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Study on pore structure and frost resistance of multi-scale
polypropylene fiber reinforced concrete
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Abstract: To study the frost resistance mechanism of multi-scale polypropylene fiber reinforced concrete
(MPFC), crude polypropylene fibers in one size and fine polypropylene fibers in two sizes were selected to
single-dope and mix-dope with concrete. The mass loss rate, the relative dynamic elastic modulus variation,
and the tensile and compressive strength of the polypropylene fiber reinforced concrete before and after
freeze-thaw cycle were analyzed based on the fast freeze-thaw cycle test and compression and splitting
test. Mercury intrusion porosimetry(MIP) was carried out to study the relationship between frost durability
degradation of cement concrete and pore structure. Besides, the influence of pore structure on the anti-frost
performance is analyzed. The research indicates that adding polypropylene fiber into plain concrete can
improve both the microstructure and the frost resistance of concrete. Under the condition of the same total
fiber addition, crude polypropylene fiber and multi-scale polypropylene fiber can bring great improvement

on frost resistance of concrete, and the effect of multi-scale polypropylene fiber on frost resistance of
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concrete is the best. Compared with the common concrete after freeze-thaw cycle, the compression and
tensile strength loss of single-dope of fine fiber are reduceded by 9.95% to 11.94% and 4.29% to 7.62%
respectively while the strength loss of single-dope crude fiber is reduced by 27.36% and 16. 67%
respectively, and that of MPFC decreases by 46.77% to 53.23% and 41.90% to 50% respectively.

Keywords: freeze-thaw cycle; mechanical property; multi-scale polypropylene fibers; micro-pore structure;

frost resistance
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Table 1 Physical and mechanical properties of polypropylene fiber

£ Yk HRE/ KB/ brhim B/ MR Wi R/ WEE/ et/
BT mm mm MPa GPa % (gecm ) (kg * m™*)
F1 0.026 19 641 4.5 40 0.91 0.9
F2 0.1 19 322 4.9 15 0.91 0.9

C1 0.8 50 706 7.4 10 0.95 6.0
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Table 2 C30 polypropylene fiber reinforced concrete mix proportion

WA G5 R ES K e b i K Y15 W/ % WK/ %
A0 Jo 380 701 1 144 175 0 38 1
Al F1 380 701 1144 175 0.9 38 1
A2 F2 380 701 1144 175 0.9 38 1
A3 Cl1 380 701 1144 175 6.0 38 1
A4 F1+C1 380 701 1144 175 0.645.4 38 1
A5 F1+C1 380 701 1144 175 0.945.1 38 1
A6 F1+C1 380 701 1144 175 1.2+4.8 38 1
A7 F1+F2+Cl 380 701 1144 175 0.45+0.45+5.1 38 1
A8 F1+F2+Cl1 380 701 1144 175 0.640.6+4.8 38 1
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Table 3 Results of freeze-thaw cycle test

A 5 BTG A R B
ERe) 0 25 50 75 100 125 150 175 200
A0 0.000 0 0.108 5 0.118 2 0.124 7 0.184 4 0.216 9 0.347 1 0.504 3 0.656 2
Al 0.000 0 —0.016 9 0.056 3 0.061 9 0.073 2 0.112 6 0.180 2 0.382 9 0.534 9
A2 0.000 0 0.011 1 0.044 5 0.055 6 0.089 0 0.133 5 0.278 1 0.361 5 0.489 4
A3 0.000 0 0.132 2 0.154 2 0.176 2 0.242 3 0.258 8 0.385 5 0.567 2 0.732 4
JoT i 45 %
%/ A4 0.000 0 —0.044 2 0.066 4 0.071 9 0.143 8 0.177 0 0.221 2 0.331 9 0.436 9
A5 0.000 0 0.064 5 0.086 0 0.107 5 0.129 0 0.161 3 0.211 8 0.300 0 0.354 8
A6 0.000 0 0.093 6 0.128 5 0.157 3 0.174 8 0.200 5 0.210 8 0.221 1 0.279 7
A7 0.000 0 —0.036 3 0.010 4 0.062 3 0.110 1 0.148 5 0.202 5 0.258 6 0.306 3

A8 0.000 0 0.062 9 0.094 3 0.104 8 0.089 0 0.095 3 0.106 9 0.130 9 0.152 9




% 11 449 R2TE.F.SRERAHGAERBE LILEM AR AR 41
HER3
S U AT PR U K
EIRe) 0 25 50 75 100 125 150 175 200
AO 0.000 0 3.3369 4.4392 5.1687 54603 6.58 5 7.7080 10.2455 13.552 2
Al 0.000 0 2.8235 3.3414 41004 44943 53105 6.1741  8.0070 11.6585
A2 0.000 0 2.6933 3.6984 4.4669 4.9024 53573  6.5494  8.8784 12.117 2
A3 0.000 0 3.4205 41945 4.7823 52702 56623 6.4396  7.8455 10.592 4
i AF 3 3 ] i
B Ad 0.000 0 2.5465 3.3185 3.8833 4.0215 4.8189 5.4502  7.1034  9.429 2
PEAR R/ %
A5 0.000 0 3.0067 3.0484 3.4451 3.6637 3.9027 4.8788  6.0917  7.744 4
A6 0.0000 2.1094 26970 3.2698 3.4754 4.2093 4.3995 50986  6.723 6
A7 0.000 0 2.0303 1.9480 2.5700 2.6631 3.0831 3.5316  4.1533  5.939 9
A8 0.0000 1.6988 21074 21280 24431 2.8004 2.8228  3.3851 4.2817
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Fig. 1 Variation curves of the mass loss rate Fig. 2 Variation curves of the relative dynamic elastic
during freeze-thaw cycles modulus loss rate during freeze-thaw cycles
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Fig. 3 Concrete compressive strength before freeze-thaw cycle Fig. 4 Concrete splitting tensile strength before freeze-thaw cycle
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Fig. 5 Loss rate of concrete compressive strength Fig. 6 Loss rate of concrete splitting tensile strength
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Table 4 Pore radius distribution of concrete cement
LR 54/ %%
. o fLpaz/ FLBR AL/ I S LA/ o .
WA 0 . e JLFLAR /nm 10~ 100~ >1 000
% (mL g ") nm <10 nm
100 nm 1 000 nm nm
A0 13.11 0.0654 65.53 62.88 0.00 56.82 29.81 13.37
A3 12.79 0.0633 40.31 38.68 0.07 68.71 18.89 12.34
A6 15.13 0.0747 15.25 14.63 29.00 54.48 8.21 8.31
A8 16.55 0.0819 19.45 18.66 13.51 67.12 13.52 5.85
3 HESH
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