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Figure 1: Mean compressive strengths vs. age for unheated samples

Results shown in Table 2 and Figure 1 demonstrate that it is possible to develop UHPC with different
polypropylene and steel fibres amounts.

It can be observed that increasing the polypropylene content from 0% to 0.75% and increasing the
steel fibres content from 0% to 16% effectively increases the compressive and the flexural tensile

strength of concrete. But increasing the polypropylene content from 0.75% to 1.5% when 16% of steel
fibres used decreases the compressive strength.

Figure 2: Mean flexural tensile strengths for Figure 3: Mean density for unheated samples
unheated samples

3.2.1 Compressive strength test results of heated samples

Results of the compressive strength tests are shown in Table 3, Figure 4 and Figure 5 for different
percentages of polypropylene fibres (0%, 0.75% and 1.5%), different percentages of steel fibres (0%
and 16%), different heating temperatures (room temperature, 250 ¥ and 500 ¥) and heating durations
(2.5 and 5 hours).



Table 3: Compressive strengths for heated samples

2.5-hour heating
Mix No. % of % of Average compressive strength, MPa
Polypropylene fibres | Steel fibres | Room temp. | 250 ¥ 500 ¥
Mix-1 0.00 % 0% 138.2 113.3 40.0
Mix-2 0.75% 16 % 176.9 170.2 102.6
Mix-3 1.50 % 16 % 171.4 166.9 84.0
5-hour heating
Mix No. % of _ % (_)f Average compressive strength, MPa
Polypropylene fibres | Steel fibres | Room temp. 250 1 500 ¥
Mix-1 0.00 % 0% 138.2 925 21.8
Mix-2 0.75% 16 % 176.9 164.5 55.4
Mix-3 1.50 % 16 % 1714 1525 46.4
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Figure 4: Compressive strength results for
samples heated to 250 C°
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Figure 5. Compressive strength results for

Table 4: Percentages of reduction in compressive strength with difference % of PP and steel fibres,
relative to the control specimens.

Heating to 250 ¥
_ % of Percentag_e of reduction in
Mix Polypropylene % (_)f compressive strength (%)
No. fibres Steel fibres 0 hours | 2.5 hours 5 hours
heating heating heating
Mix-1 0.00% 0% 0 18 33
Mix-2 0.75% 16 % 0 4 7
Mix-3 1.50% 16 % 0 2 11
Heating to 500 ¥
% of Percentage of reduction in
Mix Polypropylene % Qf compressive strength (%)
No. fibres Steel fibres 0 hoprs 2.5 h(_)urs 5 hoyrs
heating heating heating
Mix-1 0.00% 0% 0 71 84
Mix-2 0.75% 16 % 0 42 69
Mix-3 1.50% 16 % 0 51 73
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Figure 6: Reduction in compressive strength Figure 7: Reduction in compressive strength
for samples heated to 250 ¥ for samples heated to 500 ¥

From Tables 2 through 4 and Figures 2 through 8, it is noticed that for samples without of
polypropylene and steel fibres, the reductions in compressive strengths are larger than those with
polypropylene. For example, the percentage of strength loss for samples with 0 % polypropylene and
0% steel fibres heated at 250 ¥ for 5 hours was 33%, and when heated at 500 ¥ for 5 hours was 84.2%.
On the other hand, the loss for samples with 0.75% polypropylene and 16% steel fibres heated at 250
¥ for 5 hours was 7% and when heated at 500 ¥ for 5 hours the loss was 68.7 %.

From these results, it is concluded that the addition of polypropylene and steel fibres reduces the
loss of concrete strength when it was heated to high temperature. The optimum percentage of
polypropylene and steel fibres recommended to be used based on this investigation for improving the
concrete resistance against fire is 0.75% and 16% by weight of the cement.

Additionally, it is noticed that polypropylene and steel fibres not only improve the concrete
resistance for fire, but also improves its initial strength before heating, as shown in Table 2 and Figure
1. The compressive strength is increased by 28% when using 0.75% PP and 16% SF while increased
by 24% when using 1.5% PP and 16% SF. Previous studies confirmed similar findings [9], [3].
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Figure 8: Compressive strength results for heated and unheated samples

3.2.2 Flexural tensile strengths test results after heating tests

Results of the flexural tensile strength tests are shown in Table 5 and Figures 9, for different percentages
of polypropylene fibres (0%, 0.75% and 1.5%), different percentages of steel fibres (0% and 16%),



different heating temperatures (Room temperature and 250 ¥) and heating durations (0, 2.5 and 5

hours).

Table 5: Flexural tensile strength for heated samples

Heating to 250 ¥
. Average flexural tensile
% of % of
I\l\/II(I)X Polypro X lene fib Steelof'bres SGEEEL P
' ypropy 1bres : 0 hour | 2.5hours | 5 hours
Mix-1 0% 0% 14.2 8.9 47
Mix-2 0.75% 16 % 22.5 18.3 7.6
Mix-3 1.50 % 16 % 21.7 14.9 7.2
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Figure 9: Flexural tensile strength results for samples heated to 250 ¥

From Table 5 and Figure 9, it is noticed that for reference samples that does not include polypropylene
and steel fibres, the reductions in flexural tensile strengths are larger than those with polypropylene and
steel fibres. For example, the percentage of strength losses for samples with 0.0% PP and 0.0% steel
fibres heated at 250 ¥ for 2.5 hours was 37.7 %, and when heated to 5 hours at the same temperature
was 66.8%. On the other hand, the loss in tensile strength for samples with 0.75% PP & 16% steel fibres
heated at 250 ¥ for 2.5 hours was 18.69% and when heated at 250 ¥ for 5 hours the loss was 66.2 %.

3.2.3

Table 2 and Figure 3 summarize the effect of polypropylene and steel fibres on the concrete unit weight.
The results show that the density of concrete decreases when increasing the polypropylene fibre
percentage in mix, but it increases when the amount of steel fibres increases. Similar results were
noticed by previous studies [10] and [7].

Effects of polypropylene and steel fibres on concrete density

M O+ & (+
In this research, specimens of various concrete compositions were made and subjected to different
heating periods. Three types of concrete mixtures were formulated without or with polypropylene

and/or steel fibres. Concrete mass loss and residual mechanical properties were studied. The following
conclusions can be drawn from the experimental results:

= The addition of 0.75 and 1.5% of polypropylene fibre with 16% of steel fibre to the concrete
mix increased the compressive and the flexural tensile strength. The compressive strength
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