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Research on compressive strength and chloride ion penetration resistance of
bentonite-PVA fiber concrete

MA Yafei, YANG Ying, PENG Anyin, LI Jing
(School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: [Purposes] In view of the increasingly prominent problems of steel corrosion and
cracking in concrete under harsh environments and complex loads, the effect of mixing bentonite
and polyvinyl alcohol (PVA) fiber on the compressive strength and chloride ion penetration
resistance of concrete was investigated, so as to improve the durability of concrete under harsh
conditions. [ Methods] Compressive strength test and chloride ion penetration resistance test were
carried out on 16 groups of bentonite-PVA fiber concrete with different mix proportions. The effects
of curing age, bentonite substitution rate, and PVA fiber content on the compressive strength and

chloride ion penetration resistance of concrete were analyzed. At the same time, the microstructure
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characteristics of concrete with different amounts of bentonite and PVA fiber were observed by the
scanning electron microscope (SEM) technology. [ Findings] Moderate amounts of bentonite and
PVA fiber can improve the compressive strength and chloride ion penetration resistance of
concrete. The optimal bentonite substitution rate is 5.0%, and the optimal volume fraction of PVA
fiber is 1.2 kg/m’. [ Conclusions] The adhesion of bentonite particles on the surface of PVA fiber
increases the roughness of the fiber and enhances the bonding between the fiber and the concrete ,
which makes the internal structure of concrete more compact, thus significantly improving the
mechanical properties of concrete. This study can provide a reference for concrete modification in
actual engineering.
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Table 1 Main performance indexes of bentonite

4 CH) B/ (mPa-s) Mk 2%/ (ml-g ™) A/ [ml- (15 )] 2 h K 2/% K%
325 32 25~50 91 300 <12
2 PVAL AR AR
Table 2 Performance indexes of PVA fiber
K fmm HA%um K 2/% BUHLIR FE/MPa PR i /G Pa W E/(grem™)

12 15.09 6.9 1830 40 1.29
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Table 3 Mix proportion of concrete specimen for compressive strength test kg/m?
vl K a8k ML R K i 1 PVA#BHE IR 7K

BOPO 461 710 1 064 166 0 0.0 3.46

BOP6 461 710 1 064 166 0 0.6 3.46
BOP12 461 710 1 064 166 0 1.2 3.46
BOP18 461 710 1 064 166 0 1.8 3.46

B5P0 438 710 1 064 166 23 0.0 3.46

B5P6 438 710 1 064 166 23 0.6 3.46
B5P12 438 710 1 064 166 23 1.2 3.46
B5P18 438 710 1064 166 23 1.8 3.46
B10PO 415 710 1 064 166 46 0.0 3.46
B10P6 415 710 1064 166 46 0.6 3.46
B10P12 415 710 1 064 166 46 1.2 3.46
B10P18 415 710 1064 166 46 1.8 3.46
B15P0 392 710 1 064 166 69 0.0 3.46
B15P6 392 710 1064 166 69 0.6 3.46
B15P12 392 710 1064 166 69 1.2 3.46
B15P18 392 710 1 064 166 69 1.8 3.46

TEHE 5] . PVA LR 450 BOdE BE 3K, i (47 4 TR
B 150 77 FRAE) (CECS 13:2009) F 3K, % 143
B A PVA LR 4E S dtny I Xt R 3
25 B TCA R K U8 R - R R A R
PVA 2R 4 b4 BRI FEDL T . BEFESS R, 43
eI ATK FIE K 5 55 4k 2e 301 60 s 15 78 40 i bl
Y50 J5 I8 485 AT AR R (20+5) °C, AH X
BEH 95% W bR HEFR I AR AT IR . #2424 h 5 4F
BRI AR S S T RIPF SR . BAREE L hT
JEA 5 1 31 23 5 3747 7014 T 28 ds B B
TR EMR RIS TR P 21 d, R EIE K TR
W7 d, Y28 do FRYP o8 MU MR B a4 fn
B3 o X S 5 sl A7 e e o 2 03, o) [54]

(a) PRI LT

(b) $rB il
B3 st LKA

Fig. 3 Concrete specimens
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Fig. 5 Failure modes of different specimens
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Table 4 Compressive strength of bentonite-PVA fiber concrete
R i 4 PVA (KU &L/ Sfoad Foonad Fonsdl Soral oo
BACEI% (kg-m™) MPa MPa MPa %
BOPO 0 0.0 32.34 38.48 41.68 77.59
BOP6 0 0.6 33.58 40.04 42.81 78.44
BOP12 0 1.2 31.36 40.45 43.35 72.34
BOP18 0 1.8 30.15 38.15 40.20 75.00
B5PO 5 0.0 28.70 36.02 39.62 72.44
B5P6 5 0.6 31.11 38.20 42.58 73.06
B5P12 5 1.2 30.47 42.00 45.63 66.78
B5P18 5 1.8 28.78 39.21 44.02 65.38
B10PO 10 0.0 28.21 37.97 40.12 70.31
B10P6 10 0.6 29.57 43.45 45.39 65.15
B10P12 10 1.2 27.61 39.17 41.40 66.69
B10P18 10 1.8 26.98 38.95 40.88 66.00
B15P0 15 0.0 27.22 34.78 38.78 70.19
B15P6 15 0.6 27.60 37.73 42.05 65.64
B15P12 15 1.2 25.62 36.30 40.12 63.86
B15P18 15 1.8 26.60 35.81 39.70 67.00
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Fig. 6 Relationship between bentonite substitution rate and compressive strength of concrete
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Fig.7 Relationship between fiber amount and compressive strength of concrete
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Fig. 8 Compressive strength of bentonite-PVA fiber concrete cured for 28 days
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Table 5 Chloride ion diffusion coefficient 1072 m%/s
KA G Dy NG e Dy g Dyen IENLE s Dyen
BOPO 19.70 B5P0 14.49 B10PO 12.27 B15P0 19.16
BOP6 17.43 B5P6 13.35 B10P6 9.72 B15P6 13.95
BOP12 13.22 B5P12 7.84 B10P12 11.42 B15P12 16.39
BOP18 14.40 B5P18 8.95 B10P18 11.85 BI15P18 19.70
2
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"2 20 19.70
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12
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Fig. 9 Chloride ion diffusion depth
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Fig. 10 Relationship between PVA fiber amount and

chloride ion diffusion coefficient
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Fig. 11 Relationship between bentonite substitution rate and

chloride ion diffusion coefficient
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Fig. 12 SEM results of concrete specimen BOPO
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Fig. 13 SEM results of concrete specimen BSP12
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Fig. 14 SEM results of concrete specimens with PVA fiber
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