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Study on freeze-thaw deterioration of POM fiber reinforced expanded

polystyrene lightweight concrete

ZHU Jian, GAO Zhen, CAO Junping, LIAO Wenjie, GUO Wenhao, LIN Chaojun
(School of Civil Engineering and Transportation, Foshan University, Foshan 528225, Guangdong, China)

Abstract: In order to effectively improve the safety and service life of expanded polystyrene (EPS)
lightweight concrete in extremely cold regions, different mass fractions of polyoxymethylene
(POM) fibers were added to EPS lightweight concrete. By comparing and analyzing the changes
in mass loss rate, strength, elastic modulus, stiffness, and capillary water absorption rate of EPS
lightweight concrete specimens with added POM fibers under different freeze-thaw conditions.,
the influence of POM fibers on the frost resistance of EPS lightweight concrete was studied. The
results show that POM fibers have a sustained improvement effect on the anti-cracking and tensile
properties of EPS lightweight concrete under freeze-thaw conditions. When the POM fiber
content is 0. 6% , the relative elastic modulus exhibits the slowest decreasing trend during freeze-
thaw cycles. When the POM fiber content is 0. 9% . the mass loss rate, relative dynamic elastic

modulus and strength show minimal changes during freeze-thaw cycles. Simultaneously, the
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resistance to capillary water absorption after freeze-thaw cycles is the highest. The established

secondary polynomial and Weibull distribution strength decay prediction models can both

effectively predict the degradation process of compressive strength in freeze-thaw cycles for POM

fiber-reinforced EPS lightweight concrete. The accuracy of the secondary polynomial decay

prediction model exceeds 99 %.

Key words: POM fiber; EPS lightweight concrete; strength loss; attenuation model; capillary

water absorption
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Table 2 Main parameters of POM fiber

P K/ | 5/ HEE/ PAPERI R/ | AR/
- mm mm | (ge+cm 3) MPa MPa
BE 12 0.2 1.4 >8 000 >967

x3 BHEEST

Table 3 Sand particle size distribution

1 5 fifi L EL 4% /mm Rt 4/ % 20 AR
Al 4.75 1.46
A2 2.36 9.87
A3 1.18 26.48
2.52
A4 0. 60 46. 33
A5 0.30 78. 64
A6 0.15 94. 32

Table 1 Chemical composition of cementitious materials
X AN TR 2 J 43 1 I3 43 4/ 6
JEBERE Rt

SiO; | Al,Os | Fe; O3 | MgO | CaO | Na, O | HiAh

K g 20,11 | 5.03 ] 3.14 | 1.35 | 62.34 | 0.21 7.82

fiE K 96.65| 0.31] 0.07 | 0.11 0.12 | 0.97 1.76

MK | 45.10 | 24.20 | 5.31 | 6.93 5. 60 12. 86
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Fig. 1 EPS and POM fiber morphology
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Table 4 EPS lightweight concrete elementary mix ratio
K IKJe (O Tk K (SF) IR (FA) IK (W) W (S) EPS WK 5 (SP)
SR A L 1 0. 20 0.39 0.33 1.08 0.004 9 0.047
%5 PRELCEALt
Table 5 Mix ratio of PRELC
MEHHE/ (kg + m™%)
45
C SF FA w S EPS SP POM £ 4
PO 575 114 223 173 621 2.83 27 0. 00
P6 575 114 223 173 621 2.83 27 9.52
P9 575 114 223 173 621 2.83 27 14. 28
P12 575 114 223 173 621 2.83 27 19. 04
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Fig. 3 Specimen soaked in water for curing at
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Table 6 Elastic modulus under freeze-thaw cycles
URREE R 0 FRALE IR 150 Ik FRRLE R 300 K
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S/MPa 268 228 192 373 266 395 286 250 196 65 273 356
T+ S Ry REA R U s 22
. 1= (3)
40t 0
g sl Sl s K S 50 WK IR I 5 Sl 2R 22 5 1
g 2ol T 1 B RN it 5 Am Ry T HEAR Ab s A Sl K
Ll A p KK 1
’ 2.2.1 BEBRBAKETHE

b.lt)l 0.|O2 0.|03 04;)4 O.IOS
og 3
@ BH-RAE %

]
-9
Z
=
18]
=
#
Fin
1 50 100 150 200 250 300
R R 2R IR 3
(b) MR
100
S got
1]
=
#H 60f
FN
§40—
205 50 100 150 200 250 300
T Bh B R IR 3

(c) X HMAEE
E 13 PRELC BMEEMENEHEEEFMBERT
0k R4
Fig. 13  Changes of elastic modulus and relative elastic

modulus of PRELC under freeze-thaw cycles
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Fig. 14 Cumulative water absorption curves of PRELC

under freeze-thaw cycles
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Table 7 Quadratic polynomial fitting results

iR a as a; R?
PO —2.42X107* 0.127 5.855 0. 981
P6 2.74X10°° 0. 060 6.023 0.951
P9 —1.26X107° 0. 055 4.493 0.937
P12 —9.60X107° 0.107 4.566 0.913
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Fig. 16 Microscopic morphology of PRELC under

freeze-thaw cycles
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Fig. 18 Predicted results of compressive strength and

freeze-thaw cycles of PRELC and reference [ 27]
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Table 8 Probability analysis results of quadratic polynomial model

IR PO A X470 1 56 2 P6 AH X 470 1 56 JEE P9 A X 40 1 56 JBE P12 AR 40 I 8 B2
" ;f ;i * Ry | wOu | AedEdm | Ry | BONE | bRdkdm | R | BN | AR | Kl | Y | bR R
f8/% fa/% %/% 5/% 8/% %/% H/% 5/% %/ % 6/ % H/% %/%
50 95.5 95. 6 0. 36 97.9 97.6 1. 47 98.8 97.8 1.94 96.9 99.3 1.25
100 94.0 91.1 1. 44 95. 6 94. 4 2.50 96. 2 95.1 1.37 94. 7 95.8 0.28
150 85.6 86.5 0. 64 91.5 90.5 1. 06 93.0 92.1 1. 89 90. 4 89.5 0.43
200 79.7 81.6 1.17 83.7 85.9 0. 04 86.0 88. 6 3.24 82.1 80. 2 6.28
300 72.3 71.6 0.95 75.5 74.5 2.15 81.2 80.3 2.69 52.3 53.1 3. 00
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Table 9 Fitting parameters of compressive strength of PRELC and reference [ 27]
s TR Z A Weibull 431 1 5

a) as R? A B R?
PO —2.84X107° —0.086 0. 999 1.182 —7.864 0.915
P6 —1.47X1071* —0.041 0.999 1. 504 —9.580 0.975
P9 —8.56X10° —0.040 0.999 1. 649 —10. 840 0.983
P12 —5.74X10"* —0.016 0. 999 1. 594 —9.943 0. 870
B2 4,26X107° —0.079 0.999 0.862 —6.468 0.993
B3 —1.15x10* —0.013 0.999 2.143 —13.900 0.963
B4 3.35X10°° —0.089 0. 999 1.015 —7.100 0.991
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