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Freezing Resistance of Hybrid Fiber/Bundle High Strength Concrete

LI Chenchen', MA Jiao', ZHANG Pu"", ZHANG Dong*, SHAO Jinggan®
(1. College of Civil Engineering, Zhengzhou University, Zhengzhou 450001, China;
2. College of Civil Engineering, Fuzhou University, Fuzhou 350108, China; 3. Henan Communications
Engineering Technology Group Co., Ltd., Zhengzhou 450015, China)

Abstract: To improve the freezing resistance of high strength concrete and expand the application of industrial
waste, the freeze-thaw test of concrete specimens was carried out by rapid freeze-thaw method, the relative dynamic
modulus of elasticity (E,) and compressive strength of the specimens before and after freeze-thaw were acquired ,
the effects of single basalt macro-fibers (BMF ) , double mixed chopped basalt fibers (CBF ) and BMF and calcium
sulfate whiskers (CSW ) on the freezing resistance of high strength concrete were studied. The results show that
freeze-thaw failure occurs during 150 cycles for plain high strength concrete (PC), and E, value is 52.4%. Single
BMF, double mixed CBF and BMF and adding them all can improve the freezing resistance of high strength
concrete, and adding them all in the concrete can get the best effect. The freezing resistance of high strength
concrete is the best when the volume fraction of BMF is 0.30% , the volume fraction of CBF is 0.15% and the
mass fraction of CSW is 3% (CSW3CBF0.15BMF0.3) , E, value is 86.6% after 300 freeze-thaw cycles. Loss ratio
of compressive strength is only 2.5% for specimen CSW3CBF0.15BMFO0.3 after 150 cycles, but is 30.9% for PC.
CSW, CBF and BMF play a mixing effect and prevent freeze swelling cracking of high strength concrete in

multi-scale.
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Fig. 1 Size distribution of cement particles
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Table 1 Gradation of fine aggregates

Size of square mesh
. 4.75 2.36 1.18 0.60 0.30 0.15
sieve/mm

Cumulative screen residue(by

3.7 13.6 28.5 63.2 89.9 97.6
mass)/ %

F2 HABBHREAR

Table 2 Gradation of coarse aggregates

Sieve diameter/mm 19 16 9.5 4.75 2.36

Cumulative screen residue(by

4.75 16.09 67.21 95.42 99.37
mass)/ %

-
(b) CBF

(a) BMF
B2 2R AR R ) % A 2F 4k A
Fig. 2 Morphology of basalt macro-fibers and chopped
basalt fibers
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Table 3 Physical and mechanical properties of single basalt fiber

Density/(g+cm ™) Tensile strength/MPa

Modulus of elasticity/GPa Ultimate elongation/ %

3 800—4 840

=85 3.2

4 S

(b) Micro morphology

(a) Macro morphology
&3 BB A Al Y JE R
Fig. 3 Morphology of calcium sulfate whiskers
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Table 4 Physical and mechanical properties of calcium sulfate whisker

Average length/  Average diameter/  Tensile strength/ Modulus of

Density/(g-cm™*)  Melting point/C

Solubility/(g-L™")

pm pm GPa elasticity/GPa
50-200 1-5 20.5 178 2.61 1450 0.241
x5 KERMBERSS @AM L FHR
Table 5 Chemical compositions of cement and calcium sulfate whisker
w/ %
Material CaO Sio, ALO, MgO SO, Fe,O, P,O;
Cement 58.24 24.14 5.82 4.37 1.48 3.22
CSW 46. 30 0.04 52.80 0.80
*6 BEBZREAEREBERIMEAL
Table 6 Mix proportions of single basalt macro-fibers concretes
Specimen No. L/mm o/ % Amount of water reducer/(kg-m *) Compressive strength/MPa
PC 0 0 0. 900 65.34+0.5
BMF-0. 15-30 30 0.15 0.945 66.8+1.0
BMF-0. 3-30 30 0.30 1.035 69.3%+0.8
BMF-0. 45-30 30 0.45 1.125 63.442.0
BMF-0. 6-30 30 0. 60 1.170 59.74+1.4
BMF-0. 3-20 20 0.30 1.035 68.74+1.8
BMF-0. 3-40 40 0.30 1.035 65.94+1.6
1.3 REHE 2 AR RE RS2 100 mm X 100 mm > 400 mm #

Y2 IR GB/T 50081—2019¢ iR %t + ¥ B F1 2%
PEREIR IR T AR ME) FT GB/T 50082—2009¢ % 38 1R Bk
A I M R A A BRI v AR ) L SR PR AR T X
TR AT 2t/ o s VR e T AT VR AR PR U8R

AT IR ZE DDA [ AR RE FR B (N = R AR R 2l 3
PERC R (E,) Y E R RS 60 26 5N F 300 Yk B4 111k
¥ 3 )]sk 100 mm X 100 mm X 100 mm #3224 ] T
W28 7 0 150 YRR FlAIE 21 J5 1 Sz 5 AR BT s B2 (/).
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Table 7 Mix proportions of concretes with chopped basalt fibers and basalt macro-fibers

Specimen No. o(CBF)/%  o(BMF)/% o/ % Amount of water reducer/(kg-m™~*)  Compressive strength/MPa
PC 0 0 0 0. 900 65.34+0.5
CBF0. 075BMFO0. 075 0.075 0.075 0. 150 0.945 64.14+0.1
CBFO0. 15BMFO0. 15 0. 150 0. 150 0.300 1.035 71.94+5.5
CBFO0. 225BMFO0. 225 0.225 0.225 0.450 1.125 67.0+1.2
CBFO0. 3BMFO. 3 0. 300 0. 300 0.600 1.170 61.2+0.4
CBF0. 05BMFO0. 1 0. 050 0. 100 0.150 0.945 73.24+1.3
CBFO0. 1BMFO. 2 0. 100 0.200 0.300 1.035 74.1+1.6
CBFO0. 15BMFO0. 3 0.150 0. 300 0.450 1.125 69.7+1.2
CBF0. 2BMFO0. 4 0. 200 0.400 0.600 1.170 66.3+1.8

*8 ZBEVXREA%E ZREAHXRIRBRTSRIERLTWEAL

Table 8 Mix proportions of concretes with chopped basalt fiber , basalt macro-fibers and calcium sulfate whiskers

Specimen No. o(CBF)/%  ¢(BMF)/% w(CSW)/%  Amount of water reducer/(kg-m *) Compressive strength/MPa
PC 0 0 0 0. 900 65.3+0.5
CBFO0. 15 0.15 0 0 0. 945 66.2+2.3
BMFO. 3 0 0.30 0 1. 035 69.34+0.8
CBFO0. 15BMFO0. 3 0.15 0.30 0 1.125 69.7+1.2
CSWI1CBFO0. 15BMFO. 3 0.15 0.30 1 1.148 71.3+2.1
CSW2CBFO0. 15BMFO0. 3 0.15 0. 30 2 1.170 68.7+1.4
CSW3CBFO0. 15BMFO. 3 0.15 0. 30 3 1.193 68.1+1.0
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Fig.4 Effect of BMF on relative dynamic elastic modulus of high strength concrete
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Fig. 5 Effect of hybrid basalt fiber/bundle content on relative dynamic elastic modulus
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