
stress were released and the test pie-
ces relieved, The test pieces were sub-
jected to a uniformly increasing force
corresponding to a rate of increase of
stress of 0.54/ 0.1 MPa/s. The pulse
frequency obtained under these con-
ditions amounted to 1/35 Hz. The
first eycle is shown in Figure 2. The
sccond cycle, consisting of applying
the load to the samples once uatil the
moment the stresses which make up
9 % of the fracture stress were re-
leased and the rest picces relieved, is
shown in Figure 3. During the third
cycle, the comparison cycle, the test
pieces were not preloaded.

After the load application cycles, the
samples were tested for their resis-
tance o water, ‘I'he water resistance
of the concrete was tested using an
instrument  which  supplies water
from below and can test six samples
under a pressure of 0.2 MPa to 1.2
MPa stmultaneously. The test was car-
ried out under consiant pressure At
1.2 MPa in under 72 hours. After this,
the test pieces were split and the
depth of the water penetration mea-
sured. The results were expressed as
the coefficient of flow velocity kv (4)
calculated according to Equation (1):
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Figure 1: Shape of steel fibres
manufactured in Poland. The nominal
values a and b quoted hy

the manufacturer are 512 and 3=1
mm respectively.
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where:

max - max. water depth in m,
L -water pressure in m H,0,
G - pressure curation lyin 8

Expressing the water resistance by
means of the coefficient kV allows
the water resistance of the test pieces
to be compared, by comparing those
which were penetrated by the water
during the test and those which re-
mained impermeable to the end of
the test. The water resistance of test
pieces which were tested differently
can be compared. It must be remen-
bered that the coefficient kv describes
the unified flow wvelocity of water
through the concrete, thus, the smal-
ler the flow velocity, the more water-
proof the concrete.

The water resistance of the sand con-
cretes which were subjected to Pre-
loading cycle no. 1 is shown in Figure 4.
The water resistance of the concretes
under discussion increases with the
number of steel fibres. The increase in
density is uniform and almost linear.
The coefficient of flow velocity for
the comparison mix was kv=341 x 10%
m/s and that for the most impermes-
ble with the maximum addition of
steel fibres was kv = 202 x 107 my/s,
Equation (2) represents the curve
shown in Figure 4,

ke =34L030-51,093x - 9,409.x*
(2)
Figure 5 shows the water resistance

of the concrete composition subjec
ted to Preloading cycle no. 2. The water
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Figure 3: Sample load application cycle no. 2 - single Joad application on test

pieces

resistance increases because of the in-
creasing quantity of steel fibres. The
coefficient of flow velocity for the com-
parison mix was kv = 3985107 1m/s
and that for the most impermeable
with the maximum addition of steel
fibres was kv = 1311-10" m/s. Equation
(3) is represented by the curve shown
in Figure 5.

kygy = 3985,140 ~ 1542,144x + 102,50 117
3

The water resistance of the concrete
composition which was not subjected
o preloading is shown in Figure 6.
The water resistance of the concrete
without fibres, expressed by the coef-
ficient ky, amounts to 2530x10" my/s.
Modifying the concrete with steel fi-
bres produces a water resistance
kv=101-10"% m/s. Equation (4) is repre-

P

2 Lo

MPa

105

140G

time duration in s

175 280 315

Figure 2: Sample load appliééirion cycle no. 1 - eight times load applice;tion and

relief on test pieces
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sented by the curve shown in this Figure.
kg = 257,986 - 232,976 + 142,57 1x* =32,667.4°
@

The water resistance of the concretes
which were not subjected to preload-
ing moves to the level from kv = 101 to
25810 my/s. The concretes subjected
to Preloading cvcle no.1 have a water
resistance of kv = 202 to 341-10" m/s,
compositions subjected to Preloading
na.2, on the other hand, have a water
resistance of kv = 1311 to 3985x 10V ny/s,

If the water resistance of the concrete
not subjected to preloading is taken
as u point of reference, then the ratio
of the water resistance of the fibre-
free concrete not subjected to preload-
ing to the water resistance of those
subjected w Cyeles 1 and 2 is 1:2:13.
A similar ratio applies to concretes
modified with steel fibres ~ 1:1, 3:15.
From the above relationship, the mag-
nitude of the influence of the steel
fibres added and the kind of the pre-
foading on the water resistance of the
concrete can be clearly seen.

The effect of the amount of fibres add-
ed on maintaining the water resis-
tance increases with increasing pre-
loading. The ‘working’ concrete in the
structure mostly transfers the applicd
load which gives rise to about half of
the breaking stresses and changes
within a certain time frame, For this
reason, the water resistance of the con-
crete subjected to Preloading cycle
no. 1 is the most important for con-
struction applications,

The tests carried out by the author
show that, apart from improving the
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Figure 4: Water resistance of concrete composite after
Preloading cycle no. 1 in relation to the addition of V..

structural characteristics of concretes
(1), adding steel fibres also enables
them to retain their relatively high
water resistance after cyclic preload-
ing, which is very important for the
future use of concrete modified with
steel fibres in general practice. Howe-
ver, it must also be borne in mind that
the water resistunce tested on test
pieces which have not been subjected
o loading does not allow any conclu-
sionis 1o be drawn in regard to the wa-
ter resistance of the samples which
have been subjected to preloading.

|

Figure 5: Water resistance of concrete composite after
Preloading cycle no. 2 in relation to the addition of V.

Property tested

Fine grain content

Filling density in loose state pn' 1631 kgfm?
Filling denisity in shaker fogethef state 7 /00

g index dccordin
Cavernosity of the aggregate in loose state

wernosity of the aggrégate
n-together s

Symbol  Size

Table 1: Physical properties of the fine-grained aggregate
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Figure 6: Water resistance of concrete
composition without applied load
according to Vf addition.
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