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Abstract: Steel fibers and PE fibers were mixed into cement-based matrix materials, maintaining a to-
tal fiber volume fraction of 2%. By varying the proportion of the two fibers, specimens E2,
E1.5S0.5, E1S1, E0.5S1.5, and S2 were prepared. Dynamic compression tests were conducted un-
der high strain rates (30-120 s ') using a Split Hopkinson Pressure Bar (SHPB). The failure modes,

dynamic compressive strength, toughness, and strain rate effects of the steel-PE hybrid fiber cement-
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based composites were analyzed. The experimental results showed that the composites exhibited a dis-
tinct strain rate effect, with increases in dynamic compressive strength, toughness, and the Dynamic
Increase Factor of Compressive Strength (DIF) as the strain rate increased. PE fibers provided superi-
or toughening performance at strain rates of 60-80 s-1, while steel fibers were more effective at 100 s~
1. As the PE fiber content increased, the stress-strain curve showed more prominent strain hardening.
When the steel fiber content reached 1.5% or more, both the dynamic compressive strength and tough-
ness improved, indicating that an appropriate amount of steel fibers enhances the strain rate sensitivity
of the material's dynamic compressive strength. The hybrid fiber specimens outperformed those with
only PE or steel fibers in terms of mechanical properties. A comprehensive analysis of dynamic com-
pressive strength, toughness, and DIF suggested that the optimal fiber ratio for resisting impact loads
was 0.5% PE fibers + 1.5% steel fibers.

Keywords: steel-PE hybrid fiber; dynamic compression; dynamic increase factor of compressive

Strength; strain rate effect; Split Hopkinson Pressure Bar
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Table 1 Physical and mechanical parameters of steel fibers

Kk HiE/ bRAER/ hifhsRpE/ s/ )/
» mm mm MPa GPa (grem ™)

BEHM 0.175~

e 035 12 3000 210 7.8

®2 PEAUYNBEHESY
Table 2 Physical and mechanical parameters of PE fibers
B/ WBRBLE SRR S WTRER wEE/
mm  SRJE/GPa &/GPa /% J¥/Ibs (grem °)
S-900 0.039 2.18 210 3.5 315 0.97

e

%3 ECCHEHALL
Table 3 Mix ratio of ECC

Hifj . kg/m’
BTN 1 0.11 0.28 0.013 0 0
E2 1 0.11 0.28 0.013 0 2
E1.5580.5 1 0.11 0.28 0.013 0.5 1.5
E1S1 1 0.11 0.28 0.013 1 1
E0.5S1.5 1 0.11 0.28 0.013 1.5 0.5
S2 1 0.11 0.28 0.013 2 0
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Fig.2 Components of SHPB experimental setup
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Table 4 Failure states of specimens under different strain

rates
R WEORE
-8 & @
358! 68 s 945
e
E2 w w
845! 108 s !
E1.580.5 ﬁ
E1S1
E0.5S1.5
S2

53s ' 103 s

22 PMBERFREER
2% 5 ] S, Bl G AR R T, A R 4T 4k 5
B3R 1 sl 2 BT SR 28R R, 0 (N AR R E TE
*5 FEERRBRER

Table 5 Dynamic compression test results

s SERRIAR R PN S/ (e R A /
e 1
S MPa %
36.6 112.9 0.86
BN 59.7 115.0 1.02
89.5 147.5 1.10
60.8 147.8 1.00
E2 78.0 153.8 1.10
113.2 163.3 1.05
50.3 138.3 0.93
E1.580.5 76.7 162.3 1.17
114.0 170.7 1.29
49.4 145.4 0.93
E1S1 69.0 156.0 1.05
103.5 157.5 1.15
59.0 124.3 0.90
E0.581.5 86.0 143.3 1.20
109.6 162.4 1.17
52.7 140.7 0.93
S2 77.2 156.7 1.07
99.3 176.7 1.10
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Fig.3 ECC dynamic compression stress-strain curves under different strain rates
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Table 6 Pre—peak toughness of various specimen types

under different strain rates

WA N AR /s N 3 W i )
36.6 42.2
2N 59.7 40.0
89.5 73.7
60.8 58.3
E2 78.0 66.6
113.2 85.1
50.3 61.0
E1.580.5 76.7 87.3
114.0 101.3
49.4 58.3
E1S1 69.0 84.4
103.5 82.2
59.0 45.7
E0.581.5 86.0 74.5
109.6 108.0
52.7 44.7
S2 77.2 62.8
99.3 91.0
hol T
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E 80 *SZI .
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S e gt
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Fig.6 Variation of pre-peak toughness with strain rate
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80.6 Table 8 DIF fitting coefficients of each material
E1.550.5 80.8 —
81.0 N A B R’
774 BN 1.399 —0.468 0.517
E1S1 77.7
78.0 E2 0.741 0.528 1
72.5 E1.550.5 0.561 0.887 0.965
E0.581.5 77.3
82.1 E1S1 0.485 1.074 0.800
71.6 E0.551.5 1.791 —1.577 0.963
S2 73.7
75.8 S2 1.744 —1.113 0.938
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