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Freeze-thaw cycle and microstructure of rice husk ash rubber concrete

WANG Heng, XU Yihua , YAO Weijing , PANG Jianyong', LIU Yushan
(School of Civil Engineering and Architecture, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: In order to study the freeze-thaw resistance of rice husk ash rubber concrete (RRC), the mass loss,
relative dynamic modulus loss, strength loss and microstructure characteristics of normal concrete (NC) and RRC
after freeze-thaw cycles in chloride environment were compared and analyzed, and the relationship between
relative dynamic modulus and relative compressive strength was fitted and analyzed. The results show that with the
increase of freeze-thaw cycles, the pit erosion on the concrete surface becomes more obvious, the internal pores
increase, microcracks develop and penetrate, and the macroscopic strength decreases significantly. The relative
dynamic modulus has a good correlation with the compressive strength, and the fitting structure is better. The high
elasticity of rubber and high pozzolanic effect of rice husk ash effectively alleviate the damage caused by frost
heaving force, and the damage degree of RRC in each freeze-thaw stage is significantly better than that of NC. When
the content of rice husk ash (mass ratio to cementitious materials) is 10% and the content of rubber (volume re-
placement of sand) is 10%, the comprehensive optimum of mechanical properties and freeze-thawing resistance of
RRC is the best. After 120 freeze-thaw cycles, the loss rate of compressive strength is 18% lower than that of NC.

Keywords: rice husk ash; chloride environment; freeze-thaw cycle; volcanic ash effect; microstructure
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Table 1 Chemical constituents of rice husk ash

Composition SiO, K,0

CaO Fe, 03 MgO

Content/wt% 85.6 2.51

2.44 0.56 0.51

- 7 L gk 5, 4
B 1 B (a) BeFse Ik (b) S54n
Fig.1 Actual rubber (a) and rice husk ash (b) shootings
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Table 2 Test mixture ratio

kg/m®
Mix Notation Water Cement Sand Gravel Rice-husk-ash Rubber Water reduce
C NC 180 450 560 1210 0 0 4
A0 5%R/NC 180 450 479.04 1210 0 22.5 4
Al 5%RHA-5%R/NC 180 427.5 479.04 1210 22.5 22.5 4
A2 10%RHA-5%R/NC 180 405 479.04 1210 45 22.5 4
A3 15%RHA-5%R/NC 193.5 382.5 479.04 1210 67.5 22.5 4
A4 20%RHA-5%R/NC 207 360 479.04 1210 90 22.5 4
BO 10%R/NC 180 450 398.10 1210 0 45 4
Bl 5%RHA-10%R/NC 180 427.5 398.10 1210 22.5 45 4
B2 10%RHA-10%R/NC 180 405 398.10 1210 45 45 4
B3 15%RHA-10%R/NC 193.5 382.5 398.10 1210 67.5 45 4
B4 20%RHA-10%R/NC 207 360 398.10 1210 90 45 4

Notes: NC—Normal concrete; RHA—Rice-husk-ash concrete; R—Rubber; In iRHA-jR/NC, i represents the mass fraction of rice husk ash
to cementitious material, j represents the mass ratio of rubber to cemetitious material.
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Table 3 Test results of concrete performance

Mix Slump/mm 28 days apparent density/(kg-m™) 28 days tensile strength/MPa 28 days compressive strength/MPa

C 172 2.476 4.21 46.68
A0 190 2.445 3.93 40.35
Al 185 2.435 4.32 47.43
A2 180 2.422 4.71 49.92
A3 187 2.356 4.08 41.02
A4 185 2.316 3.72 36.03
B0 210 2.397 3.11 33.15
B1 205 2.369 4.05 36.51
B2 195 2.348 4.22 40.26
B3 200 2.330 3.83 34.57

B4 198 2.302 3.41 26.55
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Table 4 Fitting results of relative elastic modulus E; and
compressive strength F of RRC test block after freezing-

thawing cycle
Concrete Fitting formula Corrglzfltion ,
number coefficient R
C F=9.208x107¢"083184 1 0.620 (.99
A0 F =-0.622+0.016E4 0.98
Al F =-0.574+0.016E4 0.95
A2 F =-0.763+0.018E4 0.97
A3 F =-0.682+0.017E4 0.98
Ad F=-1.085+0.021E4 0.97
BO F=3885x107e"9%%4 10725 (.92
Bl F =4.886x10713¢927064 10755 .98
B2 F=2.865x10"%"180%4 10818 (.98
B3 F=3.670x1073e"047E4 1.0.584 (.95
B4 F =8276x 1074000054 1 0,646 (.95
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Fig. 7 Microstructure of freeze-thaw cycle of B2 group RRC
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