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A study of dynamic compression behavior of carbon nanotubes
reinforced concrete based on SHPB test
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Abstract: In order to investigate the dynamic compression behavior of carbon nanotubes reinforced concrete under impact
loading, the impact compression tests were carried out by using a split Hopkinson pressure bar (SHPB) test device with a
diameter of 100 mm. The impact velocities in the SHPB tests were about 6.8, 7.8, 8.8, 9.8 and 10.8 m/s, respectively. The
contents of carbon nanotubes in concrete (as a percentage of cement mass) were 0% (i.e. ordinary concrete, as a baseline of
comparison), 0.10%, 0.20%, 0.30% and 0.40%, respectively. Then, based on the test results, the evolution laws of dynamic
compressive strength, compression deformation, and energy dissipation characteristics of concrete under different impact
velocities and carbon nanotubes contents were compared and analyzed. The experimental results show that the dynamic
strength characteristics of carbon nanotubes reinforced concrete have significant loading rate sensitivity. The dynamic

compressive strength and dynamic enhancement factor show linear positive correlations with impact velocity. When the
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loading level remains the same, the dynamic compressive strength increases first and then decreases slightly with the increase
of carbon nanotubes content, and the growth rate can reach 23.7% compared to ordinary concrete. The variation characteristics
of ultimate strain and impact toughness of carbon nanotubes reinforced concrete are similar, which gradually increase with the
increase of impact velocity, and have a certain impact velocity strengthening effect, but there is no obvious linear relationship
with the impact velocity. Toughness is a comprehensive reflection of material strength and deformation. Therefore, at the same
loading level, when the content of carbon nanotubes was 0.30%, the impact toughness of concrete achieved a relative
maximum, being about 10% higher than that of ordinary concrete. The appropriate addition of carbon nanotubes can effectively
enhance the integrity and compactness of the internal structure of concrete, thereby improving its dynamic mechanical
properties and energy dissipation performance.
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Table 1 Chemical composition of cement (mass fraction) %
Ca0 SiO, ALO, Fe,0, MgO SO, HoAth
60.54 21.74 4.23 4.61 2.88 245 3.55

R2 BRAKENTEMESH

Table 2 Main performance parameters of carbon nanotubes

BRILT (80 /% 4lE /% K% /um HA%/mm NA%/nm PR T /(g-cm ™) R A/ (m?g™)

3.86 >95 0.5~2 5~15 2~5 0.27 >200

12 BALERIREGHE
F T3k [18-19], 43 45 13 3@ VR BE - (VX FRAL) LA K. 4 Flvfim ABR 48 K 45 20 47 BAe 1k ) TR+
(VE MR ) o BRYKAT FE TR BE 1 P 5945 e FEOK U8 AY I 20 B0 AT 1T, AR R s o 2 Bk S U, i 4
KA B REMRKKICH 0.10%., 0.20%. 0.30% F1 0.40%, FeZ BT ATREE LB A HLinEE 3 iR . 76 il & TR %
2, T TS o R A KA B B A A B A KA R A L A BB R L BRI L T N TR AR D,
LU S I 7K - FH 35 B85 70 43 B FF, 025 AR ARl M K A5 4 TV 5 >R P 7 302 48 VR AT XS e 490 K A 0 O
#3 RBRLTHEAL

Table 3 Mix proportion of concrete kg/m’
eSS K tES W K %l I TRAIKAE
PC 340 640 1360 130 1.7 0.2 0
CNRC1 340 640 1360 130 1.7 0.2 0.34
CNRC2 340 640 1360 130 1.7 0.2 0.68
CNRC3 340 640 1360 130 1.7 0.2 1.02
CNRC4 340 640 1360 130 1.7 0.2 1.36

TE: PCRIRAIB MBI 1B EE L, CNRCIFIRBRADKE B0, 1% Bk K B H IR SR 1, FoAR S AU & LA
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Fig. 1 Ultrasonic dispersion treatment of carbon nanotubes
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Fig. 2 Schematic diagram of an SHPB test device
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Fig. 3 Dynamic stress-strain curves of concrete
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(a) Dynamic compressive strength (b) Dynamic increase factor
4 TREE LSS g B 5 vl SR A DG R
Fig. 4 Relationship between concrete’s dynamic compressive strength characteristics and impact velocity
*4 BRELHSHERESATEENUEAER
Table 4 Fitting results between concrete’s dynamic compressive strength and impact velocity
e PC CNRCI CNRC2 CNRC3 CNRC4
k 7.11 6.64 7.83 5.06 7.39
b 2.59 6.12 —0.11 27.69 0.83
R 0.9654 0.9663 0.9968 0.9753 09751
x5 RRINSEEEKEFSHPHERENINEGER
Table 5 Fitting results between concrete’s dynamic enhancement factor and impact velocity
R 2 PC CNRCl1 CNRC2 CNRC3 CNRC4
k 0.143 0.131 0.152 0.092 0.156
b 0.067 0.123 —6.026 0.508 0.020
R 0.9657 0.9717 0.9946 0.9729 0.9783

23 HMEFETE
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BT PSS X, W RN AR SR A Bl AR N - AR il 4 b B R AR, ] S(b) R T IR EE AR BRIV AR 5 s
PEEEZ B ZR . AT LG Y, 3 30 TR R i R B 4 K A8 0 R TR a2 (4 g R %7 725 44 i v o 3 E (14
B8 R R RN, LA — A T g R A O, (R BN AR 5 e R R 2 R A e O R 22, koK
SFN 6.8 m/s HERF] 7.8 m/s B, A BRI AR A 1S ALK, InZRoKF M 7.8 m/s 3SR F] 10.8 my/s B, H R B AR i
BAR AR /N, ez B IR+, TEINEK AR 7.8 m/s 25, BRAUK A A BESS A RCH v TR B 1 po b PR
AR, TR [R]— N ZEK- T, BN K A 15 5 1 R, TR 4 UG 1 A% e 38 NS U8/, CNRC3 230 AH X i
R AR RN A AR B B, AR T, A P oh R T 2R T, I AR 9 KA RE NS i TR 5 i AR

ERES .
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Fig. 5 Relationship between concrete’s dynamic compression deformation and impact velocity
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