=5 ilH 3 1k

Acta Materiae Compositae Sinica

AR PREF SR TR BRI L DT HERE IR

TT IR IR R AEES

Effect of ultra-low temperature on flexural properties of steel fiber reinforced rubber concrete
SU Ningyue, GUO Shuaicheng, ZHU Deju

TEZR 2 View online: https:/doi.org/10.13801/j.cnki.fhelxb.20240627.001

LT RIS HA SO

Articles you may be interested in

AR VR X i K DR A S AR PR RE A 2 M)
Effect of ultra—low temperature on flexural behavior of ultra—high toughness cementitious composites

A MR 2022, 39(6): 2844-2854  https://doi.org/10.13801/).cnki.fhelxb.20210823.001
AR AN R AR F X = B K Je 3L 2 & M Rk A RE A5 i)

Effect of ultra—low temperature and chloride on carbonation performance of ultra—high toughness cement—based composite

A MR, 2023, 40(6): 3486-3498  hitps://doi.org/10.13801/j.cnki.fhelxb.20220907.004
PV A-SREF 4%} o 58 PR BRI EE P PR RE 1% 52 )

Effect of PVA-steel fiber on the flexural performance of high—strength recycled aggregate concrete beams
B AMRIER. 2022, 39(11): 5499-5511  hitps://doi.org/10.13801/j.cnki.fhelxb.20211110.003

TR AT X g W /K YR S 5 AR P R e i
Experimental study on the influence of ultra—low temperature on compressive toughness of ulira high toughness

cementitious composites

AR 2021, 38(12): 4325-4336  hitps://doi.org/10.13801/j.cnki.fhelxb.20210223.002
TRZRET ARG SR N T K e R SRS b P fE

Flexural impact behavior of hybrid fiber—reinforced strain hardening cementitious composites

AR 2022, 39(11): 5086-5097  https://doi.org/10.13801/j.cnki.fhelxh.20220623.005
T ek R LT A iR TG - AN O 28 R ZT 3 58 A1 X S

Uniaxial constitutive relation of ultra—high performance fiber reinforced concrete and the effect of steel fiber reinforcement
on it

HARRIZER. 2024, 41(2): 911-924  hitps://doi.org/10.13801/j.cnki.fhelxb.20230613.001



https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20240627.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20210823.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20220907.004
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20211110.003
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20210223.002
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20220623.005
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20230613.001

FIREMBEARAS, FREZHINGEE



Eé*ﬁ*ﬂ'i*ﬁ a2k AW 48 20254F

Acta Materiae Compositae Sinica Vol.42  No.4  Apr 2025

DOI: 10. 13801/ j. cnki. fhelxb. 20240627. 001

HE R m X S 2T 4E T SR B R i T LS [ RERY
Al

'’

7R, MK, AR

(IR R TR, SROSEHE LA TREARL B AR I A S0 %, KD 410082)

O R AR A AR Uk T £ YRR AT L S U VAL R O R R A e . AR SR
ST AA IR (K2 -196°C) i T.00 T A £F i 3 5m AR e IR % £ (SFRRC) LB MR BB AR FF RO 5T, %31 T 7 AR
FC LU (AN 4T i 1 g TR e - i iR, B IR IR IRV A BRUS BEAT DU S A RS, 2o TR IR A X 4T
AR EE A i PERE R R, S5 IR R T RGO A AR AR BB R BN,  SFRRC P25 i B 48 45
P ARET . WEE R MRS, N om R i TR+ A S R A I AR T, MR Rt E -196°C /), FH
PR e KT 4R T 151.6%;  [W] AT SFRRC 78 48 R IR IR 58 N B0 1 25 B A U5 0 BRI T B o IR 9 2R S R 2T
YRR BRI 1 1 REAR AL BE AN 26 R A IR TR v ) o, FH R 3 S0 o

