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Abstract: In order to study the dynamic mechanical properties of concrete and the dynamic temperature at the crack under
impact, steel-polypropylene fiber reinforced concrete ( SPFRC ) was taken as the research object, and a self-built high-speed

infrared temperature measurement system was used. The response rate of the system reached the microsecond level, and the
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concrete temperature curve was fitted by static calibration test. Combined with the Hopkinson pressure bar test device, the
dynamic properties of SPFRC specimens with different steel fiber contents and the dynamic temperature change at the crack
were studied. The results indicate a significant coupling effect between the temperature evolution and mechanical properties of
the concrete specimens, with the steel fiber content substantially influencing both dynamic performance and temperature.
Specifically, as the steel fiber content increases, the compressive strength of the concrete improves, reaching optimal
mechanical performance at a 1.5% steel fiber content. However, at a 2% steel fiber content, the mechanical performance
slightly decreases due to an increase in internal voids within the concrete. During impact, the dynamic temperature effect at the
crack location exhibits a "stepped" pattern, with temperature change occurring in two distinct stages: an initial slow rise during
early crack formation, followed by a sharp increase as friction and shear effects intensify with crack propagation. The influence
of varying steel fiber content on temperature change is limited, with peak temperature and peak stress showing similar trends.
The primary temperature variations are driven by crack propagation and frictional effects. After impdct; the overall temperature
in SPFRC specimens continues to rise within the first 300 ps. Due to thermal lag, the /tcMipssdtufe does not decrease
immediately after unloading. The high-speed infrared temperature measurement system pfroyides a new method for real-time
monitoring of temperature changes at concrete crack locations, offering a basis for assessing, téfiperature evolution at cracks
and aiding in the evaluation of crack propagation behavior.

Keywords: Steel-polypropylene fiber reinforced concrete ( SPFRC ); dynamic tempetature;, infrared temperature measurement;
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Table 1 Basic property/parameters of fiber

BN K% /mm HA%/mm PUhL B/ MPa PR /GPa @ kg m
AR AN 2T 2 15 0.25 2100 210 7.80X 103
RN AT 4 10 0.18 750 8 0.91x103

(3)9 1 $ i TR Bk - nik B AR A Rl b IR P S I, SR ATREAR 0.1~0.3pm FRGCRE A4 B2 325
H B4 58
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Table 2 The proportioning of concrete with different mixed proportions

K (G2 B E v S TP ¥ Sl K Rk WNer4E

i /kg-m? /kg-m /kg-m /kg-m /kg-m3 /kg-m -4 /% 1%
SF0-PP5 800 200 240 880 14.4 152 0.5 0
SF5-PP5 800 200 240 880 14.4 152 0.5 0.5

SF10-PP5 800 200 240 880 14.4 152 0.5 1
SF15-PP5 800 200 240 880 14.4 152 0.5 1.5
SF20-PP5 800 200 240 880 14.4 152 0.5 2
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Table 3 Main parameters of HgCdTe infrared detector
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Fig.7 Schematic diagram of temperature measuring point
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Fig.8 Concrete strain equilibrium curve
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Table 4 Dynamic Brazilian disc splitting test results of SPFRC specimens

