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Effect of steel fiber surface treatment on vibration damping
performance of concrete
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Abstract; To optimize the vibration control capability of concrete, this paper proposes several methods to enhance
the damping performance of steel fibers through surface modification, thereby improving the vibration reduction
effect. Steel fibers were surface-modified using silane coupling agent, emulsified asphalt, and polyurethane. The
effects of steel fiber surface treatment on the time-domain curve, damping ratio, energy dissipation factor, and
microstructure of concrete were investigated via vibration excitation method and scanning electron microscopy
(SEM) , and the influencing laws and mechanisms were analyzed. The results show that all three surface treatments
can increase the damping ratio of steel fiber-reinforced concrete, with the maximum damping ratio achieved when
the steel fiber volume content is 1% . The emulsified asphalt-treated group exhibits the most significant improvement
in vibration reduction performance: at a 1% volume content, it maintains a compressive strength of 50. 5 MPa while
increasing the damping ratio to 221% of the control group. The emulsified asphalt layer on the steel fiber surface
enhances the vibration energy dissipation of the matrix, thereby improving the damping performance of concrete.
The interface modulation method between steel fibers and the matrix determines the vibration reduction mechanism
silane coupling agent treatment enhances the bonding force between fibers and the matrix, improving energy
dissipation during vibration by increasing slip energy consumption at the fiber-matrix interface; polyurethane
treatment enhances the deformability and viscoelasticity of the fiber-matrix interface, thereby increasing energy
dissipation during vibration propagation; emulsified asphalt treatment achieves energy dissipation through both
mechanisms simultaneously. This study provides a concrete mix ratio that meets the workability and strength

requirements in practical construction while exhibiting excellent vibration reduction performance. As a new vibration
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reduction method for subway ballast bed materials, it can serve as a reference for future engineering practices and

research.

Keywords: steel fiber reinforced concrete; shock absorption performance; damping ratio; loss factor; surface

modification
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Tab.1 Mineral composition of cementitious components

ANTR e B B B 3 %

TR, R

i AALEE A H AL AL AL FALBE FALE kg (grem™) (m’ekg™)
(S10,) (AL 0y) (Fe,05) (Ca0) (MgO) (S05) (K,0) (Na,0)
C 20.82 4.40 3.27 63.34 2.43 0.18 0.16 3.11 351
FA 58.27 23.65 6.28 4.18 0.33 1.95 1.06 2.20 334
SL 31.00 15.00 0.30 37.40 2.78 0.48 1.61 2.87 450
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Fig. 1 The macroscopic morphology of fibers and their modified counterparts

TR 2R THT OCPE SN AR VR BE A L LR 2, R
FFIREE LA AT T P A R AR B AT 4
IREE LB AT 4EFD 2, J5 T ACF 1 43 AR T
YR AR LA H TR B3 it T IR -
B Lo AR P R A STk & B, Y A AT 4
1.0% B XHRBE + 1 TAEME S 7= AR R > |
IELA L HRIT T 0.5% 1. 0% K MER LT 4581

B,

(d) AR ST 4

I 7 O S A FERL O A ) Bk
MARTFFES min, FEIAZKFIEAFIRESE S min, 3535
FETTAT 1) [T P14 50 2T 24 28 15 2 50 s A B3 $1 AL, 15
FE5 min L, B4 RSHHETHEIVE 6 4~ 100 mm x
100 mm x 100 m 7. 7R F Jr2# e agiase: , HifE3 4
100 mm x 100 mm x 400 mm R4 TR R
R



57 W T, A BNER R Ak B TR R - R T A - 111 -
F2 WALBRLIMEL
Tab.2 Mixture proportions of steel fiber reinforced concrete kg/m’
v Rt c FA SL sp W SF ] ¢
5~ <10 mm 10 ~16 mm

R 344 80 106 5.3 186 — 835 324 486
U-SF-0.5% 344 80 106 5.3 186 39.25 835 324 486
U-SF-1.0% 344 80 106 5.3 186 78.50 835 324 486
K-SF-0.5% 344 80 106 5.3 186 39.25 835 324 486
K-SF-1.0% 344 80 106 5.3 186 78.50 835 324 486
E-SF-0.5% 344 80 106 5.3 186 39.25 835 324 486
E-SF-1.0% 344 80 106 5.3 186 78.50 835 324 486
P-SF-0.5% 344 80 106 5.3 186 39.25 835 324 486
P-SF-1.0% 344 80 106 5.3 186 78.50 835 324 486
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Fig.2 Research experiment on vibration reduction characteristics
and equipment photos
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Fig.3 Schematic diagram of vibration reduction characteristics test using transient excitation method
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Tab.3 Concrete’s workability

LT AT H % % YHEY RE/mm  Ts/s

0 R 645 4.5
U-SF-0.5% 625 6.5
K-SF-0.5% 615 7.8
0.5
E-SF-0.5% 610 8.7
P-SF-0.5% 620 7.1
U-SF-1.0% 600 10.5
K-SF-1.0% 590 12.0
1.0
E-SF-1.0% 585 12.9
P-SF-1.0% 595 11.2
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Fig.4 Stress-strain curves of concrete
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Fig.5 Time domain curves of different modified steel fiber reinforced concrete specimens under dynamic excitation
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Fig.7 Damping ratio of steel fiber reinforced concrete
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Fig. 10 Microscopic appearance of steel fiber modified treatment
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