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Mechanical property of polypropylene fiber reinforced
concrete under freezing-thawing cycle effect
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Abstract: Through fast freezing-thawing cycle test on four groups of polypropylene fiber
reinforced concretes with different mix proportions, the compressive strength, longitudinal wave

velocity and dynamic elastic modulus of concrete after different times of freezing-thawing cycles
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were obtained, the mechanical property and damage amount characteristics of polypropylene fiber
reinforced concrete under freezing-thawing cycle effect were studied, and the effects of material
property, material mix proportion and times of freezing-thawing cycles on the mechanical
property were analyzed. Analysis result shows that after 200 times of freezing-thawing cycles, the
compressive strength loss rates of C30 polypropylene fiber reinforced concrete without air entraining
agent, C30 polypropylene fiber reinforced concrete with air entraining agent, C40 polypropylene fiber
reinforced concrete without air entraining agent and C40 polypropylene fiber reinforced concrete with air
entraining agent are 46. 53%, 49. 05% , 34.56% and 37. 64% respectively. After 300 times of freezing-
thawing cycles, the longitudinal wave velocities of four groups of polypropylene fiber reinforced concretes
decrease by 8.42%, 6.48%, 16.72% and 11. 68 % respectively, and the dynamic elastic moduli decrease
by 46.54%, 35.72%, 54.41% and 53.72% respectively. After 150 times of freezing-thawing cycles,
the damage amounts of C30 and C40 polypropylene fiber reinforced concrete increase rapidly, and the
damage amount of C40 polypropylene fiber reinforced concrete is bigger than that of C30 polypropylene
fiber reinforced concrete. Under the same times of freezing-thawing cycles, the damage amount of C40
polypropylene fiber reinforced concrete without air entraining agent is biggest. The improving effects on
frost resistance property from big to small are C30 polypropylene fiber reinforced concrete with air
C40

polypropylene fiber reinforced concrete with air entraining agent, C40 polypropylene fiber reinforced

entraining agent, C30 polypropylene fiber reinforced concrete without air entraining agent,

concrete without air entraining agent. 6 tabs, 7 figs, 28 refs.

Key words: pavement material; polypropylene fiber reinforced concrete; freezing-thawing cycle;
compressive strength; longitudinal wave velocity; damage amount
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Tab.1 Performance parameters of polypropylene fiber

HAZ/pm 100
K% /mm 12
BUHLsE B/ MPa 400
PPERL 5/ GPa >8
B /(g e cm?) 0.91
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Tab.2 Design parameters of concrete mix proportions

%5 948 B A L K/ kg ¥ /kg 47 /kg K/kg WK kg | LR 4E/ kg G155/ g KR E
a C30 390 820. 69 1045 156 3.9 0. 600 0.0 0.4
b C30 390 820. 69 1045 156 3.9 0. 600 31.2 0.4
c C40 440 784.96 999 176 4.4 0. 677 0.0 0.4
d C40 440 784.96 999 176 4.4 0.677 35.2 0.4
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Tab.3 Concrete compressive strength with different times of

freezing-thawing cycles MPa
% 5 a b c d
0 51.723 43.915 69.183 55. 835
i 50 43.046 26.223 56. 307 48. 301
G ¥ 100 51.223 28. 839 59.479 42,716
WAL 150 38.949 | 31.103 | 47.266 | 30.583
200 27.655 22,375 45. 273 34, 821
80 -
—0— a
4 —0— b
& 60} a— ¢
b= —o—d
#®
o
20 1 1 1
0 50 100 150 200
5 Tl R IR 5

1 AR A H T B s 5 2 I R w0 B 0 i 722 Ak ith 2k
Fig. 1 Variation curves of compressive strength with times of

freezing-thawing cycles under different mix proportions
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Fig. 2 Variation curves of compressive strength loss
rate with times of freezing-thawing cycles under

different mix proportions
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Tab. 4 Longitudinal wave velocities with different times of

£S5 FRFHMERARBETRAGTERELRE

Tab.5 Masses of polypropylene fiber reinforced concrete with

freezing-thawing cycles km « 57! different times of freezing-thawing cycles ke
%5 a b c d %5 a b c d
0 4,240 3.888 4.366 4,117 0 9.356 9.228 9.705 9.427
50 4.167 3. 846 4.167 3. 960 50 9.332 9.218 9.686 9.396
- 100 1167 3846 1167 3960 p— 100 9.319 9.216 9. 686 9.396
HE A 150 4.082 3.810 4. 040 3.774 (EED 150 9.315 9.212 9. 684 9.394
-4 200 4.000 3.636 3.883 3.738 WH 200 9.309 9.207 9.682 9.394
250 3992 3636 3670 3738 250 9.306 9.207 9. 657 9.391
300 3883 3636 3636 3636 300 9.301 9.204 9.653 9.358
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Fig. 3 Variation curves of longitudinal wave velocity with

different times of freezing-thawing cycles
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Fig. 4 Variation curves of mass for polypropylene fiber reinforced

concrete with different times of freezing-thawing cycles
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Fig.5 Variation curves of mass loss rate for polypropylene fiber

reinforced concrete with different times of freezing-thawing cycles
K ENIREE Lo it A il K
SRR B s G O 0 T RS R E) 0. 01 kg F
SRy iR 1 A8 1) % Sl s ) 6T AR Sl AR

A IR LA B 4 AU RS A B SR TR 0 &1 4
TR BE L ) S S A UL 3R 6 18] 6, FIA: C40
I 21 AE VR EE 0 Bl SR R A L C30 SR M £ 4k TR
BE LR HAB 0515 A 5 P M TR R A L ) i B
BT AR UE 19 A A5 0 51 0500 04 3l 350 P B 1 /D 5 Y Uk il
WHCUNT 200 B Br A e A B 0 3R 9 06 £F 4R 5+
{14 2y L P AT 1 48 280 R B 5 Y R B BGR B 200 B
JIT A BC A L A 2R TR 0 1 2 TR 6 1 1) Sl s A5 e 90 o
BRI B R 2 R B I 51 AR C40 RN I £F
HEIREE L, B0 I8 B 34. 99 %05 M VR Rl R Bk #1300
i 4 20 3R TR 0 2T 4 TR 5 - S 5 A 11 R W 4 )
S 46.54% .35.72% .54, 41%.53.72% , C30 BEH
I 21 2 TR R 1 7E VR Al BV R B 2l o M R 6 L
CA0 TN 4F AE TR B 1 2 WA 12

F6 FRARBRAMTERAIEERLHBMER

Tab. 6 Dynamic elastic moduli of polypropylene fiber reinforced

concrete with different times of freezing-thawing cycles GPa

rR= a b c d
0 41.92 34.46 45. 41 38. 68
50 39.72 34.00 43.93 37.27
o 100 10. 20 33.77 43.44 37.65
D 150 40. 56 34.17 42,17 37.93
/833 200 39. 31 30. 29 29. 52 33. 39
250 27.62 24. 80 25. 45 24.12
300 22.41 22.15 20. 70 17.90
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Fig. 6 Variation curves of dynamic elastic modulus for
polypropylene fiber reinforced concrete with different

times of freezing-thawing cycles
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Fig. 7 Variation curves of damage amount for polypropylene fiber

reinforced concrete with different times of freezing-thawing cycles
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