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Fibers effects on the concrete damage, crack tortuosity and

crack recovery

DING Yining” , LI Linze, ZENG Wei

(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract:  Through the disc splitting testing, the exact crack width of concrete has been prefabricated. In this

work. the effects of steel fiber(SF) and macro polypropylene(PP) fiber on tortuosity, recovery rate and damage of
concrete cracks were studied. The crack widths at different locations were measured using the digital microscope
(Supereyes) and Image Pro Plus (an image processing software). In order to analyze the relationship between ultra-
sonic velocity and crack width as well as damage variable factors of different specimens, the ultrasonic velocity pass-
ing through the concrete disc under splitting load was also measured. The experimental results show that the crack
widening can be controlled by the fiber bridging effect, and the crack recovery and tortuosity of crack can be in-
creased simultaneously. Compared with the concrete sample with a SF content of 25 kg/m’, the crack tortuosity of
the sample with a SF content of 55 kg/m® increases by 26. 9% ; the hybrid use of macro PP fibers and SF indicates
significant positive hybrid effect on the increasing of crack surface tortuosity. The steel fibers acrossing the cracks
may improve the propagation of ultrasonic wave and decline the loss of the ultrasonic velocity. The ultrasonic veloci-
ty may decrease with the increasing of the crack width, and there is an exponential relationship between the crack
width and ultrasonic velocity, which can be used to illustrate the crack development of concrete matrix.
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Table 1 Properties of fiber

Fiber type Length/mm Diameter/mm Tensile strength/MPa Elastic modulus/GPa
Dramix RC-65/35-BN SF 35 0. 55 >1 150 200
WK-8 PP fiber 45 0. 74 490 3.9
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Table 2 Mix proportion of the concrete specimens kg/m?
Cement Water Sand Gravel Silica fume Super plasticizer
473. 8 221.2 829.5 826.5 39.5 5.57
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Table 3 28 d compressive strength of concrete with different contents of macro polypropylene(PP) fibers and steel fibers(SF)

Group SF/(kg+*m *) PP fiber/(kg+sm °) Compressive strength/MPa
PC 0 0 52.91
PP4/PC 0 4 51. 15
SE25/PC 25 0 52. 35
SE35/PC 35 0 54.43
SF55/PC 55 0 51.43
SF25-PP4/PC 25 4 52.22
SF35-PP4/PC 35 4 53.03

Note: PC—Plain concrete,
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Fig. 3 Measuring crack width
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(b) Discreting crack
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Fig.4 Measurement process with Image Pro Plus(IPP)
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Fig.5 Detecting concrete cracks based on changes of

ultrasonic velocity
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Fig. 6 Method for calculating crack tortuosity of concrete
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Fig. 7 Method for calculating crack pattern of concrete specimens
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Fig. 8 Effect of fiber on crack tortuosity of concrete
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Table 4 Analysis of actual crack length and crack tortuosity

of concrete specimens

Group Length Lo/mm  Length L,/mm T

PC 100 124. 4 1. 244
PP4/PC 100 128. 8 1. 288
SF25/PC 100 133. 8 1. 338
SF35/PC 100 147. 6 1. 476
SE55/PC 100 169. 9 1. 699
SF25-PP4/PC 100 144. 4 1. 444
SF35-PP4/PC 100 153.9 1.539

Note: z—Grack tortuosity.
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Fig. 10 Effect of SF on crack recovering of concrete
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Table 5 Recovering level of the crack of concrete

Group wy /pm w/pm R=|(w; —w) /w2 | /%
135 55 59.3
SF25/PC 177 92 48.0
252 175 30. 6
305 205 32.8
91 36 60. 4
106 54 49.1
SF35/PC 248 115 53.6
335 162 51.6
429 235 45.2
85 28 67.1
230 116 49.6
SE55/PC 300 150 50. 0
380 200 47. 4
450 300 33.3

Note: ws, w;—Crack width before and after unloading.
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Fig. 11 Relationship between ultrasonic velocity and crack width
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ultrasonic velocity and concrete crack width
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