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Mechanical Properties and Microstructure of Elevated Temperature-

processed Steel Fiber Reinforced Concrete
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(Rocket Force University of Engineering, Xi’ an 710025, China)

ABSTRACT: The effects of different temperatures on the mechanical properties and microstruc—
ture of steel fiber reinforced concrete (SFRC)was investigated by conducting a comparative study
of the mechanical properties and microstructure of normal concrete (NC) that wasnaturally cooled
after elevated—temperature treatment at 25 ‘C, 200 ‘C, 400 C and 600 ‘C, and SFRC with a vol-
ume proportion of 1%. First, the failure mode, compressive strength, and splitting tensile
strength were obtained by compression and splitting tensile tests of a concrete cube. Second, the

dynamic compressive strength and dynamic compression growth factors were obtained through dy-
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namic impact compression tests, which were conducted on the specimens under four different im—

pact pressures using Split Hopkinson Pressure Bar. The micro—structures of the specimens under

different temperature treatments were observed using scanning electron microscope. Results

showed that with an increase in temperature, both NC and SFRC change in terms of color, sur-

face cracks, mass, and microstructure. Simultaneously, the compression and splitting tensile

strengths show a decreasing trend, with a sudden drop at 400~600 'C. However, the addition of

steel fibers can reduce the mass—loss rate of concrete after high-temperature treatment, and ef-

fectively improve the dynamic and static mechanical properties of concrete. Additionally, the

bridging effect of the steel fibers can inhibit the propagation of concrete cracks to some extent.

KEYWORDS: steel fiber reinforced concrete; compression test; splitting tensile; Split Hop—

kinson Pressure Bar
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Tab.1 Average mass-loss rates of SFRC and NC post-
heating at different temperatures ¥ . %

TR Ak
#

200 'C 400 C 600 C

NC 3.24 6.91 8.08

SFRC 2.90 6.47 7.60
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Fig. 1 Specimen appearances post-temperature treatments
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Fig. 2 Failure mode of specimens after compression tests
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Tab.2 Compression test data of NC post-heating

at different temperatures

B/ ?'ﬁﬁ:‘ﬁ&% i K 3 fi’;j‘ﬁ&% FIPUE
Wi# /KN JE/MPa  fui#/kN 5% /MPa
307.71 29.2

25 314.69 29.9 318.47 29.9
322.24 30.6
265.30 25.2

200 278.88 26.5 270.62 25.7
267.67 254
243.79 23.2

400 230.55 21.9 240.98 229
248.59 23.6
133.85 12.7

600 185.44 17.6 148.73 14.1
126.91 12.1

%3 TREBEERARESFRCEAMHRERBERE
Tab.3 Compression test data of SFRC post-heating

at different temperatures

AR BRI PSR SFERE

BE/C fii#/kN  JE/MPa  fii#/kN #J%/MPa
356.31 33.8
25 331.52 31.5 356.65 33.9
382.12 36.3
349.30 332
200 350.44 33.3 334.03 31.7
302.36 28.7
309.78 29.4
400 311.76 29.6 300.50 28.5
279.96 26.6
204.51 19.4
600 215.10 20.4 199.93 19.0
180.18 17.1
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Fig. 3 Average compression strength curves of SFRC

and NC post-heating at different temperatures
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Tab. 4 Splitting tensile test data of NC post-heating

at different temperatures

BUFROR BERPUNL TR TR

BIE/C kN R/ MPa fiBU/KN Hi%E/MPa

57.000 3.09

25 68.274 3.70 68.27 3.70
73.551 3.98
54.014 2.92

200 56.960 3.08 57.05 3.09
60.175 3.26
41.968 227

400 42.245 2.29 41.47 2.25

40.182 2.18

14.073 0.76
600 15.850 0.86 16.19 0.88
18.645 1.01

-

Eb) NC-200 C

*£5 TRERIBEEAGSFRC A HHEI RN RIE
Tab.5 Splitting tensile test data of SFRC post-heating
at different temperatures

WOBIA B HR FIBR  FEE L
# /KN 3R /MPa  fif#/kN i 98 % /MPa

g/ C

70.000 3.79

25 75.300 4.08 74.97 4.06
79.600 431
65.818 3.56

200 66.818 3.62 64.68 3.50
61.398 3.32
50.085 2.71

400 44.165 2.39 47.79 2.59
49.120 2.66
20.012 1.08

600 19.350 1.05 19.73 1.07
19.833 1.07
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39.19%. 76.22%. LA SFRCIRIETE 25 C i iy B 2L
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A G TP
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p CET A 3_‘,__'
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Fig. 4 Failure mode of specimens post-splitting tensile tests
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Fig. 5 Average compression strength of SFRC

and NC post-heating at different temperatures
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Fig. 6 Failure mode of NC specimens at different temperatures and impact pressures
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(a) 25°C 0.10 MPa
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Fig. 7 Failure mode of SFRC specimens at different temperatures and impact pressures
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Fig. 8 Dynamic stress—strain curves of NC and SFRC at different impact pressures
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Fig. 9 Relationship between DCIF and impact pressure post-heating at different temperatures
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