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ABSTRACT Investigating the effect of steel fiber blending schemes on the dynamic mechanical properties and damage evolution of
concrete is crucial for deep-shaft construction projects. Dynamic impact tests were conducted on steel fiber concrete specimens with
varying mixing schemes and grades, according to the settings of the ultra-deep shaft-lining support project of a mine in Yunnan
Province. The evolution of strain fields on the specimen surfaces under impact loads was analyzed using digital image correlation
techniques. The steel fiber mixing schemes were as follows: single mixing, in which 55 kg of end-hook long fibers were added per cubic
meter of concrete; double mixing, which involved the addition of 15 kg of end-hook long fibers and 40 kg of short copper-plated straight
fibers per cubic meter of concrete; and triple mixing, which involved the addition of 40 kg of end-hook long fibers, 5 kg of copper-plated
straight medium-length fibers, and 10 kg of short copper-plated straight fibers per cubic meter of concrete. The test results indicated that
the dynamic compressive strength and dissipated energy ratio of the triple-mixed steel fiber concrete specimens were greater than those
of the single- and double-mixed steel fiber concrete specimens. The smaller dynamic strength of plain concrete, the more pronounced the

enhancement in the dynamic strength observed in concrete specimens with a steel fiber admixture. A high-speed camera was used to

I #5 B #3: 2024-01-15
BEE£mAB: BEARE#E S W LI H (52374153, 52074349)


mailto:diyuan.li@csu.edu.cn
mailto:diyuan.li@csu.edu.cn
https://doi.org/10.13374/j.issn2095-9389.2024.01.15.003
https://doi.org/10.13374/j.issn2095-9389.2024.01.15.003
https://doi.org/10.13374/j.issn2095-9389.2024.01.15.003
http://cje.ustb.edu.cn

- 2182 -

TRERHEZR, 5 46 8, 55 12 0]

record the complete failure process of the steel fiber concrete specimens. The camera revealed that the failure mode was influenced by

the concrete grade and steel fiber mixing scheme. The observed failure modes included shear, splitting, and shear-splitting failures.

Compared with plain concrete specimens, steel fiber concrete specimens exhibited fewer cracks, a lower percentage of reflected energy,

and higher percentages of transmitted and dissipated energy under impact loading. This indicates that the steel fibers effectively inhibited

crack initiation and propagation, thereby enhancing the stability of the shaft wall concrete. Non-destructive impact tests on steel fiber

concrete specimens showed that the triple-mixed steel fiber scheme inhibited concrete damage under impact loading to the maximum

extent. It is recommended that the lining support for the deep shaft of the mine be constructed using grade C50 concrete with steel fibers

mixed with 40 kg of end-hooked long fibers, 5 kg of copper-plated straight medium-length fibers, and 10 kg of short copper-plated

straight fibers per cubic meter of concrete.

KEY WORDS steel fiber concrete; dynamic impact; damage variable; digital image correlation; mine deep shaft
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Fig.1  Types of steel fiber used for sample preparation: (a) end-hook
type; (b) copper-plated straight type; (c) short copper-plated straight type
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Table 1 Mixing ratios for C30, C40, and C50 plain concrete

Plain concrete proportions
Concrete grade

Water Cement Fine aggregate Coarse aggregate Additive

C30 0.49 1.00 1.86 2.57 0
C40 0.35 1.00 1.86 2.57 0.05
Cs50 0.29 1.00 1.86 2.57 0.08
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Fig.2 Flow chart for making steel fiber concrete samples



©2184 -

TRERHEZR, 5 46 8, 55 12 0]

Striker chamber

_—

Cone-shaped striker I"¢1dent bar Sirain gauge

. Transmitt
SpleClmen edbar Absorption bar
LED lights —

High pressure
nitrogen cylinder

Dynamic strain meter - —
ﬁiul i ’

I

I

|
: i~ . T, Buffer device
A 1gh-spee e —— > DIC control system

Bl 3 SHPB 0% i MR Y R SR IR
Fig.3 Schematic of the SHPB device and high-speed photography system

. T3 SRR LRI 25 e L S . T —
RLITEILE, 0(0). e(t) Fle@ BIFH LA R T F U9,

Ae
o) = mEe(SI+3R+5T) D
Ce (t
s(t)=L—Sf0(sl—5R—sT)dt 2)
&) = %(SI—SR—ET) 3

Hr, o(0). e(t) Fe@) 530 R RAE R B 28 R 7L B
AR FNI AR 5 Ao Ee FV C, 437 2 SR AT (14 A8 A8 Th
FRLL o A i RN A U0k U0k 5 A AN L 43 30l R sl 1)
B AR AR

M, A S RE (Bine) T B (B F1i5E
BHRE (Eya) 205000 DL 3 LR A b A7 3022,

A ro,
Ene= - - |, rhe 4
_Ae (T
E.f= pe_Ce IO O-ref(t)dt (5)
_Ae (1
Eia= fo o2, (1dt 6