KR . WG WERYE; WREBCREE L bUEPERE; Ik

FE 425 TB332 XERERERE: A XEHS:  1000-3851(2025)04-2010-13

Effect of ultra-low temperature on flexural properties of steel fiber reinforced

rubber concrete

SU Ningyue , GUO Shuaicheng , ZHU Deju’
(Key Laboratory for Green & Advanced Civil Engineering Materials and Application Technology of Hunan Province,

College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: The use of steel fibers and recycled rubber aggregate to prepare concrete can achieve the utilization of
solid waste resources and ensure its good mechanical properties. In this paper, the flexural performance evolution
of steel fiber reinforced rubber concrete (SFRRC) under the extreme conditions of ultra-low temperature (up to
-196°C) was investigated, and seven groups of beam specimens with different ratios of steel fiber reinforced rubber
concrete were designed to carry out four-point bending tests after low-temperature deep-cooling treatment to
analyze the effect of ultra-low temperature on the flexural properties of SFRRC. It is demonstrated that with the
increase of steel fiber and rubber volume admixture, the flexural strength of SFRRC is significantly increased at
room temperature. As the temperature decreases, the bending and tensile strength of SFRRC is significantly
improved, and when the temperature decreases to -196°C, its bending strength can be improved by 151.6%. Mean-
while the SFRRC toughness decreases in the ultra-low temperature environments. The research results provide

support for the optimal design of SFRRC and its application in ultra-low temperature engineering.
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Table1 Performance index of copper plated microfilament steel fiber (SF)
Type Density/(g:cm™®)  Diameter/mm Length/mm  Elastic modulus/GPa  Tensile strength/MPa
Copper-plated micro steel fiber 7.8 0.25 13 200 =2 850
F2 BEREAEREIERR
Table 2 Performance index of rubber particles
Type Mesh Apparent density/(kg-m™) Bulk density/(kg-m™®) Average particle size/um
Rubber particles 80 1180 299 175
x3 WAEBRERELT (RC) AL RIRESA
Table 3 Mix proportion of steel fiber rubber concrete (RC) and the grouping of test pieces
Specimen Volume fraction of Volume fraction of Steel fiber/ Rubber particle/ Flyash/ Cement/ Sand/ Water/
p steel fiber/vol% rubber particle/vol%  (kg-m™) (kg-m™) (kgm™) (kgm™) (kgm™) (kgm™)
NC 0 0 0 0
20%RC 0 20 0 0.24
0.5%SF-20%RC 0.5 20 0.16 0.24
1%SF-10%RC 1.0 10 0.31 0.12 533.33 120 133.3 248
1%SF-20%RC 1.0 20 0.31 0.24
1%SF-30%RC 1.0 30 0.31 0.36
1.5%SF-20%RC 1.5 20 0.47 0.24
Note: NC—Normal concrete.
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(b) Inside c;f cryog-enic tank

(c) Four-point bending setup
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Fig.2 Cryogenic tank and test loading device

(c) "White frost" on
specimens

(b) Failure mode of specimens
3 ANEFUERSTRARETREE 1 (SFRRC) IR AT e SR
Fig.3 Crack development and failure of steel fiber reinforced rubber

concrete (SFRRC) specimens
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Table 4 Average flexural strength test value of SFRRC specimens (MPa)

Specimen 20C 0C -50C -100°C -150°C -196C
NC 2.70 3.31 6.14 5.73 2.77 0.35
20%RC 2.24 1.95 4.91 10.39 5.82 5.13
0.5%SF-20%RC 2.28 4.84 10.39 14.02 11.87 12.76
1%SF-10%RC 2.96 2.46 6.35 4.98 7.22 6.38
1%SF-20%RC 4.36 4.57 8.00 10.98 8.67 10.18
1%SF -30%RC 4.51 4.87 8.35 14.95 9.76 9.13
1.5%SF -20%RC 7.06 3.68 8.81 18.91 14.82 17.43
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Fig.8 Deformations of SFRRC under different temperatures
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