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Effect of macro steel fiber on damage of concrete after salt
freeze-thaw cycle

DING Yining, GE Maolin, LIU Qianwen, ZHU Hao

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

Abstract: In order to reveal the influence of salt erosion and freeze-thaw cycle coupling effect of steel fiber on
concrete damage evolution, four groups of concrete specimens with different mass fractions of steel fiber were
tested under salt freeze-thaw test. The damage of concrete after salt {reeze-thaw cycles was analyzed by
ultrasonic method and laser scanning method. The damage degree D of concrete after salt freeze-thaw cycles
was obtained by analyzing the change of ultrasonic wave velocity. The Weibull distribution model between D
and freeze-thaw cycles n was established. The surface roughness was used to characterize the surface damage of
the concrete. The change rate of roughness AR of concrete with different steel fiber dosage was studied as a
function of freeze-thaw cycles. The results indicate that the damage of concrete decreases with the increase of

steel fiber dosage. The relationship between D and n established by ultrasonic method satisfied the two-

Wr#E B #:2022-01-06

E& T [HRK A ARA 4 (51578109); K i BHL A7 2k 42 (2020JJ27SN108)

EER N : T —7(1962- ), 5 i+, 2087 A4 S0, 2 S m AR IR #E + 5% , E-mail : ynding@hotmail.com

Received: 2022-01-06

Foundation items: National Natural Science Foundation of China (No. 51578109); Science and Technology Innovation
Foundation of Dalian (No. 2020JJ27SN108)

Author brief: DING Yining (1962- ), PhD, professor, doctorial supervisor, main research interest: high performance concrete,

E-mail: ynding@hotmail.com.



160 + K5 5% ¥ IE

FAROF & L)

% 46 %

parameter Weibull distribution model, and the determination coefficient is higher than 0.95. It has an

exponential relationship between D and AR due to its determination coefficient higher than 0.80.

Keywords: steel fiber; salt freeze-thaw cycle; concrete damage; ultrasonic test; damage degree; roughness
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Tablel Basic mix proportion of self-consolidating concrete

kg/m®
KR K WEEK AamER AR UK
402 200 172 742 706 4.6
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Fig.1 Macro steel fiber
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Table2 Performance parameters of macro steel fiber
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Table3 Compressive strength of concrete

KE VLR E/MPa bRUEZE/ %%
NC 65.4 3.8
SF20 63.2 4.2
SF40 62.1 4.8
SF60 60.7 4.6
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Fig.2 Three dimensional laser scanning device
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Fig. 3 Surface of specimens subjected to salt freeze-thaw

cycles
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Fig.4 Microstructure of poll wall of concrete subjected to

salt freeze-thaw cycles
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Table4 Ultrasonic velocity of concrete
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Table5 Parameters and determinants of salt freeze-thaw

damage evolution equation

-V il HE X 75 /6

(CEIRVS NC SF20 SF40 SF60
0 100. 000 100. 000 100. 000 100. 000
25 99. 789 99. 789 99. 783 99. 663
50 97. 955 98. 648 96. 828 98.716
75 96.016 93. 60 95. 807 97.726
100 91. 800 92. 905 94.612 94. 989
125 84.296 84. 945 83. 967 88. 695
150 78. 330 80. 785 78.710 83.916
175 67. 580 72. 889 67.391 74.653
200 56.914 62. 352 62.025 68.758
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Fig. 5 Changes in damage degree based on the Weibull
probability distribution
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Fig. 6 Morphology of concrete surface
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Table6 Change rate of surface roughness of concrete

subjected to salt freeze-thaw cycles

Eh -V Rl HURE AR LR/ %

TR R UEL WEENC W SF20 i fF SF40 X SF60
0 0 0 0 0
25 1.7 3.1 2.2 1.2
50 15.2 11.3 1.1 10. 8
75 15.2 15.3 11.6 11.4

100 15.5 16.2 12.9 11.6

125 19.3 19.7 15.6 13.4

150 19.8 20.7 19.1 14.2

175 23.2 21.2 20.8 15.2

200 23.7 25.5 20. 9 17.4

SF20,SF40, LIk % 4 3% M 5t 5 - 7 fil 31 ok 1) 6 77
A 5
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salt freeze-thaw cycles
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Fig. 8 Relationship between Dand AR of specimen subjected to salt freeze-thaw cycles
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