Horp, po HIFAMEFT R, Gines Orep M 0 5351 0 A BT
N7 SR IV g S N T

MR A i i 7 1, AT SRS Tl
ST RE | i ST Re FIAE L BE Z AL Li 2 A R FE
fiE (Eqis) H1 3 #8432 B, 20 0 2 M P e i #E 1K . 12
B mFEH LA SRR | BRI R A, B RE R AE UL
T 5 EFEHLAE 1Y 85%. AU A B I AT Y Bl g
FRITHCAth 8 % e XE LASK A, B HLRE W B4t T =X
A=At

Egis = Einc — Eref — Etra D

23 BEHFEBEXRS
>R FH i 3 B SN K R AR G (DIC) £ AR

Xt el gy 28 SRR A I B TR A R AT 1 00 A 3
(P 3). v A AR LB Sk 3 i Tl 3R, R o3
BEARBCE N 256 1R 3 <256 1831, AR EH N
79166 Mi-s™. 12X 56 Al 75 2 0f 1R 3R g AT HE Ak
B CE oA R mE AR, SRR B
1.5 1 3.0 mm 2 8] BB 3 A 1) BR 0 2R 7E F 3
T EN b BEAL 23 A 1 SR B o b 36 R R 10 &
B N YL SE B GAR SC B VIC-2D A, 13 511
TR THI IV 78 37 FSE 78 7 ) T A it A

3 MBERKRST

3.1 HEMNFE

A R Bl 2 e i 1 AR IR IR 11U Y
14 L A7 20 2545, 38 o 35 3R OB P 3 11 30 25
JO7 3 ] B8 Uk R 2 A 1 B I ) Pl DUIRE C30-
S-1 g {51, G st 1) 2l 285 7 T s &) 4 B, A
555 S 1449 20 25 B 3 SR NSRRI R T 2 L
55 S 149 3 25 L 3 R 3 IV 7. L 4 Al 300 ps
VAP, 2l 25 10 7 16 A S i A S R A R4 A —

150
-=[ncident stress < Transmission stress
—=Reflective stress —-Incident and reflective
100 F stress
S50
=~
=
2 0
2
)
,50 L
—100
-150— . . . . L .
0 50 100 150 200 250 300 350

Time/ps
Bl 4 HANKAEE C30-S-3 w1 shZS R -y

Fig.4 Dynamic stress balance of the typical C30-S-3 specimens under

the impact load
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Table 2 Mechanical parameters and energy evolution of samples under impact load

Sample No. o,/MPa & E E i) E/] Eg/d
C30-1 29.93 118.84 254.82 187.22 5.82 61.79
C30-2 29.22 135.45 264.21 193.26 7.08 63.91
C30-3 28.18 129.96 214.97 166.60 6.50 41.95

C30-S-1 Stress imbalance
C30-S-2 48.02 109.98 280.90 161.45 18.79 100.70
C30-S-3 41.53 97.61 226.59 134.53 13.11 79.00
C30-D-1 32.01 131.74 250.27 187.17 5.83 57.32
C30-D-2 35.48 150.17 288.50 239.45 9.79 40.03
C30-D-3 41.17 156.19 360.51 269.43 9.54 88.55
C30-T-1 Stress imbalance
C30-T-2 64.71 75.00 172.28 51.02 43.75 77.76
C30-T-3 72.46 115.02 181.64 72.84 51.98 61.70
C40-1 46.44 132.84 244.04 147.12 17.14 79.79
C40-2 43.50 111.98 167.04 91.33 18.54 57.84
C40-3 46.26 79.53 198.39 93.70 20.88 83.89
C40-S-1 58.88 78.89 179.06 59.64 37.42 82.73
C40-S-2 69.42 96.60 290.57 110.39 46.28 134.00
C40-S-3 57.84 118.93 276.56 142.28 26.20 108.12
C40-D-1 53.61 90.55 216.57 91.52 28.50 96.67
C40-D-2 73.56 119.15 207.68 85.03 42.07 80.93
C40-D-3 65.72 75.97 244.94 99.18 35.86 109.96
C40-T-1 73.93 96.77 335.59 141.15 46.09 148.37
C40-T-2 72.65 94.43 256.72 90.75 46.96 119.32
C40-T-3 65.21 101.82 187.36 69.86 42.63 76.14
C50-1 90.63 88.94 449.08 206.22 58.87 183.99
C50-2 77.49 115.06 365.67 161.93 45.94 157.80
C50-3 80.60 139.65 357.04 157.33 51.17 148.56
C50-S-1 102.85 159.31 377.28 147.11 84.26 146.29
C50-S-2 86.02 95.04 320.73 94.52 73.99 152.55
C50-S-3 93.41 134.44 390.13 152.20 67.93 170.01
C50-D-1 82.57 98.97 269.02 85.93 59.75 123.67
C50-D-2 81.50 112.24 380.71 155.33 56.26 169.15
C50-D-3 99.98 114.17 406.11 138.51 83.89 183.76
C50-T-1 97.46 92.16 396.38 127.05 81.62 187.78
C50-T-2 103.00 95.10 428.56 156.14 81.82 190.60
C50-T-3 108.39 119.75 362.46 113.31 91.64 157.57
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Table 3 Typical failure modes of concrete specimens under impact load
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