P'T LT HE/% KRR % W /mes! AR H fs! U1 57 77/ MPa
1-SF0-PP5 0 0.5 19.56 267.5 25.40
= 1-SF5-PP5 0.5 0.5 19.00 269.9 27.81
1 1-SF10-PP5 1 0.5 19.96 269.9 33.18
2 1-SF15-PP5 1.5 0.5 19.42 268.1 42.29
1-SF20-PP5 2 0.5 19.64 261.6 39.97
2-SF0-PP5 0 0.5 19.96 265.2 25.55
o5 2-SF5-PP5 0.5 0.5 19.43 267.1 29.01
2 2-SF10-PP5 1 0.5 19.75 267.2 32.29
4 2-SF15-PP5 1.5 0.5 19.21 259.8 42.18
2-SF20-PP5 2 0.5 19.00 272.4 40.64
3-SF0-PP5 0 0.5 19.86 269.1 23.50
o5 3-SF5-PP5 0.5 0.5 / 280.6 28.55
3 3-SF10-PP5 1 0.5 19452 267.2 32.85
4 3-SF15-PP5 1.5 0.5 19.76 268.2 43.25
3-SF20-PP5 2 0.5 19.68 265.4 39.37
0 A B C (4} A B C
50 50
———1-5F0-PP5 ———2-SF0-PP5
—— 1-SF5-PP5 ——2-8F5-PP5
or ~———1-SF10-PP5 4 \ ——2-SF10-PP5
—— 1-SF15-PP5 \ ——2-SF15-PP5
. ——— 1-SF20-PP5 . \ ———2-8F20-PP5
F20t FwE \
10 10k ;’ ‘y“.
/ \‘
/ /i .
oL o - —
250 300 0 50 100 150 200 250 300
Time/pg Time/ps
(2).Groupul (b) Group 2
(4] A B C
50 T T
— 3-SF0-PP5
i ———3-SF5-PP5 i
———3-SF10-PP5

Stress/MPa

0 50

—— 3-SF15-PP5
——— 3-SF20-PP5

L
150

Time/ps

(c) Group 3

300

K9 ANIRHE B ANLT Yl R - 72 i 2

Fig.9 Stress-time curve of steel fiber specimens with different content of steel fiber



B oE 5 ol
Explosion and Shock Waves

B4 SPFRC B4R 7 -I 2 H 2R EAT X0 B A3 AT, 0 AT AN [ 45 B AN A 2 Vi vt L i R L L g B Akt
2, Wik 9 fs. SRIREE L AF R - AR 28 A AR A, AEE 3 ik il ARBE
YR I AR 26K B0 3 AN X, 23 5l B IR K X (OA) B 730 GH 52 3k X (AB) AT
GBIk X (BC)»

H P PT, E ERAT 4 FRR I B R SR R M BB B T T, RIR, W T 0.5% IR A A
2hYE, HAEMT SN RA — MR E ), BRI R R R RS G, ik BEG R, T
AR BT R, AR AR I DA 2 B USIETE FriR (R B By, B AR R GE B K (OA) T B, 2
bt I (] SR AR 2RV 1Y, E AR BEAE N Ay, B AR N R ) T IR (AB) Y B, Ho R #k e
It AR R 3G R R B, B PR A, RN, BTN T 0.5% I BRI IE AT 4E, AR
PEEAT — 52 AR R 7RI T LN 218 3 I(BO) M B

ST —s— Group 1 specimens

—e&— Group 2 specimens
40 ' —*— Group 3 specimens

Peak stress/MPa

'l 'l 1 1 1
0.0 0.5 1.0 1.5 2.0
Steel fiber content/%

B 10 A [FIFRZT 445 R R R /137 28 18
Fig.10 Reak stressfline chart under different steel fiber content
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Fig. 11 Time-history failure of splitting impactdest
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Table 5 Dynamic temperature test results of SBFRC
WP B /Y% WHEEE T/C  WERE T.AC \ WHMMEIEE T./C iR RFa t/us

1-SFO-PP5 0 13.685 14.212 1462
2-SF0-PP5 0 13.241 14470 14.167 1415
3-SF0-PP5 0 13.435 13.819 1524
1-SF5-PP5 0.5 23.443 23.963 3456
2-SF5-PP5 0.5 24.497 259583 25.470 2859
3-SF5-PP5 0.5 23.834 26.865 2613
1-SF10-PP5 1 27.097 30.179 2501
2-SF10-PP5 1 287250 30.423 29.934 3029
3-SF10-PP5 1 27/194 29.201 2809
1-SF15-PP5 1.5 33,536 34.073 1020
2-SF15-PP5 1.5 33.831 35.097 34.462 1499
3-SF15-PP5 1S 33.645 34.217 3058
1-SF20-PP5 2 57.652 29.103 1053
2-SF20-PP5 2 56.942 28.705 28.437 674

3-SF20-PP5 2 25.241 27.502 523
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